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Abstract

:

The spatio-temporal variability of the modern sedimentation process in Lake Onego, the second largest lake in Europe, was evaluated. The chemical composition of the lake water was studied. Sedimentation takes place in the oxidation conditions of low TDS water of the calcium bicarbonate type, where the ratio between terrigenous clastic material and lacustrine biochemical suspended matter in the material deposited to the bottom is close to one. We demonstrate that the sedimentation process in the lake is non-uniform. Sedimentation rates in different regions of the lake were estimated (0.1 to 2 kg per sq. m of bottom surface per year) through in situ surveys with sediment traps. Annual sediment input was estimated on the basis of the lake’s chemical balance. Analysis of the qualitative characteristics of the material deposited to the bottom shows its composition corresponds to the humus-Fe-Si type of sedimentation. The uniform texture and mineral composition and the similar multielement spectra of the sediments suggest that active water dynamics cause fine-grained suspended load to remain in the water column for prolonged time periods. Variations in the sediment chemical composition across the lake are due to natural causesand to unevenly distributed anthropogenic pressure.
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1. Introduction


It would be impossible to understand the processes taking place in lake ecosystems and predict their alteration in the future under the impact of climate fluctuations and human pressure without studying continental sedimentation. The sedimentary material generated during the weathering stage in humid climates is transported mostly by rivers and accumulated in the terminal basins, including lakes, as a result of physical, physicochemical, chemical, and biological processes. Lake sediments have a diverse material composition and a highly uneven distribution. Although academic papers on sediments in the lakes situated in the Valdai ice marginal zone are plentiful, they mostly deal with the history of the transition from glacial-type to humid-type lithogenesis [1,2,3,4,5,6,7,8,9,10]. Studies of the modern sedimentation process in lakes of the northern humid zone of Russia have been rather sporadic in the past 30 years.



The close attention to large lakes, where most of freshwater reserves are concentrated, dictates the need for in-depth study of their functioning in modern time. Lake Onego, the second largest oligotrophic cold-water lake in Europe, is situated in Northwest Russia at the boundary of two geological structures (Baltic (Fennoscandian) Shield and Russian Platform). Its water surface area is 9720 km2, water volume is 295 km3, average depth is 33 m, catchment surface area is 53,100 km2, and relative residence time is 15.6 years. The lake contains reserves of high-quality water [11]. Lake Onego catchment is located in the southeastern part of the Baltic (Fennoscandian) Shield. A distinctive geological feature of the region is the omnipresent deposits of the last ice-sheet glaciation and, as a consequence, the heavily dissected topography. Excessive moisture and the numerosity of topographic lows generate abundant surface runoff, promoting erosion, formation of a dense hydrographic network (0.44 km/km2), and a high spatial cover of lakes (8%) and swamps (18%) in the catchment. Most of the catchment area is forested (71%). Agricultural land occupies less than 2% and settlement land occupies less than 1% of the lake basin area. The pulp and paper and forestry industries are dominant in the economic complex. The anthropogenic effect of the forest industry on the lake may be characterized as low. Cities exercise the highest anthropogenic load on Lake Onego. The main water user in the basin is the Kondopoga Pulp and Paper Mill [11,12,13].



Lake Onego has been the object of research by scientists of various specialties for more than 100 years. A lot of factual material was collected about the lake history and the ecological state of the water and bottom sediments [3,4,5,6,7,9,10,11,14,15,16,17,18,19]. Research on modern sedimentogenesis in Lake Onego has recently begun [20,21,22,23,24,25,26,27].



This study is urged by the need to identify the defining natural, and now also technogenic, factors for the formation of freshwater ecosystems in a situation of constant transformation of the catchments, which shape the element migration fluxes and the modern geochemical background for Lake Onego. Therefore, in-depth study of sediment formation processes, including features of the sedimentation environment and material composition of the suspended load, is essential for understanding the mechanisms driving matter and energy flows in the lake.



While the dispersed form of sedimentary material is widespread in nature, it has not been studied extensively, especially in lakes. The published literature contains information on the composition of suspended matter in oceans, seas, and rivers [28,29,30,31,32,33,34]. In the scientific literature, lake sedimentary matter generally refers to the substance of the surface layer of bottom sediments, which is partially true [35,36,37,38]. In lakes with low sedimentation rates, this thin layer of sediment is very difficult to take away. In addition, the freshly deposited substance is immediately included in diagenetic transformations involving benthic organisms.



The rate of accumulation of matter in the bottom sediments is an important characteristic of the lake. Methods of its evaluation include both computational and experimental methods. The most common method is to estimate the lower limit of the sedimentation rate according to the basic equation [39], in which the sedimentation rate is equal to the ratio of the particle flux of their concentration. These values are measured in the reservoir by various methods (gravimetric, optical, fluorimetric, photography, etc.) using different designs and techniques for fixing particles [40]. The observation time is usually limited to several days, which increases the determination error, especially for reservoirs with low sedimentation rates.



The gravitational rate of descent of spherical particles (with the Reynolds number Re < 0.5) in the laminar mode is calculated by the Stokes equation or its modifications [41,42]. The method has limited application, since it does not take into account the turbulent movement of water and does not describe the deposition of irregularly shaped particles (for example, large dead lake zooplacters or corpses with an open carapace and spread antennae [42,43]).



The most accessible laboratory method for determining the sedimentation rate is the settling column method. In vitro deposition (in a cylinder at constant temperature, viscosity, and absence of water movement) makes it possible to obtain an upper limit of the deposition rate [41,44,45,46,47,48,49]. It is obvious that the movement of water, especially vertical turbulence in the lake, significantly reduces the settling rate and redistributes particles in the water column, contributing to a decrease in spatial gradients of the concentration of suspended particles [39,50,51,52].



One of the methods of collecting sedimentary matter is the use of sedimentation traps. The trap ensures the collection of not only predominant but also rare and rapidly descending particles [53]. The material accumulated in the trap most accurately reflects the sedimentation rate in situ [52,54]. However, when using the method, it is necessary to take into account that the suspended matter deposited in the trap undergoes quantitative and qualitative changes during exposure as a result of mineralization by bacteria, zooplankton eating and excretion, wall growth of periphyton, leaching of easily soluble compounds from particles into solution, and other processes [55].



The aim of the study was to investigate the contemporary sedimentation process in Lake Onego. The tasks included the study of the sedimentary environment (geochemistry of water and suspended solid), quantitative and qualitative composition of the suspended load being deposited in the sediment (grain size, geochemistry, mineralogy, and diatoms), and estimation of sedimentation rate through in situ surveys with sediment traps. Using the example of Lake Onego, we decided to show that (1) the accumulation of sedimentary matter in a large lake is a really complex, uneven process controlled by a combination of different factors and (2) a significant proportion of mineral suspended matter entering the bottom of a large lake has an autochthonous genesis.




2. Material and Methods


A network of monitoring stations was created based on the analysis of background information from previous studies of Lake Onego (regarding the catchment and the different sources of matter input to the lake, the basin morphology and hydrographic structure of the lake, water dynamics, characteristics of the chemical and biological regimes, distribution and material composition of sediments, etc.). The reservoir falls into 11 larger (Central (Tsentralnoe) Onego, Greater (Bolshoe) Onego, Southern (Yuzhnoe) Onego, Little (Maloe) Onego, Petrozavodsk Bay, Kondopoga Bay, Lizhma Bay, Gorskaya Bay, Unitskaya Bay, Gulf of Povenets, Bolshaya Bay of the Gulf of Povenets, ZaonezhyeOnego, PyalmaOnego, Kizhi Archipelago) and over 30 smaller (small bays and bights sheltered from the main body of water, receiving discharge from small rivers, and having local-scale bottom depressions) sedimentation basins [14,15,16]. We deployed sediment traps for a 1 year exposure time in 23 sites in sediment accumulation zones across Lake Onego (Figure 1).



Cylindrical sediment traps (STs) were used: (1) small sediment traps (STS) designed by staff of the Shirshov Institute of Oceanology RAS [56] and simplified sediment traps (SST) designed by the authors of this paper (Figure 2). The latter consisted of two PET bottles with 2 L volume and 100 mm diameter. With their bottom parts removed, the bottles were fastened together to form a double-coned cylinder, with the bottom cone for collecting the sample and the top cone preventing sample loss when lifting and moving the trap. Bent rectangular 4 mm thick plates cut out of Ø 100 mm plastic pipe were fastened to the traps for coupling. Rustproof fasteners (Figure 2, designation 5) were used for joining parts together; two loops of stainless steel wire between the plates served to fasten the traps to the buoy rope.



The systems, being light-weight, can be used with small anchors and buoys, small-diameter halyards, and even cords, reducing the cost of a station. Anchored traps with subsurface buoys are set up as follows: A buoy rope with instruments and a halyard running along the bottom to the auxiliary anchor with a small buoy are fastened to the main anchor. The coordinates of the anchors are recorded. The distance between them is several tens of meters at around 20 m depth and decreases with decreasing depth. When the station is being lifted, temporary auxiliary buoys are deployed at the specified coordinates to guide the process of grappling and lifting the horizontal halyard from the bottom and then the station itself.



In most cases, for depths within 20–30 m, this method of deploying, finding, and lifting the stations can be performed with just one watercraft and does not require extra equipment except for a geopositioning device. The performance of the bottom grapple decreases with depth, and its applicability at depths greater than 50 m is questionable. Moreover, lifting the horizontal halyard fastened to two anchors from the bottom in such cases is associated with difficulties growing with deployment depth due to high tension of the halyard.



The depths of most of the sites in Lake Onego are within the 30–100 m interval. That is why, when setting up the traps, the horizontal halyard was positioned not by the bottom but in the water column, making it much easier to spot and lift it when removing the devices. The halyard was fastened to the main and the auxiliary anchors, which were located at 7–10 m depth (Figure 2). The choice of the depth was based on the possible current velocities, which during the ice-free period are 1–3 cm/s in this depth interval, whereas the velocities closer to the surface can be up to tens of cm/s [11], causing buoy ropes to deviate notably from the vertical orientation, thus affecting the performance of the trap.



Rough water, wind, and surface currents common in large bodies of water generate extra challenges, making it difficult to keep the watercraft at the given point. To avoid the undesirable drift, we used an auxiliary halyard fastened to the stern of the anchored research vessel. The halyard was paid out to the necessary distance (15–20 m) and fixed on the workboat, from which the auxiliary anchor and buoy were deployed. Buoy rope length corresponded to the depth in the given point minus 7–10 m. After the coordinates were recorded, the auxiliary halyard was paid out until the workboat reached the position of the trap.



The results of the above methods of setting up, spotting, and removing the traps can be regarded as satisfactory: to wit, in 2019, after a year of exposure, 17 of the 20 traps were retrieved during suitable weather conditions and in three cases the search for the traps had to be postponed because of high wind and waves. In 2020, traps were lifted at 12 stations and in 2021 at 19 stations.



After STS-type traps had been lifted up, the bottles containing the sediment were unscrewed. The content of SST traps was transferred through a funnel into bottles after unplugging (Figure 2). Bottles with water and sediment were taken to the laboratory. Then, their content was transferred to a graduated cylinder and the sediment was stirred up and left to settle for 24 h, after which the sediment column height was measured (with correction to the trap diameter) and liquid was siphoned out, then the sediments weredried for analyses. The sedimentation rate was calculated using the formulas:


  τ =   h · k  t   



(1)




where τ: sedimentation rate, mm/year; h: height of the wet sediment after deposition in the cylinder for 24 h, mm; k: compaction coefficient of wet bottom sediments at a depth of 5 and 20 cm (NWPI KarRC RAS collection data); t: exposure time, year;


  τ =  M  t · s    



(2)




where τ: sedimentation rate, g/(m2·year); M: mass of dry sediment accumulated in the trap, g; t: exposure time, year; s: area of trap, m2.



The material composition of sediments from the STs was studied by the following methods. Particle size analysis was conducted at the Core Facility Karelian Research Centre RAS using a Beckman Coulter LS 13 320XR laser diffraction analyzer with an ALM module and PIDS assembly. Laboratories of the Northern Water Problems Institute KarRC RAS offered the facilities for the study of sediment physical characteristics by classical methods: density (p), solid phase density (pm), porosity (por), natural wetness (Wet20), absolute wetness (Wet105), loss on ignition (LOI) (T = 550 °C), and ash content (Ash) (T = 900 °C) were determined gravimetrically; pH and Eh were determined potentiometrically. Phosphorus was measured spectrophotometrically: labile (Pmin) after extraction by 1N H2SO4 solution and total (Ptot) after acid digestion of air-dry sediment according to Kjeldahl. Determinations of organic nitrogen (Norg) after acid digestion according to Kjeldahl and ammonium nitrogen (   N    NH  4 +     ) followed the method of Conway. Organic carbon (Corg) was determined by Tyurin’s method. The mineralogical (scanning electron microscope MIRA 3 TESCAN) and geochemical (Ca, Mg, Na, Al, K: X-ray fluoroscopy; Fe, Mn, Cd, Pb, Cu, Zn, Mn, Cr, Ni, Co, V, Be, Ba, Sr, Li Mo Sb: atomic absorption) analyses of the solids were performed at the Analytical Center for Multielemental and Isotope Analysis, Siberian Branch RAS.



Chemical analysis of water samples consisted of three stages: (1) sample preservation in situ (CO2, O2, Ptot, Fetot, Mn, microelements); (2) first-day analyses (electrical conductivity (ӕ), CO2, O2, pH, Pmin, NH4+, NO2−, suspended solids filtration); (3) analysis with equipment at the Chemical Laboratory of the Northern Water Problems Institute KarRC RAS, including determination of total dissolved solids (Σi) and ion composition (Ca2+, Mg2+, Na+, K+, HCO3−, SO42−, Cl−), organic matter (color, permanganate index (PI), COD, BOD), nutrients (Ptot, NO3−, Norg), lithophile elements (Fe, Si, Al, Mn), and microelements (Cd, Pb, Cu, Zn, Mn, Cr, Ni, Co, V, Be, Ba, Sr, Li) [57].



It should be noted that the data on the chemical composition and particle size analysis of sediments from STs were distorted by aquatic organisms: mineralization by bacteria continues in the suspended matter; part of the material is eaten by zooplankton and then excreted with its excrement. The presence of 3–6 glacial relicts of Cammaracanthuslacustris (Crustacea, Amphipoda) was constantly recorded in traps from the Kondopoga Bay (the most productive bay). Single individuals were rarely found in other areas of the lake. Algae fouling of traps was not observed. In our opinion, the mineral character of the suspended matter from the sedimentation traps of Lake Onego indicates that the processes of its biological destruction do not play such a significant role as it occurs in small highly productive lakes [55], and there are also processes of mechanical and physico-chemical destruction of matter.




3. Results


The results on the chemical composition of water from different regions of Lake Onego are given in Table 1. The results on the sedimentary material from SPs are given in Table 2, Table 3, Table 4, Table 5 and Table 6: details on sediment thickness and duration of exposure are in Table 2, particle size composition is in Table 3 (in particular, cumulative curves plotted based on the quartile method suggested by P.D. Trask [58] were used to calculate the sorting coefficient (So), skewness (Sk), and coefficient K describing the coarse-grained fractions), and the chemical composition of the sediments is in Table 4, Table 5 and Table 6.




4. Discussion


Sedimentation in Lake Onego takes place in the oxidation conditions of low TDS water of the calcium bicarbonate type (Table 1). Water TDS content during the period of observations varied within 29.4–42.4 mg/L. Water pH fluctuated within a narrow range (6.77–7.72), which corresponded to the neutral, weakly alkaline water class. The average content of hydrocarbonates, which contributed 42–68% equiv. to the ion composition, was 21 mg/L. The prevalent cations were calcium (up to 45% equiv.) and magnesium (up to 39% equiv.). Dissolved oxygen content in the lake water was quite high, ranging from 8.3 to 12.1 mg O2/L, which corresponded to 80–99% saturation in the water column and 73–90% in near-bottom water. The range of CO2 concentrations was 1.87–8.58 mg/L. A significantly different content of dissolved oxygen and CO2 was detected in the near-bottom horizon at the top of Kondopoga Bay, where the oxygen concentration was 5.3 mg/L (47% saturation) and the carbon dioxide concentration was 12.4 mg/L.



The distribution of mineral forms of nitrogen in lake water formed the following sequence: NO2− < NH4+ < NO3−. The content of nitrate nitrogen (0.08–0.27mgN/L) increased with depth. Organic nitrogen concentration (0.07–0.91 mgN/L), on the contrary, decreased with depth at almost all stations, except for S1 and K6. Phosphorus content averaged over the lake (5 µg/L mineral phosphorus and 21 µg/L total phosphorus) also increased depthwise. The highest concentrations of nitrogen and phosphorus (2–10-fold higher than the average) were detected in Kondopoga Bay and Petrozavodsk Bay as a consequence of human impact on the bays.



Dissolved silicon concentration in the water ranged within 0.17–1.17 mg/L, growing with depth.



In terms of organic matter content, Lake Onego is classified as oligohumic. Water color varied within the 26–76 degree interval. The permanganate index varied within 5.5–15.1 mgO/L. Its values were elevated in the Gulf of Zaonezhye, Unitskaya Bay, and some small inlets as a consequence of humus-rich water input from rivers and more favorable temperature conditions during the growing season, as well as in Kondopoga Bay and Petrozavodsk Bay, which are exposed to heavy anthropogenic pressure. Organic matter content and BOD5 values throughout the lake declined from surface to bottom, indicating active destruction processes taking place in the water column.



The geological and geomorphological inhomogeneity of the Lake Onego catchment, variations in its hydrography, and uneven distribution of the anthropogenic pressure influence the distribution of suspended solids in the lake. The concentration of suspended solids in the water column in open lake regions varied during the period of observations from 0.2 to 1.4 mg/L (0.6 mg/L on average), as a rule increasing with depth. Bays usually contained greater amounts of suspended solids. The highest concentrations were detected in the near-bottom horizons of Kondopoga Bay and Petrozavodsk Bay (up to 4.9 and 9.8 mg/L, respectively).



The range of Fetot concentrations in lake water was quite wide—from 0.04 to 0.47 mg/L. Manganese content in the water column varied from several µg/L to 0.06 mg/L. Iron and manganese concentrations were comparatively higher in Petrozavodsk Bay and Kondopoga Bay, which is explained by characteristics of the catchments of the northwestern rivers that empty into these bays. Our observations as well as previous studies point to a spatially heterogeneous distribution of metals over the lake water area. Thus, there are studies [20,21,22,23] demonstrating that Fe and Mn content in Lake Onego is lower than the regional background and that their concentrations at the bottom are usually higher than in the epi- and hypolimnion. A similar pattern was observed also for other elements: Al (6–43µg/L), Zn (1–13µg/L), Cu (0.6–3.4 µg/L), Ni (0.3–2.1 µg/L), Cr (0.2–1.1 µg/L), Co (0.00–0.05 µg/L), Cd (0.01–0.06 µg/L), Pb (0.02–0.44 µg/L), and As (0.1–1.2 µg/L), with Cu, Pb, and Ni concentrations corresponding to their levels in river water and precipitation. The ratio between suspended and dissolved forms was shown to vary among regions of the lake (the suspended form mostly prevailed in bays exposed to high anthropogenic pressure). Moreover, Mn and Al were mainly present in the suspended form, while в Cu and Ni were mainly present in the dissolved form. Thus, summing up the available information on the distribution and migrations of metals in Lake Onego, we can conclude that the catchment geology has a notable effect on the formation of the suspended material settling to the bottom.



Unevenness of sediment accumulation in Lake Onego manifested itself also during “direct observation” of the sedimentation process by means of traps. The amounts of solids caught in the traps over the period of exposure varied from 0.5 g (st. C4 in Central Onego) to 18.6 g (st. L18 in Little Onego) air-dry weight, which corresponds to the input of 70 and 1900 g·m−2 year−1, respectively (Table 2). Average inputs of sediment to the bottom in different regions of Lake Onego over the 2018–2021 period are shown in Figure 3.



Noteworthy are the very high rates of sedimentation in the periphery of the open lake area (1600 g·m−2 year−1 in Little Onego and 1100 g·m−2 year−1 in Southern Onego) as compared to Central Onego (590 g·m−2 year−1) and Greater Onego (490 g·m−2 year−1). The most probable explanation is the more active abrasion process in these regions. The highest mean annual input of material to the bottom was recorded for the Kondopoga bay head (2050 g·m−2 year−1, estimated using data for four traps deployed in 2018 at st. K3). Yet, since the input at other stations (K50 and K6) in this bay was considerably lower, the average over the bay was 1100 g·m−2 year−1, with the widest range of variation among all the regions surveyed. The lowest values of mean annual sediment input to the bottom were found in the Gulf of Povenets (350 g·m−2 year−1, with variations from 140 to 500) and in Gorskaya Bay entrance area (270 g·m−2 year−1, with variations from 160 to 370).



The rate of suspended matter accumulation on the bottom expressed in units of length (thickness of the layer accumulated over a year) varied between stations by more than an order of magnitude: from 1 mm year−1 (C4) to 3 cm·year−1 (K3) (7 mm on average) of freshly deposited, unconsolidated material (Table 2). Variations in depth as well as in the qualitative and quantitative composition of the sedimentary material are responsible for the different degrees of compaction of the bedded material in the process of diagenesis. Mean annual rates of sediment accumulation in Lake Onego estimated from the inputs of material to STs during the surveys carried out from 2018 to 2021 and recalculated to take into account compaction in ST locations are given in Table 7. Sedimentation rates were estimated for the sediment layer bedded at a 5 cm depth (lower boundary of the zoobenthos-inhabited layer) and 20 cm depth (burial layer, where organic matter decomposition in the early diagenesis no longer plays the key role in the sediment transformation). The lowest estimated sedimentation rates (fractions of mm) were found for deep-water regions: Greater Onego, Gulf of Povenets, and Lizhma Bay. The highest sedimentation rate was observed in the shallow-water Kondopoga bay head, where sediments are formed under the impact of wastewater from the pulp-and-paper mill (PPM).



Another important note is that the sedimentation rates at stations L18 and S3 estimated for the compacted sediment based on the weight of the material trapped during a year (2018–2019) were compared against the sedimentation rates determined by 137Cs and 210Pb isotope dating of the sediment columns from these stations. The values proved to be similar: for Little Onego (L18), they were0.23 and 0.16 mm/year, and for Southern Onego (S3), they were 0.43 and 0.47 mm/year, respectively [24].



Analysis of the particle size composition of the material from STs installed in the accumulation zones in different regions of the lake revealed the following patterns. The grain size distributions of the suspended sediment were similar in most of the studied samples (Table 3, Figure 4).



The sediments were aleuritic silts with bimodal grain size distribution—with predominance of the fine-aleuritic silt fraction (0.01 < ∅ < 0.05 mm, with maximum ∅ ~ 0.03 mm, 57 vol. % on average) and a minor maximum in the medium sand region (0.25 < ∅ < 1 mm, with maximum ∅ ~ 0.4 mm). The exception is the material from the ST in Velikaya Bay (st. GG1), where it is difficult to mark the predominant fraction. The grain size distribution of the sediment trapped at this station was polymodal. The sediment was poorly sorted (Figure 4, Table 3), which is a natural consequence of the specific sediment formation process in this small, shallow, enclosed bay of the Kizhi Archipelago, having no capacity for large-scale dynamical processes promoting sedimentary material differentiation as compared to open, deep-water regions of Lake Onego. According to the sorting coefficients (1.8 to 2.1) calculated for other stations, the material deposited to Lake Onego’s bottom is a moderately sorted sediment (Table 3).



Uniformity of the particle size composition of the trapped suspended material is due to the fact that the sedimentation of silt- and clay-sized solids in large bodies of water is significantly influenced by thermo-hydrodynamic processes, e.g., the thermal regime in the central, open areas of Lake Onego is characterized by slow warm-up of the water column and, consequentially, by prolonged isolation of hypolimnion water within the thermally inert region. As a result, coarse-grained material is deposited near the shore. The minor horizontal transport of water masses from the lake periphery towards the center and the cyclic nature of density flows facilitate the dispersal of fine-grained suspended solids over large distances along the shore. The conditions during the thermal bar period, on the contrary, are favorable for rapid transport of suspended load from the littoral zone to the bottom, which certainly lowers the degree of sediment sorting. The thermal stratification developing after the dissipation of the thermal bar precludes the transport of silt- and clay-sized suspensions down the water column. The conditions for the settling of fine-grained material are the most favorable in winter, during the ice-covered period.



In bays, the scope of hydrodynamic effects on the sedimentation of suspended load largely depends on the basin dimensions and morphology, as well as on the location of the sources of solid particles. In Kondopoga Bay, for example, the current directed into the bay generated in the lower horizons by regulated discharge from the Suna River (most of the flow is diverted via the Kondopoga Canal in the bayhead) promotes the dispersal of fine-grained suspended load throughout the water area and its migration from the bay into the open Onego [59], including the dispersal of technogenic substances (Kondopoga PPM wastewater outlet is situated in the bayhead). One of the consequences of this process is the significant variation of sedimentation rates among regions of the bay, as remarked by a number of researchers. Thus, surveys of sediment input to the bottom in this bay were carried out in the 1970s. A paper by Belkina [17] demonstrates differences in the sedimentation rates among regions of the bay: from a hundredth of a millimeter (at bay entrance) to 18 mm per year (bay head). As mentioned above, the deposition of suspended sediment to the bottom estimated using data from ST surveys in 2018–2021 and the results regarding the sedimentation rate in Kondopoga Bay also exhibit substantial variation within the bay (Table 2). Estimation of the change in the sedimentation rate 10 km away from the PPM wastewater discharge point based on Pb210 isotope distribution in the sediment column shows that the sedimentation rate has grown from thePPM launch from fractions of a millimeter to 3 mm per year [15].



The contributions of the processes taking place in the lake to sediment formation were estimated from the lake’s chemical balance. According to the literature, Lake Onego annually receives over 1 million tons of substances, where solid flow accounts for less than 10% of the balance inputs [20,22]. Chemically, the bulk of this matter is principle ions (49%, sum of Ca2+, Mg2+, Na+, K+, HCO3−, SO42−, and Cl−), organic matter (40%), and silicon (8%). The chemical balance outputs amount to approx. 900,000 tons [18]. The balance mismatch is usually attributed to the burial of matter in sediments (from 200 to 300 t in different years). In the process of intra-basin transformation, part of the matter arriving in the lake in dissolved form becomes insoluble and settles to the bottom. Lake Onego retention capacity indexes for dissolved Fe, Si, Al, and Mn have been determined in papers [21,22] (Table 8). Using these indexes, we estimated that over 80% of the total input of Si, Fe, Al, and Mn to the lake is deposited to sediments (approx. 50,000 tons, based on the chemical balance for 2015) (Table 8). Organic matter input (ca. 40,000 tons) to the sediments was estimated from its average content (19%) in the suspended material in STs. Considering that metals in the lake are chiefly deposited in the form of hydroxo compounds and silicon, in oxide form, we obtainthat intra-basin processes contribute over 50% to the total pool of the matter deposited to Lake Onego bottom sediments. It is noteworthy that a major share of the material (70% of 143,000 tons) produced to some extent through intra-basin biogeochemical processes is mineral (inorganic) substances. The ratio of mineral substances formed within the lake to fragmental matter from the catchment is 13:10. The estimate of matter input to the sediments based on the lake’s chemical balance does not contradict the results of in situ observations of suspended material accumulation in traps. It is also in agreement with data on the chemical composition of the surface layer of bottom sediments. Reportedly [16,60], sedimentation in Lake Onego is of the humus-Fe-Si type, and contemporary sediments in the lake are oxidized mineral sediments chiefly composed of Si, Fe, and Al compounds.



As regards its physical characteristics, suspended sediment from STs was a colloidal system with the average density of unconsolidated sediment at 1.07 g/mL and a specific weight ofpm = 2.4 g/cm3. Natural wetness varied from 85% to 99%, absolute wetness varied from 3.5% to 9.1%, and porosity varied from 0.89 to 0.96 (Table 4). The sediments were in an oxidized or weakly oxidized state (Eh varies from 270 to 376 mV) and had near neutral pH (6.3 to 7.3), which is characteristic of the suspended solids settling to the bottom in a cold-water reservoir in oxygen presence at a pH around 7. The mineral component prevailed in the chemical composition of the sediment, as indicated by the mean (78%) and median (78%) ash content, which ranged from 49% (PPM wastewater outlet area in Kondopoga Bay) to 85% (in the Gulf of Povenets). The levels of Fe (5.5% mean, 6.0% median, variations from 1% (Southern Onego) to 7% (Gorskaya Bay)) and Al (5.3% mean, 5.5% median, from 3% (Southern Onego) to 6.6% (Pyalma Onego, Gulf of Zaonezhye)) were similar. The concentrations of K, Na, Ca, and Mg were around 1% (Table 4 and Table 5). A notable fact is the high Mn concentrations (0.5% mean, 0.5% median, from 0.1% (Southern Onego) to 1.7% (Kondopoga Bay)), which were 10–100 times that of the Clarke number. Active leaching of this element from the catchment and its accumulation in Lake Onego sediments is a distinctive feature of the sediment genesis in waterbodies lying on the eastern slope of the Baltic Shield [19].



First reports on the geochemical composition of suspended material from STs deployed in Lake Onego were published by Strahovenko et al. [24]. Our further surveys corroborate the conclusions made in this paper. Thus, comparison of the geochemical composition of the trapped material with the composition of suspended load from Lake Onego water and with bedded sediment composition showed that the material from STs was more uniform (averaged) (Figure 5, Table 5). Normalization of the average content of elements in the sediment trapped in different regions of the lake to PAAS (Post-Archean Australian Shale [61]) showed that the spectra were similar [24]. The exceptions were positive anomalies for Na and Mn and a negative anomaly for Li among macro components. Among micro components, we detected positive anomalies for Cd, Mo, and Hg and a negative anomaly for Sb and Sr. The features of the multielement spectra for the suspended material accumulated in STs over a year coincide with the elemental spectra for Lake Onego bedded sediments published by Strahovenko et al. [24,62,63]. Thus, the lake’s sediments are richer in Mn, Fe, Ba, Na, Mo, Hg, Fe, Zn, and Ba and poorer in Sb, K, Be, Th, and Li relative to PAAS. Meanwhile, the comparison of Lake Onego sediment geochemical composition with that of rocks in the catchment area (dolerite-basalt, basic tuffs, shungite rocks, granite gneiss, and TTG of the Baltic Shield, sedimentary rocks of the Russian Platform, etc.) revealed no significant correlations. It was only after averaging the concentrations that the question of the concentrations of many metals in sediments being inherited from rocks in the catchment could be discussed. Another interesting fact is that the distribution of rare-earth elements (REE) in the sedimentary material from STs and in bedded sediments covering the entire lake history (except for the lowest layers of varved clay) coincided, indicating minor spatiotemporal variability of REE migration fluxes in the humid climate settings during all stages of sediment genesis (weathering, transportation, and deposition), as well as constancy of the composition of the sedimentary material forming the REE spectrum in Lake Onego sediments. Strahovenko et al. [24] demonstrated that individual variations of REE concentrations, the levels of Eu and Ce anomalies in the water, in the suspended load in the water, in the suspended load deposited to the bottom, and in bedded sediments were closely related to the region of the lake and the settings for early diagenesis of the sediments.



Examination of the sedimentary material from STs under optical microscope (Olympus BX50, 20–60× magnification) and scanning electron microscope (MIRA 3 TESCAN), i.e., the texture and structure of the material, the morphology, and composition and structure of the minerals in the form of separate grains and aggregates, showed that the mineral composition in different regions of Lake Onego was also quite uniform. The suspended matter is fine-grained clayey (pelitic) material composed of quartz, feldspar, illite, muscovite, chlorite, iron hydroxides, and biogenic detritus. It contains large angular grains and separate crystals of the said minerals, large diatom valves, as well as dark-colored and accessory minerals (actinolite, hornblende, diopside, epidote, titanite, magnetite, ilmenite, zircon, rutile, apatite, monazite, and others) (Figure 6 and Figure 7). The dominant large particles are quartz, albite, and aggregates of illite with scaly, felted microstructure (K, Ca)<1(Fe, Mg)(Fe, Al)3[Si4O10](OH)4.



Traps from Kondopoga Bay contained aggregates of industrial origin. The composition of these hollow porous globular particles is that of potassium feldspar. There were also oolitic nodules of Fe-chlorite composition and globular quartz aggregates with Fe-chlorite skeletal crystal inclusions. These particles may originate from pellets used in the water treatment process at the Kondopoga pulp-and-paper mill or from fly ash from the Kondopoga Cogeneration Plant (Figure 8).



A substantial part of the suspended material from STs was composed of the siliceous valves of diatoms, unicellular microscopic algae (Figure 6 and Figure 7b) that contribute to 75–96% of the phytoplankton biomass in Lake Onego [64]. The small area of the littoral zone and large depths of the lake expectedly favor the thriving of planktonic diatoms that predominate in the STs’ diatom assemblages (62–92%). Aulacoseiraislandica (15–44%) and A. subarctica (13–41%) are the most abundant [25]. This reflects their contribution to the living diatom communities in Lake Onego, where Aulacoseira species make up to 98% of the spring phytoplankton biomass [65]. Benthic diatoms that colonize the lake bottom and various submerged substrata are less subject to the transportation by currents, which explains their lower contribution to the STs’ diatom assemblages (8–39%). Periphytic species prevail (up to 33%) with Tabellariafenestrata being the most numerous (up to 13%). While this taxon is widespread in the littoral algal communities where it grows on macrophytes, it also commonly occurs in summer and autumn phytoplankton of Lake Onego as its long-chain colonies are detached from the substratum and transported from the shallow-water areas across the lake [26]. The lowest abundances of benthic diatoms were recorded in Kondopoga Bay, where benthic communities are suppressed due to anthropogenic impact. Oligo-mesotrophic species and those tolerating a wide range of trophic environments (the so-called oligo-eutrophic species) prevail in the STs’ diatom assemblages (16–53% and 21–47%, respectively). Eutrophic species are generally less abundant (5–14%) except for in Kondopoga Bay, where their proportions increase to 27–32%. Abundances of hypereutrophic diatoms characteristic of highly eutrophic waters do not exceed 1.5%. Concentrations of diatom valves in ST samples are very high (74–259 million in g−1 of dry sediment) [26].



Organic matter content in the suspended materials from STs was usually within 20%. The only exception was the suspension collected in the PPM wastewater outlet area in Kondopoga Bay (st. K3), where organic matter constituted half of the sediment. The means, medians, and ranges were19%, 19%, and 12% (Southern Onego) to 50% (Kondopoga Bay) for loss on ignition; 6.6%, 5.6%, and 3.6% (Southern Onego) to 24.7% (Kondopoga Bay)for concentrations of Corg; 0.14%, 0.13%, and 0.08% (Southern Onego) to 0.33% (Kondopoga and Gorskaya Bays) for Pmin; 0.22%, 0.20%, and 0.13% (Southern Onego) to 0.68% (Kondopoga Bay) for Ptot; 0.009%, 0.007%, and 0.001% (Central Onego) to 0.074% (Kondopoga Bay) for    N  N  H 4 +     ; and 0.55%, 0.48%, and 0.25% (Gulf of Zaonezhye) to 1.78% (Kondopoga Bay) for Norg. The minor difference between mean and median values is another indication of the homogeneity of the suspended material deposited to Lake Onego sediments. The pigment composition of the sediments shown in Table 6 reflects the differences in production processes among regions of the lake. The main factor here is the morphogenetic characteristics of the lake basin, which influence the water thermal regime and dynamics. The highest levels (such asin the case of Corg, LOI, Norg,    N  N  H 4 +     N,Pmin and Ptot (Table 4)) were observed in sediments from the anthropogenically affected Kondopoga Bay (Table 6). The lowest values were recorded in sediments from Petrozavodsk Bay, which has the shortest residence time (3 months) among all the bays. It is also worth noting that the specified chemical parameters referring to organic matter were 20–30% higher in the suspended material from traps than in the sediment bedded in the sites where the traps were located. This is evidence that freshly deposited organic matter is actively consumed by benthic communities at the water–bottom interface. Our findings agree with the rates of organic matter decomposition in the surface layer of Lake Onego sediments estimated through experiments on O2 consumption at the water–bottom interface or on Corg distribution in the sediment surface layer. In these experiments, the rate of organic matter decomposition varied from 0.1 mg to 1 g carbon per square meter of the bottom depending on the type of sediment, sedimentation rate, and quantitative and qualitative composition of organic matter [66].



Thus, our study showed that the accumulation of sedimentary matter in Lake Onego is a complex, uneven process, which is controlled by a combination of different factors (climate, geological features of the catchment area, morphology of the lake basin, uneven distribution of river runoff and anthropogenic load, chemical composition and dynamics of waters, etc.). An assessment of the total sedimentation based on the chemical balance of Lake Onego, as well as the quantitative and qualitative composition of sedimentary material entering the bottom, revealed that a significant proportion of it has an autochthonous genesis. Organic substances, biogenic elements, and heavy metals entering as part of suspended substances and in dissolved form, including those of anthropogenic origin, are actively involved in biogeochemical processes occurring in the water column of the lake. The accumulation of mineral particles of anthropogenic nature was found only in STs installed in the upper part of the Kondopoga Bay.




5. Conclusions


The differences in water and sediment formation processes among Lake Onego regions driven both by natural factors (basin morphology, runoff from rivers, geological and geomorphological characteristics of the catchment) and by uneven distribution of anthropogenic pressure are responsible for the differentiation of the water chemical composition and the quantitative and qualitative composition of the suspended material deposited to the bottom.



Sedimentation in Lake Onego takes place in the oxidation conditions of low-TDS water of the calcium bicarbonate type. Water in northwestern bays features higher concentrations of organic matter, suspended solids, iron, manganese, and some micro elements compared to central regions of the lake. The sedimentation environment in Kondopoga Bay differs the most due to heavy pollution by wastewater from the pulp-and-paper mill.



Unevenness of sedimentary material accumulation over Lake Onego is manifest in the quantitative distribution of the sediment deposited to the bottom. The input rate varies from 0.1 to 2 kg per sq. m per year, which corresponds to 0.3–15 mm of compacted sediment per year. The annual input of matter to the sediment estimated from the lake’s chemical balance is over 200,000 tons. Intra-basin processes contribute to over 50% ofthis input, and two-thirds of the solids originating within the lake are mineral substances (biogenic silicon, goethite, and illite).



The chemical composition of the suspended material deposited to the Lake Onego bottom corresponds to the humus-Fe-Si type of sedimentation. The thermo-hydrodynamic processes in the lake determine the general characteristics of the sediments caught in the traps: uniformity of the particle size and mineral composition and similar multielement spectra. Variations in the material composition, i.e., the content of organic matter, nutrients, and some metals, are associated with local-scope sedimentation environments in specific regions of the lake.



The results of the study of sedimentogenesis processes in Lake Onego can be used in predictive models describing the response of the lake ecosystem to climatic and anthropogenic impacts, as well as for detailing the monitoring program.
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Figure 1. Sediment traps deployment layout: I—Gulf of Povenets, II—Gulf of Zaonezhye, III—Little Onego, IV—Greater Onego, V—Central Onego, VI—Southern Onego, VII—Velikaya Bay, VIII—Unitskaya Bay, IX—Lizhma Bay, X—Gorskaya Bay, XI—Kondopoga Bay, XII—Petrozavodsk Bay. 
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Figure 2. Station setup and designs of A—small sediment trap (STS) and B—simplified sediment trap (SST); 1—PVC pipe, 2—PET funnel, 3—thread adapter, 4—PET bottle, 5—bent fastening plate, 6—bottomless PET bottles, 7—screw plug. 
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Figure 3. Mean annual input (g·m−2 year−1) to bottom sediments in different regions of Lake Onego estimated by suspended matter accumulation in sediment traps: 1—Kondopoga Bay (bayhead), 2—Little Onego, 3—PyalmaOnego, 4—Kondopoga Bay, 5—Southern Onego, 6—Petrozavodsk Bay, 7—Gulf of Zaonezhye, 8—Velikaya Bay, 9—Central Onego, 10—Unitskaya Bay, 11—Greater Onego, 12—Lizhma Bay, 13—Gulf of Povenets, 14—Gorskaya Bay entrance area. 
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Figure 4. Particle size composition of suspended sediment from Lake Onego caught in STs. 
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Figure 5. Multielement spectrum of sedimentary material from STs. 
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Figure 6. Minerals from the trapped suspended material. Separate grains, mineral crystals, and their aggregates: (a) Greater Onego 1—albite, 2—muscovite, 3—diatom valves and valve fragments, 4—actinolite (Mg > Fe), 5—manganese oxide aggregates, 6—illite (Mg, Fe); (b) Petrozavodsk Bay 1—albite, 2—quartz,3—diatom valves and valve fragments,4—actinolite (Mg > Fe), 5—iron hydroxide aggregates, 6—illite (Fe, Mg), 7—titanite. 
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Figure 7. Photographs of suspension for ST taken by MIRA-3 electron microscope: (a) in Little Onego 1—separate elongated chlorite grains (Mg, Fe), 2—iron hydroxides; (b) in Lizhma Bay 1—large zonal-concentric aggregates of manganese oxides(to the left there is a fragment of the filamentous colony of planktonic diatom Aulacoseiraislandica). 
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Figure 8. Spherical-morphology aggregates from suspended material trapped in Kondopoga Bay: (a) 1—hollow, spherical-morphology aggregate with porous texture and potassium feldspar composition, 2—separate chlorite grains (Mg > Fe), 3—pyrite framboid; (b) 1—chlorite (Fe); (c) 1—quartz with skeletal crystals of chlorite (Fe). 
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Table 1. Chemical composition of Lake Onego water.
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Region of the Lake *

	
Station #

	
H, m

	
ӕ, µS/cm

	
Σ, mg/L

	
pH

	
O2, mg/L

	
O2, %

	
CO2, mg/L

	
NO2−, mgN/L

	
NH4+,mgN/L

	
NO3−, mgN/L

	
Norg, mgN/

	
Ntot, mgN/L

	
Pmin, µgP/l

	
Ptot, µg/L

	
Color, °

	
PI, mgO/L

	
BOD5, mgO2/L

	
Suspended solids, mg/L

	
Si., mg/L

	
Fetot, mg/L

	
Mn, mg/L






	
I

	
W2

	
0.5

	
60.5

	
42.4

	
7.53

	
9.4

	
95

	
2.75

	
<0.001

	
0.01

	
0.12

	
0.19

	
0.32

	
1

	
4

	
34

	
6.6

	
1.90

	
0.6

	
0.30

	
0.07

	
<0.01




	
19

	
59.7

	
41.8

	
7.67

	
9.2

	
88

	
3.63

	
0.001

	
0.02

	
0.13

	
0.12

	
0.27

	
1

	
4

	
26

	
5.7

	
0.89

	
0.2

	
0.32

	
0.04

	
<0.01




	
98

	
59.7

	
41.8

	
7.59

	
11.5

	
91

	
3.96

	
<0.001

	
<0.01

	
0.20

	
0.10

	
0.30

	
1

	
4

	
33

	
5.5

	
0.81

	
0.2

	
0.49

	
0.07

	
<0.01




	
II

	
N1

	
0.5

	
53.4

	
37.4

	
7.62

	
9.1

	
95

	
3.52

	
0.001

	
0.01

	
0.15

	
0.29

	
0.45

	
3

	
5

	
38

	
8.2

	
1.59

	
1.2

	
0.24

	
0.11

	
<0.01




	
18

	
52.8

	
36.9

	
7.60

	
8.3

	
84

	
4.07

	
0.001

	
0.01

	
0.16

	
0.15

	
0.32

	
2

	
13

	
32

	
7.4

	
1.25

	
1.0

	
0.27

	
0.10

	
<0.01




	
III

	
L18

	
0.5

	
52.4

	
36.7

	
7.41

	
9.4

	
95

	
3.08

	
0.001

	
0.01

	
0.18

	
0.27

	
0.46

	
2

	
6

	
44

	
7.0

	
1.23

	
1.0

	
0.25

	
0.09

	
<0.01




	
38

	
52.3

	
36.6

	
7.57

	
9.8

	
80

	
5.28

	
<0.001

	
0.02

	
0.22

	
0.27

	
0.51

	
3

	
11

	
45

	
6.6

	
0.80

	
1.4

	
0.42

	
0.14

	
<0.01




	
sup. *

	
51.0

	
35.7

	
7.56

	
9.5

	
78

	
2.75

	
<0.001

	
0.01

	
0.19

	
0.15

	
0.35

	
10

	
14

	
-

	
6.7

	
-

	
-

	
0.28

	
0.13

	
0.02




	
IV

	
B2

	
0.5

	
51.2

	
35.8

	
7.34

	
8.6

	
90

	
2.75

	
0.001

	
0.02

	
0.13

	
0.25

	
0.40

	
1

	
12

	
35

	
7.6

	
1.28

	
0.2

	
0.22

	
0.10

	
0.01




	
11.0

	
51.0

	
35.7

	
7.47

	
8.5

	
89

	
2.64

	
0.001

	
0.04

	
0.12

	
0.20

	
0.36

	
<1

	
9

	
36

	
7.6

	
1.63

	
0.2

	
0.21

	
0.08

	
0.01




	
40.0

	
51.1

	
35.8

	
7.35

	
12.0

	
93

	
4.07

	
<0.001

	
0.02

	
0.20

	
0.24

	
0.46

	
<1

	
8

	
34

	
7.3

	
1.05

	
0.2

	
0.38

	
0.08

	
0.01




	
V

	
C1

	
0.5

	
50.9

	
35.6

	
7.39

	
9.6

	
99

	
2.42

	
0.001

	
0.02

	
0.12

	
0.24

	
0.38

	
<1

	
11

	
36

	
8.3

	
1.37

	
0.6

	
0.24

	
0.11

	
0.01




	
6.0

	
51.1

	
35.8

	
7.35

	
9.7

	
99

	
2.42

	
0.001

	
0.03

	
0.13

	
0.21

	
0.37

	
<1

	
10

	
35

	
7.9

	
1.01

	
0.6

	
0.19

	
0.08

	
0.01




	
57.0

	
51.0

	
35.7

	
7.25

	
12.1

	
93

	
4.62

	
<0.001

	
0.02

	
0.20

	
0.18

	
0.40

	
<1

	
7

	
33

	
7.5

	
0.80

	
0.6

	
0.40

	
0.11

	
0.02




	
sup.

	
51.1

	
35.8

	
7.30

	
-**

	
-

	
-

	
<0.001

	
<0.01

	
0.23

	
0.26

	
0.49

	
-

	
33

	
-

	
5.9

	
-

	
-

	
0.57

	
0.47

	
0.05




	
VI

	
S1

	
0.5

	
51.1

	
35.8

	
7.42

	
9.0

	
95

	
1.87

	
0.001

	
0.02

	
0.12

	
0.13

	
0.27

	
<1

	
20

	
36

	
7.1

	
0.54

	
0.4

	
0.17

	
0.10

	
0.02




	
32.0

	
52.4

	
36.7

	
6.97

	
11.2

	
88

	
4.40

	
0.002

	
0.02

	
0.18

	
0.21

	
0.41

	
1

	
21

	
36

	
7.5

	
0.46

	
1.0

	
0.40

	
0.11

	
0.02




	
S 3

	
sup.

	
51.2

	
35.8

	
7.60

	
9.4

	
81

	
2.75

	
<0.001

	
<0.01

	
0.18

	
0.18

	
0.36

	
3

	
8

	
-

	
6.7

	
-

	
-

	
0.25

	
0.06

	
<0.01




	
VIII

	
GU4

	
0.5

	
50.0

	
35.0

	
7.56

	
9.4

	
96

	
3.08

	
<0.001

	
<0.01

	
0.17

	
0.22

	
0.39

	
1

	
10

	
34

	
8.2

	
0.65

	
0.4

	
0.42

	
0.10

	
<0.01




	
29

	
59.5

	
41.7

	
7.72

	
9.1

	
85

	
5.28

	
<0.001

	
<0.01

	
0.16

	
0.21

	
0.37

	
-

	
8

	
34

	
7.8

	
0.60

	
0.8

	
0.42

	
0.11

	
<0.01




	
sup.

	
49.7

	
34.8

	
7.39

	
9.3

	
87

	
2.86

	
<0.001

	
0.01

	
0.17

	
0.18

	
0.36

	
1

	
12

	
-

	
6.7

	
-

	
-

	
0.29

	
0.07

	
0.02




	
IX

	
GL3

	
0.5

	
51.5

	
36.1

	
7.62

	
9.4

	
93

	
2.20

	
<0.001

	
0.01

	
0.21

	
0.29

	
0.51

	
1

	
11

	
35

	
7.4

	
1.19

	
0.8

	
0.26

	
0.10

	
<0.01




	
56

	
51.3

	
35.9

	
7.33

	
10.2

	
83

	
4.18

	
<0.001

	
0.01

	
0.19

	
0.21

	
0.41

	
11

	
19

	
32

	
6.6

	
0.65

	
0.8

	
0.28

	
0.09

	
<0.01




	
sup.

	
49.9

	
34.9

	
7.55

	
9.9

	
80

	
2.86

	
<0.001

	
0.01

	
0.19

	
0.21

	
0.41

	
11

	
19

	
-

	
5.9

	
-

	
-

	
0.32

	
0.19

	
0.06




	
X

	
Gg

	
sup.

	
50.1

	
35.1

	
7.58

	
10.1

	
90

	
2.42

	
0.001

	
<0.01

	
0.17

	
0.20

	
0.37

	
4

	
8

	
-

	
6.7

	
-

	
-

	
0.28

	
0.08

	
0.01




	
XI

	
K 50

	
0.5

	
48.9

	
34.2

	
7.39

	
8.6

	
92

	
2.48

	
0.002

	
0.02

	
0.07

	
0.36

	
0.45

	
1

	
37

	
51

	
10.3

	
1.08

	
2.0

	
0.43

	
0.17

	
0.03




	
34.0

	
49.4

	
34.6

	
7.20

	
10.4

	
84

	
5.50

	
<0.001

	
0.01

	
0.16

	
0.19

	
0.36

	
5

	
21

	
45

	
8.3

	
0.57

	
1.8

	
0.43

	
0.18

	
0.02




	
K 3

	
0.5

	
42.0

	
29.4

	
6.92

	
7.3

	
79

	
4.95

	
0.003

	
0.04

	
0.09

	
0.41

	
0.54

	
12

	
67

	
76

	
15.1

	
1.13

	
2.3

	
1.17

	
0.34

	
0.03




	
14.0

	
50.2

	
35.1

	
6.77

	
5.3

	
47

	
12.4

	
0.011

	
0.19

	
0.27

	
0.067

	
0.54

	
52

	
85

	
51

	
9.5

	
1.15

	
1.0

	
0.50

	
0.31

	
0.06




	
K 6

	
0.5

	
49.9

	
34.9

	
7.38

	
8.5

	
92

	
2.20

	
0.001

	
0.04

	
0.08

	
0.26

	
0.38

	
<1

	
17

	
42

	
8.1

	
1.51

	
1.6

	
0.29

	
0.11

	
0.01




	
2.0

	
50.4

	
35.3

	
7.03

	
8.3

	
91

	
2.20

	
0.002

	
0.04

	
0.08

	
0.54

	
0.66

	
1

	
20

	
41

	
8.7

	
1.22

	
1.2

	
0.30

	
0.13

	
0.02




	
79.0

	
49.1

	
34.4

	
7.35

	
9.2

	
72

	
8.58

	
0.001

	
0.01

	
0.20

	
0.32

	
0.53

	
9

	
34

	
43

	
8.7

	
0.64

	
4.9

	
0.73

	
0.34

	
0.04




	
sup.

	
44.9

	
31.4

	
-

	
-

	
-

	
-

	
-

	
0.13

	
0.24

	
0.91

	
1.28

	
-

	
132

	
-

	
8.5

	
-

	
-

	
1.04

	
-

	
0.80




	
XII

	
P 2

	
0.5

	
47.7

	
33.4

	
7.12

	
9.0

	
87

	
3.41

	
0.002

	
0.01

	
0.14

	
0.16

	
0.31

	
3

	
29

	
48

	
8.7

	
0.64

	
1.4

	
0.39

	
0.24

	
0.04




	
4.0

	
47.9

	
33.6

	
7.28

	
9.0

	
87

	
3.41

	
0.002

	
0.02

	
0.13

	
0.26

	
0.41

	
3

	
30

	
47

	
8.3

	
0.70

	
1.2

	
0.38

	
0.23

	
0.12




	
26.0

	
50.4

	
35.3

	
7.16

	
11.4

	
90

	
4.40

	
0.001

	
0.02

	
0.20

	
0.09

	
0.31

	
2

	
24

	
37

	
6.8

	
0.30

	
9.8

	
0.36

	
0.14

	
0.02




	
P 3

	
0.5

	
49.6

	
34.7

	
7.25

	
8.8

	
91

	
1.98

	
0.002

	
0.03

	
0.12

	
0.32

	
0.47

	
1

	
14

	
43

	
7.9

	
1.09

	
1.0

	
0.28

	
0.13

	
0.03




	
6.0

	
49.3

	
34.5

	
7.23

	
8.8

	
90

	
2.09

	
0.002

	
0.02

	
0.12

	
0.08

	
0.22

	
1

	
12

	
42

	
7.9

	
0.69

	
1.0

	
0.28

	
0.14

	
0.02




	
28.0

	
50.8

	
35.6

	
7.32

	
11.5

	
92

	
3.63

	
0.001

	
0.02

	
0.19

	
0.12

	
0.33

	
2

	
21

	
44

	
7.1

	
0.88

	
1.2

	
0.33

	
0.14

	
0.02








Note: #—station number, sup. —supernatant, “-”—no date, *—the region of the Onego lake is designated according to the symbols in Figure 1 (here and in the following tables).
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Table 2. Sediment accumulation in STs in Lake Onego (Note: #—station number).
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Region of the Lake

	
Station #

	
Depth

	
Trap Type

	
Deployment Date

	
Lifting Date

	
Layer Thickness

	
m

	
Accumulation Rate




	
m

	
cm

	
g

	
g·m−2·Year−1

	
cm·Year−1






	
I

	
W29

	
40

	
STS

	
27.09.2019

	
28.08.2020

	
0.21

	
1.2

	
141

	
0.23




	
W29

	
28.08.2020

	
12.09.2021

	
0.37

	
4.9

	
497

	
0.35




	
W2

	
96

	
31.08.2018

	
27.09.2019

	
0.18

	
2.2

	
211

	
0.17




	
W2

	
94

	
27.09.2019

	
28.08.2020

	
0.35

	
4.0

	
455

	
0.38




	
W2

	
95

	
28.08.2020

	
12.09.2021

	
0.32

	
4.5

	
451

	
0.30




	
W5

	
27

	
27.09.2019

	
29.08.2020

	
0.24

	
2.8

	
352

	
0.26




	
II

	
N1

	
20

	
SST

	
31.08.2018

	
28.09.2019

	
1.00

	
8.7

	
1071

	
0.93




	
STS

	
29.08.2020

	
13.09.2021

	
1.31

	
13.8

	
1391

	
1.25




	
N19

	
30

	
SST

	
28.09.2019

	
30.08.2020

	
0.72

	
6.1

	
877

	
0.77




	
III

	
L18

	
40

	
STS

	
07.06.2020

	
02.06.2021

	
1.08

	
14.2

	
1517

	
1.10




	
01.09.2018

	
28.09.2019

	
1.41

	
18.0

	
1761

	
1.31




	
IV

	
B1

	
86

	
SST

	
02.09.2018

	
26.09.2019

	
0.71

	
5.1

	
628

	
0.66




	
100

	
STS

	
08.06.2020

	
03.06.2021

	
0.59

	
4.8

	
555

	
0.59




	
B2

	
40

	
25.09.2019

	
08.06.2020

	
0.31

	
1.4

	
214

	
0.44




	
40

	
08.06.2020

	
03.06.2021

	
0.40

	
2.9

	
334

	
0.40




	
Be

	
84

	
31.08.2020

	
03.06.2021

	
0.63

	
5.1

	
709

	
0.83




	
V

	
C1

	
58

	
STS

	
07.06.2020

	
02.06.2021

	
0.32

	
2.8

	
295

	
0.32




	
29.09.2019

	
07.06.2020

	
0.34

	
2.0

	
305

	
0.49




	
C2

	
80

	
25.09.2019

	
08.06.2020

	
0.78

	
7.7

	
1153

	
1.10




	
08.06.2020

	
03.06.2021

	
1.12

	
13.2

	
1404

	
1.14




	
C4

	
56

	
29.09.2019

	
07.06.2020

	
0.34

	
1.9

	
296

	
0.49




	
52

	
SST

	
07.06.2020

	
01.06.2021

	
0.13

	
0.5

	
71

	
0.13




	
VI

	
S3

	
28

	
SST

	
02.09.2018

	
20.09.2019

	
1.21

	
9.6

	
1214

	
1.15




	
05.06.2020

	
31.05.2021

	
0.92

	
8.0

	
1076

	
0.93




	
VII

	
GG1

	
10

	
STS

	
24.09.2019

	
31.08.2020

	
1.25

	
6.3

	
709

	
1.33




	
VIII

	
GU219

	
11

	
STS

	
01.09.2020

	
04.06.2021

	
0.71

	
7.5

	
1036

	
0.93




	
GU4

	
30

	
SST

	
03.09.2018

	
19.09.2019

	
0.15

	
1.2

	
152

	
0.14




	
25

	
STS

	
01.09.2020

	
04.06.2021

	
0.23

	
2.0

	
280

	
0.31




	
IX

	
GL3

	
56

	
STS

	
03.09.2018

	
19.09.2019

	
0.42

	
3.0

	
298

	
0.40




	
60

	
SST

	
19.09.2019

	
02.09.2020

	
0.63

	
3.6

	
500

	
0.65




	
56

	
STS

	
02.09.2020

	
06.06.2021

	
0.44

	
3.5

	
538

	
0.57




	
X

	
Gg

	
25

	
SST

	
18.09.2019

	
02.09.2020

	
0.26

	
1.2

	
165

	
0.27




	
STS

	
02.09.2020

	
14.09.2021

	
0.36

	
3.7

	
371

	
0.34




	
XI

	
K3

	
12

	
SST

	
04.09.2018

	
17.09.2019

	
2.88

	
14.5

	
1847

	
2.77




	
K50

	
35

	
SST

	
04.09.2018

	
17.09.2019

	
0.47

	
3.1

	
392

	
0.45




	
STS

	
03.09.2020

	
15.09.2021

	
1.34

	
14.3

	
1458

	
1.30




	
K6

	
80

	
STS

	
03.09.2020

	
15.09.2021

	
1.45

	
16.2

	
1647

	
1.40




	
SST

	
04.09.2018

	
17.09.2019

	
0.62

	
3.4

	
433

	
0.60




	
XII

	
P2

	
25

	
SST

	
30.08.2018

	
21.09.2019

	
0.83

	
5.4

	
672

	
0.78




	
STS

	
04.09.2020

	
16.09.2021

	
1.47

	
16.7

	
1694

	
1.42




	
SST

	
21.09.2019

	
04.09.2020

	
0.50

	
5.3

	
736

	
0.52




	
P3

	
28

	
SST

	
30.08.2018

	
21.09.2019

	
0.80

	
3.7

	
461

	
0.75




	
STS

	
04.09.2020

	
16.09.2021

	
1.15

	
14.9

	
1517

	
1.11




	
21.09.2019

	
04.09.2020

	
1.14

	
7.8

	
940

	
1.18
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Table 3. Grain size composition of sedimentary material from STs and grain size distribution estimate according to Trask: #—station number, Q1—first and Q3—third quartile, Md—median, S0—sorting coefficient, Sk—skewness.






Table 3. Grain size composition of sedimentary material from STs and grain size distribution estimate according to Trask: #—station number, Q1—first and Q3—third quartile, Md—median, S0—sorting coefficient, Sk—skewness.





	
Region of the Lake

	
Station #

	
Fraction, %

	
Q1

	
Md

	
Q3

	
S0

	
Sk




	
<0.01 mm

	
0.01–0.05 mm

	
0.05–0.1 mm

	
0.1–0.25 mm

	
0.25–1 mm






	
I

	
W2

	
13.9

	
56.0

	
17.8

	
8.6

	
3.7

	
0.016

	
0.031

	
0.054

	
1.9

	
0.95




	
W29

	
19.2

	
58.7

	
14.4

	
6.0

	
1.6

	
0.012

	
0.025

	
0.044

	
1.9

	
0.92




	
II

	
N1

	
14.2

	
55.7

	
16.2

	
8.6

	
5.2

	
0.016

	
0.030

	
0.055

	
1.9

	
0.98




	
N19

	
38.1

	
57.7

	
3.0

	
1.3

	
0.0

	
0.004

	
0.008

	
0.016

	
2.0

	
0.95




	
III

	
L18

	
22.0

	
62.0

	
11.8

	
4.2

	
0.0

	
0.011

	
0.021

	
0.038

	
1.8

	
0.97




	
IV

	
B1

	
20.6

	
60.1

	
11.4

	
5.1

	
2.8

	
0.012

	
0.023

	
0.041

	
1.9

	
0.97




	
B2

	
18.1

	
58.8

	
13.2

	
6.9

	
3.0

	
0.013

	
0.025

	
0.045

	
1.9

	
0.97




	
Be

	
20.9

	
64.5

	
10.9

	
3.6

	
0.0

	
0.011

	
0.021

	
0.037

	
1.8

	
0.95




	
V

	
C2

	
22.0

	
62.5

	
9.3

	
4.3

	
1.8

	
0.011

	
0.021

	
0.036

	
1.8

	
0.96




	
C1

	
20.4

	
62.3

	
9.3

	
5.2

	
2.8

	
0.012

	
0.021

	
0.037

	
1.8

	
1.00




	
C4

	
18.1

	
51.5

	
14.5

	
9.0

	
6.9

	
0.013

	
0.028

	
0.058

	
2.1

	
0.99




	
VI

	
S3

	
17.1

	
58.5

	
14.4

	
7.1

	
2.8

	
0.013

	
0.023

	
0.047

	
1.9

	
1.07




	
VII

	
GG1

	
41.0

	
37.8

	
12.8

	
7.4

	
1.0

	
0.005

	
0.014

	
0.041

	
3.0

	
0.97




	
VIII

	
GU4

	
19.2

	
58.2

	
14.1

	
6.0

	
2.6

	
0.011

	
0.021

	
0.041

	
1.9

	
1.00




	
GU219

	
17.2

	
52.6

	
19.3

	
8.5

	
2.4

	
0.013

	
0.023

	
0.049

	
1.9

	
1.09




	
IX

	
GL3

	
16.2

	
60.8

	
16.2

	
5.2

	
1.7

	
0.014

	
0.027

	
0.045

	
1.8

	
0.93




	
X

	
Gg

	
9.4

	
48.3

	
21.3

	
13.4

	
7.7

	
0.021

	
0.040

	
0.078

	
1.9

	
1.01




	
XI

	
K6

	
22.1

	
60.8

	
13.6

	
3.5

	
0.0

	
0.010

	
0.021

	
0.036

	
1.9

	
0.91




	
K50

	
16.7

	
57.6

	
17.6

	
5.7

	
2.5

	
0.014

	
0.028

	
0.049

	
1.9

	
0.94




	
XII

	
P2

	
16.7

	
56.5

	
18.1

	
6.5

	
2.1

	
0.014

	
0.029

	
0.050

	
1.9

	
0.93




	
P3

	
15.8

	
55.7

	
17.9

	
7.4

	
3.2

	
0.015

	
0.030

	
0.052

	
1.9

	
0.92
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Table 4. Chemical composition of suspended sediment from STs in Lake Onego (averaged over 2018–2021).
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Region of the Lake

	
Station #

	
H

	
Eh

	
pH

	
por

	
pm

	
p

	
Wet20

	
Wet105

	
Corg

	
LOI

	
      N    N    H  4 +       

	
Norg

	
Fe

	
Mn

	
Ash

	
Pmin

	
Ptot




	
m

	
mV

	
g·cm3

	
%






	
I

	
W29

	
42

	
96

	
7.1

	
0.94

	
1.87

	
1.06

	
88.5

	
5.0

	
5.3

	
15.3

	
0.008

	
0.53

	
2.9

	
0.25

	
82.1

	
0.13

	
0.15




	
W2

	
102

	
142

	
7.2

	
0.95

	
2.42

	
1.09

	
88.4

	
4.2

	
5.1

	
13.9

	
0.007

	
0.42

	
3.5

	
0.40

	
83.4

	
0.09

	
0.16




	
W5

	
27

	
163

	
7.3

	
0.90

	
1.26

	
1.02

	
87.2

	
4.4

	
3.6

	
12.2

	
0.005

	
0.37

	
2.9

	
0.16

	
85.4

	
0.14

	
0.17




	
II

	
N1

	
20

	
207

	
7.2

	
0.93

	
2.00

	
1.08

	
87.9

	
4.1

	
4.4

	
13.3

	
0.006

	
0.33

	
3.3

	
0.38

	
84.2

	
0.11

	
0.16




	
N19

	
30

	
35

	
7.0

	
0.96

	
2.89

	
1.09

	
89.2

	
5.2

	
3.6

	
14.1

	
0.004

	
0.42

	
3.8

	
0.35

	
83.4

	
0.11

	
0.16




	
III

	
L18

	
40

	
165

	
7.3

	
0.94

	
2.18

	
1.07

	
87.2

	
5.0

	
4.8

	
15.6

	
0.007

	
0.36

	
4.3

	
0.44

	
81.6

	
0.11

	
0.16




	
IV

	
B1

	
100

	
324

	
6.8

	
0.97

	
2.73

	
1.07

	
91.9

	
7.1

	
6.8

	
21.1

	
0.007

	
0.59

	
4.9

	
0.59

	
75.9

	
0.14

	
0.20




	
B2

	
40

	
104

	
7.1

	
0.97

	
2.37

	
1.07

	
91.8

	
7.2

	
6.0

	
20.8

	
0.006

	
0.55

	
4.2

	
0.49

	
76.1

	
0.13

	
0.21




	
Be

	
80

	
69

	
7.5

	
0.96

	
2.16

	
1.06

	
90.3

	
6.6

	
4.5

	
18.8

	
0.008

	
0.47

	
4.8

	
0.57

	
78.2

	
0.13

	
0.18




	
V

	
C1

	
57

	
112

	
7.2

	
0.97

	
2.51

	
1.06

	
91.6

	
6.9

	
5.4

	
19.6

	
0.005

	
0.50

	
4.6

	
0.62

	
77.5

	
0.13

	
0.20




	
C2

	
80

	
74

	
7.4

	
0.94

	
2.12

	
1.06

	
89.3

	
6.4

	
5.0

	
18.1

	
0.006

	
0.50

	
5.2

	
0.64

	
78.7

	
0.13

	
0.19




	
C4

	
52

	
149

	
6.4

	
0.98

	
2.73

	
1.06

	
93.2

	
7.4

	
13.5

	
30.9

	
0.039

	
0.88

	
4.8

	
0.53

	
66.8

	
0.23

	
0.38




	
VI

	
S3

	
27

	
309

	
6.5

	
0.96

	
2.76

	
1.10

	
89.7

	
4.4

	
5.4

	
16.0

	
0.006

	
0.43

	
3.0

	
0.27

	
81.7

	
0.08

	
0.13




	
VII

	
GG1

	
10

	
84

	
7.3

	
0.96

	
2.68

	
1.07

	
89.5

	
5.3

	
5.1

	
16.9

	
0.003

	
0.52

	
3.1

	
0.15

	
80.4

	
0.09

	
0.21




	
VIII

	
GU219

	
14

	
57

	
7.7

	
0.97

	
3.51

	
1.09

	
88.8

	
5.3

	
5.6

	
16.0

	
0.008

	
0.38

	
5.7

	
1.07

	
81.4

	
0.13

	
0.16




	
GU4

	
25

	
179

	
6.9

	
0.97

	
2.36

	
1.06

	
92.5

	
5.3

	
8.0

	
21.3

	
0.009

	
0.86

	
4.5

	
0.42

	
76.5

	
0.11

	
0.19




	
IX

	
GL3

	
60

	
187

	
7.2

	
0.97

	
2.37

	
1.06

	
92.4

	
6.8

	
6.6

	
20.9

	
0.008

	
0.59

	
4.7

	
0.53

	
76.4

	
0.13

	
0.21




	
X

	
Gg

	
26

	
161

	
6.9

	
0.97

	
2.42

	
1.06

	
92.2

	
7.5

	
7.5

	
22.0

	
0.015

	
0.83

	
5.5

	
0.79

	
74.9

	
0.27

	
0.27




	
XI

	
K3

	
13

	
115

	
6.4

	
0.98

	
1.49

	
1.02

	
96.9

	
6.6

	
24.7

	
49.6

	
0.024

	
1.78

	
3.6

	
1.68

	
49.0

	
0.16

	
0.68




	
K50

	
36

	
195

	
6.9

	
0.96

	
2.27

	
1.06

	
91.2

	
6.1

	
8.2

	
22.2

	
0.011

	
0.58

	
5.0

	
0.41

	
75.3

	
0.21

	
0.28




	
K6

	
80

	
182

	
7.1

	
0.96

	
2.38

	
1.06

	
91.3

	
6.3

	
6.6

	
21.4

	
0.012

	
0.59

	
5.5

	
0.43

	
75.9

	
0.18

	
0.29




	
XII

	
P2

	
26

	
220

	
7.1

	
0.96

	
3.02

	
1.08

	
89.4

	
5.4

	
5.4

	
16.7

	
0.006

	
0.42

	
5.3

	
0.90

	
80.7

	
0.16

	
0.23




	
P3

	
30

	
126

	
7.4

	
0.96

	
2.36

	
1.06

	
90.8

	
6.5

	
6.1

	
17.2

	
0.009

	
0.40

	
4.5

	
0.56

	
79.8

	
0.16

	
0.24








Note: #—station number.
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Table 5. Metals within suspended sediment from STs in Lake Onego (averaged over 2018–2021).
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Region of the Lake

	
Station #

	
Ca

	
Mg

	
K

	
Na

	
Al

	
Cu

	
Zn

	
Co

	
Ni

	
Pb

	
Cr

	
Ba

	
Sr

	
Li

	
V

	
Be

	
Mo

	
Sb

	
Cd




	
%

	
µg/g






	
I

	
W2

	
1.20

	
1.20

	
1.80

	
1.60

	
5.60

	
31

	
120

	
15

	
37

	
24

	
62

	
500

	
130

	
20

	
88

	
1.40

	
0.60

	
0.41

	
0.63




	
II

	
N1

	
1.15

	
1.25

	
1.80

	
1.50

	
6.55

	
32

	
125

	
15

	
36

	
17

	
70

	
520

	
130

	
25

	
91

	
1.35

	
0.94

	
0.45

	
0.37




	
N19

	
1.10

	
1.30

	
1.70

	
1.20

	
6.50

	
35

	
130

	
15

	
37

	
24

	
77

	
170

	
130

	
28

	
72

	
1.70

	
0.14

	
-

	
-




	
III

	
L18

	
0.84

	
1.00

	
1.70

	
1.05

	
5.75

	
31

	
130

	
15

	
35

	
22

	
73

	
435

	
93

	
25

	
101

	
1.25

	
0.98

	
0.52

	
0.42




	
IV

	
B1

	
0.69

	
0.89

	
1.40

	
0.73

	
4.90

	
36

	
133

	
15

	
34

	
29

	
59

	
410

	
73

	
21

	
90

	
1.35

	
1.37

	
0.81

	
0.45




	
Be

	
0.41

	
0.86

	
1.50

	
0.72

	
5.40

	
38

	
120

	
15

	
29

	
21

	
54

	
430

	
76

	
26

	
100

	
1.80

	
1.20

	
1.00

	
0.36




	
V

	
C1

	
0.81

	
1.00

	
1.30

	
0.63

	
5.40

	
41

	
110

	
16

	
41

	
67

	
78

	
250

	
74

	
25

	
83

	
1.40

	
0.97

	
-

	
-




	
C2

	
0.82

	
1.02

	
1.45

	
0.78

	
5.75

	
39

	
130

	
16

	
37

	
26

	
83

	
345

	
84

	
27

	
85

	
1.50

	
1.30

	
0.95

	
0.36




	
C4

	
0.80

	
1.00

	
1.40

	
0.61

	
5.50

	
38

	
130

	
16

	
42

	
31

	
82

	
250

	
71

	
27

	
80

	
1.60

	
1.80

	
-

	
-




	
VI

	
S3

	
0.76

	
0.79

	
1.70

	
0.83

	
5.15

	
30

	
110

	
14

	
30

	
19

	
66

	
365

	
86

	
21

	
81

	
0.98

	
0.67

	
0.60

	
0.33




	
S5

	
0.49

	
0.17

	
1.50

	
1.00

	
3.00

	
5

	
20

	
3

	
2

	
35

	
12

	
420

	
110

	
6

	
25

	
0.34

	
0.14

	
0.35

	
0.05




	
VII

	
GG1

	
1.00

	
1.50

	
1.60

	
1.20

	
6.00

	
42

	
150

	
18

	
47

	
22

	
82

	
250

	
98

	
30

	
96

	
1.30

	
2.00

	
-

	
-




	
VIII

	
GU4

	
1.05

	
1.15

	
1.60

	
1.45

	
5.75

	
37

	
145

	
14

	
36

	
17

	
66

	
560

	
120

	
21

	
87

	
1.15

	
1.79

	
0.89

	
0.48




	
IX

	
GL3

	
0.79

	
0.99

	
1.25

	
0.75

	
4.75

	
41

	
135

	
15

	
37

	
31

	
72

	
295

	
75

	
21

	
84

	
1.10

	
1.75

	
0.71

	
0.51




	
XI

	
K3

	
0.76

	
0.72

	
1.00

	
0.69

	
3.20

	
46

	
160

	
10

	
27

	
16

	
57

	
270

	
80

	
13

	
62

	
0.33

	
1.80

	
0.70

	
0.47




	
K50

	
1.05

	
1.00

	
1.50

	
1.05

	
5.00

	
42

	
145

	
13

	
33

	
21

	
65

	
450

	
96

	
21

	
86

	
1.10

	
1.65

	
0.82

	
0.45




	
K6

	
0.91

	
0.92

	
1.45

	
1.00

	
4.60

	
42

	
125

	
12

	
30

	
21

	
62

	
450

	
87

	
18

	
81

	
1.10

	
1.75

	
0.75

	
0.39




	
XII

	
P2

	
1.27

	
1.10

	
1.60

	
1.33

	
5.57

	
36

	
157

	
16

	
35

	
27

	
71

	
453

	
127

	
20

	
85

	
1.19

	
1.63

	
0.74

	
0.59




	
P3

	
1.10

	
1.02

	
1.50

	
1.17

	
5.57

	
39

	
150

	
15

	
32

	
38

	
67

	
447

	
113

	
20

	
87

	
1.37

	
1.37

	
0.70

	
0.56








Note: “-”—no data, #—station number.
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Table 6. Plant pigments within suspended sediment from STs in Lake Onego (#—station number).
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Region of the Lake

	
Station #

	
ChlA

	
ChlB

	
ChlC

	
Pheo






	
I

	
W2

	
135

	
37

	
77

	
217




	
II

	
N1

	
132

	
13

	
22

	
235




	
III

	
L18

	
121

	
26

	
49

	
195




	
IV

	
B1

	
259

	
32

	
46

	
441




	
VI

	
S3

	
110

	
22

	
31

	
189




	
VIII

	
GU4

	
249

	
66

	
158

	
402




	
IX

	
GL3

	
284

	
26

	
50

	
489




	
XI

	
K3

	
349

	
52

	
125

	
644




	
K50

	
165

	
11

	
24

	
282




	
K6

	
249

	
27

	
65

	
423




	
XII

	
P2

	
69

	
15

	
34

	
112




	
P3

	
66

	
12

	
3

	
153
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Table 7. Average rate of suspended sediment accumulation on the bottom in different regions of Lake Onego according to ST surveys in 2018–2021: I—unconsolidated suspension after settling for 24 h; II—converted to compacted sediment layer bedded at 5 cm depth; III—converted to compacted sediment layer bedded at 20 cm depth (cm/year).






Table 7. Average rate of suspended sediment accumulation on the bottom in different regions of Lake Onego according to ST surveys in 2018–2021: I—unconsolidated suspension after settling for 24 h; II—converted to compacted sediment layer bedded at 5 cm depth; III—converted to compacted sediment layer bedded at 20 cm depth (cm/year).





	
Region of the Lake

	
Ι

	
ΙΙ

	
ΙΙΙ






	
I

	
Gulf of Povenets

	
0.28

	
0.08

	
0.04




	
II

	
Gulf of Zaonezhye

	
0.93

	
0.69

	
0.34




	
III

	
Little Onego

	
1.20

	
0.94

	
0.34




	
IV

	
Greater Onego

	
0.63

	
0.04

	
0.03




	
V

	
Central Onego

	
0.61

	
0.26

	
0.15




	
VI

	
Southern Onego

	
1.04

	
0.24

	
0.20




	
VII

	
Velikaya Bay

	
1.33

	
0.41

	
0.32




	
VIII

	
Unitskaya Bay

	
0.46

	
0.17

	
0.12




	
IX

	
Lizhma Bay

	
0.54

	
0.08

	
0.06




	
XI

	
Kondopoga Bay

	
0.94

	
0.40

	
0.28




	
Kondopoga Bay, head

	
2.77

	
2.22

	
1.48




	
XII

	
Petrozavodsk Bay, center

	
1.01

	
0.79

	
0.40




	
Petrozavodsk Bay, head

	
0.90

	
0.61

	
0.48
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Table 8. Inputs of material to bottom sediments in Lake Onego (tons per year) *.
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Source

	
Catchment

	
Intra-Basin Processes






	
Parameter

	
Suspended solids

	
Al

	
Mn

	
Fe

	
Si

	
Organic matter




	
Input from catchment

	
96,096

	
3646

	
1276

	
14,386

	
36,911

	
41,845




	
Retention capacity

	
1

	
0.81

	
0.86

	
0.92

	
0.84




	
Input to bottom sediments

	
96,096

	
2953 *

	
1097

	
13,235

	
31,005




	
8268

	
1755

	
25,146

	
66,350




	
TOTAL:

	
239,460








Note: * Above the line—element mass, under the line—converted to the mass of Fe, Al, and Mn hydroxide and SiO2.
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