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From fresh to marine waters: characterization and fate of dissolved organic matter in the Lena
River Delta Region, Siberia

w® D2 yAmabjd, @.Stedmoh B. Heimy |. Dubinenkay A. Kraber) D.MoiseeV, A. Brachéer*
! AWI, DTUAqua,*MMBI IURUnNi Bremen

Connectivity between the terrestrial and marine environment in théicAis changing as a result
of climate change, influencing both freshwater budgets, and the supply of carbon to thélsisastudy
characterizes the optical properties of dissolved organic matter (DOM) within the Lena Delta region and
evaluates the behavior of DOM across the fresh watarine gradient. Six fluorescent components (four
humiclike; one marine humitike; ore proteintlike) were identified by Parallel Factor Analysis (PARAFAC)
with a clear dominance of allochthonous hudile signals. Colored DOM (CDOM) and dissolved organic
carbon (DOC) were highly correlated and had their distribution coupled with hydroigedpconditions.
Higher DOM concentration and degree of humification were associated thihlow salinity waters
of the Lena River. Values decreased toward the higher salinity Laptev Sea shelf waters. Results demonstrate
different responses of DOM mixing relation to the vertical structure of the water column, as reflecting
the hydrographical dynamics in the region. Two mixing curves for DOM were apparent. In surface waters
above the pycnocline there was a sharper decrease in DOM concentration iomei@atsalinity indicating
removal. In the bottom water layer the DOM decrease within salimigs less. We propose there is
aremoval of DOM occurring primarily at the surface layer, which is likely driven by photodegradation and

flocculation.
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Abstracts
Trarsport of dissolved and particulate matter in the Siberian shelf seas: the role of fast ice

wo ||t & YWegdf
1 AWI,>GEOMAR

The Laptev Sea is ice covered from October to June. The ice regime of the Lapths)sea
characterized by a large semml and interannual variability in summer. Two main ice areas characterize
the Laptev Sea during the ioevered period: (1) the drifting pack ice in the northern part of the Laptev
Sea. This ice is part of the transpolar drift system, which transpatsam the Siberian shelf seas towards
Fram Strait, and (2) an immobile belt of fast ice that covers large areas of the southern LS. The fast ice can
be further subdivided into nearshore bottomfast ice and landfast ice. The floating landfast ice covérs muc
of the SE LS and in places extends more than 200 km out from the cobhstghtfast ice only comprises
asmall fraction of overall Arctic sea ice extent, it is of particular importdiocethe coastal systems.
Inthe Laptev Sea, fast ice plays a cruc@e in the freshwater cycle of thecean by storing freshwater
in winter and releasing it in spring and summer. Based on stigblepe data Eicken et al. (2005) estimated
that one third to half of the annual freshwater discharge of the Lena is heleifand fast ice cover.

A study of the variability of fast ice extent in the southeastern LS (Selyuzheonk et al., 2015) showed
that, while the areal extent of the fast ice exhibits only small variability, the length of the fast ice season has
undergone alecrease of 2.8 d*yrduring the observation period between 1999 and 2013. This was caused
by a delay of fast ice formation in fall and a shortening of the period required for the breakup of fast ice.
The pattern of fast ice retreat in July and the analysf stable isotope data from folsummer surveys
inthe LS also suggest a strong impact of river discharge on fast ice arug $ralting.

A drawback of nearly all bigeochemical studies in the LS is that they only included sampling during
the summer nonth. The effect of sea ice formation on the fate and transport of dissolved organic matter
(DOM) and particulate genic matter in the LS has not been adequately studied. Although DOM is
incorporated to newly formed sea ice relatively more than inorganiates the overall effect is that DOM
is expelled from the ice crystals and enriched in saline brine. A large prapatithis brine drains into
the underlying water column while about 10% to 40% remain in the ice. High concentrations of DOC in
bottom waters of the SE LS that are caused by the additidd@C from brines (Alling et @010) indicated
that ice formation could also be a key process for the distributiorD@M on the LS shelf. Beside
the formation of sea ice, also the melting of sea i iinportant because it can dilute DOM
the underlying water column. In this context, the formation and melting of fast ice neaktéha Deltas of
particular importance because of two reasons: up to half of the annual freshwater discharge of the Lena i
stored in the fast ice cover east of thena DeltgEicken et al., 2005), and the fast ice in this region melts
simultaneously with the spring freshet of the Lena that discharges huge amounts of DOM to the eastern LS.
The mixing of DOM rich river watewvith fast ice meltwater during the spring season has phipa
asubstantial impact on thdistribution of DOM.
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Radiation Budget in the Shelf Areas tbfe Laptev Sea

S. Hellmanh T. Dintet’=  Wo 1 B. Saimh V. Rozandy A. Brachéer’
! AWI,?Institute of Environmental Physics, University of Brerf@tip-SchmidtLaboratory

The Laptev Sea around the Lena River delta in northern Sibexiavdsy remote area that isitu
measurements are only sparsely available. Polar night andl&stipg ice coverage until the end of June
makes it difficult to access the area all year round. Here satellite measurements eddatdred radiation
obtained with e.g. the sensor MERIS-board Envisat satellite and derived inherent optical properties (IOP)
may help to generate a time series of changing water constituents, e.g. chlorophyll and coloured organic
matter which can be split further into colouredsdolved organic matter (CDOM) and suspended patrticles
(SPM). However, large solar zenith angles and frequent cloud coverage in summer after ieaffonegites
it challenging to investigate this region by remote sensing applications. Therefore for @pfirsiximation
coupled atmospher@cean radiative transfer modelling is a useful hwd to identify the feedback
of changing environmental conditions which influence the composition and abundance of water
O2yaidAaddzsSyida G2 0G§KS 2th$est @doteatesds. § KS NI RAFGA2Y 0 dzf

Within this study we investigate the influence of CDOM and SPM on the radiative heat transfer into
the shelf regions of the Laptev Sea. As a first step we use the coupled atmoseare radiative transfer
model SCIATRAN to assélse energy input into coastal waters of this region dependent on different
concentrations of CDOM varying significantly for different times of the year. Low solar elevations and high
absorption by water constituents in this area extremely reduces the pghnetration depth in the water
body. An increased absorption in the surface water leads to higher sea surface temperatures and a high
energy release into the atmosphere often occurring in late autumn and consequently influences the ice
development proces. In the context of climate change and thawing of permafrost in Siberia the riverine
input of those highly absorbing particles by Lena river may increase in the future. Therefore, a better
understanding of these processes is necessary to predict possible changes for that remote area.



Abstracts

Arctic river organic carbon export through the idece season: isotopic and compositional
analyses of DOM and POM collected in the Lena Delta

G. Mollenhauer?, M. Winterfeld, L. Bodenstah C. Ma | NJiBKKoctE 9 @ *{ BOWe®hFldEeftet,
A.Prokushkin J. Rethemey®r
! AWI,2University of BremeriStockholm UniversityMARUM center for marinenvironmentakciences,
°Forest Research InstitutiotCologne University

Arctic rivers are thown to export large quantities of carbon by discharge of dissolved and particulate
organic matter, and in a warming and progressively moister Arctic, thgsertsxmay increase resulting
in a reduction of continental carbon stocks in the region. In paléic mobilization of fossil carbon from
terrestrial reservoirs, stored predominantly in Yedoma deposits, will result in a net carbon loss. Therefore,
the radiocarbon 'C) contents of carbon exported via rivers are of great interest to understand the on
going processes.

Recent work has shown that both particulate and dissolved rioganatter exported through
the Lena Delta into the Laptev Sea, consists of a complex mixture of material derived from multiple sources
(e.g., Winterfeld et al., 2015, Dubinemk et al., 2014). Organic matter derived from the different sources
likely differs in its reactivity once released from the frozen deposits into the river waters. For example, it
has been shown that ancient carbon is very rapidly respired, leading to miedatly modern‘C
signatures of dissolved organic carbon (DOC) in Arctic river waters discharged to the ocean (Mann et al.,
2015).

Arctic rivers are characterized by highly variable discharge rates with a pronounced maximum
during the spring freshet asciated with highest concentrations of DOC and particulate organic carbon
(POC). Most studies investigating the isotopic composition and quality of carbon exported by Arctic rivers,
however, rely on samples taken in summer during base flow, which is aubet logistical challenges
associated with sampling in the remote Siberian permafrost regions. Here we present a redbi@d ahd
k*C of DOC and POC collected between late May during the freshet and late August in the Lena Delta, and
compare them withd'¥ | y“& ofkDOC and POC sampled in centriaéri. The latter represent
the hinterland of the large rivers, while the Lena Delta data are considered to contain an integrated signal
of the watershed. The central Siberian POC is generally youngertligahena Delta POC in spring.
Throughout spring and summer, POC becomes progressively older in central Siberia, while an initial trend
towards older values in the spring samples from the Lena Delta is esl/émssummer, associated with
ashift towards moe depleted d**C values. We interpret these aging trends as reflecting progressive
thawing throughout the icdree season, resulting in mobilization of progressively older carbon from deeper
thawed layers. The summer reversal indicates admixture of fresh organicnnédtedy produced by aquatic
organisms.

We furthermore analysed the biomarker composition of Lena Delta particulate organic matter
collected in spring and summer. From spring to summer, we observe trends in abundance of individual leaf
wax derived biomekers indicating higher abundance of algal biomass in the summer particles. Trends in
biomarkers associated with soil microbes suggest a shift in sources through tfiedcgeason. Similarly,
the D/H ratio in lonegchain alkanes differs markedly betweedmetspring and summer samples, suggesting
more southernderived material to be present in the summer samples. Our data illustrate that considering
the seasonal evolution of carbon discharge from Arctic rivers will be required to understand the underlying
mechanisms and to predict future changes.
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A lignin phenolbasal assessment of the provenance of organic matter discharged from a large
permafrost affected watershed (Lena River, Siberia)

S. Trojahh M. Winterfeld?, J. HefteT, S. ZubrzyckiG. Mollenhauet?
'University of BremerfAWI,*Soil Science Institute)niversity of Hamburg

Particulate organic matter (POM) discharged by rivers and deposited close to their mouth can be
used to reconstruct paleoenvironmental conditions, as it is commonly assumed to record an integrated
signal from the watershed. Howevethe particulate riverine load might b&apped in flood plains and
the lower reaches of the rivers especially in large river systems with low topographic gradient. As a result,
transport of particulate matter, specifically from the distal parts of the avahed, may be inefficient and
regionally biased. Furthermore, the POM likely undergoes degradatiomglits transport from source
to sink. Therefore, investigating the different organic matter (OM) sources within a watershed will improve
our understandig of OM sources and transport in large river systems. The Lena River is one of these large
NAGDSNI aeaidsSvyad ¢KS OFGOKYSYyid aAGNBGOKSa FTNRBY ySI N |
into the Laptev Sea. The permafrost soils within this vast @matically diverse catchment, which store
huge amounts of OM, will most likely respond differently to climate warming and remobilize previously
frozen OM with distinct properties spéti for the source vegetation and soil. The watershed can be
broadly subdivided into two different biomes, arctic tundra and taiga (Amon et al., 2012). The relative
contribution of these biomes to the total OM load of the river and its discharge to thenoizeaot well
understood.

Lignin is the rigidifying component of terrestrial higher plants, and it consists of different phenolic
units. Its most important components are vanillic, syringic, and cinnamic units distributed in specific
different proportionsamong the gymnosperm and angiosperm plant tissdém Cinnamyl/Vanillyl (C/V)
and syringyl/vanillyl (S/V) ratios allow to distinguish different vegetation sources, such as woody and non
woody tissues as well as gymnosperm and angiosperm tissues (Hedded882).

Previous analyses of surface sediments and sediment samples of the tundra zone have shown that
the C/V and S/V ratios clearly depict the catchment vegetation characteristics of the Lena River (Winterfeld
et al., 2015). However, suspended pautate matter of surface water samples, taken in higtiyypnamic
systems like the LenaiWRr delta, can only provide very local snapshots of the suspended matter
properties. Furthermore, it has been shown that substantial amounts of sedimentary orgari&r fmathe
Buor Khaya Bay originates from Lena River catchment.

Ly GKA& addzRe ¢S LINBaSyd (GKS tAIYyAYy LKSy2f O0O2YL
I Y R e2mm)Ycompared with bulk lignin contents, of six soil samples from a latitutienr@ect along
GKS NAGSN)I 6cycb G2 TtTHcbo LXdza 2yS &l YLXS ySIN (KS
0tmcb (G2 Tocbo O2fftSOGSR 2-Frdimavsk&a chanfelsgstelnd otthenal y R { K
Delta Estimating the relatsy OM contributions from tundra and taiga vegetation to the coastal sediments
will be improved based on the latitudinal transect of soil samples refirtime endmember values
for the respective biomes. Assuming differential transport and, as a resultadaton during transport
of the different grain size classes, the grgimefraction-specific lignin phenol compositions can be used to
understand which of these fractions is reflected in the marine sediments, and if and how the lignin phenol

compositionchanges from source to sink.
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Reactivity and mobilization of permafrostierived organic matter along the Lena River Detfa
Laptev Sea transition

B.P. Koch I. Dubinenkav
A\

The impact of global warming on the organic carbon budgetpermafrost systems are not well
constrained. Changes in organic carbon fluxes caused by permafrost thaw are dependent on microbial
activity, coastal erosion, mobilization of organic matter by increased porewater fluxes, and the inherent
chemical stabity of organic matter in permafrost soils. Here we aim at the identification and molecular
characterization of active and inactive dissolved organic matter (DOM) components within theaaaer
transition. We studied four transects in the coastal LapB®a characterized by steep phys@wemical
gradients. Molecular information on solghase extracted DOM was derived from ultrahigh resolution
mass spectrometry. Changes of the chemical composition with salinity were used as a measure for DOM
reactivity. Although changes of dissolved organic carbon (DOC) in the estuary suggested conservative
mixing, only 27% of the identified molecular formulas behaved conservatively, 32% were moderately
affected, and 41% were actively involved in estuarine processesriSuody, the molecular complexity
inthe DOM samples increased with growing marine influence and theageeelemental composition
(i.e.relative contribution of organic nitrogen and oxygen compounds) changed significantly with increasing
salinity. Thesechemical changes were consistent with the results of ad@p microbial incubation
experiment, during which more than half of the permafrotrived DOC was mineralized. We conclude
that, although the DOC gradient in the estuary suggests conservative ibehaerrestrial DOM is
substantially affected by estuarine processes which in turn also impact organic carbon budgets in the Lena
Delta.
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Features and evaluations of spatial and temporal variability of water, sediment and heat runoff
in the Lena River delta

N. AlexeevsRyD.Magritsky', D.AibulatoV, A. Gorelkih
'Lomonosov MSUgngineeringGEO

In the last 3840 years, the water runoff, sediment yield amgat flux of the Lena River have
undergone significant changes due to, maielimatic factors (FidL, 2, 3). Features of hydrological changes
on the marine edge of the Lena River Delta are slightly different tinathe river. The reason is
the transformation of runoff in the large and mubranched delta. New data and methoddoaled not
only to clarify the values of water flow, suspended sediments and heabffuast the closing gauge
of the Lena (gauge Kyusyur), but also to estimate the river runoff into the sea (Table 1). Features of long
term and annual fluctuations of watefofv, sediment yield and heat flux of the Lena River, their causes
have been studied in detail. The role of anthropogenic factors was evaluated. New data about the current
distribution of water flow and suspended sediments between the main deltaic brandiselngterm
changes, about character of the flooding the upper part of the Lena River delta during spring flood are
listed in the report (Figd). The analysis of the accuracy of the stationary hydrological observation data was
performed. The possibilés of satellite imagery to study changes in tengiare and turbidity of water
in the river mouths are showrT he studies were performed due to RSF (NRT49038).
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Figure 1Longterm changes of annual water rung#) and runoff of winter lowwater seasonly) of the
Lena river and its tributaries.dlgauge Kyusyur (Lower Lenay, @ifferenceintegral curve ofinnual water
runoff (Kyusyur, Lena riv.; right axis), Bnear trend, 4¢ gauge Tabaga (Middle Lena); §auge
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Figure 2Longterm changes of sediment yield of the Lower Lena (gauge Kyusyuanriual sediment
yield, 2¢ snowmelt flood seaso sediment yield, & summerautumn season sediment yield g
the squares show the years, for which the data has been restored



