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The study aimed at clarification of biogeochemistry of widely distributed ubiquitous and tolerant lichen Parmeliz saxatilis in
conditions of contamination of Yerevan agglomeration by heavy metals (HMs). It is found out that with increase in air pollution. 2.
saxatilis shows decreased number of apothecial thallomes and increased number of isidiosic individuals. The lichen shows a sharp
increase in biogeohemical activity of HM accumulation in urban territory compared with background. but individual metal-selective
properties in relation 1o the row of pollutants (Mo, Cr, Ni, Pb). A decreasing row of HM accumulation in lichen
(Mo>Ag~Pb>Cu=~Cr>Ni, Co, Zn) reflects in quantitative terms a geochemical row of atmospheric pollutant flow.

Uplywuyut U, Pupupnuibph jhGuwbpipuphimot puqupwiht wqpoondw wuwpiwi-
Gkpnid: <anngnnmpyuli Guunnwll tp Gplwl pwnuph swip ShnwnGipm] (OU) wpnnindw wuwpSwGGhpnu Pamelis
saxafifis i nwpwiwd L ghiwghnG pwpwpnuh YhGumbplnuphdpush numiGweppmpmbp: Pugwhwpmjwd t, np
wrpnnniuw wahi quig ipug P. saxatifis Gjwqnui bt wuynnbighw) pwniGbph pwwyp L uybpwGmd & hqhnhng GiopGtph
Phip: dunjwpugppijud Gympp Gipwnlpjwd | GU-h mwpwmadwb, nph wpyymbpnud pugwhwpmlby b, np P. saxatilis dmn
punupuighli pmpunmniwl upupiwfiiipnd” pnlh hodbduangpudp uopnd) wémd £ OU-h yonwlod hGuwmbplpup ifhu-
ljut wilpnpifnspymfip: UwljuiyG npunious £ h 2wpp wqunnnh; Geph Yipwpbpyuw (Mo, Cr, Ni, Pb) wGhunmulpuG pGmpuutipnus:
Fugubwymjwd [, np pupwpnunoi OU-h §nunuljdwi Gjwqon puppp (Mo>Ag>Pb>Cu>Cr> Ni,Co,Zn) npuljumybu wmnwgn-
i £ dplnpnpunwhl wpnmndwl bphpwphihwljwi wpph hnupp:

Apesuwamsn C. BHoreoxumus JHIAHHHKOB B YCIOBHSX rOPOICKOr0 3arpssHeHHS. Iletsio nc-
cacjiopaHKs OpUI0 M3ydeHME cOCTOAHMNA GHOIEOXMMHM KOCMOIOMMTHOIO M TOJCPAHTHOIO JIMMARHWKa Parmelia
saxalilis B yCTORHAX 3arpA3HeHuA r.Epesana Taxe sMH Metamiamu (TM). BRABICHO, YTO € POCTOM 3aIPA3HCHIMS Y
P. saxalilis yMEHBIACTCH KOIMYCCIBO ANCTENMATHHEX TATIOMOB ¥ BO3DACTAET .YHCAO H3HIHOHEIX SK3EMIUIAPOB.
ColpanHeii MaTCpHAT NPOAHANKH3IMPOBaH Ha colcpkamye TM, B peayinTaTe 4ero BRISICHEHO, 4To y P. savatilis B
YCJIOBHAX TOPOJICKOTO 34IPH3HCHMA B CpaBHCHMM, ¢ (OHOM pe3ko BospacTaeT GHOTEOXMMHMYECKas aKTHRHOCTH
Hakoruieima TM, onHako oTMeuaeTcs MAIHBUAYATbHAS METAUIOHAKOMATE/IBHAS CEIEKTHBHOCTh B OTHOICHHH Pii-
Jja nounorantos (Mo, Cr, Ni, Pb). Bussieno, urto y6uBaommi pan HakorieHus TM B axmaitmmke (Mo>Ag>
Pb>Cu>Cr> Ni, Co, Zn) Ka4eCTBEHHO OTpaXkacT MCOXHMMHYCCKHA PAX TOTOKA aTMOC(EPHOIO 3arpAIHeHHA.

Introduction. International experience in bioindication of environmental pollution with heavy metals (HMs)
claims that the lichens hold the highest levels of metal accumulation [12, 14, etc.]. Methodology of biogeochemical
lichen-indication (BGChL-indication) in relation to HMs is widely verified for all types of man-made pollution [7, 10,
18, etc.], but predominantly for forest areas with plain relief. For the mountainous areas, such works are lacking [16]. In
Armenia, we first perform verification of this technique in Yerevan City [3, 4]. This paper aims at studying biogeo-
chemistry of ubiquitous lichen Parmelia saxatilis (L.) Ach. in conditions of Yerevan pollution by HMs.

Material and Methods. The studies were conducted by transect geobotanical observations and ecologo-
geochemical verification of the area which became sparser in potentially clean places (Forest Park zones) and became
denser ncar factories and adjacent lands. The lichen thallomes were collected from 4 sides in each sampling point
strictly according to the maps, air dried, ground, ashed (t=500°C) and analyzed for HM contents by quantitative spectral
analysis. The quantitative characteristics of HM accumulation by lichens were determined by comparison of actual ma-
terial with data from background areas using a number of geochemical parameters:

— Coefficient of concentration [6] — CC=(C;/C, (1),
where C; — concentration of a chemical element in the sample, C,, — background concentration;

—~ Polynov-Perelman’s coefficient of bioaccumulation [15] — A, =C,/N; (2),
where C; — concentration of a chemical element in the sample, N, — clark of a chemical element in lithosphere;

— CocfTicient of biogeochemical activity of the species [2] - CBGChA; =Y A;/n : 3.

where XA, — sum of A,, n — number of studied chemical elements.

Results and Discussion. It is found from transect geobotanical observations of Yerevan depression that the basic
part of this territory (up to 1250-1300 m elevations) is deprived of lichen cover, only the lichen Prosa sp. occurs some-
times on limy substrates (pH = 7) from northern exposure in Hrazdan riverside. The pattern of lichen flora distribution
in urban agglomeration is similar to other large industrial centers in Europe: from periphery towards the center. Ac-
cording to R. Serander’s [19] classification, the central and southern portions of the city belong to the fichen deser,
followed by the Kanaker slopes having the trivial acidophilic epiphytes (Xanthoria parietina (L.) Th. Fr., Physcia pul-
verulenta (Schreb.) Hampe.) and epilites (Parmelia saxatilis (L.) Ach., Xathoria elegans and others). The resulis of
these studies do not allow to carry out the lichen indication of Yerevan city through the distribution areas of individual
species, as most ubiquitous species have disjunctive pattern of distribution, the lichen flora and ecology of species are
unequally studied [1, 5]. Hence, our research was oriented towards the method of BGChL-indication. The ubiquitous
and tolerant species Parmelia saxatilis was chosen by us among the most common species in Yerevan area as an indi-
cator species which is widely verified in indication of environmental HM pollution, particularly in South Baikal region
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deficiency [20] what is facilitated by Fig. 2. The background concentrations of heavy metals in thallomes of P. saxatilis.

sorption surface.

To identify the biogeochemistry of :
P. saxatilis in conditions of pollution, quantitative parameters of HMs in lichen are studied in background areas. It is
found out that HM contents differ individually, but are close in most elements to their clarks in lithosphere (Fig. 2).

For calculations we accepted it most rational to use the mean parameters in all elements. Using the obtained .

background characteristics, we have calculated the level of anomality (LA) of HM distribution in the studied species
(Formula 1). In Table 1, the anomalous concentrations of chemical elements are given for Kanaker aluminum plant
(KAP) and Yerevan botanical garden (YBG) in relation to background. As we may see, the principal portion of ele-
ments belongs to man-produced ones.

Table 1. Exceeding of HMs over background concentrations in P. saxafilis in the city.

e HMs
Mo | Ag Co Cr Sn Ni Pb Cu Zn v Za
Kanaker aluminum plant 42 10 18 10 1,8 5.6 3.1 42 23 [ 1,8 1,3
Yerevan botanical garden ] 24 24 13 5.6 13 42 | 31 4,2 42 1,8 L3

In Table 1 it is shown a distinct difference in HM accumulation by thallomes of P. saxatilis in background areas
andinthg city. The most obvious anomalies are found in Kanaker ravine of Hrazdan River near the KAP. The territory
onB:Gfspemliarbyits closeness to the central part of the city and to the big Miasnikian motorway what leaves its
trace in lichen geochemistry whose bogeochemical activity is higher than in the KAP. Besides, the lichen flora of YBG
is absplute]ylmnngrantasizisabsentmthenwbymTheIMNnmﬁms differ from background BGChA, by
4.65 times for the YBG and by 4 times for the KAP. The most prominent anomalous diversions over the background are
tlrb;ervﬁ;n Mo - in 42 (KAP) and 24 (YBG) times; Ag - 10 and 24 respectively; Co - 18 and 13; Cr - 10 and 5.6; Sn -

,8and 13.
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| Molybdenum is known to be frequently accompanied by copper. which correspond to each other in ratio 1.75:10
. (KAP) and 1:10 (YBG). Similar pattern was also noted in chemical composition of Kadjaran copper-molyvbdenum
province [13] where decreased concentrations of Mo are explained by high amounts of Cu.

For identification of biogeochemistry and metal-accumulating capacities of P. saxatilis the coefficients of bioac-
cumulation (A,) were calculated for individual HMs (Formula 2).and additive biogeochemical activity (BGChA,) of
HM accumulation (Formula 3). As shown by data of Table 2, urban P. saxarilis sharply increases bioactivity of the
following HMs: Ag Mo, Sn, Pb, Cu, Cr and Ni.

Tuble 2. Intensity of heavy metal accumulation by P. saxatilis under air pollution: A;:[] - Onandless; (B -n. Bl -10n
A, HMs |

Arcas T BGChaA,
; L Co: | Zn |
| Background | 2.24
| Yerevan city 877
i ‘ 817

Based on analysis of P. saxatilis thallomes, we can conclude that this bioindicator is selective for a number of
HMs, which are divided by us into 3 groups by their accumulative intensities:

1) Chemical elements of strong accumulation (10n): Mo, Ag;
2) Chemical elements of moderate accumulation (n): Ph, Cu, Cr, Ni;
3) Chemical elements of wgak accumulation (0,n and less): Co, Zn.

As shown here, Mo and Ag are main contributors; concentrations of other elements (Ph, Cu and others) in-
creases not so sharply and sometimes stays constant (Co, Zn). Given the generalized data, the descending rows of HMs
accumulation arc composed for background and polluted areas:

Background — Ag Mo, Cu, Pb (n) - Ni, Cr, Zn, Co (0,n);
KAL - Mo, Ag (10n) - Pb, Cu, Cr, Ni (n) - Co, Zn (0,n);
YBG - Ag, Mo (10n) - Pb, Cu, Ni, Cr (n) - Co, Zn (o,n).
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A strong dependence of HM accumula-
tion in P. saxatilis upon aerial pollutant loads is  Fig. 3. Dependence of HM accumulation by P. saxatilis upon the level
found out (Fig. 3). of air pollution. ; i

The general consecutive row of HMs in LEGEND. Pollution level: [N lichen, [ air.
lichen — Mo>Ag>Pb>Cu>Cr>Ni, Co, Zn - isa
middle link between the rows of heavy metal flows in air pollution processes:

Mo>Cu,Ni>Cr>Pb>Co,Zn (1991), Ag>Pb>Cu,Ni>Mo>Zn>Co,Cr (1995).

However, selective accumulation of HMs by lichens takes place and its mechanism is still unknown. Likely, this
results from morpho-physiological properties of individual species. The forest lichens and epiphytes are the richest in
mineral clements, as the forest itself serves as a filter of precipitation. The species studied by us was selective for a
number of HMs (Mo, Cr, Ni and Pb) what allows employing them as bioindicators of environmental pollution with
these elements and their complexes.

Thus, P. saxatilis may scrve a reliable bioindicator just for the HMs.

Conclusion. The lichens growing in urban conditions fix strongly the man-induced fluctuations and express
higher sensitivities than the vascular plants due to lacking physiological and anatomo-morphological barriers of HM
accumulation.

Being one of the first links in biogeochemical chains in ecosystems, the lichens have adequately been reflecting
the quantitative pattern of air pollution. Selective and relatively non-barrier metal-accumulating property of P. saxatilis
makes it a good candidate for complex bioindication of the effect of man-made activities on the landscapes in study area
and other industrial regions of Armenia and large-scale network of monitoring for active sources of air pollution. The
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O A-AKTUBHOCTH TIOYB APAPATCKOM PABHHMHBI
Hanbanosn A., Anansn B.
Lenmp sxono2o-noocgheprvix uccnedosanutl HAH PA

B craThe MPHBONATCA pe3YJLTATH AHANM3A JAHHEX IO CYMMBEDHON S-8KTHBHOCTH IIOYB B PANE IYHKTOB Apa-
paTcKkoit paBHHHEL. M3MepeHM:a NOKA3ANH, YTO YDOBCHL S-pPalHOAKTHEHOCTH HEXOXMTCH B OCHOBHOM B Tpeenax
€CTECTBCHHOIO YPOBHA: 0T 512 1o 651 Bx/ke. IIOBKINEHHe YPORHS f-2KTHBHOCTH IIOYB OTMEY4ETCH B I. Epenane.

Vuypubngput U, UGwpud <., Upwpunnywi huppunjuwyph hoqbph f-winplmpyui dw-
uhfi: Ahnwnpipjms & hoghiph gouiwpught S-wimpjmpymGp Upwpunngwi hwppunjwiph §h 2wpp YEnbpnos: QunhnuiGhpp
gnyg bl myby, np A-pumbnwipnninpwe Suiupgmp kG pwu Swiwpgulh twhinGGhpnd B 512-hg 651
£U/yg: f-winnjnpymi Swhwpnuih pupd pugno Gzajous £ bplmG punupnu: .

Nalbandyan A., Ananyan V. On B-activity of the soils of the Ararat plain. The cumulative f-activity
of soils in a_m:pber of sites of Ararat valley has been considered. The measurements have shown that the level of f-activity of soils
is mainly within the natural background: from 512 to 651 Bq/kg. Increase in the level of f-activity of soils has been documented in

Yerevan City.

BBE/IEHUE. PannoaKTHBHOCTS OKpYXAIOIeH Cpefst XapaKTepH3yeTcd  €CTECTBEHHBIM H TEXHO-
TeHHBIM (OHOM Manydenws. EcTecTBeHHE OH cO3MAETCH KOCMMIECKIM H3IyYCHHUEM M CONCPRAHMEM
CGCTECTBCHHBIX PaNMOHYKIWIOB B IIOPOJaX, TIOYBaX, BOXax, aTMocdepe, TIPONYKTaX ITMTaHWsA. TeXHOIreH-
HBUA QOH — ecTecTBeHHEIH (oH MSITyYCHHS, USMEHEHHEI B pe3yibTaTe JesTeEHOCTH JeJIoBeKa. BricT-
PBIfl POCT aTOMHOM SHEPreTMKH BIIEYeT 3a coGoit SHAYMTEIIEHOC YBEIHICHHE PaqOaKTHEHBIX OTXOIOB,
OIPCIENICHHAsT YACTh KOTOPBIX, JaXe IPH HOPMANBHOH pabote TIPE[NPHATHI SASPHOTO TOIUIMBHOIO
u:mmai;Moxer TIPOHMKATE B OKPYXAIOMYIO TIPHPONHYIO CPEy. : :

PE3YIIBTATe WCTIBITAHUI SIEPHOTO OpYXWs NPOM3ONUIO 3arpS3HEHHME TIPUPOIHOM Cpefel Hc-
KYCCTBCHHBIMH PalHOHYKIMIaMK B IobaisioM Macirrabe. 3a 1959-1963rr. Habmonarochk TIOBBIIIEHHE
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