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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/cm3 [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 km2 [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. 

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)  

Рис. 1.	Концентрація важких металів у гаметофітах мохів Rhynchostegium murale та Schistidium apocar
pum, зібраних у місті Львові (об’єднані дані з місць відбору проб)

	 Примітка: на цьому та наступних рисунках позначки (*) і (**) вказують на статистично вірогідні 
відмінності між аналізованими показниками (*– 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

Рис. 2.	Концентрація важких металів у гаметофіті моху Rhynchostegium murale, зібраного в Стрийсько­
му парку та на територіях, прилеглих до вулиці Стрийської у місті Львові

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

Рис. 3.	Концентрація важких металів у гаметофіті моху Schistidium apocarpum, зібраного в Стрийському 
парку та на територіях, прилеглих до вулиці Стрийської у місті Львові

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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АКУМУЛЯЦІЯ ВАЖКИХ МЕТАЛІВ У ГАМЕТОФІТАХ ЕПІЛІТНИХ МОХІВ

О. І. Поліщук, Г. Л. Антоняк 
Львівський національний університет імені Івана Франка

вул. Грушевського, 4, Львів 79005, Україна
* Кореспондуючий автор: e-mail: alex1994pol@gmail.com

Важкі метали належать до небезпечних забруднювачів атмосфери, які потра­
пляють у навколишнє середовище переважно внаслідок промислової діяльності  
і транспортного навантаження. Забруднення повітря металами становить істотний 
ризик здоров’ю людини та стану біоти в урбоекосистемах. Тому важливе значення 
має екологічний моніторинг забруднення повітря металами з використанням видів-
біоіндикаторів. Мохоподібні, здатні накопичувати важкі метали, широко використо­
вують як біоіндикатори стану довкілля та біомонітори рівня забруднення металами 
атмосферного повітря. Однак здатність епілітних мохів, розповсюджених на терито­
рії міст, до акумуляції металів вивчена недостатньою мірою. Метою роботи було 
дослідити рівень акумуляції важких металів у гаметофітах мохів Rhynchostegium 
murale і Schistidium apocarpum, зібраних у м. Львові, та проаналізувати зв’язок між 
рівнем антропогенного навантаження та накопиченням металів у цих видах бріофі­
тів. На території досліджень були вибрані дві забруднені ділянки у південній частині 
міста й одна ділянка у Стрийському парку, яку приймали за контроль. Концентрацію 
металів (Cr, Mn, Ni, Pb і Zn) у рослинних зразках визначали атомно-абсорбційною 
спектрофотометрією за допомогою атомно-абсорбційного спектрометра C-115PK 
Selmi. Результати опрацьовували з використанням статистичних методів. У процесі 
досліджень встановлено різний рівень накопичення металів у мохах Rhynchostegium 
murale та Schistidium apocarpum. Залежно від концентрації у гаметофітах обох ви­
дів мохів, досліджувані метали можна розташовувати у такому порядку: Mn> Zn> 
Cr> Ni> Pb. Однак вміст Mn і Zn у гаметофіті моху S. apocarpum значно вищий, ніж 
у гаметофіті R. murale. У гаметофітах обох видів мохів, зібраних у районах південної 
частини м. Львова, які зазнають промислового і транспортного навантаження, вста­
новлено вірогідно більшу концентрацію Pb, а в гаметофіті R. murale – ще й підвище
ний вміст Mn, ніж у рослинному матеріалі, зібраному на парковій території. Резуль­
тати дослідження свідчать про те, що інтенсивність акумуляції важких металів  
у гаметофітах епілітних мохів може відображати рівень забруднення атмосфери 
металами в міських районах, які зазнають техногенного навантаження.
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