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ABSTRACT. The work presents data on the concentration of mercury in bottom sediments of lakes,
which are characterized by the nival type of sedimentogenesis. The mercury content for bottom
sediments of lakes sampled in the middle and high mountains of the Altai Mountains is on average
0.06 pg/g. Differences in mercury concentration values for high- and mid-mountain lakes have not been
established. It has been established that, regardless of the type of sedimentogenesis in lakes of differ-
ent landscape zones of the south of Western Siberia along the meridional transect, the distribution of
mercury along the section is characterized by an increase in values up the section towards the bottom
sediments-water boundary, where they reach maximum values.
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1. Introduction

Hg is among the ten most dangerous chemicals
due to its high mobility and bioaccumulative ability
(WHO, 2017). In aquatic ecosystems, Hg can be con-
verted to methylmercury, a more toxic form that accu-
mulates in aquatic food chains. One of the main objects
of the freshwater ecosystem is the lake.

The purpose of this work is to compare the dis-
tribution of mercury in the bottom sediments of lakes
of different landscape zones in the south of Western
Siberia.

2. Materials and methods

The object of the study is small lakes in the south
of western Siberia. The lakes are located in the south-
eastern part of the West Siberian platform bordering
the Altai-Sayan folded region, within the Ob-Irtysh
interfluve, and some of the lakes are located on the
territory of the Altai Mountains (Ukok plateau, Ulagan
valley). A total of 81 lakes were studied, belonging
to different landscape zones: South taiga sub-Siberian
landscape - 11, Subtaiga West Siberian landscape - 5
lakes, Forest-steppe West Siberian landscape - 30 lakes,
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Steppe typical West Siberian landscape - 11 lakes, Mid-
mountain belt of larch and cedar-larch forests - 4 lakes,
High mountain char belt — 7 lakes, extrazonal land-
scapes (ribbon forests) — 13 lakes.

The choice of model lakes is due to the desire to
cover all classes of sapropel (classification of Corde V.I.
with modifications by Strahovenko V.D.) for all types
of sedimentogenesis characteristic of the studied land-
scape zones.

Sampling is carried out by a continuous core to
the entire depth of the bottom sediments using a cylin-
drical sampler with a vacuum seal «Typhoon» (d - 82
mm and L - 120 cm).

Analytical work was carried out at the Analytical
Center for multi-elemental and isotope research SB
RAS, Novosibirsk, Russia.

The total mercury content in the samples is
determined according to the method M 03-09-2013 on
the analyzer “RA-915M” with the prefix “RP-91C”.

3. Results and Discussion

The mercury content in individual lakes, lake
systems of the taiga, subtaiga, forest-steppe, steppe,
and ribbon forests has been published in detail in
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Table 1. Mercury concentration (ug/g) in bottom sediments of lakes belonging to different types of sedimentogenesis. The
data is presented in the format average value (min.value — max.value).

classes of sapropel
types of Si class Ca class mixed class
sedimentogenesis
humid 0.06 (0.02-0.18) | 0.02(0.01-0.04) 0.03 (0.01-0.05)
arid 0.02 (0.004 - 0.04) | 0.025 (0.02-0.03) | 0.06 (0.02 -0.17)
nival 0.05 (0.02-0.12) n.d 0.2

Note: n.d - no data

earlier works by the authors (Gavshin et al., 1999;
Strakhovenko et al., 2010; Malikova and Strakhovenko,
2017; Strakhovenko et al., 2022, etc.) (Table 1).

The mercury content for bottom sediments of
lakes sampled in the midlands and highlands varies
from 0.02 pg/g to 0.20 pg/g and is on average 0.06
ug/g. It is worth noting that there are no fundamental
differences in the mercury concentration values for the
lakes of the highlands and the middle mountains. So
the average value for the highlands is 0.04 pug/g, and
for the highlands - 0.05 pg/g.

All the selected bottom sediments of the lakes
of the Altai Mountains can be attributed mainly to the
siliceous class. Only one lake (Lake Turquoise) can be
classified as a mixed class. No lakes whose bottom sedi-
ments can be classified as Ca class were selected, which
is most likely a characteristic of the nival type of sed-
imentogenesis of the Altai Mountains. The concentra-
tion of mercury (ug/g) in the bottom sediments of lakes,
depending on the class, is shown in Table 1 (Table 1).
In lakes characterized by the nival type of sedimento-
genesis, in general, the same values of mercury concen-
trations are characteristic as for lakes characterized by
the humid and arid type of sedimentogenesis.

The maximum observed values of mercury con-
centrations (0.2 pg/g) are observed for the island of
Turquoise, which alone forms a sample of bottom sed-
iments with a mixed class of bottom sediments.The
excellent high mercury concentrations in the bottom
sediments of this lake are explained by the proximity of
the Aktash mercury deposit.

The study of the vertical distribution of mercury
showed that the bottom sediments of lakes of all types
of sedimentogenesis are characterized by an increase
in concentrations towards the top of the section, where
maximum values are reached (Fig. 1).

Atmospheric precipitation in the form of pre-
cipitation is the main natural sources of mercury for
lakes in the catchment area of which there are no mer-
cury-containing rocks (Louis et al., 2016.). This fact is
fully confirmed by the similar nature of the distribution
of mercury in the bottom sediments of lakes belonging
to different landscape zones of the south of Western
Siberia. The characteristic increase in mercury concen-
trations in the upper part of lake sediments is explained
by the increase in mercury emissions into the atmo-

sphere in modern times (Streets et al., 2017)
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Fig.1. Vertical distributions of mercury concentrations in the average columns of bottom sediments for lakes belonging to

different types of sedimentogenesis.
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4. Conclusions

The results obtained allow us to draw the follow-
ing conclusions.

The mercury content for the bottom sediments of
lakes sampled in the middle mountains and highlands
of the Altai Mountains is on average 0.06 ug/g, which
is close to the values for lakes of other landscape zones
in the south of Western Siberia. There are no differ-
ences in mercury concentration values for the lakes of
the highlands and the Middle mountains. Regardless of
the type of sedimentogenesis in lakes of different land-
scape zones in the south of Western Siberia along the
meridional transect, the distribution of mercury along
the section is characterized by an increase in values to
the top of the section, which is explained by an increase
in the flow of mercury from the atmosphere in modern
times.
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PacnpeaeneHue pTyTH B 03epax pasHbixX
AaHAWIAPTHLIX 30H 1ora 3anapHou Cubupm
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AHHOTAIIHUS. B pabore mnpeacTaBieHHBIE JaHHbIE O KOHI[EHTpPaLUM PTYTU B AOHHBIX OTJIOXEHUAX
03ep A1 KOTOpHIX XapaKTepeH HUBAJIbHBIN TUI cefuMeHToreHesa. ComepxaHue PTYTHU AJi JOHHBIX
OTJIOXKEHUM 03ep, OTOOpPaHHBIX B CpeJHEropbe U BeIcOKOropbe I'opHOro Asntas B cpegHeM paBHO 0.06
MKT/T. Pa3nuuuii B 3HaUYe€HUAX KOHIIEHTPalluK PTyTH AJ1 03€P BEICOKOIOpbs 1 CpeJHErOphbsA He yCTaHOB-
JIEHBI. Y CTAHOBJIEHO, YTO B HE3aBUCUMOCTH OT TUIIA CEAVMEHTOreHe3a B 03epax pa3HbIX JaHAMADTHEIX
30H Iora 3amagHoyl Cubupu BAOJb MepUANOHAJIBHOIO TpaHCEKTa pacnpefesieHHe PTyTH IO pa3pes3y
XapakTepusyeTcs yBeJinueHreM 3HaueHHUl B Bepx 10 pa3pe3y K rpaHulle JOHHbIE OTJIOXKEHUA- BOAA, IAe

AOCTUTal0OT MaKCHMaJIbHbIE€ 3HAYEHNA.

Kiioueanie cioga: JoHHBIE OTJIOXKEHUS, PTYTh, F€OXUMUA

Jia qutupoBanusa: Manos B.U., Ctpaxosenko B.J[., Opauna E.A., Masos I'.. PactipefiesieHne pTyTU B 03epaxX pas3HBIX JIAHA-
madTHHIX 30H fora 3anagHor CuGupy Ha IpUMepe MOJEJIbHBIX 0OBEKTOB BJ0JIb MEPHINOHAIBHOTO TpaHcekTa // Limnology and
Freshwater Biology. 2024. - Ne 4. - C. 400-405. DOI: 10.31951/2658-3518-2024-A-4-400

1. BBeaenue

Hg Bxoout B fecaTKy HauboJiee OIacHBIX XUMU-
YeCcKUX BeIecTB K3-3a ee BHICOKOM MOOWJIBHOCTH U
O6MoaKKyMyJIAUOHHON crocobHoctu (WHO, 2017). B
BOJHBIX dKocrcTeMax Hg MoxeT nepoOpa3oBHIBaThHCA B
MeTUJIPTYTh, OoJjiee TOKCUYHYI GopMy, KOTopasa Ouo-
aKyMyJiupyeTcs B BOOHBIX NUIIEBHIX Ienax. OAHUM H3
TJIaBHBIX OOBEKTOB MPECHOBOJHON 3KOCHUCTEMBI SIBJISA-
eTcs o3epa.

Llenpio maHHOUI paboOTHl ABJIAETCA CpaBHEHUe
pacrpefiejieHusA PTYTU B JOHHBIX OTJIOXKEHHAX O3ep
Pa3HbIX JaHAma@THLIX 30H lora 3anagHoi Cubupu.

2. MaTepuanbl 1 MeTOAbI

OOBEKTOM HCCIEIOBAHUA ABJIAIOTCA MaJible
o3epa iora 3amagHoil Cubupu. O3epa pacnoJIOXeHBI
B IOr0-BOCTOYHOHN yacTu 3amnaaHo-CHOHpCcKoi IIaT-
dopmbl rpaHuyameii ¢ Anrtae-CasgHCKON CKjIag4aToM
obJsiacTpio, B npepdenax OOb-UpTHIIICKOTO MeXIype-
Ybsl, TaKXe 4acTb 03€p pacloJIOXKeHB Ha TeppUTOpUU
lopHoro Antas (miato YKOK, YjaraHckas [OJIMHA).
Bcero uccienosaHo 81 o03ep, OTHOCAIUX K pPa3HBIM
ngaHAmadTHEIM 30HaM: HOXHOTAeXHBI 3aMogHOCU-
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6upckuii — 11, [TograéxHeIi 3anagHOCUOUPCKUL JIAH-
madpt — 5 ozep, JlecocTemHoil 3amaJHOCUONPCKUN
nauamadt — 30 o3ep, CrenHON TUMUYHBIN 3amajHO-
cubupckuii taHamadpt — 11 ozep, CpegHEropHbIi Mosic
JINCTBEHHUYHBIX U KeJIPOBO-JINCTBEHHUYHBIX JIeCOB — 4
03epa, BrICOKOTOpHBII T'OJIBI[OBBIN NOsIC — 7 03ep, 3KC-
Tpa3oHaJibHble JaHAmadTel (JleHTouHBle Gopbl) — 13
o3ep.

Beibop MopesibHBIX 03ep 00yCJIOBJIeH eJia-
HHEeM OXBaTUTh BCe KJIAacChl carponeseii (kjiaccudu-
xauusa Kopgs B.U. ¢ gopa6otkamu CtpaxoeHko B.J1.)
JUIA BCeX TUIIOB CeJUMeHTOreHe3a, XapaKTepHBIX IJiA
rccisiefyeMbIX JJaHAMa(THEIX 30H.

[Tpo6ooT6Op NpOM3BOAUTCA HEIPEepHIBHBIM Kep-
HOM Ha BCIO IJIyOMHY JJOHHBIX OTJIOXXE€HUH NpY [TOMOILU
QUJIMHAPUYECKOr0 NpoOOOTOOpHUMKA C BaKyyMHBIM
3aTBOpoM KoHcTpykiuu HITO «Taidys» (d - 82 MM u
L-120 cm).

Ananutndeckas  pabora  mpoBoAuiack B
AHaIUTUYeCKOM I[eHTpe MHOI'03JIeMeHTHBIX U U30TOIl-
HbIX uccienosanuii CO PAH, HoBocubupck, Poccus.

BanoBoe comepxaHue pTyTu B npobax omnpefe-
nsaerca no Metoauke M 03-09-2013 Ha ananmsaTtope
«PA-915M» c npucraBkoil «PI1-91C».
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Ta6suna 1. KoHuenTparysa pTyTu (MKI/T) B JOHHBIX OTJIOXKEHUAX 03ep, OTHOCAIMXCA K pa3HBIM THIIAM ceVMeHTOreHe3a.
JlaHHble nipejicTaBsieHH B popMaTe cp.3Had (MUH.3HA4 — MaKC.3Ha).

KJIacC camnporese

Tun cequMeHTOreHe3a Si

T'ymugHb(Taira, moz-
Tapra, JIeCOCTemNb)

Apupnsiii(crens, JEHTOU-
Hble GOpBI)

HusaspHbIH(CpegHETOpbe,
BBICOKOTODBE)

0.06 (0.02 - 0.18)

0.05 (0.02-0.12)

0.02 (0.004 - 0.04)

CMellaHbIA

0.03 (0.01-0.05)

Ca

0.02 (0.01-0.04)
0.025 (0.02-0.03) | 0.06 (0.02 -0.17)

H.I 0.2

HpnMeanue: H.J. - HET JaHHbIX

3. Pe3yAabTaTtbl M 06Ccy)xpeHue

ColiepxaHue pTYyTH B OTAEJIBHO B3ATHIX O3e-
pax, 03epHBIX CHUCTeMaX TAWru, MMOJTAWry, JecocTelu,
CTenu, JIEHTOYHBIX OOPOB MOAPOOHO OMyOJIMKOBAHHI B
6oJiee paHHUX pabortax aBTopoB (Gavshin et al., 1999;
Strakhovenko et al., 2010; Malikova and Strakhovenko,
2017; Strakhovenko et al., 2022 etc.) (Tabauna 1).

CofepxaHue PTYTU AJid AOHHBIX OTJIOXKEHUN
o3ep, OTOOpaHHBIX B CpedHEropbe U BBICOKOTOpbe
Bappupyet oT 0.02 mxr/r o 0.20 MKT/T U B cpeiHEM
paBHO 0.06 MKr/r. CTOUT OTMETHUTb YTO IPUHIUIINAAIIb-
HBIX pa3jinyuil B 3HaYEHUAX KOHIEHTpaly PTYTU AJIA
03ep BBICOKOI'Opbsl M CpeAHeropbsi He yCTAaHOBJIEHBHL
Tak cpenHue 3HaueHue AJiA BbhICOKOropbsa pasHO 0.04
MKT/T, a AJiA BBICOKOropbsa — 0.05MKr/T.

Bce oroOpaHHbBle [JOHHBIE OTJIOXKEHUA 03ep
T'opHoro Antasd MOXHO OTHECTH IpeHMYyIeCcTBEHHO
K KpeMHHCTOMY Kkjaccy. Jlumb opHo o3epo (o.
Bupio3oBoe) MOXHO OTHECTU K CMeLIaHHOMY KJiaccy.
Osep, 4bU AOHHBIE OTJIOKEHHS MOXHO OTHecTu K Ca
KJlaccy otobpaHo He OBLIO, YTO MO BCEM BUUMOCTU

SIBJIIETCSI XapaKTepUCTHUKONM HUBAJIbHOIO THUIA Cequ-
MeHTareHe3a I'opHoro Anrtad. KoHueHTpauus pryTu
(MKr/T) B IOHHBIX OTJIOXKEHUSX O3€p B 3aBUCHUMOCTH
OT Kj1acca npepcrasieHsl B Tabauie 1. B o3epax, A
KOTOPBIX XapaKTepeH C HMBAJIbHBIN TUN ceqUMeHTOore-
He3a, B I[eJIOM, XapaKTepHBI Te e 3HaueHus KOHIIeH-
Tpanuii pTyTu 4TO U IJiA 03ep, JJi KOTOPhIX Xapak-
TepeH ¢ TYMUJHBIN 1 apUHBIN TUI celUMeHTOreHe3a.

MaxkcumaJsibHble HabJiiojaeMble 3HA4YeHMs KOH-
neHtpauuii prytu (0.2 MKr/r) HabJOfamTCca AJA
o.Bupio3oBoe, KkoTOpoe B OAMHOYKY (Qopmupyer
BHIOOPKY IOHHBIX OTJIOXXKEHUU C CMeIleHbIM KJIacCoM
JOHHBIX OTJIOXKeHHH. OTJIMYHBIE BBICOKHME 3HauYeHUA
KOHI[eHTpaluuil pTYTH B JOHHBIX OTJIOXKEHUAX aHHOTO
o3epa 00bsicHseTCs 6JM30CThI0 AKTAIIICKOTO PTYTHOTO
MeCTOPOX/IeHNs.

W3yyeHne  BepTUKAJIBHOTO  paclipejiesieHus
PTYTU MOKa3anao, YTO AJiA JOHHBIX OTJIOXKEHUN 03ep
BCeX THIIOB CeJUMeEHTOreHe3a XapaKTEPHO yBeJuye-
HHe KOHLIeHTpalull K BepXy pa3pe3a, rfie JOCTUTaloTCs
MakcuMmaJsibHble 3HaueHud (Puc. 1).
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Puc.1. BepTukasbHble pacnpejiesieHHds KOHI[EHTpaluil PTYyTH B yCPeJIHEHHBIX KOJIOHKaX AOHHBIX OTJIOXKEHWH [JI 03epo

OTHOCAMINXCA K pa3HbIM TUIIaM C€JUMEHTOIre€He3a.
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ATmocdepHoe ocaxaeHue B BHJie OCAAKOB, ABJIA-
I0TCA OCHOBHBIMH IIPUPOJHBIM HCTOYHHUKAMU PTYTHU
Ui o3ep, Ha BOAOCOOPHOU TEeppUTOPUN KOTOPBIX
HeT BBIXOJIOB PTYTh codepxamux nopof (Louis et al.,
2016.). auubii pakT B NMOJHOU Mepee MOATBEPXK/a-
eTcsA CXOXKUM XapaKTepoM paclipefieJIeHUA pTyTy B JOH-
HBIX OTJIOXKEHHAX 03ep OTHOCAMMMCA K pasHbIM JIaH-
madTHBHIM 30HaM fora 3anaagHoi Cubupu. XapaktepHoe
yBeJIMueHUe KOHIIeHTpalull PTYTU B BepxHel YacTu
JIOHHBIX OTJIOXEHHUI 03ep 00bACHAETCS yBeJndeHueM
BEIOPOCOB PTYTH B atMocdepy B COBpeMeHHOe BpeM:A
(Streets et al., 2017)

4. BoiBOADI

[TosiyueHHBle pe3yJIbTaThl IIO3BOJIAIOT CAeJaTh
cJleyIolIyie BEIBOMEL.

ConepxaHue PTYTU AJiA AOHHBIX OTJIOXKEHUN
o3ep, OTOOpaHHBIX B CpedHEropbe U BBICOKOIOpbe
l'opHoro Antas B cpeaHem pasBHO 0.06 MKr/r, 4TO
6JIM3KO0 K 3HaUYeHUAM I 03ep ApYTyx JaHAmadTHBIX
30H rora 3amagHoi Cubupu. Paznmuuuii B 3HaUeHUX
KOHIIeHTpal[ii PTYTHU JJIS 03ep BBICOKOTOPbA U Cpef-
Heropbsl He yCTaHOBJIEHH. B He3aBUCUMOCTHU OT THUIIA
celMeHTOreHe3a B O3epax pasHBIX JIaHAMAQTHHIX
30H lora 3anajgHoii Cubupu BAOJb MEPUIUOHAIBHOTO
TpaHceKTa pacnpefesieHHe PTYTU IO pa3pe3y Xapak-
TepusyeTcsA yBeJWYeHHWeM 3HAuYeHUIl B BepxX IO pas-
pes3y, 4YTo O0BbACHAETCA yBeJInueHeM [I0TOKa pTyTU U3
arMocdepsl B COBpeMeHHOe BpeMs.
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