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Geochemistry of trace elements and dissolved organic carbon in Severnaya Dvina during different seasons
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Geochemistry of trace elements (TE) in boreal regions attracts large attention of researchers in view of on-going environmental changes that can affect both the fluxes of these elements to the ocean, their speciation and thus their bioavailability. High concentration of dissolved organic matter (DOM) and thus, organo-mineral colloidal status of most metals is the most important characteristic feature of European Russian Arctic zone biogeochemistry. Most trace elements in waters of boreal zone are transported via organic and organo-mineral colloids whose relative role changes during the year [1–3]. Except for a few studies of soil and river solute migration in Alaska [4] and occasional trace elements measurements in the Siberian Arctic [5–7], studies addressing colloidal vs. dissolved forms and transport of TE in organic-rich waters from pristine watersheds of the Arctic Ocean basin are scarce. 
Specific feature of all boreal watersheds is an important flux of dissolved and particulate elements during relatively short high-level period of snowmelt in April to June. Concerning the boreal European Russian zone, all previous studies, similar to those of the Siberian Arctic and Canada dealt with analysis of samples collected during summer baseflow period [8]. Seasonally-resolved fluxes were assessed only for major elements in Karelia Region [9] and, with some smaller resolution, of the Mackenzie, Yukon, Kolyma, Lena, Yenissei and Ob rivers via the PARTNERS program in 2003–2004 [10]. However, the latter study dealt only with total dissolved (< 0.22 µm) and suspended fractions.  At the same time, Swedish researchers devoted significant amount of efforts to understand the geochemistry of major and trace elements in small boreal catchments of the Baltic Sea basin, notably the Kalix river [1, 11]. It has been demonstrated that the main flux of usually insoluble elements occurs during the spring melt and that both organic and organo-mineral colloids exert strong control on TE speciation in the river water. 

The main difference with Kalix river system, having similar climate conditions, is much larger size of Severnaya Dvina river watershed (348000 km2 which is (80% the territory of Sweden) and different lithological context: in case of Severnaya Dvina and Pinega watershed, the granitic till with spodosol soil profile is underlined, essentially by carbonate and partially by gypsum sedimentary rocks (Fig. 1). Another important difference of Severnaya Dvina River with well studied small Scandinavian and Karelian watersheds is the weaker influence of lakes on the former river’s hydrology and chemical composition; however, the effect of bogs and mires is quite important for Severnaya Dvina basin.
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Fig. 1. Map of the studied area showing main lithological context and sampling locations in the Arkhangelsk region.
To summarize, except for the small river of the Baltic Sea basin and occasional measurements of total dissolved load of large arctic rivers, the seasonal flux and speciation of trace metals in rivers discharging to the Arctic ocean remain largely unknown.  This study is aimed at extending this knowledge to the largest unregulated European river, Severnaya Dvina and its tributary (Pinega River).
The chemical status of major and trace elements (TE) and organic carbon (OC) has been studied in Severnaya Dvina and Pinega Rivers draining granitic moraine, carbonate and sedimentary deposits of the Arkhangelsk region (NW Russia).  Sampling was performed during winter and summer baseflow seasons and during the spring flood (2007–2008) [12]. Altogether, 30 samples of Severnaya Dvina River in its mouth, 20 samples of Pinega River and its three tributaries, and a typical ombrotrophic bog feeding the large river in spring were sampled. Size separation procedure included on-site filtration through 5 µm, 0.22 µm, 100, 10 and 1 kDa and dialysis through 1 kDa and 10 kDa pore size membrane. 
Organic carbon concentration in “truly” dissolved form (< 1 kDa) does not depend on rock lithology and season being in average equal to 5.0 ( 1.4 mg/L (Fig. 2). Our observations indicate the presence of two pools of organic matter: allochtonous large-size colloids formed by lixiviation from upper soil horizons and autochthonous (aquatic) small molecular-size substances, probably linked to bacterial and phytoplankton exudates. While the proportion of the formers is highly seasonally dependent, the contribution of the latter’s remain relatively constant over the year. The total dissolved concentration of colloidal TE correlates with that of OC and Fe, being the highest during the spring flood and the lowest in winter time. There are two different patterns of TE colloidal status during different period of the year, depending on their association with organic or organo-mineral constituents of colloidal matter.
Trace and major elements concentration in the suspended matter of Severnaya Dvina River was measured during different seasons over 3 years of observation. Based on collected data, we evaluated, for the first time, the seasonal fluxes of all major and trace elements in the suspended (> 0.22 µm), total dissolved (< 0.22 µm) and colloidal (1 kDa – 0.22 µm) forms. On the annual basis, there is a significant contribution (( 30%) of conventionally dissolved (< 0.22 µm) forms into overall flux of usually low mobile elements such as divalent transition metals, Cd, Pb, V, Y, all REEs, Zr, Hf, Th. The spring flood occurring in May provides between 30 and 60% of total annual dissolved and suspended flux of many insoluble trace elements (Fe, Co, Ni, Cr, Y, all REEs, Cd, Pb, Zr, Hf, Th). We argue that the typical feature of many trace element fluxes in the Arctic rivers is high proportion of total dissolved (< 0.22 µm) compared to suspended pool due mostly to the high contribution of colloidal forms.
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Fig. 2. DOC speciation during winter baseflow (A) and spring flood (B) as follows from results of UF and dialysis procedure.
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