

  environments-11-00065




environments-11-00065







Environments 2024, 11(4), 65; doi:10.3390/environments11040065




Article



Dissolved Iron and Organic Matter in Boreal Rivers across a South–North Transect



Alisa Aleshina 1, Maria-Anna Rusakova 2, Olga Y. Drozdova 1, Oleg S. Pokrovsky 3,4,* and Sergey A. Lapitskiy 1





1



Department of Geochemistry, Faculty of Geology, Lomonosov Moscow State University, 119991 Moscow, Russia






2



All-Russian Scientific-Research Institute of Mineral Resources Named after N. M. Fedorovsky, 119017 Moscow, Russia






3



Geoscience and Environment Toulouse (GET), UMR 5563 CNRS University of Toulouse, 31400 Toulouse, France






4



BIO-GEO-CLIM Laboratory, National Research Tomsk State University, 634004 Tomsk, Russia









*



Correspondence: oleg.pokrovsky@get.omp.eu







Citation: Aleshina, A.; Rusakova, M.-A.; Drozdova, O.Y.; Pokrovsky, O.S.; Lapitskiy, S.A. Dissolved Iron and Organic Matter in Boreal Rivers across a South–North Transect. Environments 2024, 11, 65. https://doi.org/10.3390/environments11040065



Academic Editors: Xiaopeng Huang, Qian Zhao and Lanfang Han



Received: 31 January 2024 / Revised: 18 March 2024 / Accepted: 25 March 2024 / Published: 26 March 2024



Abstract

:

Iron (Fe) is one of the main nutrients present in dissolved, suspended, and colloidal states in river water. Predicting the composition and size of dissolved Fe compounds is crucial for assessing water quality. In this stud, we used a combination of physical methods (filtration), chemical techniques (ion exchange chromatography), and thermodynamic modeling (Visual MINTEQ) to characterize dissolved Fe speciation in boreal organic-rich rivers across a sizable south–north transect. We chose contrasting rivers with a predominance of either allochthonous or autochthonous organic compounds. We found that the dissolved organic matter (DOM) in the studied rivers varies in molecular weights and the degree of humification. Regardless of the climate parameters of the river watershed, the dominant status of dissolved Fe during the summer low-water period was essentially colloidal and dominated by anionic complexes of the type [MeL]n−.
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1. Introduction


It is well-known that peatlands cover only 3% of the Earth’s land surface, with 80% of them located in the temperate–cold climates of the northern hemisphere, particularly in Russia, Canada, and the USA. Despite their relatively small coverage, peatlands store about 15–30% of the world’s soil carbon [1]. Allochthonous organic matter emerges as a crucial factor influencing the ecosystems of water bodies in northern temperate regions [2,3,4], contributing to the characteristic dark coloration of peatland waters [5]. The primary factors influencing seasonal fluctuations in the color of surface waters include climate parameters, such as precipitation and temperature [6].



Over past decades, several studies have demonstrated the darkening of both lentic and lotic waters in northern regions, a phenomenon referred to as water brownification [7,8,9]. For instance, a distinct trend towards increased water color has been reported in Petrozavodsk Bay and the Central Onego Lake water column, accompanied by a simultaneous rise in total iron and CO2 concentrations in the epilimnion and a decrease in pH values during summer [4]. These trends are driven by several factors, including global climate warming [5,10,11,12,13], changes in land-use (e.g., artificial ditching or forestry [6,14,15,16], and decreasing acid deposition [17]. Among the climatic factors, a particular role has been attributed to increased precipitation [18] and, overall, milder winters [16,19].



It has long been recognized that the coloration of boreal humic waters is influenced not only by dissolved organic matter (DOM) but also by dissolved Fe [20,21,22,23], which is known to be organically bound, particularly to high-molecular-weight organic colloids [24,25,26,27]. Recent investigations have demonstrated an increase in the total dissolved Fe concentration in boreal waters over past decades [20,21,22,28,29,30]. It has been shown that riverine Fe export flux is positively correlated with that of dissolved organic carbon (DOC) [23,31]. Furthermore, some studies have reported that iron contribution to the light absorption of DOM varies significantly across seasons and space [32,33].



Increased releases of DOM and Fe from terrestrial to aquatic ecosystems have profound implications for downstream water quality, affecting temperature stratification, oxygen concentration, light penetration depth, and qualitative composition of DOM, thereby influencing nutrient cycling [3,16,34,35]. Brownification can especially affect light-sensitive phytoplankton, macrophytes, and algae [36,37], altering the composition of carbon compounds in the water column [38]. Additionally, it can change the input of growth-limiting DOM-associated iron particles to aquatic ecosystems [35,39,40]. Furthermore, not only the quantity but also, to a greater extent, the qualitative characteristics of solutes, such as dissolved and particulate iron speciation, become a significant factor influencing the status of rivers and lakes [41,42]. It is known that most dissolved Fe in boreal waters is present in the form of organic and organo-mineral colloids (from 1 nm to 0.22 μm), whose transport and bioavailability are drastically differ from those of inorganic ions or simple organic complexes [43]. Therefore, the composition and size distribution of Fe-bearing compounds are crucial for evaluating the current state and predicting potential alterations in water quality under intensifying anthropogenic pressures and climate warming.



In order to improve our knowledge of the current status of surface waters in the European boreal zone and to characterize the mechanisms governing coupled iron–carbon biogeochemical processes, here we investigated 14 rivers in different regions of the European part of Russia across a sizable (1300 km) south–north transect. We chose contrasting rivers of different size, containing both allochthonous and autochthonous organic compounds. Employing a combination of size separation (filtration and ultrafiltration), chemical techniques (ion exchange chromatography), and thermodynamic modeling (Visual MINTEQ), this comprehensive approach provided new insights into the forms of iron present in the studied rivers.




2. Materials and Methods


2.1. Study Site Description


We selected a set of fourteen boreal rivers, located in different regions of the European part of Russia (Figure 1): Vologda Oblast (Ivnyashka, Koy, Kovzha, Ilexa rivers); Tver Oblast (Mezha River); Vladimir Oblast (Senga River); Leningrad Oblast (Cherpayoki, Pionerka, and Mga rivers); and the Republic of Karelia (Lundozhma, Ukhta, Olanga, Vuoksa, and Lemb rivers). Samples were collected during the summer low-water season in 2018 and 2019.



The main physio-geographic characteristics of sampled rivers and their localization are presented in Table 1. The sample points are located along a 1300-km-long N–S transect from Moscow City to the polar circle. Moving northward, there is a general decrease in agricultural and industrial activity, as well as overall population density on the river watersheds. The NW European part of Russia is characterized by a flat relief, often marshy. From Moscow to approximately 60° N latitude, rivers drain through sedimentary rocks (carbonates, clays), while in the most northwest part, the Fennoscandian Shield dominates the watershed lithology, consisting of granites and gneisses with exposures of basic rocks, quartzites, and sandstones. However, all mother rocks are covered by glacial moraine deposits.



The sampled rivers vary significantly in length and drainage area. The largest among them is Vuoksa, which constitutes a series of lakes bound together by shorter riverlike connections across Russia and Finland (with a drainage basin at the sampling point of 68,700 km2). The other largest rivers are Olanga (5679 km2), Mezha (2630 km2), and Kovzha (1080 km2). The other rivers have drainage basin areas from 2 to 800 km2, and the smallest among them is Lemb Creek with a catchment area of only 2 km2. The lengths of the studied watercourses vary from 2 km (Lemb) to 168 km (Mezha).



Mean annual air temperatures (MAAT) for the study watersheds range from −0.62 °C to 3.74 °C. Significant temperature changes occur both from south to north and from east to west. For example, the difference in mean annual temperature between the Kovzha and Ivnyashka rivers, which are located at the same latitude, is 2 °C. Only the Olanga River catchment is characterized by a negative mean annual temperature (−0.62 °C). A much smaller gradient is observed for the mean annual precipitation (MAP), which gradually increases from 464 in the south to 668 mm y−1 in the north.




2.2. Chemical Analyses


In the field, pH and Electrical Conductivity (E.C.) were measured using the “Hanna HI 9033” conductivity meter and the “Hanna HI 9025” pH meter (Hanna Instruments, Lingo Tanneries, France). The water temperature at the time of sample collection did not vary more than 4–5 °C among different rivers (Table S1 in Supplementary Materials). Water samples were collected near the middle of the flow at a depth of 10–15 cm in 1-L high-density polyethylene (HDPE) containers without headspace. Immediately after sampling, the waters were filtered through a sterilized 0.22 µm Lavsan filter (FiTreM®, INNIT), removing particles and a portion of bacteria [44,45,46]. For major cation and Fe analyses by ICP-MS, the filtered samples were collected into acid-cleaned polypropylene 15 mL vials and acidified with bidistilled HNO3. For the measurement of dissolved organic carbon, anions, and optical spectra, no acidification was performed on the samples in the 20 mL glass vials. Prior to laboratory analysis, the water samples were kept at 4 °C for less than three days.



The determination of colloidal and truly dissolved fractions was carried out via a conventional size fractionation procedure. Sample fractionation was achieved through filtration using acetate-cellulose filters with different pore sizes (Millipore). The separation of suspended and dissolved forms (the sum of colloidal and truly dissolved) was performed using membrane filters with a pore diameter of 0.22 μm, employing syringe attachments. The separation of colloidal forms from truly dissolved forms was accomplished through ultrafiltration with a pore size of 1 kDa, using a 50 mL polycarbonate cell (Amicon 8050) equipped with a suspended magnetic stirrer positioned a few millimeters above the filter to prevent pore clogging during filtration. Details of size separation procedure and discussion of relevant yields and artefacts are provided in former works of our group [47,48].



The experimental determination of the content of anionic metal compounds in the dissolved fraction was performed using ion-exchange chromatography with an anion-exchange resin DEAE-cellulose (Sigma Aldrich, St. Louis, MO, USA). The sample was passed through glass columns filled with cellulose ionite in Cl-form (at a flow rate of ~1 cm3/min). The column dimensions were 90 mm in length, 25 mm in diameter, and the height of the sorbent was 40 mm. The sum of cationic and neutral forms of metals was determined in the eluate. The experiment was performed in triplicate for each sample.



Optical (UV and visual range) spectra of the samples were recorded using the 511 UV/Vis spectrophotometer (Portlab, Moscow, Russia) in the wavelength range of 200–700 nm with a resolution of 1 nm. The values of the E254/E436 and E470/E655 ratios, spectral slopes (S275–295; S350–400), slope ratio (SR), and specific UV absorbance (SUVA254) were calculated according to standard methods [47,49].



In the laboratory, the samples were analyzed for inorganic anion content using an ion chromatograph “Dionex ICS2000”, Thermo Fisher Scientific (Waltham, MA, USA), and dissolved organic carbon (DOC) was determined using the “LiquiTOC trace” analyzer, Elementar (Langenselbold, Germany). Alkalinity was measured by potentiometric titration with HCl to pH = 4.2 using a Gran method (pH meter “Hanna HI 9025”, Hanna Instruments, Lingo Tanneries, France). Major cations and Fe content in the samples were determined using ICP-MS Elan 6100 DRC (Perkin Elmer, Waltham, MA, USA) and Agilent 5000 (Agilent Technologies, Santa Clara, CA, USA), the uncertainty of element concentration measurements ranged from 5 to 10% at [C] > 1 μg/L. The international geostandard SLRS-4 was used to verify the reproducibility of the results.



Based on all the obtained hydrochemical characteristics, calculations of Fe forms in the studied water bodies were performed using the Visual MINTEQ program ver. 3.1 [50]. The input parameters were pH, concentrations of major cations, anions, DOC and metal content of the initial solution. The Stockholm Humic Model (SHM) for metal complexation with organic matter was employed in the calculations [50]. Unlike the NICA–Donnan model, the SHM model relies on a set of empirically derived relationships and a certain number of binding sites with varying affinities in order to calculate metal speciation. In other words, DOM sites can be assumed to have a discrete set of pKa values. This is in many ways similar to Models V/VI/VII [51,52,53], but it utilizes the Stern model to take into account electrostatic interactions [50]. At the present time, there is insufficient data to compare these models to judge which one is more accurate.



In this study, all DOM (including both the proton- and metal-binding fractions) was assumed to be comprised of fulvic acid with a carbon content of 50%. To characterize proton and metal binding, we utilized generic parameters for fulvic acid [54]. The equilibrium constants were derived from the NIST database [55]. The output data are the concentration of each species bound to organic and inorganic ligands. Further details of major and trace metal speciation calculations in boreal humic waters are provided elsewhere [46].



The data were tested for normality using the Shapiro–Wilk test. Mean and standard deviation values (mean ± standard deviation) were used to assess the uncertainty in the data from the three replicate measurements. Correlations were tested using the Spearman correlation coefficient (R), with p-values less than 0.05 considered significant. All graphs were created using MS Excel 2021.





3. Results and Discussion


3.1. Main Physical and Hydrochemical Characteristics


The pH values in studied water bodies ranged from neutral (6.9) to slightly alkaline (8.0) (Table 2). Electrical conductivity (κ) varied between 26–307 μS/cm. The DOC concentration ranged from 6 to 27 mg/L, which is typical for boreal rivers draining peatland and taiga areas [39,56,57]. The Fe content did not exceed 1 mg/L in any sample and the maximum iron content was found in the Cherpayoki River (0.94 mg/L). Considering all the water samples studied, there was no correlation between Fe and DOC concentrations (R2 = 0.09 for the linear regression).



The waters of the examined rivers are predominantly fresh and ultra-fresh, belonging to the hydrocarbonate class with calcium and magnesium–calcium dominance and a lesser presence of sodium (Table 2). However, the waters of the Kovzha River fall into the sulfate class, whereas the waters of the Ilexa, Pionerka, and Cherpayoki rivers belong to the chloride class. No correlation was found between the parameters described in Table 2 and the geographical characteristics of the sampled water bodies, including latitude, catchment area, watercourse length, MAAT, and MAP (Table S2).



In Russia, in accordance with SanPiN 1.2.3685-21, the permissible limit of iron concentration in waters of fisheries reservoirs is 0.1 mg/L. For waters used for household, drinking, and cultural purposes, the concentration of iron must not exceed 0.3 mg/L, which is consistent with the recommendations of the World Health Organization. The concentrations of Fe in the studied rivers were generally below the maximum allowable concentration set by Russian legislation, with the exception of the Mezha, Lundozhma, Lemb, and Cherpayoki rivers.




3.2. Characterization of Dissolved Organic Matter


The spectral DOM characteristics allowed qualitative comparison of the studied river-water samples (Table 3). The SUVA254 values below four indicated that autochthonous DOM predominated in the Pionerka, Lemb, Ilexa, Vuoksa, Ukhta, and Olanga rivers, while allochthonous DOM dominated in the Mezha and Senga rivers (4.2 and 4.9, respectively).



The lowest values of the E470/E655 ratio were observed in the waters of the Vuoksa and Pionerka rivers, which reflects the largest molecular size of DOM in these rivers. The lowest values of the E254/E436 ratios were recorded for the Ivnyashka, Vuoksa, and Lundozhma rivers, while higher values (>30) were characteristic for the Ilexa and Ukhta rivers, indicating a higher degree of humification of organic matter in those waters compared to other samples.



The rivers Cherpayoki, Lundozhma, Ivnyashka, and Lemb exhibited the lowest spectral slope (S275–295), while the rivers Pionerka, Ilexa, and Ukhta demonstrated the highest. River Ivnyashka had the lowest spectral slope (S350–400), while the rivers Ilexa and Ukhta had the largest. The lower slope coefficient values suggest that the content of the colloidal DOM pool in these rivers is higher. The slope ratio (SR), which correlates with the distribution of molecular masses of DOM, was highest in the rivers Ivnyashka, Vuoksa, and Pionerka, and lowest in the Cherpayoki River.



The relationship between mean latitude of the river watershed and the main optical characteristics are shown in Figure S1. No significant correlation with latitude was found for any of the coefficients. The same was true about the relationship of MAAT with the studied optical characteristics (Figure S2). It is possible that optical properties of DOM are closely linked to the site and type of DOM. In fact, in the catchment area of some rivers, there are numerous wetlands, which could be the major contributor to the DOM concentration of these objects.




3.3. Forms of Iron Presence in the Studied Water Bodies


The concentration of dissolved iron varies from 0.02 to 0.94 mg/L (Table 2). The elevated Fe content in the waters of the Mezha, Lundozhma, and Cherpayoki rivers (0.37, 0.57 and 0.94 mg/L, respectively) could be attributed to the wetland-dominated terrain through which these rivers flow.



The concentrations of Fe in most of the studied rivers (with the exceptions of the Pionerka, Vuoksa, and Olanga rivers) are consistent with those reported for the Russian Arctic Rivers in the White Sea (0.06–0.59 mg/L), Pechora Sea (0.3 mg/L), Kara Sea (0.07–0.57 mg/L), Laptev Sea (0.08 mg/L), and East Siberian Sea (0.05 mg/L) watersheds [58]. These findings are also generally consistent with the average concentration of dissolved Fe in rivers worldwide (66 mkg/L) [59].



The results of ultrafiltration showed that the predominant dissolved form of iron is colloids of 1 kDa to 0.22 µm (Figure 2). Only in the Pionerka and Olanga rivers did iron predominate in the truly dissolved (low molecular weight) form. These rivers are characterized by the lowest DOC and iron contents.



No significant correlation was found between the percentage of colloidal Fe and latitude, MAAT, and MAP of sample points (Figure S3).



Thermodynamic modeling using the Visual MINTEQ program demonstrated that Fe is predominantly present in the form of complexes with organic matter in almost all studied water bodies (Figure 3, Table S3). Not more than 3% of the total dissolved Fe content was represented by inorganic compounds in the Mga, Ilexa, and Cherpayoki water samples.



The obtained ion exchange chromatography data indicated that for Fe, anionic complexes of the form [MeL]n− predominated (Figure 4). Given that thermodynamic calculations (Figure 3) predict that a majority of dissolved Fe is associated with organic compounds, these complexes are likely formed by high-molecular-weight organic matter as it is known in the temperate humic waters [60]. However, in the Mga, Ilexa, Pionerka, Vuoksa, and Olanga rivers, a significant portion of Fe was present in cationic or neutral complexes of the form [MeL]n+ and [MeL]0, respectively. It is likely that such complexes are formed with low-molecular-weight organic ligands, including products of the metabolism of aquatic microorganisms. This correlates with the low SUVA254 values in these samples (from 1.8 to 3.0), emphasizing the predominance of autochthonous organic matter and its association with iron, respectively.



There was no correlation between such characteristics as latitude, river length, fraction of low-molecular-weight iron, and the fraction of iron in anionic form in water samples (Figure S4). No significant correlation was found between the percentage of anionic Fe and pH (Figure S5). At the same time, there was a correlation between some optical characteristics (SUVA254, E470/E655, S275–295 and SR) and the percentage of anionic Fe. Such positive correlations could be indicative of the dominance of aromatic molecules in the anionic Fe complexes.




3.4. Comparison with Results of Previous Studies of Boreal River Waters


It is interesting to compare the results of the present study with those obtained about 20 years ago for other rivers across a similar, 1500-km long, south–north transect of NW European Russia [39]. Figure 5 shows the distribution of pH values, DOC, Fediss (<0.22 µm filtrates), and Fe<1 kDa concentrations in river samples collected in 1999–2000 by Pokrovsky and Schott [39] and the present work (2018–2019). Median and mean values of pH and DOC were slightly higher for water samples taken in 1999–2000 than samples taken in 2018–2019. The Fediss and Fe<1 kDa concentrations, on the other hand, were found to be higher in the previously collected samples. We hypothesize that variations in pH, DOC, and iron content can be attributed to differences in climatic conditions during the sampling years (precipitation and temperature). These parameters may, in turn, influence (1) the degree of river water fed by surrounding bogs, providing high-molecular-weight aromatic OM, (2) connectivity to the groundwater, which provides the input of Fe(II) necessary for the formation of organo-ferric colloids in the riparian/hyporheic zone, and (3) in-stream aquatic primary productivity, providing autochthonous, low-molecular-weight organic ligands. The complexity and simultaneous operation of these often counteracting factors could explain why there was no correlation between the contents of Fediss, Fe<1kDa, and pH value and the geographical location (latitude) of the sampled water bodies.



There was less data available to compare the proportions of colloidal iron relative to the total dissolved form assessed in summers 1999 and 2000 [39]. The values obtained in the two studies are equally independent of the latitude, and no specific patterns are observed in their distribution (Figure 6). The fundamental significance of this result is that there is no straightforward control of river size and climatic parameters on Fe speciation, its interaction with DOM, and the size fraction of colloids. We therefore suggest that the main controlling factors of DOM and Fe abundance in river water are the number of wetlands in the watershed and the degree of connectivity between Fe(II)-rich underground waters and the river waters [61]. The latter occurs via local discharge within the riparian or hyporheic zone of the stream, so that ionic Fe(II), which is present in the partially anoxic groundwater, is subjected to oxidation and stabilization in the form of organo-ferric colloids in the oxygenated water column of the river [39]. This potentially allows for the approximation of the main features of Fe-DOM interaction across the boreal regions, although the local features of the watershed (wetland, riparian zone, groundwater connectivity, water column, periphyton productivity, and respiration) could lead to strong variability in the proportion of colloidal Fe within relatively short geographical distances.





4. Conclusions


Boreal rivers of the European part of Russia exhibited a high concentration of dissolved Fe and DOC. Analysis of 14 rivers across a sizable climate gradient showed that there is no correlation between the concentration of these components, pH value, content of main cations and anions, and geographical position (latitude) of the river sampling point.



Analysis of UV-visual spectral data revealed that allochthonous organic compounds dominate in the Mezha and Senga rivers, which have abundant peatlands at their watersheds, while autochthonous compounds likely prevailed in other rivers. Differences in the qualitative characteristics of the organic matter of the studied rivers could be related to pH values, as the Ivnyashka, Pionerka, Vuoksa, and Lundozhma rivers are characterized by the lowest pH values among the selected samples. Note, however, that we did not evidence any correlation between the percentage of colloidal Fe and the pH of the river water.



In the studied rivers, the Fe concentrations were generally below the maximum allowed concentration established by the Russian legislation, except for the Mezha, Lundozhma, Lemb, and Cherpayoki rivers. This is attributed to the physiogeographical conditions of the territories (wetlands, bogs and fens) through which these rivers flow. The concentrations of dissolved Fe in the rivers studied are generally consistent with values in the global river runoff.



In all river waters sampled over the 1300 km south–north transect, dissolved iron was almost entirely represented by compounds with organic ligands. During the summer low-water period, the predominant form of dissolved Fe in the investigated waters was colloidal (1 kDa–0.22 μm) anionic complexes [MeL]n−. The only exceptions were samples from the Pionerka and Olanga rivers, which are characterized simultaneously by the lowest total dissolved Fe and DOC concentration. We argue that, given the lack of relationship between the chemical/colloidal status of both Fe and DOM, and the morphological (watershed size and river length) and climatic parameters of the river watershed, the main features of the Fe-DOM interaction revealed in the present study could be potentially extrapolated to the entire boreal region of Northern Eurasia.
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Figure 1. Map of the sampling points. The parameters of the river watersheds are listed in Table 1. 
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Figure 2. Distribution of colloidal (1 kDa–0.22 µm) and true dissolved (<1 kDa) forms of iron in studied rivers of NW Europe (see locations in Figure 1). 
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Figure 3. Distribution of iron forms between organic and inorganic forms according to Visual MINTEQ modeling. Organic complexes of metals include both low-molecular-weight organic ligands and organic colloids, such as fulvic acid. 
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Figure 4. The proportion of anionic [MeL]n− and the sum of cationic [MeL]n+ and neutral [MeL]0 forms of iron in the studied waters. 
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Figure 5. Distribution of pH values, DOC, and Fe concentrations in the <0.22 µm filtrates and Fe in the <1 kDa filtrates of river samples of the present study (2018–2019) and those given by Pokrovsky and Schott (1999–2000) [39]. 
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Figure 6. Distribution of % colloidal (1 kDa–0.22 µm) Fe as a function of latitude in rivers of NW European Russia sampled in the present study (2018–2019) and those given by Pokrovsky and Schott (1999–2000) [39]. 
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Table 1. Characteristics of the study sites.






Table 1. Characteristics of the study sites.





	Object Name
	River Length 1, km
	Watershed Area 1, km2
	MAAT 2, °C
	MAP 2, mm/day 1





	Senga
	32
	163
	3.74
	1.27



	Mezha
	168
	2630
	3.66
	1.55



	Ivnyashka
	14.3
	29
	2.16
	1.72



	Mga
	93
	754
	3.46
	1.73



	Koy
	14
	27
	1.85
	1.72



	Ilexa
	4.7
	32
	1.46
	1.72



	Kovzha
	108
	1080
	1.53
	1.72



	Pionerka
	4.6
	7.9
	3.49
	1.73



	Vuoksa
	143
	68,700
	3.21
	1.73



	Lemb
	1.8
	2.1
	1.79
	1.72



	Lundozhma
	11.1
	64.2
	0.97
	1.73



	Ukhta
	47
	380
	0.12
	1.73



	Cherpayoki
	13
	17
	0.12
	1.73



	Olanga
	67
	5679
	−0.62
	1.83







1 Data from the Russian State Water Register. 2 MAAT—mean annual air temperatures, MAP—mean annual precipitation, 30-year average annual values according to the https://power.larc.nasa.gov/data-access-viewer/ (accessed on 30 January 2024).













 





Table 2. The main chemical characteristics of the research objects (<0.22 µm filtrates).
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River

	
pH

	
κ

	
HCO3−

	
Cl−

	
NO3−

	
SO42−

	
Na

	
Mg

	
K

	
Ca

	
DOC

	
Fe




	
μS/cm

	
mg/L






	
Senga

	
7.6

	
94

	
122.9

	
5.1

	
2.8

	
4.8

	
2.0

	
3.9

	
0.7

	
23.0

	
22

	
0.19




	
Mezha

	
7.6

	
36

	
35.3

	
1.2

	
1.1

	
0.6

	
1.0

	
1.8

	
0.4

	
11.7

	
19

	
0.37




	
Ivnyashka

	
7.3

	
78

	
51

	
7.9

	
4.8

	
3.3

	
5.0

	
3.9

	
1.6

	
11.9

	
22

	
0.13




	
Mga

	
7.8

	
244

	
202

	
15.1

	
0.9

	
12.4

	
8.6

	
12.7

	
3.0

	
49.0

	
8

	
0.17




	
Koy

	
7.8

	
214

	
176.2

	
0.6

	
n.d.

	
1.5

	
2.6

	
10.5

	
1.4

	
35.5

	
20

	
0.05




	
Ilexa

	
8.0

	
307

	
44.5

	
110.9

	
1.2

	
3.5

	
1.7

	
17.8

	
1.1

	
46.8

	
6

	
0.15




	
Kovzha

	
7.9

	
26

	
0.4

	
2.3

	
n.d.

	
18.1

	
0.8

	
1.3

	
0.5

	
3.9

	
13

	
0.19




	
Pionerka

	
7.5

	
54

	
0.5

	
31.0

	
1.9

	
3.9

	
4.0

	
2.5

	
1.8

	
6.3

	
7

	
0.02




	
Vuoksa

	
7.5

	
57

	
35.2

	
3.3

	
2.3

	
4.6

	
3.7

	
2.7

	
1.9

	
6.7

	
15

	
0.03




	
Lemb

	
7.8

	
33

	
31.7

	
0.6

	
0.2

	
1.0

	
1.5

	
1.4

	
0.5

	
16.6

	
22

	
0.43




	
Lundozhma

	
7.1

	
39

	
36.7

	
3.9

	
0.3

	
0.7

	
4.5

	
2.4

	
0.4

	
14.9

	
27

	
0.57




	
Ukhta

	
7.7

	
27

	
18.9

	
0.4

	
0.1

	
0.6

	
1.4

	
1.5

	
0.5

	
2.5

	
8

	
0.15




	
Cherpayoki

	
6.9

	
33

	
42.2

	
23.7

	
0.1

	
0.4

	
4.0

	
2.1

	
25.5

	
3.2

	
12

	
0.94




	
Olanga

	
7.5

	
47

	
31.2

	
0.7

	
0.8

	
1.9

	
1.2

	
1.9

	
0.9

	
6.6

	
6

	
0.03











 





Table 3. Spectral characteristics of the investigated water samples.
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	Object Name
	E254/E436
	E470/E655
	S275–295
	S350–400
	SR
	SUVA254





	Senga
	20.0
	10.3
	0.016
	0.019
	0.84
	4.9



	Mezha
	15.8
	8.3
	0.014
	0.017
	0.84
	4.2



	Ivnyashka
	9.2
	3.3
	0.013
	0.013
	0.97
	2.7



	Mga
	22.5
	4.0
	0.017
	0.019
	0.89
	2.7



	Koy
	19.7
	20.0
	0.016
	0.018
	0.92
	3.3



	Ilexa
	34.8
	3.0
	0.019
	0.02
	0.93
	2.3



	Kovzha
	19.3
	7.5
	0.015
	0.018
	0.85
	3.3



	Pionerka
	22.0
	2.0
	0.019
	0.015
	1.21
	1.8



	Vuoksa
	11.9
	2.8
	0.015
	0.015
	0.98
	2.5



	Lemb
	14.3
	20.0
	0.013
	0.016
	0.80
	2.1



	Lundozhma
	12.6
	11.8
	0.013
	0.016
	0.81
	3.3



	Ukhta
	49.5
	3.0
	0.019
	0.023
	0.83
	2.5



	Cherpayoki
	14.2
	9.5
	0.013
	0.017
	0.73
	3.6



	Olanga
	20.1
	5.0
	0.015
	0.018
	0.84
	3.0
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