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Heavy metals are hazardous pollutants in urban atmosphere that are released into
the environment mainly as a result of industrial activity and high traffic loads. These sub-
stances pose a substantial risk to human health and biota in urban ecosystems. There-
fore, environmental monitoring of air pollution with metals by using bioindicator species
is of great importance. Bryophytes capable of accumulating heavy metals are widely
used as bioindicators of environmental pollution for biomonitoring atmospheric metal
deposition. The ability of urban epilithic mosses to accumulate heavy metals has not
been studied sufficiently. This invistigation was aimed at studying metal-accumulating
ability of Rhynchostegium murale and Schistidium apocarpum mosses collected within
the city of Lviv (Western Ukraine), as well as exploring the relationship between the level
of anthropogenic load and the accumulation of heavy metals in moss gametophytes. Two
polluted sites in the southern part of the city and one control site in the territory of Stryisky
Park were analyzed. The content of heavy metals, namely Cr, Mn, Ni, Pb, and Zn, in
moss samples was determined by the atomic absorption spectrophotometry using an
atomic absorption spectrometer C-115PK Selmi. The results were processed using sta-
tistical methods. It was demonstrated that different levels of metal accumulate in Rhyn-
chostegium murale and Schistidium apocarpum mosses. Depending on the concentra-
tion in moss gametophytes sampled in the city of Lviv, the studied metals can be ar-
ranged in the following order: Mn> Zn> Cr> Ni> Pb. However, the content of Mn and Zn
in the S. apocarpum moss was found to be considerably higher than in R. murale. The
gametophytes of both mosses collected in areas subjected to industrial and transport
loads in the southern regions of Lviv city had significantly higher concentration of Pb, and
R. murale also had an elevated Mn content compared to moss samples collected in
green park area. The results of our study suggest that the rate of accumulation of heavy
metals in gametophytes of epilithic mosses reflect the level of atmospheric metal deposi-
tion in urban areas exposed to the anthropogenic pressures on the environment.
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INTRODUCTION

Functioning of urban systems involves a wide range of anthropogenic activities
many of which are accompanied by a formation and release of technogenic pollutants
into natural environment, primarily into the atmosphere [7, 13]. Adverse environmental
and medical consequences of air contamination are felt mostly in densely populated
large cities and industrial centers where the main sources of pollution are power plants,
metalworking and other industries, as well as high traffic loads [6, 8, 24]. A group of
hazardous environmental pollutants includes heavy metals, that pose a substantial risk
to human health and biota in urban ecosystems [2, 3, 9, 24].

Usually, the term of heavy metals refers to metal elements with an atomic mass
exceeding 40 Da or having a specific density of above 5 g/cm? [9]. Heavy metals are
known to be constantly present in the environment at background concentrations; howe-
ver, rapid urbanization and industrialization have altered natural distribution of metals in
the environment. Being emitted from stationary and mobile sources in urban settings,
metals associate with atmospheric particulate matter and can be transported over a long
distance by wind and air currents. Eventually, these substances settle on soil, vegeta-
tion and surface water as a result of dry and wet deposition [17, 26]. Due to harmful
effects of heavy metal pollution on human health and biodiversity, environmental as-
sessment using bioindicator species is of great relevance.

Bryophytes, including mosses (representatives of Bryophyta division), have been
recognized as bioindicators of environmental pollution and biomonitors of atmospheric
deposition of heavy metals [11, 18, 19, 21]. Owing to a number of morphological and
physiological features, bryophytes are capable of absorbing heavy metals directly from
air and precipitation, rather than from a substrate on which they grow. In particular, these
characteristics include: 1) lack of cuticle (or its very poor development) and internal vas-
cular system; 2) absence of a true root system; instead, the presence of unicellular rhi-
zoids for fixing to a substrate; 3) high accumulation capacity with respect to metals that
are absorbed across the entire surface of plant [19, 21]. By accumulating heavy metals in
their tissues, bryophytes can thereby reflect the level of air contamination.

The bryoflora of Ukraine is quite rich and contains more than 800 identified spe-
cies [5]. Among them, epilithic bryophytes represent a group of nonvascular plants that
colonize natural rocks, stones, and artificial stony substrates. Epiliths can be found on
buildings, monuments and other structures of industrial cities, especially in places with
high humidity [20, 23]. However, the ability of urban epilithic mosses to accumulate me-
tals has been less studied compared with other bryophyte groups. Therefore, the aim of
this study was to analyze the concentration of heavy metals in gametophytes of Rhyn-
chostegium murale (Hedw.) Schimp. and Schistidium apocarpum Bruch & Schimp.
mosses collected in the territory of the city of Lviv, and to determine possible relation-
ship between the level of technogenic impact on the environment and the accumulation
of metals in these epilithic plants.

MATERIALS AND METHODS

Study area. The study was conducted in the city of Lviv (49°49'48""N, 24°00'51"'E)
that is the largest industrial center of Western Ukraine and an important transport junction.
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Lviv is situated at the edge of the eastern part of the Roztoche Upland at an average
altitude of about 290 metres above sea level and covers an area of about 182 km? [12].
Lviv is a densely populated city with a population of about 730 270 inhabitants. The city
is characterized by high density of construction and transport infrastructure, as well as
highly developed industry. According to information of Lviv City Council, more than
160 industrial enterprises located there operate in various sectors of the economy.
However, many of these facilities are the sources of atmosphere pollution. Along with
stationary sources of metal emissions, automobile and other modes of transport also
represent a source of air contamination.

Sampling sites were chosen taking into account the occurrence of the analyzed
species of bryophytes and different levels of anthropogenic load within the city. Two pol-
luted and one control sites were analyzed. Sampling site N1 (control) has been selected
in the central part of Stryisky Park that is located in the southern part of Lviv and covers
an area of about 52.14 hectares. The park belongs to the Natural Reserve Fund of
Ukraine and is a monument of landscape art of national importance. This area can be
considered relatively unaffected by technogenic impact due to its remoteness from in-
dustrial facilities and busy streets.

Sampling sites N2 and N3 have been selected in areas located along Stryiska
Street (about 7.5 km long) that is the main entrance road to Lviv from the south and
characterized by high traffic load. In particular, site N2 was selected at the beginning of
the street, not far from the central part of the city, and site N3 was located in the area
adjacent to the middle part of Stryiska Street in the southern part of Lviv. Traditionally,
this area belongs to the industrial districts of the city and is influenced by a number of in-
dustrial enterprises, such as Kameniar Lviv Stone Processing Plant, Lviv Armor Vehicle
Factory, Scientific-Production Company Electron-Karat and others. Consequently, samp-
ling sites N2—N3 represent the polluted areas in the city of Lviv.

Sample preparation and analysis. The analyzed bryoflora species are represen-
tatives of the division Bryophyta, class Bryopsida. Rhynchostegium murale (Hedw.)
Schimp. moss belongs to the Brachytheciaceae family of the order Hypnales, and
Schistidium apocarpum (Hedw.) Bruch & Schimp. belongs to the Grimmiaceae family of
the Grimmiales order. Both species are common in Ukraine [5] and other European
countries [16, 20, 23].

The material under study was collected during the vegetation period. Sampling and
sample preparation were carried out using routine methods [22]. In laboratory condi-
tions, plant samples were cleaned of any extraneous materials, washed with distilled
water, and dried at room temperature. For identification of moss species, samples were
analyzed using an XS 6220 stereoscopic microscope.

The content of heavy metals, namely chromium (Cr), manganese (Mn), nickel (Ni),
lead (Pb) and zinc (Zn) in moss samples was determined using atomic absorption spec-
trophotometry. Preparation of test material before analysis was carried out in accor-
dance with standard methods [14]. The measurements were performed using the atomic
absorption spectrometer C-115PK Selmi (Ukraine).

Samples of moss material were taken in triplicate at each sampling site in different
seasons. For statistical analysis of the results, the arithmetic mean and its standard
deviation (M+£S.D.) were calculated. When comparing data groups, a significance of dif-
ferences was evaluated using Student’s t-test, and data were considered reliable at
p<0.05 [25].
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RESULTS AND DISCUSSION

The results of conducted study show that metals accumulated in moss gameto-
phytes can be arranged in order of decreasing concentration in the following range:
Mn> Zn> Cr> Ni> Pb. Although such a distribution pattern was observed for both bryo-
phyte species, the content of two metals, namely Mn and Zn, differed considerably be-
tween the gametophytes of Rhynchostegium murale and Schistidium apocarpum (Fig.
1). Concentration of these metals in S. apocarpum moss was 1.87 (p<0.01) and 1.42
times (p<0.05) higher, respectively, compared with R. murale. Concentrations of other
metals did not differ significantly between the analyzed moss species.
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Fig. 1. Concentration of heavy metals in gametophytes of Rhynchostegium murale and Schistidium apocar-
pum mosses collected in the city of Lviv (pooled data from the sampling sites)
Comment: in this and subsequent figures, the marks (*) and (**) indicate statistically significant diffe-
rences between the analyzed indices (* — p<0.05; ** — p<0.01)

Puc. 1. KoHueHTpauisi Baxkux MmeTanis y rametoditax MoxiB Rhynchostegium murale ta Schistidium apocar-
pum, 3ibpaHnx y micTi JIbBoBi (06’eaHaHi AaHi 3 MicLb Binbopy npob)
MpumiTKa: Ha LbOMY Ta HaCTYMHUX PUCYHKaxX NO3HaukKM (*) i (**) Bka3yroTb HA CTATUCTUYHO BipOriAHi
BiAMIHHOCTI Mi>k aHanisoBaHUMM nokasHukamu (*— p<0,05; ** — p<0,01)

In order to explore the relationship between the atmospheric metal deposition and
the accumulation of heavy metals in mosses, data on the concentrations of metals in
plant material collected in the areas adjacent to Stryiska Street (sampling sites N 2—-3
with a high level of anthropogenic load) were combined. Subsequently, these data were
compared with the results obtained for mosses collected in Stryisky Park. According to
the results of a comparative analysis, the concentration of several metals in moss sam-
ples from Stryiska Street reached considerably higher values than in samples from park
area. In particular, the concentrations of Mn and Pb in R. murale gametophytes sampled
in areas adjacent to Stryiska Street were 1.57 times (p<0.05) and 1.7 times (p<0.05)
higher, respectively, than in moss material from Stryisky Park (Fig. 2). However, no sta-
tistically significant differences were found in the Cr, Ni, and Zn contents between moss
samples from the analyzed areas, despite the fact that the mean concentrations of
these metals in R. murale gametophytes from Stryiska Street were slightly higher com-
pared to plants from park territory.

As regards to S. apocarpum, a significant difference was found in the concentration
of Pb, namely, 1.64 times (p<0.05), between the samples taken in the areas adjacent to
Stryiska Street and in the territory of Stryisky Park (Fig. 3). As in the case of R. murale
moss, the mean concentrations of other metals (in particular, Mn) tended to increase in
S. apocarpum gametophytes collected in the vicinity of Stryiska Street.
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Fig. 2. Concentration of heavy metals in the gametophyte of Rhynchostegium murale moss collected in
Stryisky Park and in the areas adjacent to Stryiska Street in the city of Lviv

Puc. 2. KoHueHTpauist Baxknx MeTaniB y rametoditi Moxy Rhynchostegium murale, 3i6paHoro B CTpuiicbKo-
My MapKy Ta Ha Teputopisx, npunernvx Ao Bynuui CTpUnceKoi y MicTi JbBoBI
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Fig. 3. Concentration of heavy metals in the gametophyte of Schistidium apocarpum collected in Stryisky
Park and in the areas adjacent to Stryiska Street in the city of Lviv

Puc. 3. KoHueHTpaLlis Baxkux MeTaniB y rametoditi Moxy Schistidium apocarpum, sibpaHoro B CTpuiicbkomy
napky Ta Ha TepuTopisix, npunernux 4o Bynuui CTpuicbkoi y MicTi JTbBOBI

The results of conducted study indicate that the rate of metal accumulation in game-
tophytes of mosses is apparently associated with the level of anthropogenic load in south-
ern regions of Lviv that belong to the industrial areas of the city. In addition, Stryiska Street
itself is subjected to a high traffic load (according to our observations, the traffic intensity
is about 700 vehicles per hour in the daytime). Obviously, the industrial facilities operating
in the studied area and vehicle traffic are sources of heavy metal emissions into the air,
contributing to an increase in metal concentrations in terrestrial vegetation, including bryo-
phytes. Among the analyzed metals, this primarily relates to Pb, whose concentration in
gametophytes of both species of mosses from the areas adjacent to Stryiska Street rea-
ches significantly higher values compared to samples from Stryisky Park. Furthermore,
R. murale moss sampled in the areas exposed to industrial and traffic loads was featured
by a significantly higher Mn concentration compared to moss collected in park area, rela-
tively remote from the industrial impact. Both of these metals are known to be contained in
the industrial emissions and non-exhaust vehicular dust (metal corrosion, tire, brake and
clutch wear, wear of the roadway, etc.) [1, 10, 24]; besides, automobile exhaust is an ad-
ditional source of heavy metals, including Pb, in the atmosphere [4, 15]. Lead and manga-
nese are among the representative metals whose concentrations in the environment can
be used as reliable indices of the anthropogenic pollution [10]. Therefore, the obtained
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data on the increment of Pb and Mn in moss samples collected in areas of technogenic
stresses indicate air pollution by these metals in the southern part of the city of Lviv.

In general, the results of the study suggest that epilithic mosses, capable of accu-
mulating heavy metals, can reflect the level of air pollution by metals in areas exposed
to industrial and transport loads, similar to other ecological group of bryophytes. Howe-
ver, species differences in metal-accumulating capacities of bryophytes should be con-
sidered when using these plants as biomonitors of the atmospheric deposition of heavy
metals in urban ecosystems.

CONCLUSIONS

The results of the conducted study show that the Rhynchostegium murale and
Schistidium apocarpum mosses have different capacities for accumulating heavy me-
tals. Depending on the concentration in moss gametophytes collected in the city of Lviv,
the studied metals can be arranged in the following order: Mn> Zn> Cr> Ni> Pb. However,
the content of Mn and Zn in the S. apocarpum moss was found to be considerably
higher than in R. murale. Gametophytes of both mosses collected in areas subjected to
industrial and transport loads in the southern part of Lviv had significantly higher concen-
trations of Pb, and R. murale also had an elevated Mn content compared to samples
collected in park area. The obtained results suggest that the rate of accumulation of
heavy metals in gametophytes of the epilithic mosses can indicate the level of atmo-
spheric pollution in urban settings.
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AKYMYIALIA BAXKUX METATIB Y TAMETO®ITAX EMINIITHAX MOXIB

O. I. Moniwyk, I'. J1. AHMOHSIK

JIbsiecbKull HaujoHanbHUU yHisepcumem iMeHi leaHa ®paHka
syn. lpyweescbkoeo, 4, Jibeie 79005, YkpaiHa
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Baxki meTanu HanexaTb 00 Hebe3nevyHux 3abpyaHioBadiB aTmocdepu, ski noTpa-
NNSATb Y HAaBKOMULLIHE CepenoBuLLEe NEepPeBaXHO BHACMIOOK NMPOMWUCIIOBOI AisiNbHOCTI
i TPAHCMOPTHOrO HaBaHTaXeHHHA. 3abpygHEHHS MOBITPA MeTanaMmy CTaHOBUTb iICTOTHU
PU3MK 300POB’I0 N0ANHU Ta cTaHy B6ioTn B ypboekocnctemax. ToOMy BaXnmBe 3HAYEHHS
Ma€ eKOMNOriYHNA MOHITOPUHT 3aBpyAHEHHS NOBITPS MeTanaMm 3 BUKOPUCTaHHSAM BUAIB-
BioiHamkaTopis. MoxonoaibHi, 3gaTHi HakoNUYyBaTN BaXKKi MeETanu, LWMPOKO BUKOPUCTO-
BYIOTb SK BioiHOMKaTOPWU CTaHy OOBKINNsA Ta 6ioMOHITOPY piBHS 3aBpyaHEHHS MeTanamm
atmocdepHoro noBiTpsA. OgHak 34aTHICTb eniniTHUX MOXiB, PO3MNOBCIOAKEHNX HA TEPUTO-
pil MicT, 4O akymynsauil meTaniB BUBYEHa HegoCTaTHLOK Mipoto. MeTtor pobotn Byno
AocnianTn piBeHb akyMynsuii Baxkux Metanis y rametoditax moxiB Rhynchostegium
murale i Schistidium apocarpum, 3ibpaHux y M. JIbBOBI, Ta NpoaHanidyBaTn 3B’A30K MiX
piBHEM @HTPOMOreHHOro HaBaHTaXXEHHS Ta HAKOMMYEHHSAM MeTaniB y Lnx Bugax épiodi-
TiB. Ha Teputopii gocnigxeHb 6ynv BubpaHi ABi 3abpyaHeHi AiNAHKM y NiBAEHHIN YaCTUHI
MicTa 11 ogHa ginsHka y CTpuricbkoMy napky, SKy NpuiManm 3a KOHTporb. KoHueHTpaLio
metanis (Cr, Mn, Ni, Pb i Zn) y pocnnHHMX 3paskax BM3Ha4Yanm atToMHO-abcopbuinHow
CnekTpodOTOMETPIED 3a JOMOMOrol aToMHo-abcopbuiriHoro cnektpometpa C-115PK
Selmi. Pesynbsratn onpauboByBany 3 BUKOPUCTAHHAM CTaTUCTUYHUX METOAIB. Y NpoLeci
OOCnigAXeHb BCTAHOBIEHO Pi3HUI piBEHb HAKOMMYEHHS MeTarniB y Moxax Rhynchostegium
murale Ta Schistidium apocarpum. 3anexHo Bif KOHLUeHTpaLii y rametoditax o6ox Bu-
AiB MOXiB, A4OCMidXXyBaHi MeTanM MoXHa po3TalloByBaTh y Takomy nopsaky: Mn> Zn>
Cr> Ni> Pb. OgHak BmicT Mn i Zn y rameTodiTi MOXy S. apocarpum 3Ha4yHO BULLIMIA, HIXX
y rameTtoditi R. murale. Y rametoditax 060X BUAiB MOXiB, 3ibpaHMX y paioHax niBAEHHOT
YacTMHW M. JTbBOBA, SIKi 3a3HAKOTb MPOMMCIIOBOIO | TPAHCMNOPTHOIO HABAHTAXEHHS, BCTa-
HOBIEHO BiporiaHo BinbLUy KoHUeHTpauio Pb, a B rameTodiTi R. murale — we v nigsuLue-
HWUIA BMICT Mn, HiX y pocnnHHoMY maTepiani, 3ibpaHoMy Ha napKosin TepuTopii. Pesynb-
TaTy OOCHISKEeHHS cBigyaTb NPO Te, WO iHTEHCUBHICTb aKyMyrnsiuii BaXKKMx MeTanis
y rametoitax eniniTHUX MoxiB Moxe Bigobpaxatu piBeHb 3abpygHeHHs atMocdepu
MeTanamm B MIiCbKUX panioHax, siKi 3a3Hat0Tb TEXHOTEHHOTO HaBaHTaXKEHHS.

Knrodoei crioga: moxonofibHi, Baxkki metanu, ypboekocuctemu, eKOroriyHum
MOHITOPUHT, BioiHAMKaLis
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