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Abstract. The research is devoted to the investigation of chemical composition of epiphytic lichens Lobaria pulmonaria
growing in the territory of the Barguzin Nature Reserve in the Republic of Buryatia (Russia). This reserve is considered
as a background area because of its far location from anthropogenic pollution sources. The objective of this research is
to assess the chemical composition of lichens of the Barguzin Nature Reserve — one of the background areas in Russia. 9
lichen samples were collected in the summer 2015, in which the concentrations of 67 chemical elements were detected
using inductively coupled plasma mass-spectrometry. The research findings were compared with the data for the lichens
from the Zabaykalsky National Park and taiga forest in Tomsk region (oil field area). Comparing the reserve area with the
taiga area (with anthropogenic load from oil field development), it was detected that the lichens from the Barguzin Nature
Reserve had lower concentrations of most chemical elements except Na, Mg, Al Si, P, K, Ca, and Ti, which contents are
2-16-fold higher in the lichens of the Barguzin Reserve. The concentrations of most chemical elements detected in the li-
chen samples of the Barguzin Nature Reserve can be used as baseline values while investigating territories with different
anthropogenic load.

Keywords: lichens, Lobaria pulmonaria, biomonitoring, Barguzin Nature Reserve, background area, concentrations of

chemical elements.

Introduction

The geography of lichen distribution across the globe is
rather vast. Among all multicellular organisms, lichens
have the most extensive tolerance to different environ-
mental parameters (Bargagli, 1998). The epiphytic lichens
growing on the trunks and brunches of trees are sensitive
to the chemical composition of environment, including at-
mospheric air and precipitation, as well as climate change
and some other aspects. Such natural conditions as air hu-
midity, lighting intensity and others influence the species
composition of lichen associations and their quantitative
characteristics. Whereas the epiphytic lichens have no root
system, their nutrition is atmospheric and, consequently,
their element composition reflects the generalized chemi-
cal composition of the atmosphere (Bargagli, 1998). This
work observes the use of epiphytic lichens as accumula-
tive biomonitors when conducting biomonitoring projects
(Markert, Wiinschmann, & Baltrénaité, 2012).

The extent of spatial and temporal changes in the
element concentrations incoming from anthropogenic
(Radomskaya, Radomskij, Yusupov, & Moiseenko, 2003;
Youssef, Markert, Gurbanov, Sevnic, & Wiinschmann,
2014) and natural sources can be detected by the compari-
son with reference areas or with baseline (background)
element values of the same plant species. In this regard,
the data of lichen biomonitoring obtained for anthropo-
genic polluted territories, including oil-extracting regions,
regions of metallurgical and mining facilities (Bolshuno-
va, Rikhvanov, & Mezhibor, 2016), need to be compared
with background concentrations of chemical elements in
lichens (Bolshunova, Rikhvanov, & Baranovskaya, 2015).

Choosing the background area, researchers are usually
guided by the remoteness of a studied area from the pollu-
tion sources. However, the amount of such areas nowadays
becomes progressively smaller, and even in the case of ab-
sence of anthropogenic impact, there are transboundary
transfers of pollutants, which for some regions have more
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intensive influence than local sources. Moreover, there
are natural factors distinguishing the increased regional
background for some chemical elements. The vegetation
belt types and substrate types effect also on the chemi-
cal element composition of lichens (Prussia & Killinberg,
1991) and it is rather complicated to choose background
parameters.

The main objective of this research is to assess the
chemical composition of lichens of the Barguzin Nature
Reserve - one of the background areas in Russia. The ob-
tained data may be used for comparison of biogeochemi-
cal data in the regions with different types of anthropo-
genic impact.

The research of the reserve territory is especially rel-
evant because the year 2017 was stated as the Year of natu-
ral reserves (Presidential edict of the Russian Federation
no. 392 from 1% August 2015). Special emphasis is placed
to the study of lichen flora in natural reserves, which are
unique protected areas. There are investigations on the
description of lichens and lichen-indication in the natural
reserves “Kuznetsy Alatau”, “Bastak’, “Utrish’, “Imensky”,
Dzherginskii in the republic of Buryatia and others (Kos-
tryukova, Krupnova, Mashkova, & Schelkanova, 2017;
Skirina, 2015; Urbanavichus & Urbanavichene, 2015;
Baumgertner, 2012; Mashkova, Krupnova, Kostryukova, &
Shcherbina, 2016; Kharpukhaeva & Urbanavichus, 2006;
Zeltyn & Insarov, 1993 etc.).

Lichen flora of the Barguzin reserve is quite widely
studied (Budaeva, 2010, 2014), however we have not met
data on the chemical composition of lichens in this region.
The Barguzin reserve, being protected state area, needs in
constant observation of natural environment, including
atmospheric air. The study of elemental composition of
epiphytic lichens will allow estimating the environmental
quality.

1. Research object and methods

There are some natural reserves over the banks of Baikal
lake. The Barguzin Nature Reserve was founded in 1916
with the aim of increasing and studying the Barguzin sa-
ble population. It was the first state reserve in the Russian
Empire (Imetkhenov & Tulokhonov, 1992) and the estab-
lishment of Russia’s environmental protection system.
The Barguzin Nature Reserve is located on the north-
eastern shore of Baikal lake, on the western slopes of
the central part of the Barguzin range (Zapovednoe
Podlemorye, 2016). The reserve area is 366,870 hec-
tares, including biosoheric polygon of 111,146 hectares
(Zapovednoe Podlemorye, 2016). By the reason of suffi-
cient distances from large pollution sources, the reserve
territory is used as a background area for the transforma-
tion extent assessment of the developed North-East Bai-
kal areas affected by anthropogenic impact (Zapovednoe
Podlemorye, 2016). According to the monitoring results of
the Northern Baikal area, there are no significant trends of
anthropogenic origin in the reserve (Aleksandrova, 2006).

The epiphytic lichen samples were collected in 2015
over the territory of the Barguzin Nature Reserve (the
Republic of Buryatia). The foliaceous epiphytic lichens
Lobaria pulmonaria (L.) Hoffm (Figure 1) were only sam-
pled.

The area of the Lobaria pulmonaria specie in the Eu-
ropean part of Russia embraces the zone of taiga (from
northern to southern one) and temperate hardwood-
broadleaved forests. A special interest in this lichen spe-
cie is aroused due to reduction of its area in last decades
because of the negative impact of human activity (clear-
ance of old hardwood and temperate forests, air pollution,
fires). This specie is included in the Red Book of Russia
(2" category, sensitive specie), as well as in the first edi-
tion of the “Red Book of Buryat Autonomous Soviet So-
cialist Republic” (Budaeva, 2006). The specie is considered
as the recognized indicator of old undisturbed and low-
disturbed forests (Urbanavichus & Urbanavichene, 2003).

The sampling was realized in cedar-pine forest with
addition of aspen and birch from the bark of mature trees
at height of outstretched arm. Nine samples were taken in
total (Figure 2).

The lichens Lobaria pulmonaria dominate, smothering
brunches of firs (Budaeva, 2014). The habitats of Lobaria
pulmonaria are limited by air pollution; this specie is quite
rare in Europe (Giorgio, Luisa, & Sonia, 2015; Riga-Karan-
dinos & Karandinos, 1998; Nadyeina, Dymytrova, Nau-
movych, Postoyalkin, & Scheidegger, 2014). It is known
that over the territory of Western Siberia and the Urals,
Lobaria pulmonaria grows in the areas with minimal ex-
tent or absence of anthropogenic impact. Its heavy grow-
ing in the background area is rather obvious. Regions of
L. pulmonaria habitat are confined to forest areas which
are less altered under anthropogenic impact and have
higher sun lightness comparing with other communities
(Ivanova, 2015).

Figure 1. The specie Lobaria pulmonaria (Photo by J. Noskov)
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Figure 2. The base map of lichens sampling fields in the Barguzin Nature Reserve

The results of lichenological research of L. pulmonaria
in the Utrish reserve allowed increasing the number of
reserves in Russia, where this specie grows, up to 55 (ex-
cluding Zhigulevsky reserve) (Urbanavichus & Urbanavi-
chene, 2015).

To compare the results obtained, the data of chemical
composition of the same lichen species, sampled in the
oil field areas in Tomsk region (Bolshunova, Rikhvanov,
& Mezhibor, 2014), were used. Moreover, we used the
information on the concentrations of chemical elements
in the epiphytic lichen Evernia mesomorpha (Flot.) Nyl.
from the cross-border region — Zabaykalsky National Park
(Bolshunova et al., 2015), which together with the Bargu-
zin reserve is on the list of the specially protected areas
of Russia. The park was organized in 1986 for protecting
unique natural complex of the Baikal lake basin. It oc-
cupies the eastern coast of Baikal lake with the peninsula
Svyatoy Nos (Budaeva, 2014).

The collected samples were dried until air-dry condi-
tion in the laboratory. In order to achieve the uniform
distribution of the chemical elements within the samples,
they were grinded by the electrical grinder with stainless
cover. The concentrations of 67 chemical elements in the
lichens were determined by the modern high-sensitivity
method -inductively coupled plasma mass-spectrometry
(ICP-MS), This method is characterized by low detection
limit that is especially important for the biogeochemical
investigations (Yusupov & Karpenko, 2016). The analysis
was conducted in the certified chemical-analytical centre
“Plasma” in Tomsk, Russia.

2. Results and discussion

The obtained data of the chemical composition of the
epiphytic lichens Lobaria pulmonaria from the Barguzin

Nature Reserve are presented in Table 1 and Figure 3.
The data represent information on 56 chemical elements.
Some elements are not represented in the table (Re, Os, Ir,
Pt, Au and others) due to their low concentrations, which
were below the detection limit.

The scatter of the chemical elements concentrations
grouped in the s-elements, p-elements, main d-elements,
rare d-elements, f-elements in the lichen samples from
the Barguzin Nature is presented at Figure 3. The plot
at Figure 3 describes the quartile distribution of element
concentrations (includes min, max, median). The element
distributions show the essential scatter of the main and
rare elements (c), as well as Ba, Sb, Mn, U. These results
may testify on different accumulation extent in regard to
these elements. More illustrative analysis of the elements
accumulation in the lichens from two reserves of Baikal
lake surroundings may be done through the correlation of
the analytical results shown at Figure 4.

The increased concentrations of Na, Ca, Cr, Fe, Rb
(1.5 - 8-fold) and As - 32-fold are detected in the lichens
of the Barguzin Nature Reserve. The Lichens of the Za-
baykalsky National Park (the investigation was carried out
by the instrumental neutron activation analysis, included
28 chemical elements) are characterized by the increased
values of U, Th, and rare-earth elements (REE). This fea-
ture is determined by the specificity of highly-radioactive
granitic substrate of the sampling area (Barguzin-Chivy-
rkuysky land bridge of Baykal lake) (Bolshunova et al.,
2015).

Atmospheric fallouts enter the lichens either in liquid
state (precipitations), or in dry one due to aerosol sedi-
mentation. Moreover, mineral substances may enter the
lichens in the form of dust which contains many chemi-
cal elements. The soils of the Barguzin-Chivyrkuysky
land bridge are predominantly channery, easy-washed by
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Table 1. Geochemical characteristic of the lichen samples from the Barguzin Nature Reserve (dry matter, mg/kg, n = 9)

= =]
% Mean St. error SD Min Max % Mean St. error SD Min Max
23] 25)

Li 0.30 0.03 0.09 0.18 0.44 Cd 0.135 0.033 0.098 0.035 0.363
B 7.88 0.82 2.46 2.10 10.24 Sn 0.084 0.009 0.026 0.053 0.133
Na 102 10 29 56 150 Sb 0.0429 0.0066 0.0197 0.0065 0.0784
Mg 570 47 141 405 840 Cs 0.163 0.031 0.093 0.057 0.295
Al 505 56 167 228 800 Ba 35.7 59 17.8 43 614
Si 927 110 330 456 1477 La 0.22 0.02 0.07 0.11 0.33
P 1949 235 705 1217 3450 Ce 0.41 0.05 0.14 0.24 0.63

5148 315 944 4384 7459 Pr 0.047 0.005 0.015 0.028 0.069
Ca 2571 293 879 859 3745 Nd 0.17 0.02 0.06 0.09 0.29
Sc 0.25 0.03 0.09 0.09 0.39 Sm 0.032 0.003 0.010 0.018 0.048
Ti 131 19 57 86 267 Eu 0.007 0.001 0.002 0.004 0.011
\Y% 0.95 0.10 0.30 0.49 1.54 Gd 0.033 0.004 0.011 0.020 0.054
Cr 5.0 0.4 1.1 3.6 7.2 Tb 0.0046 0.0005 0.0015 0.0027 0.0067
Mn 84 22 66 17 218 Dy 0.024 0.003 0.009 0.014 0.041
Fe 301 29 88 171 453 Ho 0.0044 0.0006 0.0017 0.0021 0.0075
Co 0.27 0.03 0.08 0.18 0.36 Er 0.012 0.001 0.004 0.006 0.019
Ni 0.82 0.09 0.28 0.42 1.39 Tm 0.002 0.000 0.001 0.001 0.003
Cu 5.9 0.4 1.3 42 83 Yb 0.010 0.001 0.004 0.005 0.017
Zn 46.1 24 7.3 35.1 55.4 Lu 0.002 0.000 0.001 0.001 0.003
Ga 0.18 0.02 0.06 0.10 0.28 Hf 0.014 0.002 0.005 0.007 0.022
As 0.44 0.05 0.15 0.29 0.77 Ta 0.007 0.001 0.003 0.004 0.011
Rb 17.6 3.0 9.0 54 314 w 0.040 0.004 0.012 0.022 0.058
Sr 18.3 2.3 6.9 9.4 30.0 Hg 0.058 0.006 0.019 0.031 0.085
Y 0.12 0.01 0.04 0.06 0.20 Tl 0.015 0.004 0.011 0.005 0.033
Zr 0.78 0.09 0.28 0.38 1.24 Pb 1.23 0.19 0.57 0.72 2.32
Nb 0.09 0.01 0.03 0.05 0.14 Bi 0.051 0.005 0.014 0.028 0.073
Mo 0.11 0.04 0.12 0.04 0.44 Th 0.065 0.008 0.025 0.034 0.112
Ag 0.012 0.002 0.005 0.006 0.021 U 0.036 0.010 0.029 0.014 0.107

St. error — Standard error; SD — Standard deviation

precipitations and wind-moving in case of vegetation ab-
sence. Thus, high concentrations of chemical elements can
be explained by the weathering and transportation of tiny
particles of soil and bedding rocks, as well as water drops,
and their capture and absorption by the lichens.

Anomalously low As concentrations were found in the
lichens from the Zabaykalsky National Park (Barguzin-
Chivyrkuysky land bridge) comparing the As concentra-
tions in the lichens from the Barguzin reserve (32-fold
lower) and with other regions which were studied by us
earlier (Table 2).

When analyzing Table 2 we observe that the As con-
centration in the lichens of the Barguzin Nature Reserve
is close to the values of other territories. Regarding low As
concentrations in the lichens of the Barguzin-Chivyrkuysky
land bridge, which is observed also as a background region
without anthropogenic impact, they may be explained by

local geological features. Barguzin-Chivyrkuysky land
bridge is composed by Pliocene-Eopleistocene relatively
young sediments, and the Barguzin Reserve area is com-
posed by ancient, predominantly granitoid rock complexes.
The specificity of the Barguzin-Chivyrkuysky land bridge
of low As concentrations is confirmed by the research of
poplar leaf in this area. The ordered series of chemical ele-
ments by the value of concentration factor in poplar leaf
ash from the Ust-Bargusin (Zabaykalsky National Park)
looks as the following range: Ca-La-Br-Rb-Th-Ag-Sm-Cs-
Fe-Co-Hf-Na-Eu-Zn-Ba-Nd-Sr-Lu-Ta-Sc-Ce-Cr-Tb-U-
Sb-Au-Yb-As (in decreasing order) (Yusupov, Rikhvanov,
Baranovskaya, & Yalaltdinova, 2016).

Analyzing the above information, the area of the Bar-
guzin-Chivyrkuysky land bridge can be observed as an
ideal natural background of As in the complex of biosub-
strates.
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Figure 3. Box&Whisker plot of the s-elements (a), the p-elements (b), the main d-elements (c), the rare d-elements (d),
the f-elements (e) in the lichen samples Lobaria pulmonaria from the Barguzin Nature
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Figure 4. Concentrations of some chemical elements (mg/kg) in the lichens of the Barguzin
Nature Reserve and the Zabaykalsky National Park (Bolshunova et al., 2015) logarithmic scale
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Table 2. Mean As concentrations in the lichens of background and anthropogenically-changed regions, mg/kg

Background| Kemerovo | Barguzin-Chivyrkuysky Regions of

Tomsk oblast 4 . Petroleum extraction northern Barguzin

regions oblast land bridge - .
(Bolshunova . regions, Tomsk oblast Eurasia Nature
(Bargagli, | (Bolshunova (Bolshunova et al.,

et al., 2015) (Bolshunova et al., 2014) | (Bolshunova Reserve

1998) et al,, 2015) 2015) tal, 2014)
0.34 0.3-1.5 0.44 0.013 0.19 0.26 0.44

Because of the rare distribution of Lobaria pulmonaria
not only in Russia, but also in Europe, the data on the
concentrations of a wide range of chemical elements in
the scientific literature are difficult to find. The informa-
tion on the elements accumulation in the lichens Lobaria
pulmonaria sampled in the oil field territories in Tomsk re-
gion (Bolshunova et al., 2014) and investigated area of the
Barguzin Nature Reserve is presented at the round chart
(Figure 5). It should be especially mentioned that the ele-
ment concentration analysis in the lichens of one species
is conducted using ICP-MS.

Estimating the round chart, it is interesting to outline
that the concentrations of macronutrients Na, Mg, Al, Si,
P, K, Ca, and Ti are 2-16-fold higher in the lichens of the
Barguzin Reserve as compared with the lichens of the oil
field area. The main sources of these elements in the li-
chens are likely both soil transfer and wet aerosol transfer
from Baykal Lake area. There are also 10-fold exceeding
of Ta and 2-fold exceeding of Sr and Ba registered in the
lichens of the Barguzin Reserve. According to (Kabata-
Pendias & Pendias, 1992), essential elements, particularly
Ca, Mg, P, K are antagonistic elements for the absorption
and metabolism of many trace elements, and, conversely,
trace elements can inhibit macro-components absorption.
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Ba ¢ b (
= Qil depositarea in Tomsk region Barguzin Nature Reserve
Figure 5. Concentrations of chemical elements in the
lichens Lobaria pulmonaria of the Barguzin Reserve and
in oil field area in Tomsk region (according to the data

Bolshunova et al., 2014)

Factor 2 : 16,68%

10 05 0,0 05 10
Factor 1: 42,75%

Figure 6. Chart of factor analysis. LREE - light rare-earth
elements, HREE - heavy earth elements

Most of the chemical elements, including rare-earth ele-
ments and heavy metals (Hg, Fe, Mn, Cd, Sb, As), which
reflect the specificity of the oil production, have higher ac-
cumulation levels in the lichens of Tomsk region: 2-12-fold.
The similar Zn concentration in the lichens of the Barguzin
Reserve, the Zabaykalsky National Park and anthropogeni-
cally changed area in Tomsk region were registered — 48
mg/kg on the average for three areas. These results are prob-
ably determined by high zinc biophility and its important
role for the metabolism of lichens (Bargagli, 1998).

That to determine the main sources of the chemical
elements input in the lichens we carried out the analysis of
possible factors defining the elements accumulation. The
results of the factor analysis (Figure 6) show two main fac-
tors (43 and 17%), other factors are less than 10%.

The factor analysis exposed a large association of
lithophile elements, including rare-earth ones (the sec-
ond factor 16.68%). Their input in the lichens is probably
connected with the soil particles transportation. The first
factor (42.75%) does not determine stable associations,
U-Ti association is only isolated, being rock component
probably connected with the transport of particles from
the nearby Barguzin-Chivyrkuysky land bridge of Baykal
Lake (Zabaykalsky National Park). Among elements of the
first factor, K, P, and Mg are outlined. These elements re-
flect absorption by the lichens of aerosols from the lake.
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Conclusions

1. Estimating the biogeochemical peculiarities of the li-
chens of the Barguzin Nature Reserve, we can conclude
that this area is less exposed to the anthropogenic in-
fluence and has no strongly pronounced structural fea-
tures of the underlying rocks structure.

2. Comparing to the lichens of the Zabaikalsky National
Park and the oil field area in Tomsk region, the lichens
of the Barguzin reserve are characterized by lower accu-
mulation of a majority of chemical elements, including
rare, radioactive ones and heavy metals. At the same
time the concentrations of Na, Mg, Al, Si, P, K, Ca, and
Ti are from 2 to 16-fold higher than those in the lichens
from the oil field area. This fact is probably determined
by soil particles transportation (in relation to lithophile
elements), as well as the transfer of aerosols from Baikal
lake, the waters of which contain high concentrations of
Ca, Na, Mg, K, Si, and P. However, the fact of the pres-
ence of this rare lichen specie, growing abundantly in
the reserve, tells us about pure atmospheric air.

3. As a whole, the concentrations of most chemical ele-
ments in the lichens from the Barguzin reserve can be
used as background values for while studying anthropo-
genically disturbed areas, including mining and dress-
ing facilities.

The obtained data on the elemental composition
of lichens Lobaria Pulmonaria are possible to consider
as a natural background and use for biogeochemical
monitoring in natural and urbanized landscapes in the
Baikal lake area. The results may be observed as reference
data in the environmental protection perspective when
estimating the extent of anthropogenic impact in different
regions of the northern hemisphere.
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