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high general toxicity make PAHs potentially dangerous to all living organisms determining the need
for monitoring of environmental exposure to PAHs.

One of modern techniques for organic air pollution monitoring is biomonitoring method with
plant species as bioindicators. The plants ability to accumulate PAHs from ambient air is determined
by high affinity of very lipophilic PAHs to cuticle lipids, thus plant species with thicker cuticles are
able to accumulate enough amounts of PAHs for analysis with modern analytical methods. Apart from
cuticle thickness, PAHs accumulation efficiency is also determined by cuticular waxes chemical
composition and leaf morphology. Using high sensitive to airborne toxicants plant species provides
information not only about environmental contamination levels but also about potential danger of
pollution to living organisms. Based on this, selection of bioindicators for monitoring of
environmental exposure to PAHs should be proceeded considering capacity of an individual plant
species to accumulate this group of pollutants. Thus, scots pine (Pinus sylvestris L..) and siberian larch
(Larix sibirica Ledeb.) needles were offered for monitoring of ambient air PAHs in Pribaikalye
(Gorshkov et al., 2006, 2008; Marinaite et al., 2013).

The aim of the present study is examination of needles of Pinus sylvestris L. and Larix sibirica
Ledeb. as bioaccumulators of PAHs in the arca exposed to Irkutsk Aluminium Smelter (IrkAS)
emissions.

Collection of pine and larch needle samples has been conducted in end of growing season in
2012 from 8 sample plots. Ultrasonic-assisted extraction of PAHs from needles was employed using
n-hexane; quantification of 20 PAHs was done by GC-MS method.

According to results of the study the highest concentrations of total PAHs was detected in the
samples collected within a 2 km radius of the smelter. Total PAH concentrations in both pine and larch
needle samples collected at a distance of 10 and 20 km from the smelter were 2—4 and 5-13 times
lower, respectively. But the values of total PAHs accumulated by larch were significantly different
from the ones accumulated by pine with values of PAHs extracted from larch samples being 4-11
times greater than the pine ones.

The qualitative compositions of the PAHs fraction extracted from pine and larch needle
samples were similar. Chrysene was the most dominant component in larch needle samples,
accounting for 24-37% of the total PAHs and followed by fluoranthene and phenanthrene. The sum of
these three compounds formed 354-70% of the total PAH content. Chrysene, fluoranthene and
phenanthrene were the dominant species in pine needle samples too, forming 20-55% of the total PAH
content. Pine needle samples also contained large amounts of naphthalene, acenaphthene and pyrene.
All samples collected within a 2 km radius of IrkAS contained relatively high levels (9-21 ng/g for
larch and 3,9-8.8 ng/g for pine, respectively) of perylene common for aluminium smelting pollution.
Perylene concentrations in samples collected at a distance of 10 km from the smelter were below the
detection limits.

Thereby, performed study shows high informativity of obtained data and effectiveness of
using pine and larch needles as bioaccumulators of PAHs. However, it should be considered that larch
needles are exposed to pollution just for one growing season reflecting the degree of air pollution of
PAHs only for summer season. Long-term continuous air quality monitoring should be performed
using scots pine needles.

The study was performed with financial support from RFBR (Grant No. 12-04-31036 mol_a).

MOJJIEJTHBIN ®UTOILIAHKTOH O3EPAUAPAX.JIEI71 B PA3HBIE IIEPUO/1bI
YBJAXKHEHHOCTH (3BABAUKAJIbCKUHU KPAN)
Tamnbixosa H.A.
HucTutyT npupoaHbIX pecypcos, sxonorud u kpuonorun CO PAH, r. Uura, yn. Henopesosa, 16a, a/4
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NatTash2005@yandex.ru

PaszBurne Bozopocicii B BogoeMax MPOUCXOTUT B TCUCHHE Bcero roxa. HecMoTps Ha Hu3kue
TCMIICPATYPBI U OCBCIHICHUC, MHOI'UC aJ'IbI‘O6I/IOHTbI HpHCHOCﬁ6HI/IBaIOTCH U MOTYT BCTCTHPOBATh B
Macce B MOJICAHBIN EPUO.

OCoOEHHOCTH TEPMHUYECKOTO U THAPOTIOTHYCCKOTO PEKUMOB 03. Apaxieil, caMoro KpymHOro
u3 ozep MBano-Apaxmetickoli akBaapHOUM cucTembl (3abadikanbCkuii  Kpak), OOYCIOBJICHBI
OTHUKIHYCCKUMHU HU3MCHCHHAMHN 061_[[61\/'1 YBJIIA)KHCHHOCTH. B manocHexHBIC roanl nCpuoa BCCCHHCTO
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HarpeBaHus 03. Apaxied HauuHaeTCd B KOHUE (eBpans — Havyajae MapTa M 3aKAHYHBACTCH B KOHLC
MapTa, B MHOTOCHEKHBIE TOABl — C CEPEAMHEI MapTa M 3aKaH4IHBAcTCs B anperc uma Mac (Bonoraun,
1981). I'o umeromummces nureparypabiM janaeiM (0651308, 2011) B BeImageHIM aTMOC(EPHBIX 0CATKOB
B pationc HMeaHo-Apaxnelickux o3ep MPOSABIACTCS LUKIMYHOCTH: B 1951-1962 rr. ormeuanace
OTHOCUTEIBHO BIakHad (aza, B 1963-1982 rr. — cyxas daza, B 1983-1995 rr. — BnaxHaa ¢aza, B
1996-2007 rr. — cyxas ¢aza, B 2008-2009 rr. — Hayano BnaxHoH (azsl.

Lenp paboThl — H3VIUTH Pa3BUTHE MOLICAHOTO (UTOILIAHKTOHA B PA3HEIC [0 CYMME OCAIKOB
MEPUOIB! YBIKHCHHOCTH.

Beero 3a umccneayempiii mepuoa (2008-2011 rr.) B cocraBe momiegHOrO (PUTOMIAHKTOHA
BBIABICHO 45 $opM BOAOPOCICH PAHIOM HIDKE POJA, KOTOPhIC MPUHAICKAT K 6 oTaenam, 9 kiaccam,
23 mopsagkam, 31 cemelictBy n 39 pomam. 3HAYMTENBHOE BHUAOBOC Pa3HOOOpa3We OTMEYANOCh IS
otaeaa Ochrophyta, kmacc Bacillariophyceac (40% ot oO0mero BHAOBOTO C€OCTaBa) W OTACHA
Chlorophyta, kmacc Chlorophyceac (34%). ®on moaneaHOro (QUTOMIAHKTOHA OMPEACIISLIH
auaToMOBBIe Bomopocnu Puncticulata radiosa (Lemmermann) Hakansson, Asterionella formosa
Hassall u 3omotucteie Bogopocnu Chrysococcus rufescens Klebs u Chromulina sp. B 3umunii nepron
(mexabpp) B TOJIIE BOABI MpeoOnaganu AUATOMOBBEIC Bogopocau P. radiosa u A. formosa. B 3umue-
paHHE-BECCHHUI — BHBI, JOMHHUPOBABIINE B AcKaOpe U 30J0THUCTHIC BOAOpOocTH. B panHe-BeceHHHH
— TMPCHUMYINCCTBCHHO TNPEACTABUTEIM 30JOTHUCTBIX Bojopocnei: Chrysococcus rufescens w
Chromulina sp. CpaBHCHHE ¢ HMCIOIIMMUCS JTUTEPATypHBIMH JaHHbMH (Mopo3osa, 1981; Kopsxuna,
Tammneikosa, 2008) mokaszano, 4To aHANOrMYHAA KapTHHA OTMEUanachk U B ackabpe 1976 u 2004 rr.

KonuuiecTsenHoe pacrpeiencHue BoJOPOCICH B MOAJCIHOW TONMLE HA MPOTSDKCHHH BCETO
mepuoga (2008-2011 rr) wuccacmoBanuii  Obuto  pasiauunbiM  (puc. 1),  ®DurommaHkToH
KOHILICHTPUPOBAIICS MPEUMYIICCTBCHHO B HIJKHHUX CIIOSX BOABI (5-14 m).
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Puc. 1. JIlunamuka 9ucieHHOCTH U OHOMACCH BOAOPOCIICH B MOUICAHOM (hUTOIIAHKTOHE B 1976,
2004 u 2008-2011 rr.
Psin 2 — uucnennocts, psig 1 — Ouomacca.
Fig. 1. Dynamics of abundance and biomass of algae in the under-ice phytoplankton in 1976, 2004 and
2008-2011.
1 — cells density, 2 - biomass

HMamenenus uncneHnoctu konedanuce ot 0,001 xo 0,8 man. xi/m, 6uomacces: — ot 0,002 10 2.2
/v’ . HaubomsImme 3HAUCHHS KOIMUCCTBEHHBIX MokasaTesicit (778 Teic. Ki/m u 2,2 /M) MPUXOAMIHCH
Ha nekabpe 2008 r. [lo wmerommMcs TUTEPATYPHBIM JAHHBIM BBICOKHC 3HAUCHHS YUCICHHOCTU B
MOJICAHBINA MIEPHOA OBLITH XapaKkTepHBbI AJist Aekadps 1976 r., korma Guomacca gocrurana | F/MS, U I
aexabpst 2004 r., KOraa YHCICHHOCTb BOAOPOCCH coctasmsiia 1,74 man. ki/n, Guomacca — 1,41 r/ar.
Ilo cpasaenmio ¢ 1976 m 2004 romamm, KOMHYMECTBCHHBIC MOKA3aTCIA BOXOPOCACH B TMOAJICTHOM
¢uromwnankrone 2008-2011 rogoB wucCAeaOBaHHW CHH3WINCh HA TMOPSIOK, 4YTO OOYCIIOBICHO
BBIMIAACHUEM B JAHHBIH NEPUO OOWIBHBIX 0CaAKOB. Koppemsiuus cpeaHEB3BEIICHHON YHUCICHHOCTH
IO CTONOY BOABI M KOJIMYSCTBA OCAAKOB cocTaBwia MuHYC 0,5, OMOMACChl M KOJIHYSCTBA OCAIKOB
munyc 0,6. Koppeasiuu MeKIy KOJTUICCTBCHHBIMU MOKA3ATEISIMHA (DPUTOIUIAHKTOHA U TCMIICPATyPOH,
a TaxoKe TOJIIMMHOM JIbJa M BBICOTOM CHera cocTaBuiau McHee 0,3,

Takum oOpazom, Bcero 3a uccaecayemsidi mepuog (2008-2011 rr.) B coctaBe MOAICAHOTO
(PUTOIIAHKTOHA BBHISBICHO 45 TAaKCOHOB PAHTOM HILKE PoJa. JHAYMHUTEIBHOS BHUAOBOC Pa3HOOOpasue
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O0TMEYATIOCh JUISI AUATOMOBBIX M 3¢JICHBIX BoJopocieii. @oH moanejHOro GUTOMIAHKTOHA ONPEACISIIN
JUATOMOBEIC BoJopociu Puncticulata radiosa m Asterionella formosa W 30M0THUCTBIC BOAOPOCTH
Chrysococcus rufescens m Chromulina sp. 3MeHeHHsST YHCICHHOCTH TOIJICAHOTO (DPUTOIUIAHKTOHA
xonebamacs ot 0,001 xo 0.8 mun. xi/n, Guomaccer — ot 0,002 1o 2,2 r/m’. HauGonbmue 3HaUCHUS
KOJTHYCCTBCHHEIX TMOKazaTeiacd mpuxoawnuck Ha Ackabpe 2008 r. Pacmpenencnue Bomopociel B
MOJJICJHOM IIAHKTOHE B OONBIICH CTEEHH OOYCIOBICHO KOTMYCCTBOM MPHUXOJSLINXCS HA JAHHBIH
HEPHOJ OCAIKOB.

Pabora BBIMOMHEHA B paMKax MPOEKTA: 3aKOHOMEPHOCTH B3BOJIOLHMH O3CPHBIX SKOCHCTEM
3alaiikanbs Mo BIMSHHUCM KIMMATHYCCKHX U AaHTPONIOTCHHBIX (JaKTOPOB.

PHYTOPLANKTON UNDER ARAKHLEY LAKE’S ICE DURING DIFFERENT DAMPING
PERIODS (ZABAYKALSKY KRAI)
Tashlykova N.A.
Institute of Natural Resources, Ecology and Cryology RAS Chita, Nedorezova, 16a, PO Box 521
NatTash2005@yandex.ru

The thermal and hydrological regimes’ peculiarities of the Arakhley lake (the largest lake of
the Ivan-Arakhley aquatic system in Zabaykalsky Krai) are caused by total hydration’s cyclic changes.
In the little-snow years Arakhley lake’s spring warming period begins in the end of February — in the
beginning of March and ends in the end of March, in the many-snow years Arakhley lake’s spring
warming period begins in the middle of March and ends in April or May. According to having literary
data there is a special cyclic recurrence in the atmospheric precipitates” falling in the Ivan-Arakhley
lakes district: in 1951-1962 — relatively humid phase, 1963-1982 — dry phase, 1983-1995 — humid
phase, 1996-2007 — dry phase, 2008-2009 — the beginning of the humid phase.

The purpose of the work is to research the germination of phytoplankton under the ice during
different damping periods (counting the number of precipitations).

Altogether within the research period (2008-2011) 45 species of the ranked below algae are
discovered in the under-ice phytoplankton’s composition, they belong to 6 divisions, 9 classes, 23
orders, 31 families, 39 genus. Significant division diversity is marked for the Ochrophyta order, the
Bacillariophyceae (40% of the whole genus composition) class and for the Chlorophyta order, the
Chlorophyceae (34%) class.

The diatoms: Puncticulata radiosa (Lemmermann) Hakansson and Asterionella formosa
Hassall and the Chrysophyta: Chrysococcus rufescens Klebs and Chromulina sp. determine the under-
ice phytoplankton’s background. In winter period (December) the diatoms (P. radiosa, A. formosa)
prevail in the water column. In winter — early spring period — the same diatoms and the Chrysophyta
algae prevail in the water column. In early spring period the Chrysophyta (C. rufescens, C. sp.) prevail
in the water column. Comparison with having literary data shows that the same results have been got
in the Decembers of 1976 and 2004,

Quantitative distribution of the algae in the water amount under the ice changes during the
whole research period (2008-2011) (fig. 1). Phytoplankton mostly concentrates in the bottom water
layers (5-14 m).

Quantity varies from 0,001 to 0,8%10° cells/L, biomass varies from 0,002 to 2,2 g/m’. The
highest values of the quantitative indices (778%10° cells/L u 2,2 g/m’) are marked in December, 2008.
According to having literary data high values of the quantitative indices during the ice period have
been marked as typical in December, 1976 (biomass reached 1 g\m’) and December,2004 (algac
quantity 1,74%¥10° cells/L, biomass — 1,41 g/m’). In 2008-2011 years the quantitative indices of the
algae in the phytoplankton under the ice reduces comparing with 1976 and 2004 vears’ data, such
phenomenon is caused by abundant precipitations. The correlation of the average quantity on the water
column and precipitations amount is minus 0,5, biomass and precipitations amount is minus 0,6. The
correlations between the quantity indices of the phytoplankton and temperature; ice thickness, snow
height and water transparency are 0,3 less.
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