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ABSTRACT. The article presents the first data on the content of a wide range of rare elements in modern
sediments of Lake Portlubol, located in the north of the Murmansk region (Arctic zone of the Russian
Federation). The authors identified extremely elevated concentrations of U and Mo compared to the
clarke and background levels, which is associated with the geological features of the study area. Also,
in the upper layers of the sediment core of Lake Portlubol, an increase in the content of Pb, Cd, Ni,
Cu and some other elements was noted, which probably entered the reservoir as a result of emissions
from industrial enterprises in the region and neighboring territories. Despite the identified geochemical
anomalies in the sediments, the lake can be considered background, since the established anthropogenic
load is small compared to lakes in urban and industrial areas of the Murmansk region.
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1. Introduction

Lake sediments can serve as indicators of vari-
ous processes in and around bodies of water. Such pro-
cesses include anthropogenic impact and the influence
of various natural factors, most often associated with
the geology of the study area. For example, the use of
leaded gasoline in transportation operations is known
to influence elevated Pb concentrations in lake sed-
iments (Escobar et al., 2023; Rognerud et al., 2013).
Also, increased concentrations of chemical elements
in lake sediments can be influenced by natural factors
associated with the geochemical composition of rocks
in the study area (Fang et al., 2023), as well as geo-
logical events such as catastrophic volcanic eruptions.
eruptions (Jensen, 2012).

There are more than 100 thousand lakes in the
Murmansk region, most of which are up to 1 km? in
size. Sediments of many lakes in the region located in
background areas are extremely poorly studied. This
applies primarily to the chemical composition of lake
water and sediments, which are important in the ini-
tial assessment of the condition of the reservoir. The
purpose of this work is to assess the ecological and
geochemical features of modern sediments of Lake
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Portlubol, located in the north of the Murmansk region,
using as a basis the sediment core and the content of 40
chemical elements determined by ICP-MS.

2. Materials and methods

The sediment core of Lake Portlubol was sam-
pled in the spring of 2021 from the ice of the lake.
The depth of the lake at the work site was about 15
meters. Using a Limnos sampler, a core 53 cm long was
obtained, which was divided into layers of 1 cm for
examination. During laboratory studies, the ash content
of the studied sediments (average value 73.2%) and the
content of rare elements, including heavy metals, were
determined. Chemical analysis was performed using
an XSeries-2 ICP-MS inductively coupled plasma mass
spectrometer. The results obtained during the study of
the chemical composition of lake sediments. Portlubol
showed the following:

3. Results and discussion

The studied sediments, on average throughout
the core, are enriched in U, Mo, Cd, Th, Zn, Tl, and rare
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earth elements (REE) compared to the average compo-
sition of the earth’s crust. These patterns are shown in
Figure 1. The highest concentration coefficients were
identified for Mo (92) and U (23). This is due to the
fact that the catchment area of Lake Portlubol is located
within the Litsevsky geological uranium ore district, on
the territory of which there are rare earth-thorium-ura-
nium mineralization in pegmatite granites (Kaulina
et al., 2021). Anomalies of U and Mo were previously
noted in sediments of lakes, also located in the north
of the Murmansk region in the zone of influence of the
Litsevsky geological region (Slukovskii et al., 2020;
Slukovskii et al., 2024).

A close correlation (0.95) was revealed between
the content of U and REE in the sediments of Lake
Portlubol, which is probably due to the common
sources of these elements entering the lakes from the
catchment area and the common mechanisms of fixa-
tion in the sediments of the reservoir. It has also been
established that the REE content in the sediments of
Lake Portlubol is 2-7 times higher than in the rocks of
the Dikoe ore occurrence (Kaulina et al., 2021), which
indicates that in the sediments of the lake there is an
increase and concentration of REE, probably account
of the fine fraction of sediments and organic matter.
The dynamics of the behavior of REE and a number of
other lithophile elements in the sediment core of Lake
Portlubol is similar to their behavior in other lakes of
the background areas of the north of the Murmansk
region.

It has been shown that the main source of heavy
metals, and primarily Ni and Cu, into the environment
in the area of Lake Portlubol at a distance of several
tens of kilometers are emissions from the Pechenganikel
plant (Rognerud et al., 2013; Dauvalter et al., 2015).
An increase in the upper layers of sediments of Lake
Portlubol compared to the background layers of Ni (7
times), Cu (5), Sb (11), Pb (6), Bi (7), Sn (4), Cd (2), Co
(2), Zn (1.5). It was also revealed that these elements
closely correlate with each other, forming a special
(“technogenic”) association of chemical elements in the
studied sediments of the background lake. Similar pat-
terns were noted when assessing the geochemical fea-
tures of background lakes on the Rybachy and Sredniy
peninsulas (also in the north of the Murmansk region).

However, comparison with previously studied
lakes in the city of Murmansk (Lakes..., 2023) and lakes
near industrial enterprises in the region shows that
the sediments of Lake Potlubol are significantly less
polluted with heavy metals, despite the presence of a
technogenic influence on the lake from emissions from
factories. At the same time, it is necessary to further
conduct research (monitoring) of this reservoir and its
sediments, as well as lakes located near it.
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Fig.1. Normalized concentrations of elements in Lake Portlubol sediments (median values for the sediment core) relative to

the average composition of the Earth’s crust (Wedepohl, 1995)
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AHHOTAIIHUS. B craThbe npefcTaBJieHbl MepBble JaHHbBIE IO COAEPXXAHUI0 OOJIBIIOrO CHeKTpa peaKuXx
3JIEMEHTOB B COBpPEMEHHBIX OTJIOXeHUAX o3epa [IopTiiy6oJ1, pacnoyiokeHHOro Ha ceBepe MypMaHCKOM
obnactu (Apktuueckas 30Ha P®). ABTopaMu BBIABJIEHBI KpaliHe MOBBIIIEHHBIE IO CPABHEHUIO C KJIap-
KoM 1 GoHOM KoHIeHTpanuu U u Mo, 4To cBsA3aHO ¢ 0COOEHHOCTAMU I'e0JIOrMY palioHa uccjieJOBaHUs.
Takxxe B BepXHHX CJIOAX KOJIOHKH OTJIOXKeHMI o3epa IlopTiy0os oTMedeHO yBeJIMueHUe cofepXKaHus
Pb, Cd, Ni, Cu 1 HEKOTOPBIX JPYI'HX 3JIEMEHTOB, KOTOPHIE, BEPOSATHO, NIONAJIA B BOJIOEM B pe3yJIibTaTe
BHIOPOCOB IIPOMBIIIJIEHHBIX IPeANPUATHN perroHa U COCeJHUX TeppuTopuii. HecMOTps Ha BbIABJIEHHEIE
reoxyMuyeckre aHOMaJIUM B OTJIOXKEHHUSAX, 03€pO MOXHO cUMTaTh (OHOBBIM, TaK KaK yCTaHOBJIEHHAs
aHTPOIIOTeHHas Harpyska HeBejlKa [0 CPaBHEHHIO C 03epaMy FOPOACKUX 1 MPOMBIIIIEHHBIX PaliOHOB

MypMaHCKO! 00J1acTu.

Kiouegeie ciioga: I'eoxnMus JOHHBIX OTJIOXKEHUH, (GOHOBBIE 03epa, TsKeJsible MeTaslIbl, YpaH,

ApkTudeckas 30Ha P®

Juia mutupoBanusa: CiykoBckuil 3.M., ayeanbTep B.A. Teoxmmunueckne 0COOEHHOCTH OTJIOXKeHUU o3epa IlopTiy0os
(MypManckas 006J1acTh): OIPUPOJHBIE aHOMAJIMKM U PEKOHCTPYKIMSA TEXHOTeHHBIX COOBITHII Ha BomocGope // Limnology and
Freshwater Biology. 2024. - Ne 4. - C. 659-664. DOI: 10.31951/2658-3518-2024-A-4-659

1. BBeaenue

O3sepHble OTJIOXKEHU MOTYT CJIyXUTb UHAUKATO-
paMu pasJIMYHBIX NIPOIIECCOB BHYTPU U BOKPYT BOJOe-
MoB. K TakuM mpolieccaM OTHOCUTCSI aHTPOIIOTeHHOe
BO3elCTBYe U BINAHNE Pa3JINYHBIX NPUPOAHBIX (ak-
TOpPOB, yYallle BCEro CBA3aHHBIX C Te0JIOTUEN pailioHa
nccyiefoBaHus. HanprumMep, H3BeCTHO BIMAHKE HUCIIOJIb-
30BaHUA STUIMPOBAHHOIO OeH3MHA B TPaHCIOPTHHIX
oleparysx Ha MOBHIIIEHHBIE KOHIeHTpanuu Pb B qoH-
HBIX oTJioxeHusx o3ep (Escobar et al., 2023; Rognerud
et al., 2013). Takxe Ha Ha MOBHIIIEHHBIE KOHI[EHTPA-
UM XMMHWYECKUX 3JIEMEHTOB B O3€PHBIX OTJIOXEHUAX
MOT'YT BJIUATh U NpUpOAHBIE (aKTOPhI, CBA3aHHBIE C
reoXyMH4eckrUM COCTaBOM IIOpOJ paiioHa uccjiefoBa-
Huii (Fang et al., 2023), a Takxe reoJIorUYecKue coObI-
TUA, KaK KaTacTpoduyeckue ByJIKAaHUYeCKHe 13BepxKe-
HUA. u3BepxeHus (Jensen, 2012).

B MypmaHckol ob6jiacTu HacuuMThHIBaeTcs Goiee
100 ThICAY 03ep, GOJIBIIMHCTBO M3 KOTOPBIX HMEIOT
pa3mepsl A0 1 kM2 JJOHHBIE OTJIOXXEHUsS MHOTUX 0O3ep
peruoHa, pacloJIOKeHHBIX Ha (OHOBHIX palioHaX,
KkpaliHe cj1ab0 H3ydeHbl. DTO OTHOCHUTCA B IEPBYIO
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ouepellb K XUMHUYeCKOMY COCTaBy BOABI U OTJIOXKEHUN
03ep, KOTOpble BaXKHBI NIPY NIEPBUYHOM OIleHKe COCTOS-
HUA BojoeMa. llesb JaHHOV pabOThl — OLIEHUTh 3KO0JIO-
ro-reoxuMuyeckrie 0CoOEHHOCTU COBPEMEHHBIX OTJIO-
xeHUl o3epa [lopTiiy60J1, pacnoyioxkeHHOTo Ha ceBepe
MypMmaHckol o61acTy, MCIOJIb3ysl B KaueCTBe OCHOBBI
KOJIOHKY JOHHBIX OTJIOXEHUH U cofepxaHue 40 Xumu-
YeCKHX dJIEMEHTOB, onpefesieHHbIXx MetogoM ICP-MS.

2. MaTtepuanbl U MEeTOAbDI

OT6Op KOJIOHKM [IOHHBIX OTJIOXKEHUU o03epa
[MopTry6os 6611 BBIIOJIHEH BecHOM 2021 roaa co jpaa
osepa. I'myObuHa o3epa B MecTe pabOTHl cOCTaBJisjia
okoso 15 wmetpoB. Ilpu momomu npoO6OOTOOPHUKA
Limnos 6bl1a nojiyyeHa KOJIOHKA JJIMHOU 53 M, KOTO-
pyIo AJ1A uccjaefoBaiy pasfesnsy Ha cjou 1o 1 cMm. B
xo/ie 1abopaTOPHBIX MccJleJoBaHUN ObLIa ompe/iesieHa
30JIPHOCTb M3yUYeHHBIX OTJIOXKeHUl (cpefqHee 3HaUeHUe
73.2 %) u copepxaHue peNKUX 3JIeMEeHTOB, BKJIIOUas
TspKeJIble MeTaJUIbl. XMMWYeCKUil aHaJIu3 BhINOJIHAICA
IIpY NIOMOIIM Macc-CIeKTpoMeTpa C MHIAYKTUBHO CBf-
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3aHHOMU 11a3moi XSeries-2 ICP-MS. Pe3ysbTaThl, MOJIy-
YeHHBIE B XOJle KCCJIe[JOBAaHUsA XMMUYECKOro COCTaBa
oTy10keHU# 03. [TopTiry6oJ1 oKasanu ciiefymolee:

3. Pe3ynabTatbl M 06Ccy)xpeHue

M3ydyeHHBle OTJIOXEHUA B CpeAHEeM IO KOJIOHKe
oborallieHbl 10 CpPaBHEHUIO CO CPeJHUM COCTaBOM 3€M-
Hoit kophl U, Mo, Cd, Th, Zn, Tl u peaxo3emMeJIbHHIMU
asiemMeHTaMu (P35). DTU 3aKOHOMEPHOCTU TMOKa3aHBI
Ha pucyHke 1. HaubGosbmme ko3pduiiieHTs KOHIEH-
Tpanuu BbiABJIeHH o Mo (92) u U (23). OTo cBsA3aHO
¢ TeM, 4TO Bojocbop o3epa [lopTiy6oJ1 pacrosioxkeH B
npefesiax JINIeBCKOro reoJIorMYeckoro ypaHOBOPYA-
HOro palioHa, Ha TeppUTOPUU KOTOPOr0 HaXOAATCA
pelKo3eMeJIbHO-TOPUIi-ypaHOBble OpYyJeHEeHUs B IIer-
MaTtuToBbIX rpaHuTax (Kaynuna u fp., 2021). Panee
yXxe oTrMmeyanuch aHoMaiud U u Mo B OTJIOXEHHAX
03ep, TakXe pacloJIOXKeHHBIX Ha ceBepe MypMaHCKON
o0JiacT B 30He BIUAHMUA JIUIEeBCKOro reoJIorn4eckoro
paiiona (Slukovskii et al., 2020; Slukovskii et al., 2024).

BrisiBiieHa TecHas KoppesAlnroHHaA cBa3b (0.95)
Mexnay cofepxanHueM U u P33 B oTJjIoXeHHAX o3epa
INopty60J1, 4TO, BEPOATHO, CBA3AHO C €JUHBIM HCTOY-
HUKOB NOCTYyIJIEHUS 3TUX 3JIEMEHTOB B 03epa C BOJOC-
6opa U eAVWHBIMM MeXaHH3MaMM 3aKpeIllleHHs B JOH-
HBIX OTJIOXeHUAX BoAoeMa. Takxke yCTaHOBJIEHO, 4TO
cofepxanue P30 B oryoxeHusax osepa Iloptiy6osn B
2-7 pa3 Bblllle, 4YeM B I'OPHBIX [IOpPOJax pyAONpOsABJIie-
HuA Jukoe (Kaynmuna u fip., 2021), 4To TOBOPUT O TOM,
YTO B 0CaJKax o3epa IPOUCXOAUT yBeJnudeHHe U KOH-
neHTpauusa P35, BeposATHO, 3a cueT TOHKOU (ppakiuu
OTJIOKEHWH U OpraHuveckoro BellecTBa. JIMHamumKa
nosefeHuA P31 u paga Apyrux JUTOPUIbHBIX dJ1eMeH-
TOB B KOJIOHKe OTJIOXeHu! o3epa [TopTyybos cxoxa c
IoBeJleHNeM KX B JApPYyTrux o3epax (POHOBHIX palioHOB
ceBepa MypMaHCKO! 00JIacTu.

[TokasaHO, 4TO TIJIaBHBIM MCTOYHHUKOM IOCTY-
IIJIEHUA TSAXKeJIBIX MeTaJIOB, U B IlepByio ouepedb Ni u
Cu, B OKpy>alolllyio cpely B paiioHe o3epa IlopTiy0o
Ha pacCTOAHUM HEeCKOJIbKUX JeCATKOB KUJIOMETpPOB
ABJIAIOTCA  BBHIOpOCH KOMOHMHaTa «[ledeHraHukesnb»
(Rognerud et al., 2013; HayBamsTep u np., 2015).

YcTaHOBJIEHO yBenMuyeHNe B BEPXHUX CJIOSIX OTJIOXe-
Huii ozepa Ilopryiy6on mo cpaBHeHUIO C (HOHOBHIMU
ciosivu Ni (B 7 pas), Cu (5), Sb (11), Pb (6), Bi (7), Sn
(4), Cd (2), Co (2), Zn (1.5). Taxxe BBIABJIEHO, YTO 3TU
3JIeMeHTHl TECHO KOpPpeJIMPYI0T MeXAy cOOOM, BhIeis-
sICh B 0c0OYI0 («TeXHOT€HHYIO») acCOLMaLUI0 XUMUYe-
CKHUX 5JIEMEHTOB B M3yUYeHHBIX OTJIOXKEeHUSIX (POHOBOTO
o3epa. Cxoxyie 3aKOHOMEPHOCTU OTMeueHbl ObLIN MpU
OIleHKe reoXMMHYecKuX ocobeHHocTell (DOHOBBIX 03ep
Ha nosayoctpoBax Pribaunii u CpeaHuii (Takxe ceBep
MypMaHcko 061acTh).

OpHako cpaBHeHUE C paHee U3yYeHHBIMU O3e-
pamu ropoga Mypmasncka (O3épa..., 2023) u o3epamu
BOJIN3U MPOMBIIUIEHHBIX NMPeANPUATHI perroHa MoKa-
3BIBaeT, YTO OTJIOXeHUs o3epa I[1oTy0oII cyliecTBeHHO
MeHbllle 3arpsA3HeHbl TsDKeJIbIMU MeTaslylaMu, HecMo-
TpA Ha HaJIM4Me TEXHOTeHHOTO BJIUSHHE Ha 03epo OT
BEIOpOCOB 3aBOAOB. [Ipu 3TOM Heo6XOAMMO HAajibliie
MPOBOAUTH HCCIe0OBaHUsA (MOHUTOPUHI) 3TOr0 BOJO-
eMa U ero OTJIOXKeHHH, a TakXe 03ep, PaCIOJIOXKEeHHBIX
BOJIM3U HETO.
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