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TeHothoHA H LEeHO(OHA AHKOPACTYIHX MHHIaeH ApMe-
HHE Hy»KIAaeTcs B HEOTJIOXKHOH oxpade. B mocaennue 10
JIeT, B MepHo 00llero SHepreTHYeCcKoro Kpusuca B Apme-
HHH, PHPOHbIE 32POC/IH MHHIA/IBHHKOB MOABEPraaHCh Ges-
KaJNOCTHOMY YHHUTOKEHHIO M BEIKOPYEBBIBAHHIO B KayecT-
BE TOMJIHBA.
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S.H. AREVSHATYAN

ON THE PROBLEM OF USING THE LICHENS IN
MAN-MADE ENVIRONMENTAL POLLUTION
BIOMONITORING

Possibilities of using vegetation, pa'rticularly cryptogams, in
bioindication and biomonitoring of environmental pollution are dis-
cussed. Findings on accumulative properties of lichens as the
bioindicators of atmospheric heavy metal pollution are provided.

Uptngunpywh UL, Spgwljw Thounjwyph pbjubiwdhb wrpoguiuk G-
uwinbhpnphignul pupwpnulitph oqpugnpdifwh hwpgh onipe:
LUlwplnud £ pyubph’ dwulwnpuwbu Gphugep nquuilibph ognugnpdiwl
hbwpunjnpnipjmbnp zpewlw dheunjwyph wpnpdwl Ybbuwhbnhljughw-
Jnuf bt hhfuwninGhpnphlgnui: Abpynut kG bynipbip pupiupnubibph Unupualyhg
hwipynipjnilbbph Ybpwpbpw] npwbu dpinnpph dwlin dtnpwinGbpm| wn-
pniiwh Yhbuwbwbwgnyghbip:

Apesmaran C.I. K Bonpocy o6 mcnonssosanun awmaiinm-
KOB B GHOMOHHTODHHTE TEXHOTEHHOr0 SarpA3HEHHS OKpyXalo-
men cpeasl. PaccMaTpHBaeTcs BO3MOMHOCTH HCMOAb3OBAHHSA pacre-
HHH, B YACTHOCTH KPUNTOraMoB, B GHOHHAHKALHH  GHOMORHTOPHHre
3arpAsHeHHA OKpyxalowe# cpeawl. [IpHBosATCA MaTepuais Hecaeno-
BaHHH NO HAKOMHTENLHHM CBONCTBAM JAHIIANHHKOBR KaKk GHOMHIMKATO-
POB 3arpA3HEHHA aTMoOChephl TAXKENLIMH MeTaJnaMH.

Rapid development of modern technologies and urban-
ization cause the environmental degradation and intensive
dispersion of chemical elements over the planet. This un-
derlies the increased concentrations of rare chemical ele-
ments, particularly heavy metals (HMs) which often be-
ing typomorphic and biophilic often act as pollutants and
toxicants. In this connection it is very urgent to revise the
information on the current state of ecosystems and their
parts, as well as to determine the basic trends. Studies on
the response of biological objects to different impacts and
changes of their state include monitoring of functional and
structural parameters (Izrael, 1980; Callweit, 1987). Bio-
monitoring of different man-made trends, especially pollu-
tion, has successfully been carried out through using widely
recognized and effective methodologies. However, not a
single type of industrial pollution can be quickly identified
by adequate responses of indicator organisms. Under the
chronic pollutant, especially HM, loads the only available
and effective way is a set of biogeochemical methods of
biomonitoring, directed towards determination of pollut-
ant levels in biological components. Academician V.I.
Vernadsky’s concept of accumulative properties of the liv-
ing matter has been a principal aspect (Vernadsky, 1980).

In this context, the primary problem is to find an appro-
priate optimal bioindicators. Plant organisms can play this
role, because being the key linking element of biogeochemi-
cal cycles in ecosystems they accumulate HMs unlimit-
edly. This is caused by the very nature of the plants: fixed
spatial position, high biomass (with higher coverage area)
etc. But the use of a certain plant species as an optimal
bioindicator should meet a number of requirements: wide-
spread distribution in studied area, high accumulative prop-
erties for different HMs and adequate accumulation in the
biomass. For representative indication of HMs in the envi-
ronment, the most suitable are just cryptogamic plants of
which highest metal accumulating properties are found in
lichens. Concentrations of HMs in lichens have more ad-
equately been reflecting the distribution of these elements
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in different points of surface atmospheric layers than those
in vascular plants (even such conifers as Picea, Abies and
Pinus). Unlike the laboratory methods, lichen indication
(LI) has a number of advantages: 1) lichens being a uni-
versal accumulating substrate interact with the environ-
ment by whole thallome all the year round; 2) they adsorb
tiny amounts of aqueous pollutant aerosols immediately;
3) they accumulate HMs adequately to the pollutant’s
average gross concentration around in relatively short terms
(~15 months) (thallomes function in a passive role of cat-
ion exchanger); 4) they have high sensitivity, low physi-
ological rates and other properties.

LI methodology is widely applicable for all the types of
man-made pollution-in different climatic zones, but princi-
pally for habitats with plain relief. For mountaineous re-
gions the relevant literature is scarce (Aivazian, 1974:
Petrushina, 1987). In Armenia pilot experiments on using
the methodology were first implemented by us for the
oldest industrial center of the country - the city of Yerevan
(Arevshatyan, 1996). As the research on distribution of
lichen species has shown, in most places LI seems to be
inapplicable as even in the background highland areas
majority of ubiquitous species has the disjunctive distribu-
tion area. Moreover, lichen flora and nature of its repre-
sentatives is studied very weakly and unequally (Abramian,
1984). That is why we use biogeochemical aspect of LI.

During the geobotanical path surveys by transects
through the Yerevan lowland it was revealed that the
territory’s basic part (altitudes 1250-1300 m) is deprived
of lichen cover, and only lime, cement and other substrates
with pH27 are patchily inhabited with crustose lichen Prosa
sp. (Razdan bank ravine). Similar areas belong to the so
called “lichen deserts” followed by Kanaker slopes enriched
with common acidophilic epiphites (Xanthoria parietina
(L.) Beltz., Physcia pulverulenta (Schreb.) Hampl.) and
epilites (Parmelia saxatilis (L.) Ach., etc.). In compari-
son with background regions, urban lichens have frequent
morphological and anatomic abnormalities: decreased num-
ber of soredia and isidia, deformation and sterilization of
apothecia and lobes, chlorosis and necrosis of algal layer.
Most often such events are recorded within the central
part of Yerevan that makes the identification of most spe-
cies harder. Only 3 poleotolerant (PT) species (Trass, 1985)
are widely distributed in the Yerevan lowlands: epiphites -
Ph. pulverulenta (PT=7) and X. parietina (PT=9) and
tupha epilite P. saxatilis (PT=5). Besides the wide distri-
bution, frequency of observation and tolerantce the choice
of these species is caused by that epiphites and epilites
accumulate HMs more intensively than epigeinic lichens
(Lounamaa, 1965; Pilegaard, 1978).

As results of the research show, all 3 species growing
in Yerevan have increased bioactivity to the HM row Ag,
Mo, Sn, Cr, Ni, Pb, Cu and V compared with the back-
ground areas (Aragats mountain, Ankavan, Dilijan). At
the same time, individual selectivity to HMs is noted in
the lichen species that enables them to be used in indica-
tion of environental pollution with these elements and their
complexes: Ph. pulverulenta - Ag and Sn; X. parietina -
Cu; in relation to Mo, Cr, Ni and Pb - all 3 species, and for
V - Ph. pulverulenta and X. parietina. Given the

gerenalized data, the HM rows are composed for separate
lichen species:

Ag > Sn > Mo > Pb > Cu > Cr > Ni >V - Ph.
pulverulenta

Mo > Ag > Cu > Pb > Sn > Cr > Ni > V - X. parietina

Mo > Ag > Pb > Cu > Cr > Ni >V > Sn - P. saxatilis

General row has the following structure:

Mo > Ag > Pb > Cu > Cr > Ni > V, while for Sn the
individual selectivity is found.

Lichens, being one of the first links in biogeochemical
chains in ecosystems have adequately been reflecting the
processes of element migrations. For example, general HM
row in lichens is transitory between the rows of HM pollu-
tion geochemical flows in the atmosphere:

Mo > Cu, Ni > Cr > Pb > Co > Zn (1991) and’

Ag > Pb > Cu, Ni > Mo > Zn > Co, Cr (1995).

The investigations have come to the following conclu-
sions:

— lichens may act as the selective indicators of HMs
and their complexes pollution;

— biogeochemical LI may be a representative assess-
ment method that adequately reflects a level of HM pollu-
tion in urban areas.
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