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ABSTRACT

A warmer climate is predicted to accelerate the export of mercury (Hg) from Siberian rivers to the Arctic Ocean, yet there is a dearth of process-oriented studies on
the speciation and fate of Hg in the shelf sea system. Here, we present data on total Hg (HgT) and methylmercury (MeHg) in Laptev Sea surface sediments along a
cross-shelf transect starting at the mouth of the Lena River. Concentrations of HgT along the 330 km cross-shelf transect ranged within a fairly narrow span from 480
to 150 pmol g~ d.w., while concentrations of MeHg decreased one hundredfold from 13 pmol g~ d.w. near the Lena river to 0.095 pmol g~! d.w. in the more distall
stations. The highest concentrations of HgT and MeHg were observed close to the river delta and were associated with a high supply of organic carbon (OC).
Enrichment of the OC normalized HgT concentration (HgToc) and depletion of the OC normalized MeHg concentration (MeHgoc) across the shelf suggests bulk OC
content to not be the only driver of the HgT and MeHg spatial distributions. Based on correlations observed between HgToc and MeHgoc and proxies for sediment
physics and organic matter pools we suggest the spatial distribution of Hg and MeHg to also be influenced by hydrodynamic sorting of riverine-derived material. For
MeHg, depletion of the MeHgoc across the shelf is likely driven by the trapping of terrestrial MeHg in sediments close to the river delta before it is degraded in the

water column.

1. Introduction

The bioaccumulation and biomagnification of methylmercury
(MeHg) in marine food webs becomes a globally recognized human
health issue due to seafood consumption (Selin, 2009). The extent to
which mercury (Hg) poses an environmental risk is governed by the
complex biogeochemical cycle of Hg, including important land-ocean
linkages. This is especially true for the Arctic Ocean, which accounts
for only 1% of the global ocean volume, but receives more than 10% of
the global river discharge (Shiklomanov, 1998). Furthermore, Arctic
Ocean biogeochemistry is to a large extent influenced by benthic-pelagic
couplings, as around half of the Arctic Ocean consists of shallow shelf
areas. The East Siberian Arctic Shelf, covering the Laptev Sea, the East
Siberian Sea, and the Russian part of the Chukchi Sea, is the largest
continental shelf on earth and receives fluvial input from vast areas with
continuous and discontinuous permafrost (Vonk et al., 2012). With the
ongoing warming of the climate, many studies are now focusing on the
vulnerability of the Siberian Arctic ecosystem, including the large stock
of Hg stored in permafrost soils (7% of the global soil Hg pool contained
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in the upper 30 cm of permafrost according to estimates from Lim et al.
(2020). Recent work demonstrates increased export of particulate
mercury in Siberian rivers from areas with discontinuous or sporadic
permafrost, in comparison to areas with continuous or no permafrost
(Lim et al., 2019). Mu et al. (2019) further show Arctic riverine con-
centrations of total mercury (HgT) and MeHg to positively correlate with
riverine discharge rates, and riverine discharge rates in turn to positively
correlate with the average active layer thickness of the catchment area
(the layer of the soil that undergoes seasonal thawing). Although coastal
and shelf sediments can be presumed to act as a major receptor of
terrestrial exports, they can at the same time be a source of MeHg to both
benthic and pelagic ecosystems. Shelf sediments were, for example,
recently suggested to be the main source of MeHg to the water-column of
the East Siberian Sea (Kim et al., 2020).

The Lena River has the largest annual Hg flux (6600 kg yr™!) of all
Arctic rivers (Zolkos et al., 2020) and drains into the Laptev Sea, which
covers an area of 498,000 km? and is the shallowest of the Arctic shelf
seas with an average depth of only 48 m (Jakobsson et al., 2004; Weber,
1989). Organic carbon (OC) is the main vector for the transport of
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terrestrial Hg in riverine systems as well as for the accumulation of Hg in
sediments (Zhang et al., 2015), and is thus highly relevant to discuss
when investigating the land-ocean interactions of Hg. The main source
of OC to Laptev Sea sediments is of terrestrial origin and derived from
river runoff and coastal erosion of Pleistocene Ice Complex deposits
(Broder et al., 2019; Tesi et al., 2016; Vonk et al., 2012). The redistri-
bution of terrestrial OC pools in the Laptev sea is suggested to be
controlled by hydrodynamic sorting, with plant debris accumulating
close to river deltas and mineral-bound fine fraction OC transported
further out on the shelf (Tesi et al., 2016). Additionally, the terrestrial
OC pool is subjected to cross-shelf degradation and dilution with
marine-derived OC. As previously shown, these processes are reflected
in surface sediments by e.g. a decreasing fraction of the OC occurring as
lignin phenols (a terrestrial biomarker) and less depleted signals of §'°C
in the outer shelf (Broder et al., 2016; Sparkes et al., 2016; Tesi et al.,
2016; Tesi et al., 2014; Vonk et al., 2012). To what extent these pro-
cesses also alter surface sediment concentrations of HgT and MeHg is,
however, poorly known. Such information is vital to understand the
effect permafrost thaw and increased transport of both OC and Hg by
rivers will have on the environmental risk of Hg in the Arctic Ocean (i.e.
the bioaccumulation of Hg in Arctic food webs).

Here, we provide data of HgT and MeHg concentrations over
extensive offshore scales in Laptev Sea surface sediments. The study
includes stations covering a Laptev Sea cross-shelf transect starting on
the eastern side of the Lena River delta (an area that receives around
70% of the annual Lena River water discharge (Charkin et al., 2011,
Semiletov et al., 2011)), as well as stations further east of the river delta
that also receive material from the Lena river discharge (Fig. 1). The
contrasting spatial distributions of bulk and OC-normalized HgT and
MeHg concentrations were evaluated against sediment physical and
organic matter properties.

2. Methods
2.1. Sampling information

Sediment samples were collected in August-September 2008 during
the International Siberian Shelf Study 2008 (ISSS-08) expedition on-

board the H/V Yacob Smirnitskyi (Archangelsk) and the smaller ship TB-
0012 (Tiksi). The sampling activity was part of the International Polar
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Fig. 1. Laptev Sea with sampling stations indicated with black circles and the
fraction of terrestrial OC (estimated using 13C data from (Martens et al., 2020))
indicated as the background color. Stars indicate the two main channels for the
annual Lena River freshwater and sediment discharge, the Great Trofimovsakya
Channels (GTC) and Bykovsky channels. The GTC and Bykovsky channel ac-
count for 60-75% and 20-25% of the water discharge entering the Buor-Kaya
Bay, which is 80-90% of the annual Lena river discharge (Charkin et al.,
2011; Semiletov et al., 2011).
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Year (IPY) and the Arctic GEOTRACES programs. Surface sediment
samples were collected with a Van Veen grab sampler as described
elsewhere (Vonk et al., 2012). The samples were kept frozen during
transport, freeze-dried and then stored dark at room temperature until
further analysis.

2.2. Analytical measurements

Total Hg was measured using ~0.1 g of the freeze-dried sediment
samples (weighted using a 5 digit scale) and a direct mercury analyzer
(Milestone DMA-80, Italy). An in-house prepared reference material (a
dried and homogenized sediment, 1.1 nmol Hg g~1) was used for quality
control. Observed HgT of this internal reference material was always
within 96-101% of the previously determined HgT concentration.

For MeHg determination, 0.1 ml of 5.0 pmol g~ Me2*°Hg enriched
isotope (96.4%) and 0.9 ml Milli-Q water was added to 0.2-0.5 g of the
sediments (weighted using a 5 digit scale) and then allowed to equili-
brate for 1 h. After that, 2 ml of CuSO4 (1 M), 10 ml KBr (1.4 M), and 10
ml CH,Cl, were added to the samples. The MeHg in the sediment sam-
ples was extracted over 45 min while the samples were kept on an end-
over-end rotator (30 rpm) (Lambertsson et al., 2001). The samples were
then centrifuged (2 min, 1500 g) and the CH,Cly (lower layer) was
transferred to a second test tube. The MeHg was then back-extracted into
water by adding 10 ml of Milli-Q water to the CH,Cl, and removing the
CH,Cl, by purging at 50 °C (Na, 200 ml min ). The remaining water
solution (about 10 ml) was transferred to a 40 ml brown glass vial with a
septum, followed by the addition of 15 ml Milli-Q water, 225 pl acetate
buffer (2 M, pH 5.0), and 30 pl sodium tetraethyl borate (STEB, 1%). The
vial was vigorously shaken for 20 s and allowed to react for least 30 min
before analysis. The analysis was conducted by coupling a methylmer-
cury analyzer (Tekran 2700) with an inductively coupled plasma mass
spectrometry (ICPMS, Thermo Scientific, XSeries 2). Concentrations of
MeHg were then calculated from the internal standards as described
elsewhere (Jonsson et al., 2012). Estuarine sediment certified material
ERM-CC580 (74 + 5 pg Hg g~ as MeHg) was used for quality control.
Determined concentrations of ERM-CC580 were within 96-102% of the
certified MeHg concentration.

2.3. Sediment physical and organic carbon properties

The distribution of Hg is here evaluated in terms of sediment physical
and organic carbon properties, which have been reported previously
(Broder et al., 2016; Sparkes et al., 2016; Tesi et al., 2016; Tesi et al.,
2014; Vonk et al., 2012) and are summarized in Table S1. The fraction of
terrestrial OC was calculated using average (+ standard deviation) 5'3C
end member signatures typical for this region of —23.2 £ 3.5 %o (marine)
and — 26.7 & 0.6 %o (terrestrial) (Martens et al., 2019). The terrestrial
endmember assumes equal proportions of terrestrial OC from Ice Com-
plex Deposits (ICD) 63c signatures of —26.3 +/— 1 %o; (Schirrmeister
et al., 2011)) and active layer 6'3c signatures of —27.1 +/— 0.7 %o;
(Martens et al., 2019)) sources. For TB-53 (a station close to the river
delta), the fraction of terrestrial OC was set to 100% as the observed 5'3C
signature (—27.5 %o0) was lower than that of the terrestrial endmember,
but within the uncertainty range of active layer sources.

2.4. Statistics

All statistical treatment of the data was performed using the JMP®
Pro (version 15.0.0) statistical software (SAS Institute Inc., Cary, NC,
1989-2019). The data-distribution of evaluated parameters was
assessed using the Anderson-Darling test and visual inspection of density
plots and Q-Q plots (Korkmaz et al., 2014). Log transformation of the
parameters was applied when needed (p > 0.05) to obtain normal dis-
tribution prior to statistical analyses. Correlation analysis was done
using linear regression on normally or log-normally distributed data
(correlation coefficient, R%, and correlation probability, p, reported). For
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all statistical tests, significance was indicated by p (probability value) <
0.05. All concentrations are reported as per gram dry weight (d.w.).

3. Results and discussion
3.1. Spatial distribution of HgT and MeHg

We report surface sediment concentrations of HgT and MeHg from
18 stations in the Laptev Sea, covering a gradient of terrestrial organic
matter input from the Lena river (Fig. 1). Concentrations of HgT and
MeHg ranged from 150 to 480 pmol g ! d.w. and 0.095 to 13 pmol g~
d.w., respectively. These concentrations are within the ranges previ-
ously reported from other parts of the Arctic Ocean (Aksentov et al.,
2021; Fox et al., 2014; Gobeil et al., 1999; Kim et al., 2020; Liu et al.,
2015). In line with earlier work in other systems that identified OC as the
main vector for Hg transport and accumulation in aquatic systems
(Lambertsson and Nilsson, 2006; Zhao et al., 2019), the concentrations
of HgT and MeHg correlated positively with OC content across all sur-
face sediments (Fig. 2). The HgToc, ranging from 9.4 to 16 nmol g~! in
our study, is the same range as the HgTo recently reported from East
Siberian Sea inner shelf sediments (10 to 20 nmol g*1 0CQC) (Aksentov
et al., 2021).

Cross-shelf patterns of Hg were examined by expressing bulk and OC-
normalized concentrations of HgT and MeHg (OC normalized concen-
trations hereafter referred to as HgToc and MeHgqc, respectively) as a
function of distance from the GTC (Figs. 1, 3 and S1), the main channel
for the annual discharge of the Lena River (Charkin et al., 2011; Semi-
letov et al., 2011). Although the highest and the second-highest con-
centrations of HgT were observed in sediments close to the GTC
(Table S1, Fig. 3), no significant correlation was found between bulk
HgT concentrations and distance from the GTC (Fig. S1, R?Z= 0.055,p =
0.35). The HgTc, however, increased with distance from the GTC R?=
0.38, p = 0.0063). Furthermore, decreasing concentrations of bulk
MeHg and MeHgg were observed with distance from the GTC (R? =
0.44, p = 0.0028 and R? = 0.36, p = 0.0088, respectively). These ob-
servations suggest bulk OC is not the only driver of the spatial distri-
bution of HgT and MeHg on the shelf.

Previous characterization of the surface sediments analyzed here
(Fig. 3, right column; Table S1) offers us the opportunity to further
explore the distribution of Hg and MeHg as a function of sorting,
degradation, and dilution of terrestrial OC on the shelf (Fig. 4, discussion
below). Hydrodynamic sorting in combination with the degradation of
the terrestrial OC during cross-shelf transport and dilution of terrestrial

2.8
& 8
s 2.6 2
£ o
s &
= =1
o 3
& 247 g

22

0.5 1.0 15 2.0
log %0OC

Fig. 2. Concentrations of HgT (filled circles, solid line) and MeHg (empty
circles, broken line) as functions of OC content (%OC). Lines show the linear
regression for HgT (solid line, R?=0.697, p < 0.0001) and MeHg (broken line,
R? = 0.481, p = 0.0014), and shaded area the 95% confidence of fit.
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OC with marine substances results in decreasing bulk TOC and lignin
phenol concentrations, increasing mineral specific surface area (SA),
and more enriched §'3C values with distance from the coast (Broder
etal., 2016; Sparkes et al., 2016; Tesi et al., 2016; Tesi et al., 2014; Vonk
et al., 2012). These trends were also observed for the set of surface
sediments included in this study (Fig. 3 and Fig. S1).

3.2. Processes controlling the spatial distribution of HgT

The spatial distribution of HgT was characterized by high concen-
trations at two of the stations located close to the GTC (400 and 480
pmol g~1) and concentrations ranging from 150 to 280 pmol g~ ! at the
remaining stations. The two stations with the highest concentrations of
HgT also had the highest concentrations of OC (38 and 95 mg g~ 1) and
the highest OC to SA ratios (3.2 and 6.9 mg m~2). High OC to SA
(exceeding 1 mg m~2) is typically found in continental sediments
receiving high loadings of OC (Mayer et al., 2002), suggesting the high
concentration of HgT found to be driven by a high OC supply to these
sediments. Although we observed a positive correlation between bulk
HgT concentrations and the OC to SA ratio (Fig. 4, RZ = 0.5, p = 0.0023)
when testing the entire dataset, no significant correlation (p = 0.79) was
found when removing the two stations with notably high OM and HgT
concentrations (p = 0.79). Bulk concentration of HgT did not correlate
with distance from the GTC, the fraction of terrestrial OC, lignin phenol
concentration, nor with SA (Fig. 4). The lack of correlation between HgT
and radioactive isotope A'*C signature (Fig. S1 and Table S1) further
suggests that HgT does not depend on the age-related composition of the
OC (i.e. OC deposited >10,000 yrs. ago and released from Ice Complex
Deposits, hereon referred to as pre-aged OC, vs. more recently produced
and exported OC from the terrestrial system or OC recently produced
within the marine system). It should, however, be noted that the Al%c
signatures observed at our stations, ranging from —310 to —560%o
(Table S1), suggest a significant accumulation of pre-aged permafrost
OC in all our sediments (Broder et al., 2016; Vonk et al., 2012). Overall,
our observations suggest that, although high concentrations of HgT were
found at stations with high OC supply, cross-shelf redistribution and
dilution of the terrestrial OC pool do not control the spatial distribution
of bulk HgT.

Although this was not the case for bulk concentrations of HgT, HgToc
increased with distance from the GTC (Fig. 3 and Fig. S1). The con-
centrations of HgToc also correlated negatively with the fraction of
terrestrial OC and the concentration of lignin phenols and positively
with the SA (Fig. 4). Tesi et al. (2016) have demonstrated that particle
properties (e.g. particle size and density) exert first-order control on the
redistribution of terrestrial OC pools during cross-shelf transport in the
Laptev and Eastern Siberian Sea Shelves. Close to the coast, plant debris
is the main component of the bulk OC pool, while OC further out on the
shelves is mainly associated with fine and ultrafine high-density parti-
cles. Lignin phenol concentrations are highest in plant fragments and are
thus higher close to the coast where plant debris is retained due to hy-
drodynamic sorting. The correlation we observed between HgTo¢ con-
centrations and the lignin phenol concentration and SA (low surface
area indicating larger mineral particles) thus suggest hydrodynamic
sorting of the terrestrial OC to also control the concentration of HgToc.
Regional differences in the suspended matter HgTo¢ have also been
previously reported. Coquery et al. (1995) have, for example, reported
suspended matter TOC and HgT concentrations corresponding to HgToc
concentrations of 14 + 12 and 46 nmol g~! OC at stations located close
to the Lena River delta and stations located in the area of our outermost
stations, respectively. Although these observations represent snapshots
of suspended matter HgTq at the time of sampling (September 1991), it
is worth noting that they also observed higher HgToc in the area of the
outermost stations. Furthermore, a recent study from the East Siberian
Sea Aksentov et al. (2021) reports increasing HgToc (and HET) with
distance from the coast (1020 nmol Hg g~ OC and 65 to 160 nmol Hg
g~ ! d.w. in the inner shelf (water depth of 0-50 m), 20-40 mmol Hg g~}
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Fig. 3. Concentrations of HgT and MeHg (as bulk and OC-normalized concentrations) and %MeHg (of HgT) as a function of distance from the GTC (left column);
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OC to SA ratio as a function of distance from the GTC (right column). Data shown in the right column has previously been reported by Vonk et al. (2012), Sparkes
et al. (2016), Tesi et al. (2016), Tesi et al. (2014), Broder et al., 2016, Wennstrom R (2018), Karlsson et al. (2015) and Broder et al. (2019).

OC and 220 to 350 nmol Hg g~ d.w. in the outer shelf (water depth of
50-100 m)). These observations suggest that HgTo¢ likely continues to
increase with distance offshore and across the outer shelf of the Laptev
Sea. The enrichment of Hg over OC along the transect may be a result of
higher original HgToc content on the finer particles preferentially
transported further out on the shelf, in comparison to the particles
trapped close to the Lena River delta. The high affinity of Hg for finer
sediments was previously suggested to account for the distribution of
HgT as a result of hydrodynamic sorting processes in the central and
southern Adriatic Sea sediments (Droghini et al., 2019) and in sediment
from the Yangtze River estuarine-inner shelf of the East China Sea (Liu
et al., 2017). In addition the more refractory nature of particles trans-
ported to the outer parts of the Laptev Sea shelf (Tesi et al., 2016) may
prevent reduction and volatilization of particle-associated Hg and thus
lead to higher ratios between Hg and OC in comparison to more near-
shore stations (where most of the remineralization of terrestrial OC
occurs (Broder et al., 2016).

3.3. Processes controlling the spatial distribution of MeHg

Similar to HgT, the highest bulk concentrations of MeHg (5.8 and 13
pmol g1, Table S1) were found at the two stations closest to shore with
high OC supplies (OC > 38 mg g™ 1), suggesting high OC load to also
explain high MeHg bulk content. Across the shelf, however, the con-
centrations of MeHg in our surface sediments ranged over two orders of

magnitudes, from 0.09 to 13 pmol g}, which is a much wider range
than that of THg which varied by a factor of three (Fig. 3, Table S1).
Accordingly, the fraction of HET found as MeHg (%MeHg) decreases
with distance from GTC by a factor of 40 (from 2.6% to 0.06%, Fig. 3 and
Fig. S1). As MeHg is produced from inorganic Hg, the %MeHg is often
used as a proxy for the ‘net methylation’ of Hg in natural environments
(Liu et al., 2020; Tjerngren et al., 2012; Zhao et al., 2019). A positive
correlation between the concentrations of HgT and MeHg was observed
for our data (Fig. S2). Given the comparably stable concentrations of
observed HgT, the spatial distribution of %MeHg therefore closely
resembled the distribution of bulk MeHg (Fig. 3). Below, we thus discuss
the spatial distribution of MeHg based on bulk MeHg and MeHgoc
concentrations only (all trends discussed based on bulk MeHg and
MeHgoc were, however, also true for %MeHg).

The higher MeHg and MeHgoc concentrations close to the GTC
(Fig. 3, Table S1), and the sharp drop when moving away from the GTC,
suggest high MeHg concentrations to be linked to terrestrial runoff. A
similar decrease in the concentration of MeHgo further suggests bulk
OC content is not the only driver of the spatial distribution of MeHg. By
evaluating the distribution of MeHg and MeHgoc against sediment
physical and organic matter properties (Fig. 4), we here explore the
potential role of i) dilution of the terrestrial OC pool with marine-
derived OC and ii) hydrodynamic sorting processes for the spatial dis-
tribution of MeHg. Using the average (+ standard deviation) 8'3C sig-
natures of —23.2 + 3.5%o0 and — 26.7 £+ 0.6 %o for the marine and
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terrestrial endmembers (Martens et al., 2019; Schirrmeister et al., 2011),
respectively, the fraction of terrestrial OC was calculated to range from
68 to 100%, with the exception of the outermost station where only 32%
of the OC was of terrestrial origin (Fig. 3, Table S1). To test if dilution of
the terrestrial OC pool could explain the spatial distribution of MeHg
observed, we predicted the bulk concentration of MeHg associated with
the terrestrial OC pool using the calculated bulk terrestrial OC concen-
tration and by assuming a constant MeHgq for the terrestrial OC pool at
all stations (Fig. S3). For stations with a fraction of terrestrial OC below
80%, the predicted bulk MeHg concentration (associated with the
terrestrial OC pool) on average exceeded the observed concentrations of
MeHg by an order of magnitude. These results suggest that dilution of
the terrestrial OC pool with marine derived OC alone did not explain the
spatial distribution of MeHg. It is more likely that hydrodynamic sorting
alters the distribution of MeHgq, as suggested by the correlation found
between MeHgoc and concentrations of lignin phenols as well as SA
(Fig. 4). We further note that a correlation was observed between MeHg
concentrations and the OC to SA ratio. The ratio between OC and SA in
sediments can be used to estimate oxygen exposure times, where a low
ratio indicates long oxygen exposure time. Broder et al. (2016) have
previously shown that high OC to SA ratios close to the Lena River delta
dropped sharply with distance from the offshore, suggesting extensive
remineralization of the OC close to the coast. Similarly, MeHg dropped
over a relatively short spatial scale (Fig. 3), and the bulk concentration

of MeHg correlated positively with the OC to SA ratio (even when the
two stations with notably high OC loadings were removed). It is
reasonable to assume that remineralization of OC also results in the
degradation of terrestrially derived MeHg. Remineralization of OC may
lead to more MeHg becoming available for photochemically and
microbially mediated demethylation processes (Bowman et al., 2020;
DiMento and Mason, 2017; Marvin-DiPasquale et al., 2000) by releasing
it from the particulate matter or by promoting demethylation through
the production of dissolved OC, which may enhance photochemical
demethylation rates (Zhang and Hsu-Kim, 2010). The degradation of
MeHg could also be directly linked to remineralization processes.
Organomercury lyase (MerB), an operon encoding for microbial deme-
thylation of MeHg, has e.g. recently been identified in Arctic waters
(Bowman et al., 2020), suggesting that microorganisms carrying this
operon could play a role. The MerB has also been found in other com-
partments in the arctic including permafrost soils (Mindlin et al., 2005).
Furthermore, some methanotrophs have been shown to rapidly take up
and degrade MeHg in laboratory experiments (Lu et al., 2017).

In addition to terrestrial loading of MeHg, MeHg can be produced in
sediment and marine waters through microbial methylation of inorganic
Hg (Kirk et al., 2008; Lehnherr et al., 2011). Work by Kim et al. (2020),
however, suggests water column Hg methylation to be an unlikely driver
of shelf sediment MeHg concentrations. Instead, their mass budget of
MeHg in the East Siberian Sea shelf suggests sediment to act as a source
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of MeHg to the water column and the flux of MeHg from shelf sediment
to be two orders of magnitude greater than water column gross Hg
methylation. Although this mass budget does not cover the Laptev Sea,
water column Hg methylation in Laptev Sea shelf waters is most likely
limited, in comparison to the East Siberian Sea, given the higher bio-
logical productivity in the East Siberian Sea due to the inputs of nutrient-
rich Pacific waters (Popova et al., 2010; Walsh et al., 1989). Extensive
net methylation of Hg as the riverine particles are transported in the
coastal area, as previously shown in other systems (Capo et al., 2020;
Ortiz et al., 2015) is also unlikely to explain observed MeHg trends, as
we would then expect higher concentrations of MeHg further off the
coast, where more remineralized OC settles. We cannot entirely exclude
the contribution from potentially higher in situ production of MeHg in
sediments close to the GTC due to the higher fraction of degradable OC.
We note, however, that MeHg concentration does not correlate with the
degradable fine fraction of OC previously reported by Broder et al.
(2019) (Fig. S4). The abundance of terrestrial DOM (which is less
available to microbes) further makes significant in situ production of
MeHg in these sediments less likely (Bravo et al., 2017). Over what
timeframes MeHg deposited or produced in situ may persist in surface
sediments is currently not well known. Earlier studies, however, suggest
a significant fraction of the MeHg in sediments to be refractory (i.e., not
readily available for demethylation), at least over the timeframe of
weeks to months (Girard et al., 2016; Jonsson et al., 2014; Liem-Nguyen
et al., 2016). These earlier observations support that riverine sources of
MeHg can accumulate over time in coastal sediments where sediment
accumulation rates are relatively high. Regardless of whether or not in
situ methylation contributes to the higher MeHg concentrations
observed close to the GTC, our data support hydrodynamic sorting to be
a key determinant of the spatial distribution of MeHg off the Lena River
on the Laptev Sea. This could either be by trapping terrestrially derived
MeHg in sediments close to the river delta before the MeHg has time to
degrade in the water column, or by fueling in situ sedimentary MeHg
production through trapping of the less degraded OC close to the coast.

3.4. Conclusions

Here we show that the accumulation of HgT-rich material closest to
the Lena River delta is associated with high accumulation of terrestrial
material rich in OC. Further out on the shelf, however, we suggest that
sorting of the terrestrial OC leads to enriched concentrations of HgT
relative to the bulk OC content. Also for MeHg, hydrodynamic sorting
was demonstrated to play a key role in its distribution within the
investigated area, with higher concentrations of MeHg accumulating
closer to the river delta. Across our stations, THg varied by a factor of
three while the concentrations of MeHg in our surface sediments ranged
over two orders of magnitudes, suggesting that hydrodynamic sorting
exerts greater control on the distribution of MeHg than HgT.

Previous studies have highlighted a greater availability of recent
MeHg loadings for bioaccumulation into benthic invertebrates in a
coastal system in comparison to MeHg buried a few mm below the
sediment surface (Jonsson et al., 2017; Jonsson et al., 2014). The
amount of MeHg accumulated in benthic communities, and transferred
via benthic-pelagic food web coupling to higher organisms, can thus be
expected to quickly respond to altered concentrations of MeHg in sur-
face sediments. The higher MeHg concentrations observed near the river
delta, suggest that coastal food webs in this area are more vulnerable to
terrestrial loadings of MeHg than benthic communities further out on
the shelf. Inputs of both HgT (mainly consisting of inorganic Hg) and
MeHg are predicted to increase with accelerated riverine discharge rates
and permafrost degradation (Mu et al., 2019). As a result of greater
sedimentation rates close to the delta, and faster delivery of terrestrial
MeHg further off the coast, the area with higher MeHg concentrations in
the surface sediments will likely expand. Our study demonstrates the
need to better understand benthic-pelagic coupling in the area of the
river delta to better comprehend the risk of future terrestrial MeHg
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loadings to the Siberian Arctic Shelf areas.
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