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ABSTRACT. The bottom sediments of the lakes contain biochemical markers of fecal intake, which have
been renewed interest in the last few years. This analysis is one of the newest trends in paleolimnology.
Fecal markers include sterols recovered by the intestinal microflora — stanols, which are indicators of
fecal intake into reservoirs. Relative to other mammals, humans produce the largest amount of copros-
tanol. Therefore, based on its presence in bottom sediments, the dynamics of human presence in early
times can be reconstructed, as well as the fecal anthropogenic load on reservoirs. Using the gas chro-
matography method with mass spectrometric detection, for the first time we estimated the contents of
coprostanol, epicoprostanol, 5a-cholestanol and cholesterol in the bottom sediments of Lakes Peyungda
and Zapovednoye (Evenkia, Krasnoyarsk Krai), and also estimated the indices R1 and R2, reflecting the
human contribution to fecal intake. The absence of an increase in the proportion of coprostanol in both
lakes may indicate a slight anthropogenic impact. Both in the modern period and in earlier times (about
5000 years for Peyungda and 2500 years for Zapovednoye), there were probably no settlements near

the lakes.
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1. Introduction

In the bottom sediments of the lakes, information
about the anthropogenic impact on the surrounding
areas is preserved. The reconstruction of fecal intake
in lake sediments allows us to obtain information about
the history of the population, as well as about the mod-
ern anthropogenic load. Biochemical markers of fecal
intake include stanols. Stanols are sterols recovered
by the intestinal microflora. In bottom sediments, sta-
nols persist for thousands of years, therefore they are
of great value in reconstructions (White et al., 2019;
Vachula et al., 2019). Similar stanols are synthesized
in humans and other mammals. However, compared to
animals, coprostanol is produced in humans in the larg-
est amount. Therefore, coprostanol, together with its
epimer, epicoprostanol, is used to reconstruct the his-
tory of the population (D’Anjou et al., 2012; Argiriadis
et al., 2018).
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2. Materials and methods

Lakes Peyungda (60°37.174" N, 101°38.442" E)
and Zapovednoye (60°31.688" N, 101°43.740" E) are
located on the Central Tunguska Plateau in the southern
part of the Evenkia of the Krasnoyarsk Krai, on the ter-
ritory of the Tunguska State Nature Reserve. The near-
est settlement of Vanavara is located 60 km from the
Zapovednoye. The distance between the Zapovednoye
and Peyungda is about 12 km. The cores of the bot-
tom sediments of Lake Peyungda with a length of 148
cm and Lake Zapovednoye with a length of 130 cm,
selected in the central parts of the lakes, were studied.
Core sampling was carried out using the UWITEC grav-
ity sampler (Austria) with removable plastic working
pipes with a diameter of 90 mm. The extraction of sta-
nols was carried out from dried samples with a mixture
of ethanol and chloroform (3:7), followed by silylation
(Andaluri et al., 2017). The stanols were analyzed on
an Agilent 6890N gas chromatograph using an Agilent
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5975C mass spectrometer as a detector (Sinner et al.,
2024). External standards for coprostanol, epicoprosta-
nol, 5a-cholestanol and cholesterol were used to eval-
uate concentrations. The content of organic matter was
determined by the weight loss of dried samples during
calcination at 550 °C (loss on ignition, LOI550) for 4
hours (Santisteban et al., 2004).

Indices were used to assess the human contribu-
tion to the pool of fecal stanols:

R1 = coprostanol + epicoprostanol

(Bull et al., 1999),

coprostanol + epicoprostanol + 5o — cholestanol

_ coprostanol +epicoprostanol

R2 (Takada et al., 1994,

coprostanol +epicoprostanol +cholesterol
but with the addition of epicoprostanol to compensate
for the effect of early diagenesis).

3. Results and discussion

Coprostanol, epicoprostanol, 5a-cholestanol and
cholesterol were found in the bottom sediment core of
the lakes Peyungda and Zapovednoye. 5a-cholestanol is
an indicator of general fecal contamination, and choles-
terol is released in the greatest amount in carnivorous
animals. The simultaneous increase in the proportion of
coprostanol in both indices R1 and R2 is not observed
for both Peyungda and Zapovednoye (Fig.). It is likely
that the anthropogenic load on the lakes in the studied
periods was insignificant.

4. Conclusions

Using the analysis of biochemical markers of
fecal intake, only a minor anthropogenic impact on
the Peyungda and Zapovednoye lakes was found. In
the early Lake Shira studied by us, an increase in the
proportion of coprostanol was observed during peri-
ods associated with certain historical events (Sinner et
al., 2024). This is due to more favorable conditions for
humans than in the surrounding of the lakes Peyungda
and Zapovednoye.
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KpaTtkoe coobuienune

CTaHOI\I:I B AOHHbIX OTAOXXEHMUAX o3ep LIMNOLOGY
CpeaHeu CubMpHu Kak MHAMKATOP FRESHHTWATER

AHTPONOreHHOMU HArpy3KHu BIOLOGY
P
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AHHOTAILHA. /loHHBIE OTJIOXKEHUSA 03€p cofepxaT OMOXUMUYECKHe MapKephl (eKaJabHBIX MOCTYILIe-
HUI, UHTEPeC K KOTOPHIM B IOCJIE/THME HECKOJIBKO JieT BO30OHOBWJICA. J[aHHOe HalpaBJieHUe SBJIA-
eTcsi OOHUM W3 HOBEHIINX B NajieouMHOJIoruu. K ¢dekaapHBIM MapKépam OTHOCAT BOCCTAaHOBJIEH-
Hble KUIIIEYHON MUKPOMIIOPOI CTEPOJIbI — CTAHOJIBI, KOTOPhIE SABJIAITCSA MHAWKATOPAMU (heKaJTbHBIX
MOCTYTJIEHUN B BOJOEMBL. OTHOCUTEIBHO JPYTUX MJIEKOMUTAIOIINX, Y YeJI0BeKa BrIpabaThIBaeTCs HaU-
0oJIbIlIee KOJTMYECTBO KOIMPOCTAHOJIA, MO3TOMY MO €ro HAaJIMYHIO B JOHHBIX OTJIOXKEHUAX MOXET OBITh
PEKOHCTPYMPOBaHA UHAMUKA MPUCYTCTBUS YeJIOBEKA B paHHIE BpeMeHa, a TaKkKe OlleHeHa (pekasibHas
AHTPONOTEeHHAsl Harpy3ka Ha BOAOEMEBI. MeToqoM ra3oBoll XpomMaTorpaduu ¢ Macc-ClieKTpOMeTpUuye-
CKHUM JIETEKTUPOBAHNEM HaMU BIIEPBBIE OBLIIU OIlEHEHBI COAEPXKAHUS KOITPOCTAHOJIa, SITMKOMPOCTAHOJIA,
5a-xosiecTaHosIa ¥ XOJIECTEPOJIA B JOHHBIX OTJIOXeHUAX 03€p IleroHrma m 3amoBegHoe (DBEHKUHCKUMI
parioH, KpacHospckuil Kpal), a TakXe olleHeHbl MHAEKCH R1 1 R2, oTpaxaromiue 4eJI0BeUYeCKUi BKIIa]
B (eKasibHbIe NOCTYyIUIeHUA. OTCyTCTBHE YBEJIUYEHUA A0JIM KOMPOCTaHOJIa B 000MX 03€pax MOXeT CBU-
JeTeJIhCTBOBATh O HE3HAUMTEJIPHOM AHTPOIOTE€HHOM BJIMAHMU. Kak B COBpPEMEHHBIN MEpPUO[, TaK U
B OoJsiee panHue BpeMeHa (okosio 5000 net mis [Metonrger u 2500 et a1 3anoBegHOr0), BEPOSATHO,
OKOJIO 03€p He OBLIIO MOCeJIeHUH.

Kitioueawie ciiosa: (I)eKaJII)HbIe CTaHOJIbI, KOIIPOCTAaHOJI, ra30Bas XpOMaTOFpa('I)I/IH, 03éprIe OTJIOXKeHUsA, DBEHKUS

s qutupoBanusa: CunHep E.K., bosuaun A.H., 3pikoB B.B., Porosun /[.}O0. CTaHOJ/IBI B JOHHBIX OTJIOXeHUAX 03€p CpenHeil
Cubupy Kak WHAMKATOP aHTPONOreHHON Harpy3ku // Limnology and Freshwater Biology. 2024. - Ne 4. - C. 648-652.
DOI: 10.31951/2658-3518-2024-A-4-648

1. BBeAeH"e HOJI COBMECTHO C €ro 3IIMMEPOM — SIMUKOIIPOCTaHOJIOM

— UCIIOJIb3YEeTCA OJIAA PEKOHCTPYKIMK UCTOPUU HaceJie-

B JIOHHBIX OTJIOXEHUAX osépu COXpaHAETCA uus (D’Anjou et al., 2012; Argiriadis et al., 2018).
uHpopManysa 06 aHTPONOreHHOM BO3AEHCTBUY Ha IIpU-

Jjerawomue TeppUTOpumr. PeKOHCTPyKIUA ¢eKaJabHBIX
MOCTYIJICHU B O3EPHBIE OTJIOKEHUsA MO3BOJIAET MOJIy-
ynuTh MHGOPMAIHI0 00 UCTOPUU [PEeBHEro HaceJeHus,
a TakXxe O COBpeMEHHOU aHTpPONOTeHHON Harpyske. K
OMOXNMMWYECKUM MapképaM (HeKaabHOro MOCTYIIeHNUA
OTHOCATCA CTaHOJIB. CTaHOJIBI — 3TO BOCCTAHOBJIEHHBIE
KHUIIEeYHON MHUKpPO(DJIOPOU CTepoJibl. B JOHHBIX OTJIO-
J)KEHUAX CTAHOJIBI CIIOCOOHBI COXPaHATHCA THICAYETIe-
TUAMH, TNO3TOMY IIPEACTaBJIAIT OOJIBIIYI0 LEHHOCTb
B pexkoHcTpyknusax (White et al., 2019; Vachula et al.,
2019). YV desioBeKa U JPYryUx MJIEKOMUTAIMINX CHUHTe-
3UPYIOTCA CXOXXHe CTaHOJIBI, OJHAKO, 10 CPABHEHUIO C
’KUBOTHBIMH, KONPOCTAHOJI y 4YejioBeKa BhIpabaThIBa-
eTca B HamOoJiblieM KosudyecTse. [JoaToMy KompocTa-

2. MaTepuanbl 1 MeTOAbI

Osépa Ileonrga (60°37.174° c.m., 101°38.442°
B.J1.) u 3anosegHoe (60°31.688" c.m., 101°43.740" B.1.)
pacrioyioxensl Ha lleHTpasbHO-TYHIYCCKOM IIJIaTO B
I0XHON YacTu DBEHKHUICKOro patioHa KpacHosipckoro
Kpasd, Ha Teppurtopuu l'ocymapCTBEeHHOrO NpUPOA-
Horo 3amnoBefHUKa «TyHrycckuii». Birkaiimumil nmoce-
Jok BaHaBapa pacnosioxxeH B 60 KM OT 3amnoBegHOro.
Paccrosinne mexnay 3amoBeqHbIM U [leOHTION OKOJIO
12 kM. OGa o3epa MMEIT NOoYTU Kpyriyio ¢GopMy Aua-
meTpoM 0koJ10 500 M — 3annoBegHoe 1 600 M — [TeroHTAa
(PorosuH u fp., 2023). HccieoBaHbl KEPHBI JOHHBIX
oTJioxeHu# o3epa Ileonrnma aiamHou 148 ¢M u o3epa
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3anosegHoe yHON 130 cM, oToOpaHHbIe B LIeHTPaJlb-
HBIX YacTax 03ép. OTOOp KepHOB IIPOBOJWJICA C IIOMO-
mpI0 TpaBUTAlMOHHOTO npobooTdopHuka UWITEC
(ABcTpus) €O CBEMHBIMHM IUJIACTUKOBBIMU pPabOYMMU
Tpybamu AuamerpoM 90 MM. DKCTPaKIMI0 CTaHOJIOB
MIPOBOAWJIM W3 BBICYIIEHHBIX 00paslioB CMeChbI0 3Ta-
HoJIa ¢ XJ10poOpMOM B COOTHOIIEHUH 3:7 ¢ IocjIeAylo-
M cuyinpoBanueM (Andaluri et al., 2017). CraHoJibI
aHaJIM3MPOBAJIMCh HA ra3oBoM xpomartorpade Agilent
6890N c¢ wcnosb3oBaHMEM B KayecTBe JeTeKTopa
Macc-criektpoMeTp Agilent 5975C (Sinner et al., 2024).
Jl714 o11eHKH KOHIIeHTpaluii NCII0JIb30BaJIiCh BHEIIHNE
CTaHAAPTHl KOMPOCTAHOJIA, SIHUKOMNPOCTAaHOJIA, SA-XO-
JjecTaHosia U xoJiectepoJia. CoAepkaHue opraHuye-
CKOro BelllecTBa ONpeAesIAIoCh [0 IOTepe Beca BBICY-
HIeHHBIX 06pa31oB npu npokayimBanuu npu 550 °C (loss
on ignition, LOI550) B TeueHue 4 yacos (Santisteban et
al., 2004).

J7iA olleHKM 4Yes0oBe4Yeckoro BKJIafla B MyJ

q)eKaanbe CTaHOJIOB UCITIOJIb30BAJIICh MHEKCHI:
RI KORPOCHIGHOT + INUK ORPOCINaRO

KORpPoCmaHo + sRUKORpacmanon + St — XOASCHHAHG

(Bull et al., 1999),

HOXPOCHNEROT + INUEOHPOC AR OR

KOOSR HOI +3?zui~conpocmxwx + Xogecrhepal

(Takada et al., 1994, HO ¢ Ho6aBJIeHHEM SITUKOMPOCTA-
HOJIa [ KoMneHcanuu 3¢ deKkra paHHero AuareHesa).

3. Pe3ynbTaTthbl U 06Cy)kAeHHME

B npoHHBIX oOTIOXeHUAX 03€p Ileionrma u
3anoBegHoe ObLIM OOHApyXeHBl KOIPOCTAHOJI, SMH-
KOIIPOCTAHOJI, S50-XOJIECTAHOJI M XO0JIECTEPOJI. SA-XO-
JIECTAHOJI ABJIAETCA WHAWKATOPOM o0mero Qekasb-
HOTO 3arps3HEeHMs, a XO0JIeCTEpPOJ BBHIAEJAETCA B
HanOOoJIbIIIeM KOJINYEeCTBE y IUJIOTOAMHBIX >KUBOTHBIX.
OpnHoBpeMeHHoOe 1o ob6ouM uHAekcam R1 u R2 ysBe-
JIMYeHUsA AO0JIM KOIIpOCTaHojia He HalJofaeTcs Kak
nnsa osepa IletoHrga, Tak u AjiA 3amnoBefgHoro (puc.).
BeposaTHO, aHTponOreHHasA Harpyska Ha 03épa B Uccie-
JOBaHHbBIE TIePHUOALI Oblila HE3HAYNTEJIBHOU.

4. 3aknioueHue

[Ipu nomomy aHajM3a OHMOXMMHYECKUX Map-
KEpOB (peKaJIbHOTO MOCTYIJIeHUs ObLIIO OOHapyXeHO
JIMIIb He3HauyuTeJIbHOe aHTPONOreHHOe BJIMAHKE Ha
o3épa Ileronraa u 3anoBegHoe. B paHHee Hamu uccie-
aoBaHHOM o3epe Illupa HabmOOAIOCh yBeJIUYeHUE
J0JIM KONIPOCTaHOJIa B IEepHO/b], CBA3AHHBIMU C HEKO-
TOPBIMU UcTOpUYeckuMu cobbiTuaMu (CuHHEp U Ap.,
2024). 3Tto cBa3zaHO ¢ OoJiee OGJIATONPUATHBIMU [OJIA
yeJioBeKa YCJIOBUAMH, HeXeJIM B OKPECTHOCTAX O3€Ep
Iletonrga u 3amnoBejgHoOeE.
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JlanHas paboTa Obli1a MpoBe/ieHa 3a CUET CPeLCTB
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