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Abstract

The average background concentrations of 42 elements, including heavy metals which are the most
dangerous pollutants of the environment, were calculated based on detailed research of sediments of 15 small
lakes in the south of the Republic of Karelia. The sediment samples from the lakes were collected from 2016 to
2018. The main items of equipment were a gravity sampler Limnos and hand sampler. The former is capable of
producing a 60 cm core and dividing it into 1 cm layers, the latter can enter sediment to a depth of 15 m. All
samples were prepared by chemical analysis and measured using uniform methods. The concentrations of
chemical elements were taken by the mass-spectral method on a XSeries-2 ICP-MS. To reveal the layers
accumulated in the pre-industrial period, similar research of the area of the Murmansk region and countries of
the Scandinavian Peninsula were used. Besides this, the geochemistry and geochronology of lake studies of the
author were also used. Eventually, from 73 to 76 samples were taken for an assessment of background
concentrations of heavy metals and other elements in the sediments of the lakes from Karelia's south. Given that
the data obtained do not obey the normal distribution law, which is often found in geochemistry, the median
sample was taken as the averaged background concentration of chemical elements. The results were similar to
analog data for neighboring regions, including the Murmansk region and Scandinavian countries. Moreover, the
levels of accumulation of chemical elements in lake sediments of Karelia's south are similar to some of the data
for stream sediments of the studied region. The exceptions were elements controlled by terrigenous fractions of
the stream sediments. This fraction is more rapidly accumulated in the stream and river sediments than in lake
sediments. New data can be used for future environmental and geochemistry studies of the sediments of small
lakes subject to anthropogenic impact.
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Pegpepam

Ha ocHoBe petanbHOro mMccieqoBaHus AOHHBIX OTJIOXKEHHI 15 Manbix 03ep roxHol uactu PecmyOmnku
Kapenuu Obui paccuuTaHbl ycpeaHeHHbIC (OHOBbIC 3HA4YCHHS 42 JJIEMEHTOB, B TOM YHCIE TSIKEIbIX
METAUIOB Kak HauboJiee OMacHbIX 3arps3HuTeneil okpyxatomeil cpenpl. IloneBble paboThl, BKIIOYAIOMINE
0100p TPOO JOHHBIX OTIIOKEHMI, TTPoBOMIHCh B miepuos ¢ 2016 no 2018 rr. OCHOBHBIMU WHCTPYMEHTaMU
oréopa CIyXWM NpoGooTOOpPHUK Limnos, MO3BONSIOMMI MOMYYUTh KOJOHKH JOHHBIX OTJIOKECHHI
BBICOTOI 710 60 M ¢ TIOCIIeIYIOIINM pa3zeieHleM Ha cllor 1o 1 cM, 1 py4dHoii Oyp, criocoOHBIN 0TOMpATh
po6sl 10 15-MeTpoBoii rimyOuHBL. Bee 00pasubl MOJAroTOBICHBI M MPOAHATU3UPOBAHBI TI0 €IUHOM
Mmeroauke. OnpeeneHre XUMHYECKUX SJIEMEHTOB OCYLIECTBIISUIOCH IPU MOMOIIM MAacc-CIIeKTPOMETpa
¢ MHIYKTUBHO-CBSI3aHHOIT 11a3moit ISP-MS. AHami3 aHalorH4HbIX HCCTIEN0BaHMI Ha TeppuTopry MypMaHCKOM
obnactu 1 ctpaH CKaHIMHABCKOrO IOIYOCTPOBA, NMEIOIIMX CXOIHBIE TeOJIOTHYECKUE YCIOBHS C TeppUTOpHeit
PecniyOnuku Kapenuu, a Takxke aHanu3 cOOCTBEHHBIX M'€OXUMUYECKUX U F€OXPOHOIOTUUSCKUX JaHHBIX
TIO3BOJIIJI BBIJCIUTH CJIOH JIOHHBIX OTIIO’KEHMI Masibix o3ep Kapenmuu, o0pa3oBaBIviecs B JOWHIY CTPUAIBHBIH
niepuo pasutus obmiectBa. O6mas BIOOpKa coctaBuia ot 73 10 76 npoO B 3aBUCUMOCTH OT JIEMEHTA.
YuuThIBas, YTO MOSYYEHHBIE JAHHbIE HE MOTUUHSIOTCS HOPMAIBHOMY 3aKOHY paclpeleNieHts], YTO HEepeaKo
BCTPEUAETCsl B FEOXMMHH, 38 YCPEAHEHHbIE (JOHOBBIE KOHLIEHTPALIMM XMMHYECKUX HJIEMEHTOB PHHUMAJIOChH
3HAYeHHE MeJuaHbl BbIOOPKH. PesynbraThl OJIM3KM K JaHHBIM, paHee IMOJYYEHHbIM JUIS TeppUTOpUii
COCE/IHIX PErHOHOB, BKIIOYast MypMaHCKyI0 0061acTh U cTpanbl CKaHAMHABCKOrO HOIyocTpoBa. Kpome Toro,
YCTaHOBJICHO, YTO YCPeIHEHHbIE (JOHOBbIC KOHLIEHTPALIMM XUMHUYECKUX IEMEHTOB B JIOHHBIX OTJIOKEHHSIX
o3ep tora Kapenuu G1u3ku K yCpeIHSHHbIM (DOHOBBIM KOHIICHTPALMSAM ITHX )K€ JJIEMEHTOB B OCajKax
BOJOTOKOB FOXKHOM uacTH pecryOiauku. VICKIo4eHHs: COCTaBIAIOT JUTO(QUIBHBIE DJIEMEHTBI, KOTOpbIe
B OOJIbIIEH CTENEHNW TATOTEIOT K OTJIOKEHUSIM BOJIOTOKOB, IJIe OHM KOHTPOJMPYIOTCS TEPPUTEHHOM
cOCTaBJISIIONIEH peuHbIX ocajkoB. HoBble CBeJEHMS MOXKHO HCIIOJIB30BATh IPH JAJIbHEHIINX HKOJIOro-
FEOXUMHUYECKUX MCCIEI0BAHUAX JIOHHBIX OTJIOKEHHH MalbIX 03ep, MOJABEPKEHHBIX AHTPOIOI€HHOMY
BO3/ICHICTBHIO.

CnykoBckuit 3. M. Ouenka (OHOBBIX KOHIEHTPAILMI TSDKEIBIX METAUIOB M JPYTHX XUMHYECKUX
JNIEMEHTOB B JOHHBIX OTJIOXKEHUAX Manbix o3ep tora Kapemuu. Bectnuxk MITY. 2020. T. 23, Ne 1.
C. 80-92. DOI: 10.21443/1560-9278-2020-23-1-80-92
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Introduction

Studying the background concentrations of chemical elements, including those regarded as environmental
pollutants, is an important component of environmental research (Jaysanomep, 2012). In "classical" geology,
averaged or reference concentrations of chemical elements are mainly used to normalize the concentrations of
the respective elements in the studied matter, primarily in rocks and sediments (Hwmepnpemayus ..., 2001). One
example is the so-called clarke values, named after the American geochemist F. W. Clarke (1847-1931) and
representing the average content of chemical elements in the Earth's crust, hydrosphere, the Earth, cosmic
bodies, geochemical or cosmochemical systems, etc., relative to the total mass of the respective system.
Normalization using clarke values reveals any abnormal concentrations of individual chemical elements, which
is important in geological prospecting and commercial evaluation of mineral deposits (an applied task), as well
as identifying the general patterns of migration and accumulation of chemical elements in geosystems
(a theoretical task) (FOoosuu u Op., 2011). Normalized concentrations of chemical elements are known as
concentration factors or enrichment factors.

When studying environments capable of accumulating the incoming chemical elements (water, soil,
bottom sediment (or just sediments) of water bodies, living organisms), clarke values are replaced by
background concentrations, which may vary between regions. Background normalization makes it possible to
identify abnormal concentrations of chemical elements caused by anthropogenic impacts on the environment
(Uaysanemep, 2012; Boosnuyxuu, 2008). Based on background values, various indices and indicators can be
calculated in the context of environmental and geochemical studies, which is aimed at an integrated assessment
of the anthropogenic impact to characterize pollution levels and environmental damage caused. In this regard,
background values are often compared with maximum permissible concentrations (MPC) in different standards
or methodological guidelines. However, this comparison is not entirely correct, since standards are calculated
taking into account the possible impact on living organisms, including humans, without taking into account
regional geological and geochemical features, while background concentrations, on the contrary, emphasize
these features without an explicit reference to any impact on the biotic components of the given environment.
Considering that organisms, even those belonging to the same ecosystem, can respond very differently to
anthropogenic impacts, as well as the fact that contemporary MPC tend to fail to take account of the regional
climatic conditions and the adaptations that living organisms have developed, background concentrations seem
to be a more reliable reference for standards governing the concentrations of chemical elements in soil, water,
and sediments. Moreover, in the environmental interpretation of geochemical data, as opposed to the use of
regulatory standards, it is advisable to take into consideration the behavior of living organisms themselves.

Currently, the most studied is the problem of background concentrations of chemical elements in the
waters and soils in different regions of Russia and the world. The available research on the regional
geochemistry of the sediments of water bodies is fragmented. Moreover, there are still no national regulatory
standards for sediments, which in the absence of background values significantly complicate the interpretation of
the collected geochemical data on the sediment of water bodies (Jaysanomep, 2012). Adopting standards based
on either background or normalized values estimated for soils, based on the clarke values of the Earth's crust or
sedimentary rocks of the world can invalidate the results of environmental and geochemical studies. Thus, at
present, the study of background concentrations of chemical elements in sediments is one of the most relevant
research problems in environmental geochemistry and geoecological research. This problem is especially
pressing in the northern regions of Russia with their abundance of rivers and lakes, where the key challenge
facing environment limnologists and geochemists is to assess the present condition of water bodies taking into
account the growing anthropogenic pressure on the environment around the world. One such region is the
Republic of Karelia, a region of Russia with nearly 60 thousand lakes, most of which are small lakes
(Kamanoe..., 2001).

The aim of study is to estimate the background concentrations of chemical elements, including heavy
metals (HMs), in the sediments of the small lakes in the southern part of the Republic of Karelia. This research
problem has never been studied before in Russian Karelia.

Materials and methods

Sediment sampling in 15 small lakes in the southern part of the Republic of Karelia (Fig. 1) took place in
2016-2018, both in summer and in late winter — spring. The five studied lakes are urban water bodies located in
the cities of Petrozavodsk (Lakes Lamba and Chetyrekhverstnoe), Medvezhegorsk (Lakes Plotichie and
Kitaiskoe), and Suoyarvi (Lake Kaipinskoe) (Crykosckui, 2018). The other lakes are located mainly in forested
or swampy forested areas at a distance from larger centers of population.

The samples were mostly collected using a Limnos sampler, allowing to extract stratified sediment core
samples up to 60 cm long and separate these into 1 cm or thicker layers. Considering that sediments can differ in
density and water content, the core samples ranged from 28 to 48 cm. In addition, in Lakes Lamba,
Chetyrekhverstnoe, Gryaznoe, Rakhoilampi, and Dennoe, the sediment was drilled to the rock bed, silt, or clay,
underlying the sediment. For this purpose, a manual drill (the so-called Russian drill) was used, which allows
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drilling to a depth of 15 m, including water depth. Over the three years, 278 sediment samples were collected
from various depths.

N
T Republic of Karelia
o MR
63° gake Gryaznoe
Finland Lake Plotichie SWE
Lake Kitaiskoe FIN
NOR QD ‘%
- Lake Rakhoilampi RUSSIA
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Fig. 1. Map of the study area. Inset: MR — Murmansk Region, NOR — Norway, SWE — Sweden, FIN — Finland

Puc. 1. Kapra paiiona uccnenoaHus.
Bpeska: MR — Mypmanckast o6macts, NOR — Hopsermsa, SWE — IIsermst, FIN — OunstHINS

All studied sediments are sapropel — the most common type of lake sediments in the Republic of Karelia
(Cunvkesuy u dp., 1995). The proportion of organic matter in sapropel ranges between 15 and 90 %, however in
the majority of the studied lakes, the sediments contained 40—50 % organic matter and can be classified as
organic or organosilicate sediments. Only the sediments in Lake Lamba located in the city of Petrozavodsk
(Cnykoscruii u op., 2017) belongs to the organo-ferrous type, which is also often found in the region.

After collection, all samples were placed into plastic containers, which were labeled and packed in
a cooler bag. Then the samples were delivered to the laboratory and placed in a refrigerator, in which they were
stored until dry at a temperature of about 4 °C according to the methodological guidelines. For further study, the
sediment samples were dried to an air-dry condition at room temperature and then to an absolutely dry condition
in an oven at a temperature of approximately 105-110 °C. Laboratory tests were carried out at the Analysis
Center of the Institute of Geology of the Karelian Research Centre of the Russian Academy of Science, in
Petrozavodsk, Karelia.

Sediment samples were decomposed with acid in an open system. For analysis, sub-samples 0.1 g each
were used. The samples were placed in 50 ml Teflon glasses, 0.1 ml of a solution containing 8 ppb 161 Dy was
added (to monitor chemical yield during the decomposition of samples) and then several drops of deionized
water. Then, 0.5 ml of HCIO, (Perchloric acid fuming 70 % Supratur, Merck), 3 ml of HF (High Purity,
TU 6-09-3401-88), 0.5 ml of HNO; (High Purity GOST 11125-84") were added and evaporated until intense
white vapor was observed. HF, HNO;, HCI underwent additional purification in a PTFE/PFA SubboilingEco IR
distiller. The glasses were cooled, their walls were washed with water, and the solution was again evaporated to
wet salts. Then, 2 ml of HCI (High Purity, GOST 14261-77%) and 0.2 ml of a 0.1 M solution of H;BO; (AR
grade) were added and evaporated to a volume of 0.5-0.7 ml. The resulting solutions were transferred into
polyethylene bottles and diluted with deionized water to 20 ml. For analysis, basic solutions diluted by a factor
of 20 were used. To prepare blank samples, the above procedure was repeated in Teflon glasses without samples.
Together with the analyzed samples, blank samples and one standard (control) sample (sediments from Lake
Baikal BIL-1 — GSO 7126-94) were decomposed.

The content of chemical elements (Li, Sc, Ti, V, Cr, Mn, Co, Ni, Cu, Zn, Rb, Sr, Y, Zr, Nb, Mo, Cd, Sn,
Sb, Cs, Ba, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Hf, W, T, Pb, Bi, Th, U) in the sediment
samples was measured by the mass spectral method using an XSeries 2 ICP-MS instrument by Thermo Ficher

" GOST 11125-84. Super pure nitric acid. Specifications. Moscow, 2006.
2 GOST 14261-77. Hydrochloric acid super pure. Specifications. Moscow, 1988.
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Scientific. A total of 11 676 chemical element measurements was performed. Further analysis of the collected
data taking into account the reference sample showed that the measured concentrations in mg/kg are
characterized by a relative standard deviation (RSD) of 5.5-16.7 % and a correlation coefficient of R*= 0.997
(Table 1). Thus, the relative measurement error did not exceed the permissible values for the chemical elements
identified in this study, including HMs (Cseemos u op., 2015).

Table 1. The results of chemical composition measurements in mg/kg of the certified standard BIL-1 by
ICP-MS using an X-Series 2 quadrupole mass spectrometer by Thermo Fisher Scientific at Analysis Center
of IG KarRC RAS in 2016-2018
Tabauua 1. Pe3ynbTaThl H3MepeHUit XMMUYECKOT0 COCTaBa (B MI/KT) CepTU(ULMPOBAHHOIO CTaHAApTa
BIL-1 ICP-MS c¢ ucnionbzoBanueM macc-criekrpomerpa X-Series 2 ¢pupmbl Thermo Fisher Scientific
B AnanutnyeckoM uentpe UI" KapHL] PAH B 20162018 rr.

Element DL BIL-1, + BIL-Imeas, 7= 32 | RSDy, RSD,1, %
Li 0.24 37.00 4.00 40.33 2.56 6.3
Sc 8.9 13.00 2.00 16.00 2.35 14.7
Ti 55 n/a n/a 3712.47 406.88 11.0
v 3.1 110.00 10.00 106.19 10.69 10.1
Cr 25 66.00 4.00 66.24 6.18 93
Mn 0.46 n/a n/a 3110.09 274.90 8.8
Co 0.034 18.00 2.00 16.16 0.98 6.1
Ni 6.2 54.00 6.00 50.09 4.44 8.9
Cu 0.68 52.00 7.00 48.28 3.24 6.7
Zn 0.51 96.00 14.00 102.59 561 55
Rb 0.086 93.00 5.00 95.40 6.38 6.7
Sr 0.13 266.00 30.00 262.43 19.73 75
Y 0.1 30.00 4.00 23.59 1.52 6.5
Zr 0.22 156.00 13.00 89.43 12.11 13.5
Nb 0.02 12.00 2.00 10.69 1.04 9.8
Mo 0.1 2.90 0.50 3.53 0.37 10.6
cd 0.01 n/a n/a 0.32 0.05 16.5
Sn 0.21 3.20 0.50 2.85 0.48 16.7
Sb 0.024 0.95 nr 0.84 0.12 14.3
Cs 0.005 6.00 1.00 5.63 0.42 75
Ba 43 710.00 70.00 698.40 4736 6.8
La 0.01 45.00 6.00 41.59 2.89 6.9
Ce 0.012 80.00 5.00 73.15 735 10.1
Pr 0.02 8.00 nr 921 0.86 93
Nd 0.005 39.00 5.00 35.56 2.16 6.1
Sm 0.002 7.00 1.00 6.87 0.41 6.0
Eu 0.001 1.40 0.20 1.37 0.08 6.0
Gd 0.001 5.80 nr 5.74 0.35 6.2
Tb 0.002 0.90 0.10 0.84 0.05 6.4
Dy 0.002 4.60 nr 451 0.27 6.0
Ho 0.001 1.00 nr 0.87 0.06 6.4
Er 0.001 2.60 n/r 2.51 0.16 6.5
Tm 0.001 0.42 nr 0.36 0.03 75
Yb 0.001 2.90 0.40 2.38 0.15 6.5
Lu 0.001 0.40 0.05 0.35 0.03 75
Hf 0.001 3.90 0.70 2.44 0.19 7.7
W 0.03 430 nr 3.83 0.34 8.9
Tl 0.057 n/a n/a 0.55 0.07 12.0
Pb 021 21.00 3.00 2091 1.31 6.3
Bi 0.073 n/a n/a 0.47 0.07 14.6
Th 0.008 12.70 1.30 13.57 1.14 8.4
U 0.004 12.00 1.10 11.92 1.00 8.4

Notes. DL — the element detection limit, + — the certified range of measurement error, RSD,,, — the absolute
measurement error, RSD,; — the relative measurement error, n/a — the element not certified, n/r — the measurement
error range not calculated.
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Gamma-active radionuclides in the sediments of Lake Ukonlampi (Fig. 1) were measured at the Radiochemistry
Department of Moscow State University using an ORTEC GEM-C5060P4-B gamma-spectrometer and ultra-
pure germanium (HPGe) semiconductor detector with a beryllium window (relative efficiency 20 %). The spectra
were processed in the software suite SpectralineGP.

Statistical processing of the data was done in Microsoft Excel 2007. The results of the study were
visualized in Inkscape 0.48.4.

Results and discussion

This study of the collected core samples of recent sediments from small lakes in Karelia revealed an
upward trend in the concentrations of chemical elements, primarily HMs, from the deeper layers of sediment to
the more recent ones. This trend is most pronounced for urban lakes, mainly in the city of Petrozavodsk, which is
associated both with the powerful impact of local pollution sources and with the long-range transport of
pollutants (Ciryxosckuii, 2018, Medvedev et al., 2019). For example, in the sediment core sample from Lake
Lamba located near a thermal power station in Petrozavodsk, abnormally high concentrations of V, Ni, Cr, and
other metals were found in layers 0 to 20 cm deep, which is associated with the practice of burning fuel oil
(Cnyrosckuit u 0p., 2017). In addition to HMs, recent sediment layers in urban lakes demonstrate an increased
concentration of lithophilic elements, e. g. lanthanides (Cinykosckuii, 2019). One of the explanations for this
phenomenon may be the deposition of fine urban dust, composed of particles of silicate minerals, which are the
primary concentrators of lanthanides. The dust may also originate from construction sites in the city, as well as
with the practice of winter sanding of roads with a clay-sand mixture, which is easily carried by the wind in
summer.

In non-urbanized areas, which can conventionally be described as reference areas, long-range transport is
the main factor in the accumulation of HMs in lake sediments (Vinogradova et al., 2017). According to
numerous studies, Pb, Cd, Hg, T1, Sb, and Bi can be classified as the main agents of long-range transport (Sarkar
et al., 2015; Mcconnell et al., 2008; Bartnicki, 1994). Typically, these elements are closely correlated with each
other, which further supports the validity of the hypothesis about the influence of long-range transport. Most of
the other elements, especially lithophilic elements, do not show pronounced abnormally high concentrations in
the upper sediment layers compared to the deeper layers (Crnykogckuu, 2019; Slukovskii et al., 2019). However,
the study of sediment core samples from some regions of southern Karelia revealed that such elements as Zn,
Cu, Sn can also exhibit the behavior typical of long-range transport agents. Considering that there are no local
sources of these metals near the respective lakes, it is logical to hypothesize that these elements could also enter
water bodies through atmospheric transport. In particular, this situation is observed in the lakes of the
southwestern part of Karelia, which can be explained by the effects of industrial emissions from the Leningrad
Region and St. Petersburg on the geochemistry of the recent sediments in Karelia (Slukovskii et al., 2019).

To establish the background level of chemical elements in the collected sediment core samples from the
studied small lakes in the south of Karelia, two factors were taken into account: sedimentation rate in small lakes
of neighboring regions (as no such data is available for Karelia) and direct analysis of the vertical distribution of
marker elements in the studied sediment core samples. Pb was chosen as a marker element, because it is the most
reliable indicator of historical changes in the environment 150-300 years ago (Sarkar et al., 2015; Karlsson et
al., 2006; Escobar et al., 2013; Hosono et al., 2016; Dauvalter et al., 2010).

The average sedimentation rate in the small lakes of Northern Fennoscandia and Murmansk Region,
which geology is similar to that of Karelia, is known to vary from 0.3 to 1.25 mm per year (Jaysaromep, 2012;
Rognerud et al., 2000; Hakanson, 1984). Taking into account that the southern part of Karelia has a greater share
of forested areas compared to Northern Fennoscandia and Murmansk Region and that the sedimentation rate can
be higher in Karelia due to the high flow rate of organic matter into the lakes, a sedimentation rate of 1.25 mm
per year was adopted. Thus, sediments 30 cm thick could form over the course of approximately 240 years.
However, the most pronounced changes in the accumulation of HMs in the northern environments around the
world started to happen later than indicated, namely 150—170 years ago (Keinonen, 1992; Dauvalter et al., 2011;
Mouceenxo u op., 2000). Therefore, in the average lake, sediment layers deeper than 20 cm can be regarded as
reference layers that formed in pre-industrial time. Examination of the sediment core samples from the lakes that
were investigated as part of this study largely supported these assumptions. Fig. 2 shows that in all five lakes in
the reference regions of southern Karelia, a noticeable increase in Pb concentrations begins at a depth of
15-25 cm. Other elements behave similarly, namely Sb, Cd, Tl, Bi, and other markers of the effects of global
anthropogenic emissions on the geochemistry of the recent sediments in small lakes (Michinobu et al., 2013).
This is also seen in Fig. 3, which shows that the increase in the concentrations of Pb, Cd, and Tl in the recent
sediment in Lake Ukonlampi dates from the early 20th century, which is associated with the industrial
development in Europe. The most noticeable increase in the concentrations of chemical elements was observed
in the post-World War II period, which is associated with the active growth of the industry in the USSR. The
average recent sedimentation rate in Lake Ukonlampi, according to a dating study, is 1.25 mm, which coincides
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with the previously adopted general value for the lakes in the south of Karelia (Slukovskii et al., 2019). In
addition, similar sedimentation rates are observed in the southern regions of Finland and Sweden (Karisson et
al., 2006; Verta et al., 1989).

Pb (Dennoe), mg/kg Pb (Rakhoilampi), mg/kg |Pb (Liunkunlampi), mg/kg | Pb (Ukonlampi), mg/kg Pb (Gryaznoe), mg/kg
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Fig. 2. Vertical distribution of Pb concentrations in the sediments core samples from small lakes
in the south of Russian Karelia
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Fig. 3. The distribution of Pb-210, Pb, Cd, and TI1 by depth in the sediments of Lake Ukonlampi
(southwest of Karelia)
Puc. 3. Pacnipenenenue Pb-210, Pb, Cd u Tl no riy6uHe B COBpeMEHHBIX OTIOKEHUsX 03epa FOkoHmaMmu
(roro-3anag Kapenuu)

However, each lake is unique, and the sedimentation rate can vary greatly even within the same region or
part of the region. Therefore, to estimate the background concentrations of chemical elements in the sediments in
the small lakes of Karelia, only the deepest layers of all column samples were used, where the coefficient of
variation of Pb concentrations does not rise above 50-60 %. These are layers between 14 and 48 cm, depending
on the particular lake. In addition, concentrations of chemical elements found in the samples collected using
a hand-held drill from depths of 1 meter or deeper were included in the dataset. The age of such sediments,
which formed in the interval between the deglaciation of the modern Republic of Karelia and the onset of
industrialization in the countries of Europe and North America, is estimated to be thousands of years (Cunsreguy
u dp., 1995). Consequently, any variations in the chemical composition of such sediments can be attributed to
natural factors, which is acceptable when estimating the background concentrations of chemical elements. The
resulting datasets for the 42 elements ranged from 73 to 76 samples. The concentrations of the majority of
chemical elements in the samples do not follow the normal distribution, which is often the case in geochemistry;
therefore, sample median values (xy.), which, unlike the arithmetic mean, are less affected by any extremely
high outliers in the samples, were adopted as average background concentrations. Other indicators for each of
the elements are shown in Table 2.
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Table 2. Background concentrations (in mg/kg) of chemical elements
in the sediments of small lakes in the southern part of Russian Karelia
Tabnmma 2. ®oHOBBIE KOHLIEHTPAIMHY (B MT/KT) XUMHUUECKUX AJIEMEHTOB B OTIIOKCHHSIX
MallbIX 03ep 10XkHOI yactu Kapenuu

Element XMe Xmax Xpmin n
Li 2.7 23.5 0.3 76
Sc 9.0 18.6 1.9 76
Ti 286 2174 46 76
A% 32 160 2 74
Cr 18 65 6 76
Mn 437 36 610 49 76
Co 6.1 13.4 1.2 76
Ni 24.8 75.2 6.9 76
Cu 33 230 8 76
Zn 95 424 29 75
Rb 6 63 1 76
Sr 35 147 21 76
Y 7 31 2 76
Zr 32 582 4 76
Nb 0.90 6.73 0.16 76
Mo 2.0 12.4 0.5 76
Cd 0.41 1.71 0.08 73
Sn 0.56 1.77 0.34 76
Sb 0.17 0.81 0.06 76
Cs 0.35 2.03 0.03 76
Ba 250 1461 41 76
La 12.7 50.0 2.8 76
Ce 25 116 5 76
Pr 3.0 12.8 0.6 76
Nd 11.3 49.8 2.3 76
Sm 2.21 9.98 0.58 76
Eu 0.46 1.57 0.13 76
Gd 1.69 8.35 0.50 76
Tb 0.28 1.05 0.07 76
Dy 1.46 6.25 0.37 76
Ho 0.28 1.19 0.07 76
Er 0.81 3.26 0.21 76
Tm 0.11 0.42 0.03 76
Yb 0.71 2.88 0.18 76
Lu 0.10 0.42 0.03 76
Hf 0.8 12.8 0.1 76
W 0.35 2.53 0.15 76
Tl 0.14 0.52 0.05 76
Pb 4.6 21.3 0.7 76
Bi 0.08 0.70 0.03 76
Th 2.23 9.77 0.48 76
U 1.5 423 0.2 76

Notes. xpe — the median, x,,,, and x;, — the maximum and minimum values of the sample, #» — the number
of samples.

Comparing the estimated background values for small lakes in Karelia with similar data (Jaysanemep,
2012; Hakanson, 1984; Dauvalter et al., 2011; /Jaysaremep u op., 2014) for neighboring regions (Fig. 4), it can
be seen that the values for all elements, except Cr, are almost identical in the sediments from the lakes in Karelia
and Murmansk Region. Lake sediments in the Scandinavian countries show slightly elevated concentrations of
Pb, Cr, Co, and Ni compared to the studied lakes in Karelia and Murmansk Region. In both cases, there is likely
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a difference in the organic matter content in the sediments from the lakes of Karelia and regions located further
north, since Pb, being a chalcophile element, and Cr, Co, and Ni, being siderophile elements, accumulate to
a significantly greater extent in mineral deposits, which are more common in the Murmansk Region and
Scandinavia. In addition, these regions may have generally increased geochemical background levels of these
elements due to a large number of Pb, Cr, Co, and Ni ore occurrences and deposits.

It was also found that the background concentrations of Zn, Cr, V in the lake sediments from the south of
Karelia are close to the respective values in the sediments from small lakes in southern Norway (Rognerud et al.,
2000). On the other hand, the Norwegian sediments have a slightly higher enrichment factor of Co, Pb, and Mn,
compared to the Karelian lakes, which we attribute to the multiple ore occurrences of the respective elements in
southern Norway and a slightly lower enrichment factor of Cu, Ni, and Cd, compared to the Karelian lakes. The
latter may also be associated with the geochemical features of each of the regions. For example, elevated Cu
concentrations in the surface waters in the southern part of Karelia and increased background levels of Cd in the
rivers of Karelia were previously noted (berkuna u op., 2012).

B Republic of Karelia @ Murmansk region B Scandinavian countries
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Fig. 4. Average background levels of heavy metals in the sediments
of the lakes in the south of Karelia, Murmansk Region, and Scandinavian countries
Puc. 4. Cpennrie GOHOBbIE YPOBHHU COJEPHKAHUS TKEIBIX METATIIOB
B JIOHHBIX OTJIOKEHHsX 03ep rora Kapenvun, MypMaHckoii o6nactu u ctpan CkaHAWHABUY

The averaged concentrations of rare-earth elements (REE) in the sediments of lakes in the south of
Karelia have a similar distribution pattern with the trend for the upper continental crust (Fig. 5), whose
composition is usually adopted to analyze the behavior of lithophilic elements (Humepnpemayus..., 2001; Sun et
al., 1989; Wedepohl, 1995). In both cases, enrichment in light REEs and a negative Eu anomaly are typical.
However, at the same time, the total REE content in the upper continental crust is much higher than in the
sediments of Karelian lakes, which is due to the fact that in sediments with a high organic matter content, which
also applies to the studied lake sediments, the total REE content tends to be low. The accumulation of these
elements is usually controlled by the terrigenous fraction of the sediment, therefore the total REE content is
usually higher in the mineral sediment, where the organic fraction does not exceed 10-15 % (Cmpaxogenko,
2011). In addition to REE, whose levels are low — compared to the average continental crust — in the background
layers of the sediments of small lakes in the south of Karelia, the levels of other chemical elements, except Mo,
are also low. Mo ores and ore occurrences are common in Karelia (Munepaneno-ceipvesas..., 2006), which
probably contributed to its accumulation in pre-industrial times. On the other hand, the upper sediment layers of
the studied lakes are significantly enriched in elements such as Pb, Cd, Tl, Zn, Cu, W, V compared with the
average continental crust, which is explained by the anthropogenic factor (Cnyxosckuii, 2018).

A comparative analysis of the concentrations of various chemical elements in the lake sediments collected
for this study and in the river sediments collected in Karelia's reference areas (I"eoxumuueckoe..., 2004) showed
a fairly close level of accumulation within the same region (Fig. 6). A minor difference is noted only for Cu, Ba,
and Zn, which are better represented in lake sediment with a high content of organic matter, and for Li, Cr, and
Sr, which accumulate more intensively in stream and river sediments due to the abundance of the terrigenous
fraction, which predominantly contains lithophile elements. But in general, the data collected for lake sediments
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in the south of Karelia is comparable with similar data for stream sediments, as well as for lake sediments in the
neighboring regions of Russia and other countries.

—o— Continental Earth's crust ——Sediments of Karelian lakes
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Fig. 5. Trends of chondrite normalized (Feaxuna u op., 2012) averaged REE levels in the lakes
in the south of Karelia compared to the continental crust
Puc. 5. Tperns! HOpMaTH30BaHHBIX N0 XOHIPUTY (Beakuna u Op., 2012) ycpenHEeHHBIX conepxanunit P32
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Fig. 6. Average background levels of chemical elements in lake and stream sediments from Karelia's south
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On the other hand, one cannot but take into account the fact that contemporary studies and those
conducted earlier employ completely different methods and instruments and may have purely technical
inconsistencies that are not related to the natural distribution patterns of chemical elements. Ultimately, the
results will be most relevant when studying lake sediments in the northern regions of Russia, geologically close
to the southern part of Karelia. In addition, further studies will be conducted to collect more accurate data on the
background levels of chemical elements in heterogeneous lake sediments in the Republic of Karelia and,
possibly, neighboring regions. Large-scale similar studies in Siberia have shown that organic silts, mineral,
ferruginous, and carbonate sediments can have significant differences in terms of geochemistry (Cmpaxosenxo,
2011). Considering that in Karelia and Murmansk Region, in addition to carbonate sediments, almost all types of
recent lake sediment are present, which also include diatomites and diatom sapropels containing a significant
share of fossil diatom valves (Cunbrxesuy u op., 1995, Jemuodos u op., 2006), such studies appear to be highly
relevant. Moreover, one should take into account the absence in Russia of any standards governing the
concentrations of chemical elements, primarily HMs, in the sediments of different water bodies.
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Conclusion

As a result of this study of 15 small lakes in the southern part of the Republic of Karelia and core samples
of the sediments from these lakes, the average content of 42 chemical elements, including heavy metals, was
estimated, which can be used as background values for the study area. Our analysis of the obtained background
values showed that the deeper (pre-industrial) sediment layers in the lakes are significantly depleted in all
elements compared to the continental crust. An exception is Mo, whose ores and ore occurrences are widespread
in the south of Karelia. In addition, it was found that the averaged concentrations of rare-earth elements in the
sediments of lakes in the south of Karelia have a similar distribution pattern with the trend observed in the upper
continental crust. Enrichment in light rare-earth elements and a negative Eu anomaly were observed. A
comparative analysis of the obtained background levels of Pb, Cd, Cu, Ni, Zn, Cr and similar data from the
Murmansk Region and Scandinavian countries highlighted the compared values that are similar. In addition,
similar values were obtained when comparing the average concentrations of chemical elements in the lake and
river and stream sediments in the south of Karelia. A minor difference was found only for Sr, V, and Cr that to
a large extent gravitate toward the terrigenous fraction of the sediments, which is better represented in stream
sediments. Our findings can form the basis for an extensive study of the background concentrations of chemical
elements in sediments throughout the Republic of Karelia, including the identification of the background values
of elements for different lithological types of sediment (sapropels, diatomites, mineral, ferruginous, and
carbonate sediments).
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