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OTK/INK AMaToMOBOI (IOPHI MATIOTO 03€epa
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B cratpe mpuBefieHbI pe3yNbTaThl MCCIEOBAHNA KOTOHKY COBPEMEHHBIX JOHHBIX OTIOXKe-
uuit (JO) manoro Bogoema — 03. Jlamba, pacronoxxeHHoro B uepte T. IlerposaBoncka. Xu-
MUIYeCKIIT aHa/IM3 TI0Ka3asl, YTo u3ydeHHble 1O, OTHOCAIMEC K Ke/Ie3VCThIM CallpOIIeiAM,
3HAYNTENbHO oboramensl TsKenbiMu Metautamu (TM), Takumu kak Pb, Zn, Cd, Cr, Co, Ni,
Cu, Mo, V, W). ITpoucxoxpenne a1ux TM TecHO cBsI3aHO ¢ BIUAHMEM ypOaHM3MPOBAHHON
cpefibl, a TaK)Ke MpolleccaMyi TeXHOTEHHOTO 3arpsIsHeHMA B pesyabTaTe TPAHCTPAaHMYHOTO
IepeHoCca HEKOTOPBIX MeTa/UIOB. VIccienoBaHue nCKomaeMolt fuaToMoBoit opsl 03. Jlamba,
HacuuTbIBaollell 124 Bujia f1aToOMelt, O3BOINIO YCTAHOBUTD CBI3b MEXXY aHTPOIOI€HHBIM
BO3JIEICTBMEM HA BOLHBI OOBEKT U M3MEHEHVSIMI B CTPYKTYpPE AMATOMOBOTO KOMIIIEKCA.
Ycranosyensl Buabl-unaykaropst Pb, Cd, T, W n gpyrux sarpsisHureret, IOBbIIIEHHOE CO-
IepyKaHye KOTOPBIX HETaTMBHO BIINAET Ha 9KOCUCTEMY, a TaKXKe BU/IbI, IPOABIIAOIINE YCTON -
YMBOCTD K MccrefoBaHHbIM TM. IIpuBOAATCA CBUAETENbCTBA HAKOTITIEHNA B CTBOPKAX AMATO-
Meji TOHKOJMCIIEPCHBIX YaCTUI] O3€PHBIX OTIOXKEHNI, B XMMUYeCKOM COCTaBe KOTOPOTo yCTa-
HOBJIEHO NPUCYTCTBYE V, ABJAIONIETOCS OfHUM U3 IPUOPUTETHBIX 3arPsASHUTENEN BOfoeMa.

Kniouesvie cnosa: fuaroment, JOHHBIE OTIOKEHNS, TsDKeTIbIe METAIIBI, Maioe 03epo, Ilerpo-
3aBOJCK, Pecrry6nuka Kapenus.

BBenenue

3arpasHeHne TsokenbiMy MeTamamu (TM) — rmobanbpHas mpo6meMa COBpeMeH-
HocTu. Haumnaa co Bropoit nonoBuHbl XVIII Beka [0 HacTosAlero BpeMeHH, T.e.
B 910Xy VHAYCTPUAIbHOIO Pa3BUTHA OOIIeCTBA, OCHOBHbIE MICTOUYHMKM MOCTYIUIEHNS
3TUX XMMMYECKUX 37IEMEHTOB B OKPY)XAIOUIYIO Cpefy — HPeAIpUATHAS Pas3TNIHBIX
OTpacieil MPOMBIIUIEHHOCT!, TPAHCHOPT, OOBEKTHI CENbCKOTO XO3AMCTBA, a TaKXKe
TOPOZICKIIE€ TEPPUTOPUM KaK COBOKYIIHBI (PaKTOp, OOBEAMHSIOMNUII Cpa3y HECKOb-
KO pa3IMYHBIX II0 IPUPOAE U IIPOUCXOXKIEHUIO JMCTOYHMKOB IOCTYIUIEHUS MeTasl-

* VlccnemoBaHue BHITIOTHEHO TI0 rocyaapcTeeHHoMy 3afanuio VII' KapHII PAH, a Taxoke yacTaHO
npu ¢puHaHCOBOI noaaepxke PODI B pamkax HayyHoro npoexra Ne 18-05- 00897.
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nos (Caet u gp., 1990). Murpupyst BO3LYLIHBIM ¥ BOGHBIM IIyTSAMM BMeCTe C IPYTVIMMI
BemecTBaMy, TM MOTYT HaKaIIMBaTbCA B MMOBEPXHOCTHBIX CIOSAX JOHHBIX OTIOXKEHMNI
(JO) BOmHBIX OOBEKTOB, B CBSI3U C 4eM YXY/IIAETCS HE TOIBKO OOliee COCTOsIHIE IO-
CJIE[IHUX, HO M MEHSeTCsI CTPYKTypa COOOIIeCTBa )KMBBIX OPraHI3MOB, HACETISIOMINX BO-
10eM/BOJOTOK, BIIOTD JJ0 T'MOe/IN ONpe/ie/IeHHbIX IPYIIH XMBOTHBIX My pacTennit ([la-
yBasbTep, 2012).

V3BecTHO, 4TO Teoxummdeckre ocobennoctu [JO Manbix 03ep ABISIOTCI MHIUKA-
TOpaMI COCTOSIHUS BCeVl BOJOCOOPHOII IIOLAY, OTpakast ¥ IPUPOJHBIE, U AHTPOIIO-
TeHHble I3MeHeHs, IIPOUCXOALIe Ha 0003HaueHHOII Tepputopun (Jaysaasrep, 20065
CrpaxoBeHKO 1 Jip., 2014). [TameonumMHuomornyeckue peKOHCTPYKLMY, IIPOBOMMbIE Ha
OCHOBe JIeTa/lIbHOTO M3y4eHNsA KonoHok JJO o3ep, M03BOMAIOT OLIEHUTD KIMMaTH4YeCKIe,
9KOJIOTMYeCKe U aHTPOIIOTeHHbIE M3MEeHEHVsI, IIPOMCXOAMBIINE HAa BOJOCOOPax BOZKO-
eMOB B MCC/IefiyeMblil ucropudeckuii nepuoy (Cyberro u gmp., 2017). VIngukaropamu
OIIpefie/IEeHHBIX COOBITUII MPOIITIOTO MOTYT OBITH M OVHAMMKA M3MEHEHMIT KOHI[eHTpa-
U MMKPO3JIEMEHTOB, B ToM uncie TM (CrnykoBckuii u fip., 2017), 1 cMeHa KOMIIJIEKCOB
IMaToMOBbIX Bogiopocreit (nmartomeit) ([lenucos, 2012; Oberg et al., 2012; Chen et al.,
2013; IllenexoBa u CyberTo, 2016), cocTosiux U3 guokcuaa kpemuus (Si0,), 4o mo-
3BOJLAET 3TUIM BOJIOPOC/IAM COXPAHAThCA fonroe BpeMs B Tome JO.

Hanbonee mHPOpMATUBHBIMU IIOTYYAIOTCS MCCIEHOBAHNUSA, COBMeLIAIoOLIVe He-
CKOJIBKO Pas3/IMYHBIX IO CBOEI IPUPOJe METOMIOB M3ydeHuA KomoHok O, 4To cBOguT
K MUHMMYMY BO3MO>KHBIE OLIMOKY IIPY MHTePIPeTALUY IOTyYeHHBIX Pe3y/IbTaToOB.

Ilenp maHHOI pabOTHl — IMPOAHANMM3MPOBATH B3aMMOCBS3b M3MEHEHNI! B BUJOBOM
cocraBe ijuaroMoBoro kominekca J1O pacnonoxeHHoro B yepte I. [TerposaBopcka (Pe-
criy6nuka Kapenst) manoro Bogoema — 03. JlTam6a — ¢ aHTPOIIOTeHHBIM 3arpsi3HEHNEM,
BBI3BAaHHBIM KOMIIJIEKCHBIM Bo3ZieiicTBieM TM Ha 03epHYIO 9KOCUCTEMY.

OO0BEKT UCCIeENOBAHIA

Jlamba — manoe o3epo (61°48.428" c. m1. n 34°14.967’ B. 1.), pacIyIO)KeHHOE B CeBe-
po-3amapHoit yacTu I. IleTposaBopcka, B paitone Cynaxropa (puc. 1). bepera Bogoema
HU3KMe, 3a00/104eHHbIe. VI3 ceBepHOII yacTu 03. JlTam6a BeiTekaeT pyu. CryzeHell, BIaja-
fomuii B p. Tommy.

[Tnomans Bogoema — 0,014 km?, gnHa 6eperosort muuun — 0,58 kM (Bouubre.. .,
2013), cpepHssa ¥ MaKCUManbHasi ITTyOMHBI — COOTBETCTBEHHO 3,4 u 5,2 M (IloTaxuH,
2011).

Iist Bombl 03. Jlam6a XapaKTepHa BBICOKas IIBETHOCTb UM HM3KAs MPO3PAYHOCTb.
CrenctBus 9TOr0 — O€THBIN BULOBOI COCTaB U HU3KasA IUIOTHOCTD putonepudnroHa.
B ¢uronepudurone JlamOpl Ha HEMHOTOUMC/ICHHBIX MaKpo(UTax BBISABICHO 29 BUJOB
CMHe3eJIeHDIX, 3€/IeHbIX I AMaTOMOBBIX Boopociell (Komynaiines, 2014).

O o3epa mpencTaBeHbI CAPOIIe/IeBBIMI MIAMU C BBICOKVM COJiep>KaHMeM JKeesa.
MOIIIHOCTD TOJIIM CATIPOIIeNs, ITOfCTIIAeMOT0 IIMHAMU, — OKOojI0 7 M. Bepxuuit croit 1O,
0TOOpaHHBIX JHOYepnaTeeM DkMaHa — beppxa, sarpsasHeH psagoM TM, comepykaHus KO-
TOPBIX 3HAYUTE/IbHO Bbllle poHOBOro ypoBH: (CrykoBckuit u Mensenes, 2015).

Vxtnodayna osepa npencraBieHa ABYMs BUJAMM pblO — OKyHeM M IIOTBOIL,
B MBIIIIIAX, IeYeHN ¥ KOCTAX KOTOPBIX YCTaHOB/IEHO HakomneHue TM, ykasbiBaloliee Ha
MUTPALIIO IIOJUTIOTAaHTOB 110 Tpoduyeckum nensam (CayKoBcKuii u ap., 2016).
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Puc. 1. PaitoH mccnemoBaHms

ITo FaHHBIM MUKPOOMOIOINYIECKOTro aHa/MN3a, Bofe 03. /laMba COOTBETCTBYeT CTaTyC
Me30TPO(]HBIX BOZOEMOB, YCTAHOBJICH BBICOKNII YPOBEHD 3arps3HEHNS BOJbI OpraHyde-
ckuM BemjectBoM (MakapoBsa 1 fp., 2017).

Ananns guaromoBoro komrrekca JIO 03. Jlamba paHee He TPOBOIVIICS.

MaTepMaHhI " METOIbI

B aBrycre 2015 r. mpu nomoru npo6oor6opHuka Limnos (mponssonctso OuHisH-
nust) 6b1a oTo6pana Komonka [JO MOIIHOCTBIO 55 CM, 13 KOTOPOIT C MHTEPBAIOM 5 CM
6b1TH B3ATHI 00pasifel. ViccnegoBanus J1O mpoBomgmanch Ha 6ase maboparopun «AHa-
nutndeckoro rentpa» VI KapHIT PAH, r. IleTposaBozck, rae mpo6sr JO moBogumu fo
BO3/IYIIHO-CYXOT'O COCTOSIHMA.

Copepyxanne MukpoanemenTos (Pb, Zn, Cd, Cr, Co, Ni, Cu, Mo, V, W, Li, Rb, Cs, Sr,
Ba) B mpobax ompeesnsiiu Macc-ClieKTPasibHbIM MeTO0M Ha rpubope XSeries-2 ICP-MS
(Thermo Fisher Scientific). Pasnoxxenne o6pasuos 1O g ICP-MS-ananusa npoBoguin
IIyTeM KMCTOTHOTO BCKPBITUS B OTKPBITON cucTeMe. [I1s1 aHa/IM3a MCIIO/Ib30BaIN aHATIN-
THYeCKIe HaBecK) 06pasijoB Maccoii 0,1 . BMecTe ¢ aHanmusupyembIMy 06pasnamiu Ipo-
BOJIVIUTY PA3/IOXKeHIe XOTOCTHIX TPOO U OHOTO CTaHAAPTHOTO (KOHTPOMBHOTO) 06pasia
(xMMuveckuit coctaB JoHHOro mma o3. baiikan BUJI-1 — I'CO 7126—94). Iogpo6Has
MeTopuKa nogrorosku npo6 1O ommcana B cratbe (CrrykoBckuit, 2015).

CopepxaHne ITTaBHBIX 97eMeHTOB (okcupos Si, Ti, Al, P, Mn, Mg, Fe, K, Na, Ca)
OBIJIO OIpeie/IeHO PV IIOMOIIY peHTIreH-(QIyopeceHTHOro crieKTpoMeTpa Mapku ARL
ADVANT’X (Thermo Fisher scientific). IlogroroBka nmpo6sI Kk aHaIM3y BK/I04asa B ceOs
CTIeAyIOLIe STAIIbL:
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— TTaBneHne o6pasia 1 Gparca B 3010TO-TIATUHOBBIX TUTJISX B 9IEKTPOIIABUIb-
HOVI Tteun i1 mpurorosyenus obpasos Katanax K1 (SPEX SamplePrep),

— OCTbIBaHME CTEKTIOBATOrO PacIl/aBa,

— M3TOTOBJIEHNE CTEK/ISIHHOTO AMCKa /I M3MePEeHNI 13 OCTBIBIIEro pacIlaBa.

[Torepu npu npokanusanuu (III1IT) onpepensny BeCOBBIM CIIOCOOOM IOC/Ie Harpe-
BaHUA uccnenyeMbix mpo6 po temmneparypsl 1100 °C. IIpu nccnegoanuu IO BOfHBIX
00BEKTOB JJAHHBII ITOKA3aTe/Ib MOXET C/IYXKUTb XOPOIIIell KOIMYeCTBEHHOI XapaKTepu-
CTUKOII COflep>)KaHNs OPTraHMKM B BOGHBIX ocankax (JayBanbrep, 2012).

Texunueckass 06paboTKa Ipo6 BBIIOHEHA 110 OOIeNPUHATHIM MeTopuKaM (JlnaTo-
MOBBIE. .., 1974; [JaBbI0Ba, 1985), BKIIOYAIOLMM B Ce0s1 IIPOLIeAYPBI BbIETEHNUsI CTBOPOK
U3 JIOHHBIX OCA/IKOB U IIPUTOTOB/IEHNSI IIOCTOSIHHBIX IIpenaparoB. [/ 9Toro o6pasibl jie-
3MHTETPUPOBAIN ¥ OUYMIIAIN OT 3arps3HEHMI Ipy moMoIny mpodocdopHOKUCIOro Ha-
TPUA C MOCTEAYIONIEN OTMBIBKOJ OT HETO II0 METOAY ieKaHTanyu. JI7id nmojgybemMa guaToMent
UCTIONIb30BA/IN Ka/I1eBO-KaIMIEBYIO TSDKENYI0 )KUAKOCTD. B KauecTBe cpefibl [/ 3aK/TI0ue-
HIsI CTBOPOK JMaTOMeV! IIPYMEHSIV aHV/IMH-(QOpMabernHyI0 CMOJY (II0Kas3aTesb IIpe-
nomnenns 1,68). CTBOpKY JuaTOMel! IONCYUTHIBAMIY 10 TOPU3OHTANBHOMY PSRY B Cpef-
Heil yacTu creka o 250 9k3eMmsipoB. [1o BO3MOXXHOCTH AuMaToMen naeHTUGUIMPOBan
IO BUJa, Pa3HOBUHOCTY U (POPMBI C UCIIONB30BaHUEM PA3TMIHBIX UCTOYHMKOB ([eHKan n
Ip., 2015; KymukoBckumit u fp., 2016) u ap. [l BbIABIEHNA PO/ OTAEIbHBIX BUJOB M CO-
CTaBa JOMMHUPYIOIINX KOMIUIEKCOB BU/JIbI IUATOMeN ITOf[pasiesiain Ha:

a) eAMHUYHBIE, N0/ KOTOPBIX B OCafikax Oblta MeHee 1 %;

6) o6brunbe (1-5%);

B) Maccosble (6onee 5%).

Cpeny MaccoOBBIX BbIIE/ISIN IOMIHAHTDL, JO/IS CTBOPOK KOTOPBIX Ipesbimtana 10 %,
U CYyOOMMHAHTBI, 10711 KOTOPBIX 651712 0T 5 710 10 %.

[TopcyeT CTBOPOK M TAaKCOHOMMYECKAs MAEHTU(UKALVS BBIIIOTHEHB! B CBETOBOM
mukpockore Jenaval (Carl Zeiss Jena) npu yBenndennu B 1000 pas. [[naToMoBbIil aHAMN3
BBINOJTHEH 110 11 06pasiiam, KOTOpbIe, KaK yXKe YIOMAHYTO, ObUIM OTOOpaHBI IIOCTIONHO,
6e3 mepepsIBOB, Kaxkable 5 cM KonmoHKY J1O. Tlo cocTaBy McKomaeMoil A1aToMoBOI ¢1o-
PBI BBIIOMHEHBI PEKOHCTPYKLVM TeopeTndeckux 3HadeHuii pH cpenpl cormacHo (Ren-
berg and Hellberg, 1982). PacueT nnaekca pasHooOpasus BUJOB AMATOMEI BBIITOTHS/ICA
no ¢opmyrne lllennona (nupexc lllennona — H) (Shannon, 1948).

Il momy4YeHUsT MUKPOCKONMYECKUX M300pa)KeHWIT CTBOPOK AMATOMOBBIX BOJIO-
pocrneit u3 uzydenuoix JJO o03. Jlam6a, a TakKe aHaNMM3a UX XMMUIECKOTO COCTaBa ObLI
ICIIO/Ib30BaH 971eKTPOHHBIN MuKpockon (COM) VEGA II LSH ¢ sHeproaucnepcoHHbIM
mukpoananusaropoM INCA Energy 350.

Pesynbpratsl nccnemoBanmin

Teoxumuueckuii ananu3

ITo gaHHBIM peHTreHO}a30BOTO aHaIN3a, OCHOBHBIMI ITOPOROOPA3YIOUIVIMUA MIHE-
pamaMim MCCeOBaHHBIX 03€PHBIX 0CaKOB ABMsIoTCst KBap1r SiO, n ampbut Na(AlSizOg).
Kpome TOT0, 10 TaHHBIM 37IEKTPOHHOTO CKaHMPYIOIEr0 MUKPOCKOIa B n3y4daeMbIx JO
YCTaHOBHeHO HPMCYTCTBI/IC MI/IHepaHOB, CBA3AaHHBIX C JXEIe30M (III/[MOHI/ITa, I']/IHPOTPO-
WINTA, BUBMAHUTA U IP.), YTO XapaKTePHO [yl coBpeMeHHbIX [IO MasbIX 03ep IKHOI
vyactu Kapenuu (CunpkeBny, dxmaH, 1995).
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Amnanus copiep>kaHus IJIaBHBIX 97IEMEHTOB 1 opranudeckoro Berectsa (ITI1IT) B xo-
nouke 1O o03. Jlam6a BeissBUI B uccnefgoBanHbix [JO npeobnajaroliee cofepxanme ce-
AYIOIMX BelecTs (puc. 2):

— opranuku (31,0-62,2 macc. %; cpegHee: 53,8),

— KpemHeseMma (14,3-32,0; cpennee: 20,9),

— oxkcupa amomunus (1,3-7,0; cpenHee: 3,4),

— cyMMapHoro xernesa (9,1-23,8; cpennee: 14,3).
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Puc. 2. Cpe]lH]/Ie KOHLEHTpAaU ITTABHBIX 3JIEMEHTOB U OPTaHMYECKOr0 BEIIECTBA B KO-
nouke J1O 03. Jlamba (0-55 cM) 11 BepTUKanbHOe paciipefie/ieHrie KOHIIEH TPVl OpraHINIecKo-
ro BerjecTsa B paspese O (CnykoBckuit u fip., 2017)

Copeprxanne xenesa B u3ydeHHbIX JJO 1M03BO/AET OTHECTU UX K TUITY JKENe3UCThIX
camporeneii, Tak Kak OfHUM 13 UCTOYHUKOB MUTaHMs 03. Jlamba ABIAIOTCA TOf3eMHbIe
BOJBI, 00OTallleHHbIe COSHVHEHVSAMY XKele3a. Y YMThIBast MMEIOIYIOCs CBSI3b MEX/y Ha-
KOIUIEHMEM >Kejle3a M MapraHIlleM C Kajbl[eM, MOXHO CAeNlaTh BBIBOJ, YTO MOfj3eMHbIe
VICTOYHUKY TIOB/IVISIIM Ha HAaKOIUIeHNe 1 pactipeneneHue B [JO roponckoro o3epa u sTnx
YKa3aHHBIX 37IEMEHTOB.

XapakTep pacmpeneneHNsI MMKPO3/IEMEHTOB, B TOM 4ucie TM, B Tormie uccieny-
€MBIX O3€PHBIX OCAaJKOB YKasblBaeT Ha TO, YTO OHM HOYTY IIOJTHOCTBIO CPopMUpOBa-
JIVICh B MHAYCTpUaNbHbI nepruof. CaMbIM 9MCTBHIM (YCIOBHO (POHOBBIM) CTI0E€M MOXKHO
CYNTATh CaMblil HIDKHMIT croit KonmoHku [JO — 51-55 cm (puc. 3), YYUTBIBAsA, 9TO CO-
mep>kanue TM B 3TOM c7l0e PaBHO MM MeHbIe UX cofep>kanns B [JO yCTIOBHO 4MCTBIX
MajIbIX 03ep, pacHoIoKeHHbIX Ha Teppuropun Kapemmm (Crykosckmit 1 Mepsenes,
2015; CrrykoBckumit u fip., 2017). anee no Mepe popMMPOBaHUA OCAZOYHON TOMIM Ha-
KaIlIMBaIOTCA 3arpsA3HAIOLINE BellecTBa M COMYTCTBYIOIIME UM 37IEMEHTHI, K KOTOPhIM
MoxHO oTHectu Li, Rb u Sr. Kpome Toro, B psige mybmukanmii oTMedaetcst u 6oblias
9KOJIOTMYeCKasA 3HAYMMOCTb UCCTAENOBAaHNA YKa3aHHBIX II€TOYHBIX U I[€I0YHO3EMENIb-
HbIX METAJ/IJZIOB B HO yKaSbIBaeTCH TAaKXXe, YTO 3TU 3JIEMEHThI ,[[OIIYCTI/IMO NCIIO/Ib30BAaThb
B Ka4eCTBe MapKepOB TeX VIV MHBIX IIPUPOJHBIX U TEXHOT€HHBIX IIPOIIeCCOB, CBA3aHHBIX
¢ oOpasoBaHMEM OCAIOYHBIX OTIOXKEHUII, B TOM YUC/I€ B COBPEMEHHBIX BOIHBIX 00b-
eKTax.
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Hanb6onburee nHakortenue Li, V, Cr, Ni, Rb, Cu, Mo, W npuxopuTcst Ha caMblil Bepx-
Huit croit JO o3. Jlamb6a — ot 0 5o 20 cM (cM. puc. 3). YcTaHOBIEHO, YTO OTHOCUTENIBHO
YCTIOBHO (POHOBOTO YPOBHS, 32 KOTOPBIil IPUHATO B JAHHOI IMYO/IMKALNU COfepXKaHue
TOTO VJIV MHOTO 97IeMeHTa B csioe 51-55 cMm, B croe 0-20 cM copiepxanme TM BospacTaer
B CIEAYIOMIMX IIPOIIOPIMAX:

Li — B 112 pas, Cr — B 16 pas, Ni — B 55 pas,
V — B 262 pasa, Co — B 2,3 pasa, Rb — B 179 pas.

ITpryeM MaKcuManbHbBIE COflep)KaHNUA 3TUX META/UIOB IPUXOAATCA Ha cion JO
6-10 cm.

Ina Cu, Mo, W MakcUMyMBbl COfiep>)KaHMSI OTMeueHbl B coe 0-5 cM, B KOTOpOM
YCTaHOBJIEHO IIPEBBINIEHNE UX COfEp>KaHNs HaJl YCIOBHBIM QoHOM B 54, 3,4 m 26 pas
coorBeTcTBeHHO. KpoMe Toro, Hebonbime nuknu cogepxannsa Co, Cu u Mo oTMedeHbI
B cnoe JO 31-40 cm. EnnHOMY 3aKOHY MOZYMHEHO HaKOIUIeHNe Zn 1 St B McCeyeMbIX
ocagkax 03. Jlamba. MakcumasbHas aKKyMY/IALNA STUX META/JIOB IPUXOANTCSA Ha C/ION
JO 36-40 cm. 3pech copepkanme Zn Bo3pacTtaeT B 10 pas, a Sr — B 8. [lanee o cmos 11-
15 cM B XOfie CeilMMEHTALN COfiep>KaHMs 000MX MeTa/IOB CHIDKAIOTCH, a 3aTeM OIIATb
BO3PACTAIOT IO YPOBHS, IIPEBbIIIAOIero GoH B 7 11 4 pasa COOTBETCTBEHHO.

Haxomnenne Cd u T1 8 1O 03. J/lam6a m1aBHO yBemnunBaeTcs OT CaMOJl HYDKHeN
vqacTy cnost 11-15 cM, B koTopoii copepxanne Cd HeCKOTBKO CHIDKACTCS, II09TOMY IIUK
akkyMynAnuu atoro TM oTMedeH B crmoe 1O 16-20 cm, rae oHO B 4 pa3a IpeBbIIIAET
¢on. Hanbonsiuee nakomenne Tl ycranosneHo B cnoe 6-10 cM, B KOTOpoM (OH ITpeBbI-
ureH B 13 pas. B camom BepxHeM croe JJO copiep’kaHme 3TOro MeTajla CHUXKAETCS MTOUYTH
B 2 pasa II0 CpaBHEHME C HIDKENIEXKALUM CTIOEM.

MakcumanbHoe copiepkanue Pb B 10O o03. Jlamba ormedaeTcs B crmoe 31-35 cm, rie
OHO B 40 pas IpeBbIIIaeT YCII0BHO-()OHOBBI yPOBEHb. 3aTeM OHO IUIABHO CHIDKAETCS [0
10-kpaTHOrO IpeBbilIieHus Hafl PoHOM B crmoe 6-10 cm (cM. puc. 3). B camom BepxHeM
cnoe 1O copep>xanne Pb cHoBa Bo3pacraer, B 12 pa3 npeBblliias IPUPOAHBII YPOBEHb.

Takum obpasom, pacnpeneneHne Bcex MeTannoB B KomoHke J[JO BecbMa pasnmnyHo,
YTO CBUJIETENbCTBYET O Pa3HbIX MCTOYHMKAX IOCTYIIEHUs 3TUX 3/I€MEHTOB B 3KOCHU-
creMy BogoeMa. Hakomnenue V, Cr u Ni B Bepxaux cnosax JO cBsA3aHO c HeATenbHO-
croio [TetposaBopckoii Termonentpanu (TI1]), pacmonokernoit 8 500 M ot 03. Jlamba
(cm. puc. 1). C MoMeHTa ee 3amycka B 1976 I. u no Havana 2000-x rr. Ha TOI] ucnons-
30Ba/IM B KaueCTBE OCHOBHOTO TOIUIMBA Ma3yT, CKUT'aHUE KOTOPOTO CIIOCOOCTBYET pac-
IPOCTpaHEeHUIo psifia 3arpsasHuTeneit, B ToM 4yucne V, Ni n Cr, yepes nblieBble BBIOPOCHI
npepnpusatus (Caet n fp., 1990; Teng et al., 2006). Ilepexon mpepnpusATIs Ha IPUPOA-
HBII Ta3 (Ma3yT IIPM 9TOM UCIOTB30BAJICA KaK pe3epBHOe TOIIMBO) ITOB/IVAT Ha CHIDKe-
HIe KOHILIeHTpauuii ykazaHHbx TM B camoM BepxHeM cnoe JJO, ofHaKo KpaTHOCTD TIpe-
BBIIIEHNA YCTIOBHO POHOBOTO YPOBHS JI/IAA 9TUX METAJI/IOB BCE PABHO OCTAETCA JOBOIBLHO
BBICOKOI1, Y€MY, BEPOSITHO, CIIOCOOCTBYET IOCTOSIHHBIN CHOC TePPUTEHHOTO MaTepyaa
B 03€pO B PE3Y/IbTaTe 9PO3MOHHBIX IPOLECCOB ¥ TIOBEPXHOCTHOTO CTOKA.

ITuxu xouyentpaunit Li, Co, Rb u Tl B croe 6-10 cM, BeposATHO, TaKk)Ke ABISIOTCS
CefCcTBIEM BO3felicTBMA BbIOpocoB TOILI, Tak Kak IbIIb, BHIOpachIBaeMas Py CKNUIa-
HUU Ma3yTa, MOXKeT COflep>KaTh 1 3TV 37IeMeHTHI.

Ananns pacnpepenenusa V, Ni, Cr B usyyaeMoll KOJIOHKE OT/IOXKEHUI MO3BOUI
YCTaHOBUTDb OPMEHTVMPOBOYHYIO CKOPOCTb OCaJJKOHAKOIJIEHN B 03€pe B IIepHOJ, aKTUB-
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HOTO TeXHOT€HHOT'0 BO3JieiicTBuA, paBHYIO 0,5 cM/Tof, a TakXKe Bo3pacT Bceit Tonuu JO,
KOTOpBI focturaeT npubmsutenpuo 105 mer (CnykoBckuit n mp., 2017). Ha ocHose
3TUX JAHHBIX JaHa 9KOJIOTO-TeOXMMUYecKasd MHTepIIpeTalua NoNy4eHHBIX pe3yIbTaToB.

BosgerictBre 3aBoma, nmpuHamexamero OAO «IlerposaBopckma» (B TOM 4mcie
JIATETHOTO 3aBOJIA C TAKVMM >Ke Ha3BaHMEM) I HadyaBIIIEero CBOIO [eATeIbHOCTh B 1960-X IT.,
CKOpee BCEero, ABAeTCA NpuunHoil 3arpsasHenusa Cu, Zn, Mo u W Bepxuux cnoes J10
03. Jlam6a. 3aBoJI pacIoyoXKeH BCero B 3 KM OT BotoeMa (CM. puc. 1) 1 10 CMX IIOp aKTUBHO
(bYHKLUMOHMPYET, YTO CIIOCOOCTBYeT aKTMBHOMY HAKOIIEHMIO IIePeYNC/IeHHBIX SIeMeH-
TOB B TEKYIIII MOMEHT.

Jo Hauasa 2000-x rT. Ha TeppuTopun IleTposaBojcka feiicTBOBANO APYroe KPymHoe
IpeAnpuATIe MAIIMHOCTPOUTETbHOTO KOMIIEKCa, IMeBlllee CBOe IMTelIHOe IIPOMU3BOJ-
cTBO, — «OHexXcKkmil TpakTopHbli 3aBofi» (OT3). OHo pacmonaraaoch B LieHTpe Topofa
(cm. puc. 1) u 6b110 TpafoobpasyromyM. [IpoBefjeHHBIN paHee aHAIN3 XMMUIECKOTO CO-
CTaBa IIOYBOTPYHTOB, OTOOPAaHHBIX Ha OBIBIIEl IPOMBILIIeHHON mtomanke OT3, Bbia-
BIJI 3HAUUTeIbHbIE IIPeBbIIIeHN A cofiepKaHuil B Hux Zn, Cu, Co, Mo, W Hap IIJJK u reo-
xummndeckuM ¢onoMm ropoga (Kmmmarmueckue..., 2013). Kpome toro, atu TM BxopsT
B €[[VIHYI0 TEXHOTEHHYIO accolmanmuio sneMeHToB (BMecte ¢ Cd), cBsI3aHHBIX C BBIOpOCa-
MM IIPOMBIIIIEHHOTO MIPEANPHUATIA. ITO YKa3bIBaeT Ha TO, YTO MK KOHLIEHTpaLuii Zn,
Co, Sr, Cd 1 Mo B cnoe ocagkos JIO o03. Jlam6a Ha ry6use ot 31 1o 45 cM MOTyT ObITH
CBA3aHBI C AKTMBHBIMIU UCTOPMYECKVIMIU BHIOpPOCAMM TPAKTOPHOTO 3aBOJA.

Haxomnnenne Cd, Tl u Pb B usyuaemoit tonime JJO MO>KeT ObITb BBI3BAHO HECKOIbKMI-
vy akropamu. YkasaHHble TM ABIAIOTCA areHTaMM I7100a/IbHOTO 3arpA3HEHNA OKpY-
xaroreit cpeppl CeBepHOro MmomyIapyus 3eMIn B CBA3K € BBIOpOCAaMI IIPOMBIIITIEHHBIX
npennpuATuii Cepeproit AMepukn u EBpormsl, fatnposannbix 1860-1940 rr. (McCon-
nell, Edwards, 2008). Kpome Toro, Bce yka3aHHBIE 37IeMEHTbI MOIJIN IIOCTYIIATh B BOJHYIO
cpeny o3. Jlam6a us-3a pmearenbHoCcTV npepnpuAtuit [lerposaBozicka, eCu yYUTHIBTh
OypHOe pa3BUTIE TOTO CEKTOpa B IIOC/IEBOEHHBIE TOAbI 1 BIUIOTD J10 Havana 1990-x IT.
OKCTpeMabHO BBICOKUE cofiepKaHMA Pb, HeCOMHeHHO, CBA3aHBI ¢ (JaKTOPOM aKTUB-
HOTO MCHONMb30BaHuA B 1940-1980-e IT. o Bcemy Mupy coeimHenuit Pb — rmaBHpIM
obpasom Terpastunceunna Pb(CH3;CH,)s — mpy m3rotosneHMn MOTOPHOTO TOIUIVBA
(Thomas, 1995; Komarek et al., 2008; TayBanbrep, 2012). ITnk o611eMupoBbIX BBIOPO-
COB CBUHIA B arMocdepy npuiesncst Ha 1960-1970-e rr. (Nriagu, 1990; Thomas, 1995).
C 1976 1. Ha9anOCh MOCTENIEHHOE BBITeCHeHMe Pb-copepkaliero Tommmsa, KOTOpoe 3a
py6esxxom 6b110 3aBepiteHo K 1986 1., a B Poccuu — Tonpko k 2002 1. Takum o6pasom, ato
OTpPa3WIOCh Ha TEH[IEHIMI HeOOJIbIIOr0 CHYDKeHNs KOHLeHTpauuit Pb B cambIx Bepx-
Hux cnosx JO. OgHako ycnoBHO GoHOBBI ypoBeHb Pb myst usydenusix JO (cocrasns-
romuii 2,0-3,3 MI/Kr) TOKa HEOCTVIKUM BBUJY BBICOKOTO YPOBHA HAKOIITIEHMS 3TOTO
3arpA3SHNUTENA B IIOYBEHHOM IOKPOBe ypOaHM3MPOBAHHBIX PallOHOB. AHA/IOTMYHOE yT-
BepiKIeHe OTHOCUTCA U KO BCeM OCTalnbHbIM TM, 1cC/IeOBaHHBIM B COBPeMeHHBIX OT-
TOXeHMAX 03. Jlamba, YTO MOATBEPKIAETCA Pe3yNbTaTaMy U3ydeHNs 3arPA3HEHNS BCeil
teppuropun Ilerposasopcka (Kpyrcknx u Kocnnosa, 2014) u akBatopuu Iletposasop-
ckoit y6pr OHexckoro 03. (benkuna n ap., 2016). B 4acTHOCTI, 0TMEYAIOTCS MOBBIIIEH-
ubie comepxkanusi Ni, Cu, Cd u Zn B moBepxaoctHoM crmoe 1O TTeTpo3aBofcKoro 3anmsa,
YTO CBUJETENTbCTBYET O INMPOKOM PacpOCTPaHEHNM 3aTPASHUTENEN, ITIOCTYNAIOIINX OT
OCHOBHBIX JICTOYHIKOB Ha TepPUTOPUM FOPOJia.
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Iluamomosviii ananu3

B IO BBIsIBNIEHA OTHOCUTENBHO OoraTas Mo pasHoobpasuio guaToMoBas Gopa, Ha-
cumThIBatolas 124 Busa, 1 ee pasHOBUAHOCTY 13 24 pozoB. Kax yxke 610 YIOMSHYTO,
Hanboree MaccoBble BUJbI TPUBEEHbI Ha PIC. 4, aHAMN3 KOTOPOTO MTO3BOJISIET Pa3fie/IuTh
BCIO KOJIOHKY OTJIOXKEHUJI Ha TPY 9aCTH, VI CJI0s1, KXKJBII 13 KOTOPBIX Pas3/idaeTcs 1o
COCTaBY iuaToMell, Hacesomux o3epHele [10.

Hwuxuss gactp paspesa [JO (36-55 cM) oTM4yaeTcst 3HAYUTENbHBIM ITpe00/IalaHu-
eM BunoB Aulacoseira italica + var. valida, Tabellaria fenestrata, T. flocculosa — naHKTOH-
HO-TUTOPAIBHBIX (HOPM, XapaKTePHBIX [T HEOOMBINNX BOJ0eMOB. KpoMe HIX B JTaHHOM
MHTepBajie ITyOUH BbIE/SIIOTCS BU/BI U3 obpacTanmit — Eunotia pectinales var. ventra-
lis, Eunotia veneris, Fragilaria intermedia, Gomphonema ssp., nounsie Sellaphora pupula
var. rectangularis. BaxHO TOTYepKHYTb, 4YTO C OTMETKM 41 cM B cocTaBe KOMILIEKCa I0-
apnsiorcs Asterionella formosa (10-18% o6uiero umcna Bunos), Cocconeis placentula,
mwankrouusii Bup Cyclotella (Discotella) stelligera, Bo3pacTaeT nons peodunbHoit ¢op-
mbl Meridion circulare (5o 2,5%). ITo MmecToo6utanmnio (puc. 5) CTpyKTypa AUaTOMOBOTO
KOMIITIEKCa B C7I0e 3655 cM HecTabuIbHA: CofepKaHe INTaHKTOHHBIX POPM CHIDKaeTCst
BBepX I10 paspesy, a 4icio GopM 0OpacTaHuii 1 TOHHBIX BUJOB, HA0OOPOT, B 9TOM Ha-
IpaBIeHUN pacTeT. BappupyeT 1 Doss JOHHBIX BUJOB, YTO SIBHO YKa3bIBaeT Ha Cepbe3-
Hble MI3MEHEeHNs B 9KOCUCTeMe BOZI0eMa.

ITo ramo6HOCTH CTPYKTypa BUAOB Ha 9TaIle pa3BUTHUSA ZMATOMOBOI GIOPBI, KOTOPO-
MY COOTBETCTBYET C/I0i 36—55 €M, CYIIECTBEHHO OT/IMYAETCA OT TAKOBOI B BbILIE/IEXKA-
mem cioe JO Ha nocnenyomux sranax. HecMoTpst Ha gomuHrpoBanue nuguddepeHT-
HBIX I10 OTHOILIEHNIO K COMEHOCTY POPM, B COCTaBe KOMIUIEKCA HAO/MI0AaeTCsl 3HAYNTEb-
HOE€ IIPUCYTCTBUE BULOB-Tan0P0oO0B, XapaKTEPHBIX [JIs1 CEBEPHBIX OTUTOTPOQHBIX BOLIO-
€MOB, a 0/1d BUJOB, IIPEANIOYMTAOIINX HOBbIH_[eHHyIO MUHEpann3annio, He IIpeBbINIAET
10 %. OTu PaKThl MOTYT CBUAETENBCTBOBATD O €CTECTBEHHBIX YCIIOBUAX PAa3BUTHUS BOKO-
eMma B cybarmantudeckoe Bpems (Illeexosa u fip., 2015). T0 HOATBEPXK/AAETCS CTPYKTY-
Poit KoMIITeKca 1o 61oreorpadum BUOB, TaK KaK OCHOBHOE TOCIIOfCTBO IPUHAIIEKNUT
apKTOQIBIMIICKMM U 60peanbHbIM popMaM, YTO XapaKTEPHO /ISl CEBEPHBIX BOZOEMOB
(KomymnaitHeH u gp., 2006). Toms1 KOCMOIONTUTOB — BUIOB LIMPOKOTO reorpaduieckoro
pacnpoCTpaHeHus — NPAKTUYeCKV BIBOE BO3pacTaeT OT HIDKHEN JacTy paspesa Jjo OT-
MeTKU 36 CM, TaK)Ke YKa3bIBasi Ha M3MEeHEeHMsI B XOfie eCTeCTBEHHBIX IIPOLIeCCOB Pa3BUTHUS
BogoeMa. ITokasarenb pH cpefpl COOTBETCTBYET KMC/IBIM yCIOBUAM M HE3HAYUTENTHHO
Koje6yercs ot 6,1 1o 6,3 (puc. 6).

B uenrpanphoit yactu komonku O (cmoit 16-35 cM) oTMeueHa peskas CMeHa
B TpYIIIe IVTAHKTOHHBIX JOMMHAHTOB (CM. PUC. 4): TIaBHOE TOCIIOACTBYIOIee MOIoXKe-
Hue (1o 80-90 % obiero umcma CTBOPOK) 3aHMMaeT IIaHKTOHHAsA dopma Aulacoseira
granulata var. angustissima (puc. 7). Kak mpaBmno, Takoit GpaxkT cBUfeTeIbCTBYeT 00
aHTpoIoreHHoM BnusAHNU Ha BogoeM (Illerexosa, KpyTckmx, 2013). B aToit yacTu Ko-
nouky JO mpaKTMUIecKu MCYe3al0T TOMUHMPOBABIINE B HVDKHeN yactu paspesa JO
Buppl Aulacoseira italica + var. valida, Takxxe pesko cokpaaetcs yncio Bupos Cyclotella
(Discotella) stelligera (cm. puc. 4). Jona ocranpHbIX (HOpPM AMATOMOBBIX (1 obpacra-
TejIell, ¥ JOHHBIX) He3HaulTe/lbHa U He IpeBbliaeT B cymme 20 %. Cpeny IOCIeHUX
MOXXHO 0TMeTUTb Gomphonema spp. (FOJs1 KOTOPOJ CHU3UIACH B 9TOM Croe 10 4 % 1o
cpaBHeHmIo ¢ 12% B coe JJO ot 36 o 55 cm) u Eunotia ssp. (go 2,5 %). ITpakTiueckn

Becmuux CIT6T'Y. Hayxu o 3emne. 2018. T. 63. Buin. 1 111



T ‘BHHOAL T

<

T

W o

=

= Il LI 2

o= A | 5

=

s

@7 P

psop200y vLIRPQRT |_| &

PO S — N

T

o _ P

a,

vipsauaf vLIdyP QUL i |—| o

= T T T T O T T T - T H T T 1 g

o =

wy E

DIpaLLIDILL I

+ SHpRIULY E

siostpourydals H T

SRS L N N

SLIRSUD9aL A 'O E

vindnd pioydpyps - EE e o .'-'.|_|.'—'. 2

=

S - 2

><

BUDINOALD UOIPLIBIT i H 2

= T — T L T O T O T = 8

o s

IS =

‘dds puauoydiuiod v

SO R | I

O

[= . =

— <

D pauLDIL DS LT i =

< =. T T T =. T '_| T =, T T =, T = T T =. 1 E\e/

= :

SLiBUIA OUNT H S

= T | B | T T |'_||’_||'_|| E

=

syogusa a0 ‘E’
sygoad vouny

= T T T [ T T |_| - [ T T T M 1 §

S - =

V13811518 V}jPIostT o

S] Aa == |_|’_‘ — 3

o

T

g = =

vnpeanyd SigLoI30D |—| ;

o —m =\ = = = =

z

[=] =

w .

vsouLIof vljUoLIBISE —‘ |‘| o

o4 — 4 =0 8

= =

PRI0A A =i =

+ LD DLBSOIVINE |—| H %

=] =0 [ L S

=

= ]

g, :

DIISSUSHSUY o 3

DIUD.L3 DABSOIVINY_ |_| I H H o g

7208528 ges8e | E

ST TYYTTITCN )

O — O — O — O — O — =

— = N AN NNt TN =

~

I8

S

&

112 Becmuux CII6I'Y. Hayxu o 3emne. 2018. T. 63. Boin. 1



MecroobuTanue BUIOB l'amo6HOCTH
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0 Anugoduist = Kocmononutsl
Puc. 5. Sxonoro-reorpapudeckye XapaKTepUCTUKN AMATOMOBBIX KOMIIIEKCOB B JJO
03. JlTamba

UCYe3/N 37ech HoHHbIe popMbl fuaromeit Sellaphora pupula var. rectangularis, a Taxxe
Tabellaria fenestrata, T. flocculosa.

B cnoe JO 26-30 cM oTMedeHBI IVITAHKTOHHBIe GOPMBI AMaToMell pona Stephanodis-
cus. Ha mannowm atarne popmuposanus [JO o3. Jlamba mosns ranodo6oB, He IEpeHOCATINX
pocTa cofiep>KaHus COonell, B Bofe pe3Ko cokpariaetcs ¢ 20 fo 1-2 %, 60/mbIINHCTBO Aua-
TOMOBOT'O KOMIIJIEKCA COCTABIISIIOT BUABI-MHANG(EPEHTHI, OHM ITOTHOCTBIO BBITECHSAIOT
Ia)ke He3HAUUTE/IbHOE YUCTIO ramoduiaos (cM. puc. 5). [ocrofcTBo mepexoautT K KOCMO-
nomtam (ux gosst 6omee 80 %), B TO BpeMst KaK J{O/IsI QpKTOA/IBIIMIICKIUX U 6OpeanbHbIX
BUJIOB COKpallaeTcs 10 MyHuMyMa (MeHee 5-10 %).

CyiiecTBeHHbIe U3MeHeHNUA HabmogaoTcsa A peakiym pH (cM. puc. 6): Kucible
YCTIOBYS CPeibl CMEHAIOTCS CaboLIeT0YHbIMY U IentouHbiMu (pH kone6nercs ot 7,2 fo
7,6). O6bACHUTD TaKue N3MEHEHNA B COCTaBe AMAaTOMOBOTO KOMIITIEKCA MOXKHO TOMTBKO
B/IMSIHVEM aHTPOIIOTEHHOro aKTopa Ha 9KOCUCTEMY BOIOeMa, MHAMKATOPaMI KOTOPO-
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Puc. 6. Tucrorpamma Bep-
TUKaJIbHOTO pacnpenenenns Puc. 7. MaccoBoe cKoIIeH1e CTBOPOK
sHadeHmit pH cpenpl, paccum- Aulacoseira granulata var. angustissima

TAHHBIX ITI0 COCTABY I[I/IaTOMOBOﬁl

¢dmopet 1O 03. Jlamba

ro ciyxar cogepxkanus TM, B 4acTHOCTHU IOBBIIIeHHOE cofepxkanue Pb, Cd, Zn n Co
(cm. puc. 3).

Cawmpiit Bepxuuit cmoit 1O (ot 0 1o 15 cM) BbIfienieH B CBA3Y CO 3HAYUTETHHBIM yBe-
NMYEeHNEeM B COCTaBe OMAaTOMOBOIO KOMIUIEKCa CofiepkaHus BupoB Meridion circulare
u Asterionella formosa, peskuM CHVDKeHUeM IUIAaHKTOHHBIX ¢opM Aulacoseira granulata
var. angustissima v Bo3pacTaHyeM fomm Bunos Stephanodiscus minutulus var. minutulus,
S. intermedia (cm. puc. 4). B Hauasme 9TOr0 9Tama pasBUTKA 03epa PE3KO COKPAIIAeTCs
IO/ IVTAaHKTOHHBIX POPM, KOTOPbIe BBITECHAIOTCS JOHHBIMY M BUFAMU 13 0OpacTaHmil
(cm. puc. 4). TlonmHOe TOCHOACTBO B CTPYKType BUJOB IO TaJlOOHOCTY HPUHAIIEKAT
uHpuddepeHTaM, 3aMETHO YBEIMYMBAETCS LOMS TalMOPUIOB, OTPearrnpoBaBLINX, II0-
BUZIMMOMY, Ha IIOCTYIUIEH)E B BOLOEM XMMMUIECKIX 97IEMEHTOB B pe3y/ibTaTe BLIOPOCOB
TOII, npeHTNOUUMPOBAHHBIX II0 HAKOIUICHNIO B BepxHell yacTu paspesa V, Ni, Cr n Tl
(cm. puc. 3), a TakKe BBIOPOCOB MUTENHOTO MPOM3BO/CTBA 3aBOfa «I1eTpo3aBOCKMAIII»
(Cu, Zn, W, Mo).

B cnoe JO ot 15 1o 6 cM B BofoeMe CO3[Al0TCS YCIOBMSA 1A pa3BUTHUA ranodo6os,
apPKTOA/IBIMIICKUX ¥ 6OpeabHBIX BUIOB, OIHAKO 10 aHA/IN3Y CaMoro BepxHero cinos JO
(0-5 cM) MOXKHO CYAUTD O ToCoAcTBe MHANGGEPEeHTOB 11 KOCMOIIOIUTOB (CM. PUC. 5), 4TO
yKaspIBaeT Ha ycwiIeHMe (pakTopa 3arpssHeHus BopoeMa. PexoncTpykumsa pH-ycmosuit
Cpefibl MOKa3asa, YTO B TeYEHMeE IepUOJia, COOTBETCTBYIOIIETo c1ow 6-15 cM, pH Kore-
6retcst ot 6,9 o 7,5, Bo3pacTas B caMbIX BepxHuX cnosix JO (cm. puc. 6).

O6cyKpeHne pe3yIbTaToB

AHanmm3 6GMONIOrNYecKoro pasHooOpasmsi BUIOB AMATOMOBBIX BOAOPOCIEN (KOTO-
poe BeIpakeHO nHAekcoM lllenHoHa H) CIy)XUT XOPOLIMM HOKa3aTeIbCTBOM M3MEHEHMIT
B 9KOCHICTEMe TOPOACKOTr0 03epa, IPOMCXOAUBIINX B MHAYCTpyanbHblit mepuoy (Luis et al.,
2013). MakcumyMm H (ot 4,02 o 4,40) oTMedaeTcss B caMOJl HIDKHeJT 4acTy paspesa, Ije
MUHJMAJIbHBI cofepanus 6ompiyacTBa TM (M. puc. 3 u 4).
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B cnoe 10 31-35 cm H pesko cHmxaetca o 0,69. VIMeHHO B 9TOM c/ioe OTMe4yeH
MakcuMyM cofiep>kanns Pb (129,6 Mr/kr), koTopoe 0 BceMy pa3pesy TeCHO KOppennpy-
eT ¢ 9TUM nokasareneM (puc. 8). OgHako Hu3KMe 3HaYeHys H s nuaTomeit, 6e3ycioB-
HO, CBA3AHBI ¥ C IPYTYMU UCC/IeOBAHHBIMM MeTa/UIaMU, €C/IY YYUTBIBATb TOKCUYHOCTD
Ka)XJIOTO 3 HMX IS ;MATOMOBBIX BOJOPOCTIEN Py BBICOKUX cofiep>kanusax TM B Boge
u JTO (Chen et al., 2013; Morin et al., 2014).

B BepxHeit yacTy paspe3a BHOBb HaO/IOfaeTCsl HEKOTOpoe yBedeHue H, HecMOTps
Ha nosbineHHbIT GoH V, Cr, Ni, Cu, Zn B cnosx JO ot 0 5o 20 cm. BepositHo, Hanbonee
OIIaCHBIM 3arpsisHUTeNeM o3epa siBisiercs Pb u, B HekoTopoii crenenn, Cd u T, koppe-
JIMPYIOLIIe MeXY COOOIL.

Koppenanuonnsii ananus [TnpcoHa M03BOMMI YCTAHOBUTD TaK>Ke 3HAUMMBIC Ma-
TeMaTH4YecKye CBA3U MeX/y cofiep>kaHuAMu TM 11 OTHOCUTE/IbHOI YMC/IeHHOCTBIO TOTO
VIV IHOTO KOHKPETHOTO BUJa AMATOMENl 13y4aeMOro BOZHOTO 00bekTa (cM. Tabmuiy).
Tak, wrankrouusiit Bug Aulacoseira italica + var. Valida ayTko pearupyeT Ha yBeIndeHune
copep>xanuii Co, Cd u Pb — B ¢/1051X ¢ MX MakCUMyMOM 3TOT BUJ, IIPaKTUIECKU MCUe-
3aeT (cM. puc. 3 u 4). AHaJIOTMYHA CUTYALUA C IPYTUM IUIAHKTOHHO-TTUTOPA/IbHBIM BU-
nom — Tabellaria fenestrata, yucno ctBopok Koroporo B 1O HaxoguTcs B TeCHOM 00par-
HoIt cBsa3u ¢ copepxannem Co, Cd, W u Tl B JO. YBenuuenne copepxaunit Cd, Tl n Pb
IPUBOJVT TaK)Ke K yTHeTeHUIo Bupa-obpactarens Tabellaria flocculosa. Kpome Toro, mpu
BBICOKMX copepkaHusax Pb B IO cHmKaeTcst YUCIO CTBOPOK foHHOTO Bupa Sellaphora
pupula var. rectangularis, dbe MCUE3HOBEHME B 9KOCUCTEME 03ePa MO>KHO TaKXKe CBsI3aThb
C 9KCTpeManbHBIMU cofiepkanmsimu Zn, Mo, Cd, Mo u Tl (puc. 3 u 4).

B camoit BepxHeit yactu paspesa (cnoit ot 0 o 20 cm) coBpemennsix JJO o03. Jlamb6a,
T7ie CHIDKaTCs comepskanus Pb u, vactuyano, Cd u Tl, a mpuopureTHbIMM 3arpssHuTe-
nssMu ctaHoBsTcs fpyrue TM (B wactroctw, V, Cr, Ni, Cu, Zn, W u fip.), lepedncieHHble
BBIIIIE BB AMATOMell YTHETAIOTCA B TeX JKe IPONMOpUNMAX, 3a UckmodeHneM Sellaphora
pupula var. rectangularis. Y1C/IeHHOCTh YKa3aHHOTO BUJIa HECKOIBKO BO3pacTaeT JIMIIb
Ha ITyOMHaX, I7ie MUHMMAaJIbHO cofiep>kaHue Pb, B To Bpems kak apyrue TM, BeposTHO,
He OKa3bIBAaIOT Ha ero pasBUTHE CEPbe3HOro BIMsAHMSA (CM. puc. 4).

Kpome Toro, ormMeTrmm, YTO MO CpPaBHEHMIO C TOKAa3aTe/sIMU [JI HIDKHeN da-
ctu konoHku J1O (36-55 cM) CHIDKEHME YUCTIEHHOCTM CTBOPOK [IMATOMEll B CBS3U
C KOMIUIEKCHBIM Bo3[elicTBueM TM ycTaHOBIEHO Ha rny61/1He 60ree 35 ¢cM I BULOB
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obpacrareneit Cocconeis placentula, Eunotia veneris, Fragilaria intermedia, a Takxe poza
Gomphonema spp. (cm. puc. 2). Takum 06pa3oM, mepednceHHbIe BbILIe BUIDI [UATOMEN
MOXKHO CYMTATh MHAMKATOPAMI HEPEeCTPOIIKM 3KOCUCTEMBI 03epa B IIePUOJ] MHTEHCHB-
HOJI aHTPOIIOTeHHOJI HaIPY3KM Ha MCCIEIOBAHHBI BOJZHBI 00BEKT.

CHIDKeHVe YMCTeHHOCTY OJHMX BUJIOB AMATOMENl B pasHble 3TAIlbl PasBUTUS
03. JlTam6a u yBenudenne Komu Apyrux, 6onee yCTOMYMBLIX (TO/MEPAHTHBIX) K 3arpsAsHe-
HMIO BOJTHOTO 00'beKTa, BUIOB, TAKKe SIB/IICTCSI KOCBEHHBIM C/IEICTBJIEM aHTPOIIOTeHHO-
ro BospericTBus ([Jennucos, 2007; Hamilton et al., 2015). 3HaunMas ONIOXKUTENbHASL KOP-
pensALuoHHas cBA3b ¢ cofep>xanyeM B IO Pb u Cd ycraHOB/IeHa 17151 IITTaHKTOHHOTO BIJA
Aulacoseira granulata var. angustissima, KOTOPBII IPaKTUYeCKN He BCTPeYaeTCsA B HIDK-
Hell YacTy KOJIOHKY OT/IOXKEHMUIA, T/ie COflepXKaHus YKasaHHbIX TM HaXOATCs Ha YC/IOBHO
¢dbonoBoM yposHe (cM. Tabnuny). Bug Meridion circulare uMeeT MONOXUTENBHYIO KOPpe-
nsiuuio ¢ copepxxanneM V, Cr, Ni, Co, Cu, Mo u Tl B 03epHbIX 0cafikax. AHATOTMYHO TI0-
BeJleHMe IUTAHKTOHHOTO BuAa Stephanodiscus minutulus + intermedia, 9bsA 4MCTIEHHOCTD
UMeeT MaKCMMYM IIpu HOBBIIeHHBIX copepxkanusax V, Cr, Ni, Co un TI (cm. puc. 2 u 4).
Kpowme Toro, cregyer OTMETHUTD, YTO ABa 9KCTpeMyMa Zn B pasdpese M3yYeHHBIX OTIIO-
YKEeHWIT KOPPe/IMPYIOT € MMKaMI YMCIeHHOCTY IVIAHKTOHHOTO Buja fuaromeit Discotella
stelligera. BeposATHO, MeXaHM3MBbI afjaNITAllNU K HETaTUBHBIM BO3JECTBUAM OKPY>KaI0-
1[eil Cpefibl IO3BOJIAIOT IIepedNCIeHHbIM BUIAMM AMATOMell aKTVBHO pa3BUBAThCS, 3a-
TOJTHAA SKOJIOTMYECKYI0 HIUIY, OCTABIEHHYI0 MeHee YCTONYMBBIMYU BUJAMY, YIUTBIBASA
Me30TpOQHBIil CTaTyC M3y4eHHOro BofoeMma (Makaposa 1 fip., 2017) n daxt Hanmuuns
3HAYMTETBHOTO COJlepXKaHNUsA opraHndeckoro emectsa B JJO o3epa (cm. puc. 4).

Ta6ﬂuua. KOSCI)(bI/II.H/IeHTLI Koppenanumn HI/IPCOHa MEXAYy KOHIEHTPpaAAMMI TM u OTHOCUTETHHO

YMCIEHHOCTHIO HEKOTOPBIX BuoB fguaromeit [JO 03. Jlamba (IpuBexeHb! TONBKO 3HAYMMBbIE
K03( PUIVIEHTBI, IPeBbIIIAIOLIIE Rypur.= 0,60 mpm p < 0,05)

Bup, \'% Cr Co Ni Cu | Zn | Mo | Cd w Tl Pb

Aulacoseira granulata

o 0,64 0,84
var. angustissima

Aulacoseira

italica + var. Valida -0.76 ~0.89 -0.70

Cyclotella stelligera 0,64
Meridion circulare 0,87 | 0,81 | 0,65 | 0,86 | 0,81 0,84 0,65
Navicula pupula var.
rectangularis

-0,65

Stephanodiscus
minutulus + intermedia | 0,81 | 0,80 | 0,64 | 0,82 0,81
var. minutulus
Tabellaria fenestrata -0,69 -0,87]-0,63 | -0,68
Tetracyclus focculosa -0,80 -0,61 | 0,65

HeonnnakoBas peaxius IPeCHOBOJHBIX AMATOMEll Ha BO3JelCTBME OfHMUX U TeX
xe TM orMeuaercs B paborax (Pribakos u Illenexosa, 2014; Lavoie et al., 2012; Ilere-
xoBa u Kpyrckux, 2013; Luis et al., 2013), uro YKasbIBaeT Ha Haju4ue, KakK yxKe 651710
CKa3aHO, MHAMKATOPHBIX ¥ MaTaJlI-TOIEPAHTHBIX TAaKCOHOB [JMaTOMOBBIX BOLOPOCIEIL.
Taxum 06pa3oM, KOMIUIEKCHOE BO3[EIICTBIE 3arps3HUTENIEN, IOCTYHIAIIUX B BOJHbIE
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00BEKTBI, OKa3bIBAET K/II0YEBOE BIIMSHIE Ha IEPECTPOIKY BCell CTPYKTYPBI AUATOMOBOI
(brmopel B MCTOPUYECKUI TTePUOJ, CBSI3aHHBIN C aHTPOIIOTEHHOI AesATeNbHOCThI0. Kpo-
Me TOTO0, Y HeKOTOPBIX BUJIOB [MaTOMell HAaO/MI0AeTCsl YPOAIMBOCTDb CTBOPOK, KOTOpas
MPOSAB/IAETCA B HECUMMETPUYHOCTY 110 OTHOUIEHNIO K IIPOFO/IbHON OCH, OTKIOHEHUAX
B MOpQOmornn CTBOPKU, HedopMariuy MaHIKPsI, YTO TAKKE MOXKET OBbITh CIIeCTBIEM
AQHTPOIIOTeHHOTO BO3/lelICTBISA Ha BOXHBI 00beKT (Lavoie et al., 2012; Kum, 2013).

CTBOPKM AMAaTOMOBBIX BOJOPOC/IEN TAK)Ke MOTYT CTY>KUTb XOPOLIMMY COpOeHTaMu
TOHKOZMCIepcHOro (c pasmepoM uactur; MeHee 0,1 mkm) Marepuana O, B cocTaB Ko-
TOPOTO MOTYT BXOJUTD 3arpsisHuTeny, B ToM uncie TM (Skorbitowicz and Skorbitowicz,
2011). AHanu3 cocTaBa 4acTMUL], 3alIOJTHMBIINX NOPBI 1 cTBOPKM Anatomert [JO 03. Jlam-
6a Ha r1y6uHe 6-10 cM (puc. 9), HO3BONWI BBISIBUTD COfiep>KaHMe V B KOHIIEHTpal-
ax ot 0,5 5o 3,2 macc. % (meguana — 0,7 macc. %). VIMEHHO B 9TOM C/10€ M3YUeHHBIX
OT/IOKEHUII TeTPO3aBOJICKOTO O3epa YCTaHOBIEHO MaKCMMaabHOE HAKOIUIEHNE 3TOro
Mmetamna — 3190 mr/kr. Takum 06pa3soM, KpeMHUCTbIe CTBOPKY IMATOMENl BBICTYIIAIOT
XOpOUIMMM aKKYMYIATOpaMM V — OFHOTO U3 ITIaBHBIX 3aTrpsA3HMUTeENIel, IIOCTyIaole-
r0O B 9KOCUCTEMY BofoeMa B pesdynabrare BbiOpocoB TOLI. Hanbonbiiee copepskanue V
B CTBOPKAX AMaToMeil oTMedeHo y Busia Aulacoseira sp. KpoMe ykazaHHOTo MeTasia B Xu-
MIUYECKOM COCTaBe MUKPOYACTHULI, 3alIOJTHUBIINX CTBOPKY, BbiasieHbl K, Ca, Fe, Mg, S
u Al (puc. 9), Bxopsiiiie B COCTaB IOPOA00OPA3YIOINX MIHEPAIOB.

3aknroueHue

PasHoOOpasue TeXHOTeHHBIX (AKTOPOB, BO3JENICTBOBABIINX 1 IPOJOIKAI0-
VX JIeJICTBOBATh Ha 3KocucTeMy 03. Jlamba, ckas3anoch Ha AMHaMMKe moBefeHns TM
B MICTOpMYECKUIT mepuoy, GOpMMPOBAHNA COBPEMEHHBIX OT/IOXKEHNII, YTO HAILIO OT-
KIVK B 9KOJIOTMM [IMATOMOBBIX BOJIOPOCTIEil TOPOJICKOTO BOJOEMa. YCTAaHOBJIEHO, YTO
MHJEKC pa3HO0Opasys BUJIOB IMAaTOMOBBIX BOJOPOCIIEil TOPOACKOTO 03epa Pe3KO CHMU-
JKaeTcs B IIepUOJ MHTEHCUBHOI aHTPOIIOreHHOM Harpysku. Haubornee TecHoit sBseT-
Csl KOppeJIALys pacCYMTAaHHOTO MHjekca H u copepyxanus Pb, saBisionerocs areHToM
r106ampHOTO 3arpAsHeHNsA CeBepHOTo MOMymapusa 3eMi, a TaK)Ke BBIOPOCOB aBTOMO-
6unbHOro Tpancnopra. C IOBBINIEHHBIM cofepxkaHreM Pb B oTnoxeHusax o3. Jlamba
TaKXKe CBSI3HO YTHeTeHJe TaKUX BUOB gyuaroMell, Kak Aulacoseira italica + var. Valida,
Tabellaria flocculosa, Sellaphora pupula var. rectangularis. Kpome TOro, ncuesHopenue
IepeYC/IeHHBIX BIJIOB AMaToMeil, a Takxe Buja Tabellaria fenestrata B cpenHeit yacTu
UCCTIENOBAHHOI TOJIIM OCAafIKOB ABJAETCA CIeCTBUEM HETaTMBHOI'O BO3JEIICTBUA Ha
¢dnopy ozepa Cd, Co, T1, Zn u W.

CMmeHa IpHOpUTETHBIX 3arpsA3HUTENeN BofjoeMa B BepxHeit yacTu KonoHku JJO npu-
BeJIa JINIIb K HeOO/IbIIOMY yBEIMYEHNIO Pa3HOOOPasNs BUIOB, OJHAKO IepedriC/IeHHbIe
BBIILIe BUJIBL, @ Takxe TakcoHbl Cocconeis placentula, Eunotia veneris, Fragilaria interme-
dia, Gomphonema spp. ocTamich B YTHETEHHOM COCTOSHUY U IIPY IOBBIIIEHHBIX KOH-
nertpanuax B JO V, Cr, Ni, Cu, Zn, W, ocTyInieH1e KOTOPbIX B 03€pHYIO 9KOCUCTEMY
CBAI32aHO C JIeATEeNbHOCTBIO MANIMHOCTPOUTENbHBIX 3aBOfioB IleTposaBoysicka 1 ropop-
ckoit TOLI. ITpu CTONb SIBHOJ TeXHOT€HHOJ Harpy3ke Ha BOJHBI 0ObEKT JUATOMOBbIE
Bogopocnu Bupos Aulacoseira granulata var. angustissima, Meridion circulare, Stepha-
nodiscus minutulus + intermedia, Discotella stelligera oxasanuch TONIepaHTHBIMM K BO3-
nevictBuio TM. YnceHHOCTh 3TUX TAKCOHOB MaKcyMaibHa B ¢1oaXx JO ¢ HanbonpImMm
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g 1680 i pep:

Puc. 9. dnexTpoHHBIE M300paXKeHMs1 cTBOPOK Amaromeit B JO 03. Jlamba u MX XMMIYECKNUIT COCTAB
B BBIJIEJIEHHBIX obnacTax: a — Aulacoseira sp. (paspyiuena), 6 — Cyclotella sp. (poccunusupopana), B —
Hantzschia sp. (061momoxk), T — Stephanodiscus sp.
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KOHI|EHTPallsAMM M3Y4EHHDIX 3arpsAsHuTeneil. IIpoBeeHHbIe McCIeN0BaHNA J0Ka3bIBa-
0T IPMMEHVMOCTb METOMa AMAaTOMOBOIO aHajM3a IPY M3Y4EeHUN COBPEMEHHBIX O3€p-
HbIX 1O [/11 peKOHCTPYKIINIT TEXHOTE€HHOTO BO3/IeICTB Ha BOJHbIE 3KocucTeMbl. Kom-
IJIEKCHBIN MTOAIXO, IIPMMEHAEMBI aBTOPAaMM HACTOAILEN CTaThy, IPOJEMOHCTPUPOBaA
yCHelTHoe COBMellleHVe Pa3HbIX 110 CYTU METONOB M3Y4eHNA COBpeMeHHbIX o3epHbIX [JO
IJIA TIOJTYy4Y€eHN s Ba)KHOTO C TOYKM 3PEHMA SKOJIOTUN Pe3Y/IbTara.

Asmopot 6nazodapsam compyoHukos Ananumuueckoeo yenmpa Mncmumyma eeosno-
euu KapHI] PAH A. C.Ilapamonosa, B.JI. Ymuuyviny u M. B. 9xo8y 3a kauecmeenHoe 6bi-
nonHeHue AHATUMUHeCKUX pabom, a Mmakie peueH3eHmos 3a ueHHble 3amedanuus u npeo-
TIOMEHUST 110 NPedCmasieHHOl nyOIUKAUUU.

Hccnedosanue evimontero no eocyoapcmeennomy 3axasy VI KapHL] PAH, a maxxce
4acmuuHo npu Purarcosoil noodepike PODI 6 pamkax nayunozo npoexma Ne 18-05-
00897.
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A study of modern surface bottom sediments of the small lake Lamba located in the city of
Petrozavodsk is presented. Chemical analysis shows that the content of heavy metals (Pb, Zn,
Cd, Cr, Co, Ni, Cu, Mo, V, W) is significantly enriched in the sediments related to ferruginous
sapropels. This is caused by the influence of the urban environment and the processes of the
technogenic pollution as a result of the transboundary transport of metals. Based on the study
of the fossil diatomaceous flora of Lake Lamba numbering 124 diatom species, a connection
is established between the anthropogenic impact on the water body and the changes in the
structure of the diatom complex. Indicator species of the negative influence of the increased
concentrations of Pb, Cd, Tl, W and other pollutants on the ecosystem, as well as species
showing resistance to the investigated heavy metals, are determined. Finely dispersed particles
of lake deposits containing vanadium, which is one of the priority pollutants of the reservoir,
are found to accumulate in the valves of the diatoms.

Keywords: diatoms, bottom sediments, heavy metals, small lake, Petrozavodsk, Republic of
Karelia.

Becmuux CIT6T'Y. Hayxu o 3emne. 2018. T. 63. Buin. 1 121



References

Chen, X., Mao, X., Cao, Y., Yang, X., 2013. Use of siliceous algae as bioilogical monitors of heavy metal
pollution in tree lakes in a mining city, southeast China. Oceanological and Hydrobiological Studies
42(3), 233-242.

Dauval'ter, V.A., 2006. Khal’kofilnye elementy (Hg, Cd, Pb, As) v donnykh otlozheniiakh vodnykh
ob’ektov vodosbora Belogo moria v predelakh Kol'skogo poluostrova [Chalcophile elements (Hg,
Cd, Pb, and As) in bottom sediments of water bodies of the White sea catchment area on the
Kola Peninsula]. Geokhimiia [Geochemistry International] 2, 237-240. https://doi.org/10.1134/
$0097807810040093.

Dauval’ter, V. A., 2012. Geoekologiia donnykh otlozhenii ozer [Geoecology of bottom sediments of lakes].
1zd-vo MGTU, Murmansk. (In Russian)

Davydova, N.N., 1985. Diatomovye vodorosli — indikatory prirodnykh uslovii vodoemov v golotsene [Dia-
tom algae — indicators of the natural conditions of reservoirs in the Holocene]. Nauka, Leningrad.
(In Russian)

Denisov, D. B., 2007. Izmeneniia gidrokhimicheskogo sostava i diatomovoi flory donnykh otlozhenii v zone
vozdeistviia gornorudnogo proizvodstva (Kol'skii poluostrov) [Changes in the hydrochemical com-
position and diatomic flora of bottom sediments in the zone of influence of metal mining production
(Kola peninsula)]. Vodnye resursy [Water Resources] 34(6), 719-730. (In Russian)

Denisov, D.B., 2012. Rekonstruktsiia razvitiia ekosistemy malogo gornogo subarkticheskogo vodoema za
poslednie 900 let (na primere ozera Akademicheskoe, Khibiny, Kol'skii poluostrov) [The diatom-infer
small subarctic waterbody ecosystem development reconstruction during the last 900 years (Aka-
demicheskoye Lake, the Khibiny, the Kola peninsula)]. Trudy Kol'skogo nauchnogo tsentra RAN 10,
127-148. (In Russian)

Deviatkin, V. G. (eds.), 2015. Diatomovye vodorosli vodoemov i vodotokov Karelii [ Diatoms of water bodies
and streams of Karelia] Nauchnyi mir, Moscow. (In Russian)

Hamilton, P.B., Lavoie, 1., Alpay, S., Ponader, K., 2015. Using diatom assemblages and sulfur in sediments
to uncover the effects of historical mining on Lake Arnoux (Quebec, Canada): a retrospective of eco-
nomic benefits vs. environmental debt. Frontiers in Ecology and Evolution 3, 1-16.

Kim, G. V., 2013. Morfologicheskie anomalii diatomovykh vodoroslei fitoepilitona kak indikatory kachestva
vody vodotokov i vodoemov gornogo Altaia [Morphological abnormalities of phytoepiliton diatoms
as indicators of water quality in streams and lakes of Gorny Altai]. Mir nauki, kul’tury, obrazovaniia
5(42), 444-449. (In Russian)

Komarek, M., Ettler, V., Chrastny, V., Mihaljevi, M., 2008. Lead isotopes in environmental sciences: A re-
view. Environment International 34(4), 562-577. https://doi.org/10.1016/j.envint.2007.10.005.

Komulainen, S.F, Chekryzheva, T. A., Vislianskaia, I. G., 2006. Al'goflora ozer i rek Karelii, Taksonomicheskii
sostav i ekologiia [Algoflora of lakes and rivers of Karelia. Taxonomic composition and ecology]. KNTs
RAN, Petrozavodsk. (In Russian)

Komulainen, S.E, 2014. Fitoperifiton v vodoemakh g. Petrozavodska (Respublika Kareliia) [Phytoperiphy-
ton in the reservoirs of Petrozavodsk (Republic of Karelia)]. Trudy Karel'skogo nauchnogo tsentra
RAN 2, 43-50. (In Russian)

Krutskikh N.V., Kosinova LI, 2014. Metodika transformatsii prirodnoi sredy po rezul'tatam ekologo-
geokhimicheskikh issledovanii (na primere g. Petrozavodsk) [The method of transformation of the
natural environment based on the results of ecological and geochemical research (based on the ex-
ample of Petrozavodsk)]. Vestnik Voronezhsk. un-ta. Seriia: Geologiia [Bulletin of Voronezh State
University. Series: Geology] 3, 95-97. (In Russian)

Lavoie, L., Lavoie, M., Fortin, C., 2012. A mine of information: Benthic algal communities as biomonitors of
metal contamination from abandoned tailings. Science of the Total Environment 425, 231-241.
Litvinenko, A. V,, Regerand, T. I. (eds.), 2013 Vodnye ob’ekty goroda Petrozavodska: Uchebnoe posobie

[Water objects of Petrozavodsk: tutorial]. Karel'skii nauchnyi tsentr RAN, Petrozavodsk.

Luis, A. T, Alexander, A. C., Almeida, S.E P, da Silva, E.E, Culp, J. M., 2013. Benthic diatom communities in
streams from zinc mining areas in continental (Canada) and Mediterranean climates (Portugal). Water
Quality Research Journal of Canada 48(2), 180-191.

Makarova, E.M., Slukovskii, Z.1., Medvedev, A.S., Novitskii D.G., 2017. Otsenka kachestva vody malykh
ozer g. Petrozavodska po pokazateliam bakterioplanktona v podlednyi period [Assessment of water
quality in small lakes of Petrozavodsk according to indicators of bacterial plankton in the subglacial

122 Becmnux CII6I'Y. Hayxu o 3emne. 2018. T. 63. Boin. 1


https://doi.org/10.1134/S0097807810040093
https://doi.org/10.1134/S0097807810040093

period]. Uchenye zapiski Petrozavodskogo gosudarstvennogo universiteta [Proceedings of Petroza-
vodsk State University] 6, 72-77. (In Russian)

McConnell, J.R., Edwards, R., 2008. Coal burning leaves toxic heavy metal legacy in the Arctic. Proceedings
of the National Academy of Sciences 34, 12140-12144.

Morin, S., Corcoll, N., Bonet, B, Tlili, A., Guasch, H., 2014. Diatom responses to zinc contamination along
a Mediterranean river. Plant Ecology and Evolution. 147(3), 325-332.

Nriagu, J. O., 1990. The rise and fall of leaded gasoline. Science of The Total Environment 92, 13-28. https://
doi.org/10.1016/0048-9697(90)90318-O.

Oberg, E., Andersen, T.J., Westerberg, L.-O., Risberg J., Holmgren, K., 2012. A diatom record of recent
environmental change in Lake Duluti, northern Tanzania. Journal of Paleolimnology 48, 401-416.

Potakhin, M. S., 2011. Morfologicheskie osobennosti vodoemov g. Petrozavodska [Morphological fea-
tures of reservoirs in Petrozavodsk], in: Vodnaia sreda i prirodno-territorial'nye kompleksy: issledo-
vanie, ispol'zovanie, okhrana: mater. IV shkoly-konferentsii molodykh uchenykh s mezhdunarod-
nym uchastiem (Petrozavodsk, 26-28 avgusta 2011 g.) [Water environment and natural and territo-
rial complexes: research, use, protection: materials of the IV school-conference of young scientists
with international participation (Petrozavodsk, August 26-28, 2011)]. Petrozavodsk, 180-183.
(In Russian)

Renberg, I, Hellberg, T., 1982. The pH history of Lakes in Southwestern Sweden, as calculated from subfos-
sil diatom flora of the sediments. Ambio 11(1), 30-33.

Rybakov, D.S., Krutskikh, N. V., Shelekhova, T.S., Lavrova, N. B., Slukovskii, Z.I., Krichevtsova, M. V., Laza-
reva, O.V,, 2013. Klimaticheskie i geokhimicheskie aspekty formirovaniia ekologicheskikh riskov v
Respublike Kareliia [Climatic and geochemical aspects of formation of environmental risks in the
Republic of Karelia]. ElekSis, St. Petersburg. (In Russian)

Rybakov, D.S., Shelekhova, T.S., 2014. Diatomei v donnykh osadkakh — indikatory zagriazneniia vodnykh
ekosistem v usloviiakh urbanizatsii [Diatoms in bottom sediments as indicators of pollution of urban
aquatic ecosystems]. Ekologiia [Russian journal of ecology], 45(1), 38-45. (In Russian)

Saet, Tu.E., Revich, B. A, Ianin, E.P, 1990. Geokhimiia okruzhaiushchei sredy [Geochemistry of the envi-
ronment]. Nedra, Moscow. (In Russian)

Shannon, C.E., 1948. A mathematical theory of communication. The Bell System Technical Journal 27,
379-423, 623-656.

Shelekhova, T.S., Krutskikh N.V., 2013. Geokhimicheskie osobennosti i sostav diatomovykh kompleksov
donnykh osadkov r. Shui (Respublika Kareliia) [Geochemical characteristics and composition of
the diatom complexes of bottom sediments in the Shuya river (Russian Karelia)]. Trudy Karel'skogo
nauchnogo tsentra RAN [Transactions of the Karelian Research Centre of the Russian Academy of
Sciences] 6, 76-90. (In Russian)

Shelekhova, T.S., Subetto, D. A., 2016. Diatomovye vodorosli donnykh otlozhenii ozer Zaonezh’ia: otsenka
sovremennogo sostoianiia ozer, rekonstruktsiia izmeneniia urovnia Onezhskogo ozera [Diatoms in
the bottom sediments of Zaonezhye lakes: assessment of the present state of the lakes and reconstruc-
tion of lake Onego level variations]. Trudy Karel'skogo nauchnogo tsentra RAN [Transactions of the
Karelian Research Centre of the Russian Academy of Sciences] 5, 88-105. (In Russian)

Shelekhova, T.S., Subetto, D. A., Tikhonova, Iu.S., Potakhin, M. S., 2015. Diatomovye vodorosli sovremen-
nykh otlozhenii ozer Zaonezh'ia: paleoekologicheskie i paleoklimaticheskie rekonstruktsii [Diatoms
in Trans-Onega modern lake sediments: paleoecological and paleoclimatic reconstructions]. Ob-
shchestvo. Sreda. Razvitie [Society. Environment. Development] 2, 151-160. (In Russian)

Sin'kevich E.I., Ekman I. M., 1995. Donnye otlozheniia ozer Vostochnoi chasti Fennoskandinavskogo kris-
tallicheskogo shchita [Bottom sediments of the lakes of the Eastern part of the Fennoscandian crystal
shield]. Karel'skii nauchnyi tsentr RAN, Petrozavodsk. (In Russian)

Skorbitowicz, E., Skorbitowicz, M., 2011. Metals in grain fractions of bottom sediments from selected rivers
in north-eastern Poland. Physics and Chemistry of the Earth 36, 567-578.

Slukovskii, Z.1., 2015. Normirovanie po litiiu kontsentratsii tiazhelykh metallov v donnykh otlozheniiakh
ozer Ladozhskoe i Chetyrekhverstnoe (Respublika Kareliia) [Normalization of lithium concentrations
of heavy metals in bottom sediments of the Ladoga and Four-verstnoye lakes (Republic of Karelia)].
Khimiia v interesakh ustoichivogo razvitiia [Chemistry for Sustainable Development] 23(4), 397-408.
https://doi.org/10.15372/KhUR20150409. (In Russian)

Slukovskii, Z. I., I'mast, N. V., Sukhovskaia, I. V., Borvinskaia, E. V., 2016. Analiz soderzhaniia tiazhelykh
metallov v organakh ryb ozera Lamba (Petrozavodsk, Respublika Kareliia) [Analysis of the heavy

Becmuux CIT6T'Y. Hayxu o 3emne. 2018. T. 63. Buin. 1 123



metals content in the organs of fish of Lamba Lake (Petrozavodsk, Republic of Karelia)], in: Eko-
logicheskie problemy severnykh regionov i puti ikh resheniia: materialy VI Vserossiiskoi nauchnoi
konferentsii s mezhdunarodnym uchastiem, posviashchennoi 120-letiiu so dnia rozhdeniia G. M.
Krepsa i 110-letiiu so dnia rozhdeniia O. I. Semenova-Tian-Shanskogo [Ecological problems of the
northern regions and ways to solve them: Proceedings of the VI All-Russian Scientific Conference
with international participation, dedicated to the 120th anniversary of the birth of G. M. Crepes and
the 110th anniversary of the birth of O. I. Semenov-Tien-Shansky]. Izd-vo Kol'skogo nauch. tsentra
RAN, Apatity. (In Russian)

Slukovskii, Z.1., I'mast, N. V., Sukhovskaia, L. V., Borvinskaia, E. V., Gogolev, M. A., 2017. Geokhimiches-
kaia spetsifika protsessa sovremennogo osadkonakopleniia v usloviiakh tekhnogeneza (na primere oz.
Lamba, Petrozavodsk, Kareliia) [The geochemical specifics of processes of modern sedimentation on
the bottom of Lamba Lake in conditions of technogenic impact]. Trudy Karel'skogo nauchnogo tsentra
RAN [Proceedings of the Karelian Research Center of the Russian Academy of Sciences] 10, 45-63.
(In Russian)

Slukovskii, Z.1., Medvedev, A.S., Bubnova, T.P, Syroezhko, E. V., 2017. Nakoplenie i vertikalnoe raspre-
delenie tiazhelykh metallov v sapropele ozera Griaznoe (Medvezhegorskii raion, Respublika Kareliia)
[mepesop]. Vestnik MGTU 20(1/2), 177-188. https://doi.org/ 10.21443/1560-9278-2017-20-1/2-177-
188. (In Russian)

Slukovskii, Z.1., Medvedev, A.S., 2015. Soderzhanie tiazhelykh metallov i mysh’iaka v donnykh otlozheni-
iakh ozer Chetyrekhverstnogo i Lamby (g. Petrozavodsk, Respublika Kareliia) [The Content of Heavy
Metals and Arsenic into Sediment of Chetyrekhverstnoe and Lamba Lakes (Petrozavodsk, Karelia)].
Ekologicheskaia khimiia [Environmental Chemistry] 1, 56-62. (In Russian).

Strakhovenko V.D., Kabannik V.G., Malikova I.N., 2014. Geokhimicheskie osobennosti ekosistemy ozera
Kolyvanskoe (Altaiskii krai) i vliianie na nee antropogennogo vozdeistviia [Geochemical features of
the ecosystem of Kolyvan Lake (Altai territory) and related technogenic impact]. Litologiia i poleznye
iskopaemye [Lithology and Mineral Resources] 3, 220-234. (In Russian)

Subetto D. A., Nazarova L. B., Pestriakova L. A., Syrykh L.S., Andronikov A.V,, Biskaborn B., Dikmann B.,
Kuznetsov D.D., Sapelko T.V., Grekov I. M., 2017. Paleolimnologicheskie issledovaniia v rossiiskoi
chasti severnoi Evrazii: obzor [Paleolimnological studies in Russian Northern Eurasia: a review]. Si-
birskii ekologicheskii zhurnal [Contemporary Problems of Ecology], 24(4), 369-380. (In Russian)

Teng, Y., Ni, S., Zhang, C., Wang, J., Lin, X., Huang, Y., 2006. Environmental geochemistry and ecological
risk of vanadium pollution in Panzhihua mining and smelting area, Sichuan, China. Chinese Journal
of Geochemistry 25(4), 379-385.

Thomas, V.M., 1995. The elimination of lead in gasoline. Annual Review of Energy and the Environment
20, 301-324.

Vodnye ob’ekty goroda Petrozavodska: Uchebnoe posobie, 2013 [Water objects of Petrozavodsk: tutorial].
Litvinenko, A. V., Regerand, T.I. (pod red.). Karel'skii nauchnyi tsentr RAN, Petrozavodsk.

Author’s information:

Zakhar I. Slukovskii — PhD, Senior researcher; slukovskii_z@igkrc.ru
Tatiana S. Shelekhova — PhD, Senior researcher; shelekh@krc karelia.ru
Evgeny V. Siroezhko — student; siroezhko.evgeny@yandex.ru

124 Becmnux CII6I'Y. Hayxu o 3emne. 2018. T. 63. Boin. 1


mailto:siroezhko.evgeny@yandex.ru

