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Summary

The aim of the study is to estimate the role of sediment components in the accumulation of microelements in
lakes of the permafrost-affected area (the Lena Delta, northern Siberia). A fractional analysis of several trace
elements (V, Cr, Co, Ni, Cu, Zn, Sn, and Pb) was conducted. Samples were collected from 10 lakes during the
summer period of the “LENA 2019” expedition. The content of the chemical elements in the sediments was
measured with the ICP-MS instrument. The results of the work show a relatively homogeneous distribution of the
acid-soluble forms of the metals in sediments from different lakes. The content of trace elements in all the lakes
studied is determined by natural (lithogenic) sources. Stable minerals inherited from the rocks play a crucial role
in the sediment formation. Most of the elements are predominantly fixed in stable mineral and organometallic
fractions. However, for V, Co, and Cr a high level of geochemical mobility was identified in some of the lakes.
The metals of soluble complexes are capable of migrating from the sediments to the water due to physical and
chemical changes in the aquatic environment. Furthermore, the organic substances and the Fe/Mn hydroxides
of the sediments have a low potential ability to bind the metals into stable compounds.
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INTRODUCTION

The Lena Delta is located in a permafrost-affected area of the Russian Arctic (Fig. 1).
There are numerous lakes within the territory. Their hydrological and hydrochemical
features are predominantly affected by surface fluxes from the catchment areas, the
groundwater of the active layer, and the flooding regime of the river Lena [1-3].

160 IIPOBJIEMbI APKTHKH U AHTAPKTHUKH * 2022 * 68 (2)




A.V. Guzeva, I.R. Elizarova et al.

A
{ \

&

ANSE 7 N
Kurungnachylsla
- preQuarternary formation

hydrolaccolith (not to scale)
- deluvial and solifluctional deposits:
sandy clay, loam; sand (3m)
2
- eluvial and solifluctional deposits: g
rock debris; rotten rocks; sandy clay (3m) é

Fig. 1. The area studied [16]
Puc. 1. Tepputopus uccnenoBanus [16]

Quarternary formation

Undated
formation

Holocene

Pleistocene

\T 4

Arctic Ocean
( :‘ o
o
Laptev Sea o
X S A

Siberia

r m alluvial-marine deposits:
sand with detritus (8m)
alluvial-marine deposits:
sand with detritus (8m)
alluvial deposits: sand;
sand with pebbles and plant detritus;
. pebble; gravel (20m)

Yedoma Ice Complexes:
aleurit, loam aleurit,

- sand with syngenetic ice wedges (60m)

alluvial-marine deposits:
- sand; sand with gravel,

aleurit; pebble (20m)

Furthemore, the ongoing thermokarst processes can also influence them by releasing
chemical elements from the permafrost deposits present under the lake bottom [3, 4]. The
lake sediments constitute the terminal accumulation matrix of chemical substances in the
aquatic ecosystems. However, the accumulated chemical elements can be released from
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the sediment to the water column if there are changes in the physicochemical parameters
of the environment. In this context, two aspects of trace element content in the sediments
are important to analyze: the total concentration and chemical fractions of the elements
[5-7]. The assessment of the total content of the elements is necessary for understanding
their regional background concentrations in the sediments [§]. However, the migration
mobility of metals depends on the type of chemical bonding of the elements with the
mineral and organic components of the sediments [9, 10]. Humic substances, clay minerals,
and Fe/Mn hydroxides are the main accumulation matrices of elements in lake sediments.
They form the most stable compounds with metals. However, metal ions can be associated
with sediments by weak chemical bonds. The most mobile fractions are predominantly
involved in the biogeochemical cycles. Therefore, comprehensive geochemical surveys are
necessary to understand the specific features of the processes of microelement migration
in the permafrost-affected limnic systems.

This research is a continuation of the previous geochemical investigation of the
permafrost-affected lakes of the Lena Delta in the vicinity of the Samoylov station [11]. The
aim of this paper is to estimate the role of organic and mineral components of sediments
in the accumulation of the trace elements (V, Cr, Co, Ni, Cu, Zn, Sn, and Pb). Importantly,
it is the first full-spectrum analysis of the chemical fractions of metals in lake sediments
of the region studied that has ever been conducted.

MATERIALS AND METHODS

Study area

The delta of the Lena river is the largest in the Arctic. Its Quaternary sediments
overlay the Ordovician—lower-Carboniferous terrigenous-carbonate deposits (Fig. 1). Three
main geomorphological terraces have been distinguished in the Lena Delta, above the flood-
plain [12, 13]. The lakes studied are located on the first terrace (Samoylov Island), the third
terrace (Kurungnakh Island), and on the erosional residual outcrop (Sardakh Island). The
first terrace is Holocene in age (3—4 ka BP) and is represented by sandy deposits with plant
remains (moss detritus). The third terrace is composed of late Pleistocene (13—12 ka BP)
ice-bearing permafrost deposits — Yedoma Ice Complexes [14]. The Sardakh Island is
made up of Miocene and Pliocene deposits. Furthermore, on the island, the crystalline
basement lies at a depth of about 100 m under Neogene deposits [12]. The lakes of the
Lena Delta developed predominantly under thermokarst conditions [15]. The main types
of water bodies are polygonal ponds, deep thermokarst lakes and ox-bow lakes [4].

Sampling procedure
Samples were taken from 10 small lakes (their areas do not exceed 0.05 km?) in
August 2019 (Table 1). The hydrochemical features of the lakes of the Lena Delta can be
found in a work by Chetverova et al. [3]. The surface sediment (0—10 cm) was collected
using the Van Veen grab. Samples were taken at five locations within each lake, chosen
in such a way as to cover the whole variety of depths of the water body. They were
subsequently combined to form an integral sample for each given lake.

Chemical analysis of the sediments
For the analysis of acid-soluble forms of the trace metals, fully dried sediment
subsamples were decomposed with a mixture of HNO, (70 %, high purity GOST
11.125-84), HCI (38 %, high purity, GOST 14.261-77) and H,0, (33 %, analytical
grade, GOST 10929-76). This method of acid decomposition allows extracting most of the
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metal ions. The exceptions are metals associated with insoluble residue (aluminosilicate
compounds). However, they do not participate in biogeochemical processes, except for
the mechanical movement of particles of primary minerals.

There are some fractional schemes of trace elements for soils and sediments
[5, 7,9, 17]. In this work, the following metal fractions were extracted: metal exchange
forms (fraction 1), metals specifically sorbed by various components of the sediment
(fraction 2), metals associated with the most stable organometallic complexes (fraction 3),
metals associated with the hydrated Fe and Mn oxides (fraction 4), and the most residual
(stable) phase (fraction 5), calculated by subtracting the total for the previous four fractions
from the content of acid-soluble forms of the chemical element. The chemical reagents
that were used for the fractional analysis are detailed in Guzeva et al. [9].

The content of trace elements in all the extractions was measured by the ICP-MS
instrument (ELAN 9000, ICP-MS instrument by PerkinElmer, USA). All the analyses
were performed twice. The result was accepted as correct if the difference between the
values did not exceed 20 %. The parameters of the measurements are presented in Table 2.
Certified reference materials (sediment sample from Lake Baikal BIL-1 — GSO 7126-94)
were used for quality control.

Table 2

Parameters of ICP-MS measurement of the trace element content in the sediment samples
Tabnuya 2

ITapamMeTpbl H3MepeHHs1 KOHIEHTPALUii MeTaJI0B B NPO0aX TOHHBIX OT/I0KEeHMIi
metoaom UCII-MC

Element "LOD A AW
A\ 3.10 5.60 1.57
Cr 2.50 2.30 2.37
Co 0.03 1.10 0.54
Ni 6.20 5.50 1.20
Cu 0.68 1.90 0.67
Zn 0.51 12.00 3.99
Sn 0.10 19.10 0.02
Pb 0.21 4.40 0.47

Note. '"LOD — limit of detection (mg/kg); A
measurement error (mg/kg).

(%) — the relative measurement error; *A  _— the absolute

el

Data processing

The content of acid-soluble forms of the metals was statistically summarized using
the maximum, minimum, and average values as well as the coefficient of variation (CV, %).
It is also important to note that, even though the said content is close to the total amount,
it can be lower. There was not enough data about the local geochemical background for
the lake sediments of the Lena Delta, therefore clarke values for the continental crust [18]
were used as the reference.

The assessment of the degree of risk to the aquatic ecosystem, in terms of the mobility
(bioavailability) of metals, was carried out using the indicator of the risk of secondary
water pollution (RAC index) [19]. This index takes into account the strength of the bond
of metals with the sediment components (the sum of 1 and 2 fractions). According to
this indicator, there are five degrees of risk: < 1 % — no risk, 1-10 % — low degree,
10-30 % — medium, 30-50 % — high, and > 50 % — very high.
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RESULTS

Trace metal content in the sediments

The details of the content of acid-soluble forms of the trace metals and its comparison
with the clark values are presented in Table 3. Cr, Co, Ni, Cu, Zn, and Pb are distributed
quite homogeneously in sediments of different lakes from the area studied. For most of
them, the value of the coefficient of variation does not exceed 33 %. The exceptions were
V and Sn. Their concentrations in the sediments of polygonal Lake Shallow exceed the
average values twice and thrice, respectively. Nevertheless, the concentration of all the

elements is either lower or at the same level compared to the clark values.
Table 3

The content (mg/kg) of acidic-soluble forms of the trace elements in
the lake sediments of the Lena Delta

Tabruya 3

Copep:kanue KUCJI0TOPACTBOPUMBIX (hopM MeTaI0B (MI/KI) B IP0O0GAX TOHHBIX OTJI0KEHHI
03ep AeJabThI p. JIeHbl

Lake/Element \% Cr Co Ni Cu Zn Sn Pb

Lake 1 27.37 41.55 13.61 26.79 16.22 81.11 0.09 11.16
Lake 2 3145 40.85 8.87 17.90 10.49 56.81 0.14 7.07
Molo Lake 29.80 43.32 12.98 23.10 13.03 81.75 0.87 9.70
Fish Lake 38.14 51.35 12.39 27.04 16.86 94.48 0.54 11.17

North Lake 23.27 39.98 9.79 20.85 10.89 76.40 0.20 8.07
Shalow Lake 78.20 45.07 9.28 22.90 12.20 72.10 1.43 9.22
Banya 2 Lake | 34.93 48.18 11.01 23.56 14.78 83.48 0.42 10.16
Banya 3 Lake | 32.68 46.90 10.29 22.27 13.88 81.42 0.28 9.08
Banya Lake 30.44 46.82 10.78 23.27 13.57 84.41 0.40 9.15
Flood Lake 31.09 43.71 11.45 23.37 15.10 84.60 0.27 10.94

Max 78.20 51.35 13.61 26.79 16.86 94.48 1.43 11.17
Min 23.27 39.98 8.87 17.90 10.49 56.81 0.09 7.07
Average 35.74 44.71 11.05 23.11 13.70 79.66 0.46 9.57
Clark’ 106.00 | 92.00 15.00 50.00 27.00 75.00 2.50 17.00
CV (%)* 43 8 14 11 15 12 88 14

Note. 'According to [20]; 2 CV — coefficient of variation.

Fractionation of trace metals in the sediments

The percentage of different fractions of the metals, broken down into individual
lakes, is presented in a set of bar plots (Fig. 2). Most of the metals are predominantly
associated with residual compounds (fraction 5) in all the lake sediments studied. All the
investigated elements were identified in organometallic complexes (fraction 3) and forms
associated with Fe/Mn hydroxides (fraction 4). Fraction 4 is most significant for Cr and
Zn in all the lakes, and also for Co in Lake 2, North Lake, Banya Lake, Molo Lake as
well as Shallow Lake. For V, Ni, Sn, Pb, and Cu, this phase does not exceed 1-3 %.

Furthermore, all the metals analyzed were observed in specifically sorbed forms
(fraction 2). Co, Cu, Cr, and Ni are mostly associated with this phase. In exchange forms
(fraction 1) all the metals were also identified in all sediment samples. The exception
was Zn. Its concentration in this phase was lower than LOD (Shallow Lake, Molo Lake,
Flood Lake, and Fish Lake), did not exceed 1-3 % (Lake 1, North Lake, Banya Lake,
Banya 2 Lake, and Banya 3 Lake) or was 10 % (Lake 2).
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Fig. 2. The fractions of the metals (% of acid-soluble forms) in lake sediments of the Lena Delta:
fraction 1 — exchangeable ions; fraction 2 — specifically sorbed; fraction 3 — organometallic
complexes; fraction 4 — metals, associated with Fe/Mn hydroxides; fraction 5 — residual compounds
Puc. 2. ®pakiun MetanioB (% OT KUCIOTOPACTBOPHMBIX (hOPM) B O3EPHBIX OTIOKEHUSAX JICIBTHI
Jlenst: gppakiust 1 — oOMeHHbIE HOHBIL; (hpaknus 2 — crienupuIecku coponpoBaHHast; Gppakis 3 —
METaJUI00PraHNYeCKUe KOMIUICKCHI; (pakius 4 — MeTalllbl, CBI3aHHbIC ¢ ruapokcuaamu Fe/ Mn;
(bpakiys 5 — 0CTaTOuHbIC COCIMHEHHS
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The assessment of the mobility of the elements is presented in a separate bar chart
(Fig. 3). According to the RAC index, the risk of secondary pollution for Ni, Cu, Zn, Sn,
and Pb does not exceed the medium level. However, for V a high level is shown in the
sediments of North Lake; for Cr — in Banya 2 Lake, Lake 1, and Fish Lake; for Co — in
Lake 1. Cr has a very high level of RAC (60 %) in the sediment of Flood Lake.

70 1RAC% m Lake 1 m Lake 2 = Molo Lake  mFish Lake
60 - m North Lake  m Shallow Lake m Banya 2 Lake m Banya 3 Lake
mBanya Lake mFlood Lake )
50 high
40 - |
30 I I I ,,,,,,,,,, medium
20
o LR 4 N . [ — ‘ ,,,,,,,,,,,,,,,, low
. A0 A0 LA athl fl.L
\% Cr Co Ni Cu Zn Sn Pb

Fig. 3. RAC, (%) index — risk of secondary water pollution (sum of fractions 1 and 2). Red dotted
lines indicate the level of the risk

Puc. 3. RAC (%) nnnexec — pucK BTOPUYHOTO 3arpsi3HeHus (cymma ¢pakuuii 1 u 2). KpacHas myHK-
TUpHAas JTUHUSA JEMOHCTPUPYET YPOBEHD PHUCKA

DISCUSSION

The previous hydrochemical study in the Lena Delta revealed differences in the
content of the main ions and some trace elements in the water of lakes that are characterized
by different origin, flooding regimes and geological basement of the catchment area [3].
However, our work did not reveal any similar difference in the content of the majority
of metals analyzed in the lake sediments. Furthemore, the elements are predominantly
associated with residual compounds (crystal structure of the minerals). Therefore, the
content of trace elements in all the lakes studied is determined by natural (lithogenic)
sources [21]. The metals are distributed quite homogeneously in the sediments of different
lakes from the area studied and the concentration of all the elements is either lower or at
the same level compared to the clark values. Thus, Quaternary (Samoylov and Kurungnach
Islands) and Neogene (Sardakh Island) deposits that constitute the catchment areas of
the lakes studied have a similar geochemical composition. The trace elements entering
with river water do not influence the total content of the trace elements in the sediments
of different lakes. The pristine character of the Lena River water in terms of trace metal
concentrations was revealed previously [22], but more recent data are limited. Also, it
should be noted that the impact of Samoylov station on the accumulation of the trace
elements in the lake sediments of the island was not observed.

The Lena Delta lakes studied were characterized by argillaceous sediments depleted
in dispersed organic matter [11]. Despite this fact, stable organometallic compounds of the
metals were identified in all the lakes studied (fraction 3). Humic acids of this fraction form
stable chelate complexes with metals, reducing the potential bioavailability [23]. In this work,
the phase is predominant in the sediments of Lake Molo and Shallow for most of the metals
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analyzed both in relative and absolute content. However, previous research of the sediment
humic acids of the lakes studied showed their generally low maturity degree and low potential
complex-forming ability [11]. But among the water bodies studied, the molecules of the acids
in Molo Lake and Shallow Lake are the most hydrophobic and resistant to oxidation. Thus,
they can form relatively more stable compounds with metals. Generally, the formation of
complex compounds of metal ions with organic substances (humic and fulvic acids) is one
of the dominant mechanisms in their fixation in aquatic and terrestrial environments [11, 24,
25]. In our work, humic matter binds predominantly Cu, Sn, and Pb. Similar geochemical
behavior of these elements was observed in the non-permafrost lakes of the other regions
of the Arctic zone [11, 26]. However, the sediments in these lakes contain more organic
matter which can bind up to 70-80 % of the total content of some metals.

Metals associated with hydrated oxides of Fe and Mn also belong to the most stable
compounds. Fe/Mn oxides are significant absorbers of the metals [9, 25, 27] and can be
present in sediments as nodules, cement, or films on solid particles. Metal ions of this
fraction can enter the lake water when sediment conditions change into the reducing
environment (Eh decrease). However, the role of the oxidized form of Fe and Mn in the
sorption of trace metals in the lake sediments studied is low. It could be explained by the
reducing conditions of the sediments. The presence of hydrotroilite (black inclusions) was
noted in the sediments during the sampling (Table 1). This mineral (Fe(HS)(OH) x H,0)
indicates the anoxic environment [28].

Fractions 1 and 2 are the most unstable. They are used to assess the potential mobility
(bioavailability) of elements in aquatic ecosystems. Specific sorbed ions (fraction 2) are
bonded with sediment components by non-ionic bonds (non-exchange form). Metals of
this phase are part of the surface complexes and precipitates. The fraction also includes
carbonate forms of metals and metals associated with labile organic matter. This type of
compounds is in an intermediate position between the most mobile fractions (exchangeable)
and relatively stable ones. The significance of this fraction for a number of elements
is probably explained by the predominance of carbonate and terrigenous-carbonate
rocks in geological formations of the Lena Delta and high hydrophilicity (lability) of
humic molecules [11]. The metal ions of this fraction can desorb with pH decrease. The
exchangeable forms (fraction 1) include the most mobile ions. The fraction is sensitive to
changes of water ionic composition in terms of release of the metals in the water.

In general, some elements are characterized by high mobility because they are
released as part of readily soluble compounds from the thawing permafrost of the catchment
area or Lena river water during flooding. Furthermore, the high-oxygen (hydrophilic)
humic acids of the sediments could form water-soluble complexes with metals [11]. This
contributes to mobilization of the elements from the sediments.

CONCLUSION

The results of the study showed the relatively homogeneous distribution of the trace
metals (V, Cr, Co, Ni, Cu, Zn, Sn, and Pb) in the sediments of different lakes of the Lena
Delta. Most of the elements are predominantly fixed in the lattice structure of residual
minerals and stable organometallic compounds.

According to our fractional analysis of the metals and the results of previous research
of humic acids, the organic matter and mineral components (hydrated Fe/Mn oxides)
of the sediments studied have a relatively low potential ability to fix metals into stable
complexes. Thus, if the trace elements enter into aquatic ecosystems as part of readily
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soluble compounds, they can become bioavailable due to physical and chemical changes
in the aquatic environment. Thus, there is a risk of secondary pollution of water from the
sediments, and the most mobile elements are V, Cr, and Co.

Therefore, the geochemical results of this work reveal high sensitivity of the limnic
system of the region to potential anthropogenic impact and climate change (releasing
of chemical elements due to permafrost degradation). So, the data obtained can serve
as reference values of trace metal concentration in sediments for further study of the
permafrost-affected lakes of the region. Furthermore, the findings are important for
developing a relevant monitoring system for the lakes of the Arctic zone.
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Pe3iome

[enb uccnenoBaHus — OLEHKA POJM KOMIIOHEHTOB JIOHHBIX OTIOXEHWH B HAKOIUIGHHH MHKPOSJIEMEHTOB B
03epax KpHOMUTO30HS! (1enbTa Jlensl, ceBepHas CuOups). [IpoBeneH GppakiiOHHBINA aHATH3 HEKOTOPBIX MHKPO-
anemenToB (V, Cr, Co, Ni, Cu, Zn, Sn, Pb). ITpo6s1 6611t 0T06panst u3 10 03ep B neTHHIT MEPUOA IKCTIEAUIIHH
«JIEHA 2019». Coneprkanne XUMUYECKHX 3IEMEHTOB B ocajikax usmepsnu npudopom ICP-MS. Pesynsrarst
PaboThI OKA3aJI1 OTHOCUTEIIBHO OHOPOIHOE PACTIPEIEICHIE KHCIOTOPACTBOPUMBIX (JOPM METAILIOB B JOHHBIX
OTJIOXEHHMAX PA3HBIX 03€p. BONBIIMHCTBO AEMEHTOB MPEHMYIECTBEHHO 3aKPEILICHO B YCTOHYMBBIX MUHEPAJIb-
HBIX U MeTaJLI00pranndeckux coepunennsx. Onanako ams V, Co u Cr B HEKOTOPBIX 03epax OTMEUEH BBICOKHI
YPOBEHb MOZBHKHOCTH. MeTaJlIbl pACTBOPUMBIX KOMILIEKCOB CIIOCOOHBI MUTPHPOBATH U3 IOHHBIX OTI0KEHHIT
B BOJLY 3 CUET M3MEHEHHMI (PM3UKO-XMMHUYECKHIX TapaMeTpoB BojHOIT cpebl. Kpome Toro, opraHmueckue u
MHHEpJIbHBIE BEIIECTBA 0CAJKOB 00/1afat0T HU3KOH MOTEHIMAIBHOH CIOCOOHOCTBIO CBA3BIBATH METAILIBI B
YCTOHYHBBIE COE/IMHEHHS.

KaroueBble ciioBa: nenbra JICHbI, MHOTOIETHSS MEP3JI0Ta, 03¢PHBIC OTIIOKEH!S, CHOUPD, HpaKIuK METAIIOB.
Jlast murnpoBanusi: Guzeva A.V,, Elizarova L.R., Lapenkov A.E., Slukovskii Z.1. Fractions of trace metals in the

sediments of permafrost-affected lakes in Northern Siberia, Lena delta // IIpoGmemsr ApKTHKE 1 AHTapKTUKH.
2022. T. 68. Ne 2. C. 160-172. https://doi.org/10.30758/0555-2648-2022-68-2-160-172.
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@Dpakuuy MeTAUIOB B OTJIOKEHUSIX 03epP 30HbI MHOTOJIeTHEll Mep3J10ThI
cesepa Cubupu, neabra p. Jlennl
(pacmupeHHblii pedepar)
Jenbra p. Jlensl pacnonaraercst Ha ceBepe CHOMpH B 001acTH pa3BUTHS MHOTOJIETHEH Mep3noTsl. Ha nanuoi
TEPPUTOPUH COCPETOTOUCHO OOJBIIOE KOTMYECTBO 03P, HAa THAPOIOTHIECKHE 1 THAPOXHUMHYECKHE 0COOCH-
HOCTH KOTOPBIX MPEHMYIIECTBEHHO BIUSIOT MOBEPXHOCTHBIE CTOKU C BOAOCOOPHBIX ILIONIAICH, TTO3eMHBIE
BOJIBI CE30HHO-TAJIOTO CIIOSL, A TAKXKe MABOJKOBLIA pesknM peku Jlensl. Kpome Toro, XuMimdeckue 31eMeHTE!
MOTYT MUTPHPOBATB B BOZ(bI 03¢ 13 MHOTOJIETHEMEP3IIbIX OTIOXKEHHIH, ITOJICTHIAIONMIX KOTIOBHHY 03epa, H3-32
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TPOTCKAOIUX Ha TEPPUTOPUN TEPMOKAPCTOBLIX MPOLECCOB. Tak kax JOHHBIC OTIOKCHHS NpeACTaBIAOT CO-
0oit TEPMUHAIBHYIO MaTPpUIy HAKOIIJICHUS XUMUYICCKUX BCIICCTB B AKBAJIbHBIX YKOCUCTEMAX, UX KOMIIJIEKCHBIC
TCOXMMHUYCCKHEC HMCCIICIOBAHUA HCO6XO,HI/IMLI JUI TIOHUMaHus IIPOLECCOB aKKyMYJIAIIMKA U MUTpALlMA MUKPO-
JJIEMCHTOB B KPUOJIUTO30HE.

Llemb pabOTBI — OLIEHKA PO OPraHUYECKUX U MUHEPAIbHBIX KOMIIOHEHTOB 03€PHbIX OTIOKEHUH B HAKOTLITE-
Hun Mukposnementos (V, Cr, Co, Ni, Cu, Zn, Sn, Pb). B 3aaun uccnenoBanus BXOAHI aHAJIH3 BCETO CTIEKTpa
(pakuuii MeTanoB B mpoOax JOHHBIX OCAIKOB.

JloHHble oTIOKeH s Oblmn 0T0OpaHbl U3 10 MasbIX 03ep TPEX OCTPOBOB AENBTHI P. JICHBI, KOTOPBIE XapaKTepH-
3YIOTCS PA3/THYHBIM TEOJIOTHYECKUM CTPOCHHEM U PeXUMOM 3aTOIUICHHs PEYHBIMU BoZaMu. Kpome Toro, mpu
BbIOOpE 0OBEKTOB HCCIEN0BaHMS ObLIN MPHHATHI BO BHUMAHIE OCHOBHBIC THIIB 03€p TEPPUTOPUH: HEOOMbIIIHE
TOJIMTOHAJIbHBIE, ITy0OKHE TEPMOKAPCTOBBIEC M CTAPHYHBIE 03epa. bbuty nccnenopausl cieyromue Gpopmbl Ha-
XOKJIGHHsI METaJIIOB: 0OMeHHbIe HOHbI ((Ppakims 1); cnenuduuecks coporupoBaHHbIe MeTaIbl (PpaKis 2);
METaNIO0PraHHYeCKHe KOMIUIEKCHI (Ppakius 3); METalUlbl, CBA3aHHbIC ¢ THAPATHPOBAHHBIMH OKcHiamu Fe
u Mn (¢ppakuus 4); ocrarounas (ycroitunsas) daza (ppakuus 5), paccunTaHHAS MyTEM BBIYUTAHHS CYMMBI
NpPeBIIYIHEX YeThIPeX (paKiuii U3 COIepKaHNs KUCIOTOPACTBOPUMBIX (hOPM BMEMEHTA.

B pe3ynbTaTre CpaBHECHUS KOHHCHTpaLIPIfI KHUCJIOTOPACTBOPUMBIX d)OpM METAJUIOB B OTJIOKCHUAX PA3HBIX 03€P
OBLIO TIOKa3aHO, YTO YETBECPTUYHBIC U HEOT'CHOBBLIE OTIIOKCHUS, Clararoline BOﬂOC60pBI BOJTHBIX O6’beKTOB,
XapaKTCPU3YIOTCA CXOAHBIM I'COXUMHUYCCKUM COCTABOM. KpOMC TOr0, MMPOLIECC 3aTOINIEHUA 03€P PEYHBIMU BO-
JaMUu HE BIIUACT Ha BAJIOBOC COACPIKAHME METAJVIOB B JIOHHBIX OCaJIKax 03€p. Cnez{yeT TAKXE€ OTMCTUTD, YTO, 110
TIOJIy4€HHBIM JaHHBIM, B03ﬂ€ﬁCTBHﬂ d)yHKLII/IOHI/IpOBaHI/IH Hay'-{HOﬁ CTaHIMH 0. CaMoiiTIOBCKHIT Ha HAKOTIJICHUE
MUKPOSJIEMEHTOB B 03€PHBIX OTIIOKEHUAX OCTPOBA HE HaGn}onaeTc;[.

Pe3y.]'H)TaTI)I [l)paKHI/IOHHOTO aHaJi3a CBUACTEIILCTBYIOT O TOM, YTO METAJUIbI B JOHHBIX OTIOXKCHUAX IIPE-
UMYIIECTBEHHO CBS3aHbI C KpHCTaJ'IJ'IPI‘{eCKOfI CprKTypOﬁ MUHEPAJIOB, MMOIaJaronnX B 03€pa C BOZ[OCGOPHLIX
OacceifHoB. CHCZ[OB&TCJ'ILHO, COACPIKAHUE MUKPOIIEMEHTOB B 03€pax OINPEACIIACTCA MPUPOIHBIMUA (J'II/ITOI"CH-
HI)IMI/I) HUCTOYHUKAMH.

[ImHACTBIE OTIOKEHNS H3YIEHHBIX 03¢ XapaKTEPH3YIOTCs HEBBICOKUMI CONEPKAHHUSAMH PAaCCESHHOTO OpraHmye-
CKOTO BEIIIECTBA, TEM HE MEHEE METAJIIbI B OpPTraHNIecKOH QpaKiiy ObUTH HICHTH(QHIIPOBAHBI BO BCEX MPOOAX.
VeToiunBbIe (XeTaTHbIE) OpraHOMHHEPaIbHBIE COSAUHEHIS SBIIOTCS 0COOCHHO BaXKHON (hOPMOI METAIIOB B
OTIIOKEHUSX JBYX 03€p, XapaKTePH3YIOIMXCs HanOoIee 3peIbIMU (KOHICHCHPOBAHHBIMHI) MOJICKY/IaMH TyMY-
COBBIX KHCJIOT. B ocajkax Apyrux o3ep mpeobmnamaror anudariniaeckie TuapouIbHEIe TYMHHOBEIE KHCIOTHI,
KOTOPBIE CTIOCOOHE! 00pa30BBIBATE JIETKOPACTBOPHMBIE KOMITIEKCH! M COJTH C METaJlNIaMH, MOOMITH3YS 91EMEHTEI
13 oToXKeHuH. Portk ripatrpoBanHEX okenaoB Fe n Mn B copOIin MIKpPO3/IEMEHTOB B OTIIOMKEHISIX HCCIIE0-
BAHHBIX 03¢ HEBEJHKA, YTO MOXKHO O0BSCHHTH BOCCTAHOBUTEIBHBIMH (OECKHCIOPOTHBIMH) yCIOBHSAMH CPEIbL.

B HexoTopbIx 03epax ObLIa BEISBIEHA BBICOKAs OTEHIIHANbHAS TEOXUMIIECKAs TIOABIKHOCTD (OHOTOCTYITHOCTD)
V, Cr u Co. OOMeHHbIe U criet(decKn copOupoBaHHbIE (HOPMBI METAILIOB IEPEXOAAT B BOAHYIO TOMILY Jake
TPH HE3HAYNTEIbHBIX N3MEHEHNAX (PU3UKO-XMMUUECKHX MapaMeTpoB cpenibl. Hammane TaHHBIX HEYCTOHYHBBIX
(opm MOKeT OBITH CBA3aHO, C OXHOK CTOPOHBI, C H3HAYATBHBIM TOMAJAHHEM METAIOB B 9KOCHCTEMY 03€pa
B COCTaBE JIETKOPACTBOPHMBIX COEAMHEHHI M3 OTTaMBAIONIMX MHOTOIETHEMEP3IBIX MOPO BotocOopa Wi ¢
peunsiME Bogamu p. Jlensl mpu momosoase. C Apyroif CTOPOHBI, TYMyCOBOE BEIIECTBO U THAPATUPOBAHHEIE
okcuibl Fe/Mn nccie10BaHHBIX OTIOKEHUH, KaK OKA3bIBAIOT PE3Y/IbTAThI, 00aJal0T HU3KO! TOTEHIHANIBHON
CIOCOOHOCTBIO CBA3BIBATH METAIIIBI B HEPACTBOPUMBIE KOMIIIEKCHL.

[osmy4eHHbIe TaHHBIE MOTYT CITYKUTh pedepeHTHbIME 3HaueHusIMU KoHuenTparuu V, Cr, Co, Ni, Cu, Zn, Sn, Pb
B JIOHHBIX OTJIOXKEHHSX 03¢ 1 HEOOXOIMMBI JUISl OLICHKH POJIM T'yMYCOBOI'O BEIIECTBA B HAKOIUICHUH U MUIPa-
LM METAJUIOB B 03epax PErHOHa B YCIOBHAX MEHSIOLIETOCS KIMMara (Aerpajanys MHOTONETHEH Mep3IIOThl).
Kpome Toro, pe3ysnsrarsl paboTh! BasKHbI 1715 pa3pabOTKU HayqyHO 000CHOBAHHON CHCTEMB MOHUTOPHHIA 03€P
Apxkrrueckoit 30861 PO.
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