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To assess the bioavailability in the soil-derived dissolved organic carbon (DOC),
and to estimate potential remineralization kinetics for different bioavailable
fractions of DOC, the long-lasting (180 days) incubation experiments of soil
leachates were performed. The soil material was collected from the catchments
of two contrasting rivers - Bayelva and Londonelva in Kongsfjorden (Arctic fjord
in West Spitsbergen, Svalbard Archipelago). Both sampling sites were located
close to the shore, where coastal erosion and tides directly affect the surface
soil layer. The results indicate that the soil leachates contain a lot of DOC, which
is highly bioavailable, even 68%–87% can be susceptible to biodegradation. The
obtained decay curves allowed us to distinguish three DOC fractions: labile,
semi-labile, and refractory. The contribution of the most labile DOC fraction
is small and ranges from 13% in the Bayelva region to 25% in the Londonelva
catchment but it remineralizes quickly once transported to the fjord, while
the semi-labile DOC, whose half-life is measured in months, is much more
abundant (74% and 43% of total DOC, respectively). These differences in the
contribution of particular DOC fractions between stations can result from the
different composition and provenance of organic matter. Nevertheless, this high
lability of terrestrial DOC indicates that its supply to the fjords water column has
the potential to play an essential role in sustaining the bacterial loop in the fjord
and, through CO2 release, in amplifying ocean acidification in the coastal zone.

KEYWORDS

DOC (dissolved organic carbon), remineralization, lability, biodegradation, Spitsbergen
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1 Introduction

Ongoing climate change significantly impacts the marine and terrestrial polar
ecosystems, especially in the Arctic, where due to the Arctic Amplification, consequences
of climate warming are much more visible (Rantanen et al., 2022). The increased melting
and retreat of glaciers, as well as the thawing of permafrost, may increase the transport
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of dissolved organic matter (DOM) from land to fjords
(Retelletti Brogi et al., 2018; Retelletti Brogi et al., 2019). It has been
estimated that worldwide the permafrost surface layer contains as
much as 1,035 ± 150 Pg of organic carbon (OC; Hugelius et al.,
2013), so even a small release can significantly change the carbon
loads to the fjords. Although there are quantitative estimations
of the dissolved organic carbon (DOC) delivered from land
(Nguyen et al., 2022; Retelletti Brogi et al., 2019), its fate in fjords
remains highly unknown. It is still unclear to what extent this
DOC pool is bioavailable and how fast can it be remineralized.
This missing knowledge is extremely desired as it would allow
for a better understanding of the processes shaping the carbon
cycling in the Arctic fjords (and likely in other polar regions),
but also nutrient availability as the DOM is an important carrier
of nitrogen and phosphorus in the marine environment (Repeta,
2015). Current studies suggest that a relatively high proportion
of DOM released from permafrost is bioavailable and can be
relatively quickly mineralized by microbes or photo-oxidized
during transport from land via rivers and surface runoff to the
coastal Arctic Ocean. Vonk et al. (2015) estimated, based on
literature synthesis and their own experiments, that the mean
contribution of biodegradable DOC from soil leachates ranges
between ∼9% in non-permafrost sites, ∼16% in discontinuous
permafrost sites, and∼20% in continuous permafrost sites.However,
significantly higher shares of biodegradable OC have also been
found. For instance, Elberling et al. (2013) based on long-term
incubation, calculated that even up to 75% of total OC in Greenland
permafrost soil can be bioavailable, and Hood et al. (2009) found
23%–66% of bioavailable DOC in heavily glaciated watersheds of
the Gulf of Alaska. This shows, however, that despite the growing
amount of data available, there is still a lot of variability in the
assessment of biodegradable DOC contribution in permafrost
regions. Furthermore, knowledge about the bioavailability of
terrestrial organic matter and its reminaralization kinetics is
essential to understanding the marine CO2 system variability, as
DOC decay leads to seawater pCO2 increase and thus intensifies
the seawater acidification (Polimene et al., 2022). The complexity
of the marine CO2 system in the coastal Arctic waters may be
exemplified by the study of Koziorowska-Makuch et al. (2023) who
identified very high variability of pCO2 and pH (but also other
CO2 system parameters) in the Spitsbergen fjords and especially
close to the sources of land-delivered organic matter. Therefore, the
following research objectives have been formulated: (1) to quantify
the shares of labile (DOCL), semi-labile (DOCSL), and refractory
(DOCR) fractions in the soil-derived DOC, and (2) to estimate
the potential remineralization rate constants (k) and half-life times
(t1/2) for different bioavailable fractions of DOC. This was done
through long-lasting incubation experiments of the soil leachates
containing terrestrial DOC. The study has been performed using
soil material collected from two contrasting sites close to the shore
in Kongsfjorden–the high Arctic fjord in West Spitsbergen, Svalbard
Archipelago. The chosen study site is one of the fastest-warming
polar regions, largely due to a process known as Atlanticification
(Polyakov et al., 2017). This, combined with the projected 200%
increase in freshwater discharge by 2,100 under the RCP4.5 scenario
(Adakudlu et al., 2019), makes the region particularly important for
the global carbon cycle.The increasing heat content in Kongsfjorden
is affecting the stability of the ecosystem’s structure (Vihtakari et al.,

2018), altering the hydrological cycle, and intensifying permafrost
thaw.Measurements from 1998 to 2017 show a temperature increase
of 0.18°C ± 0.07°C year-1 in the permafrost active layer at the Ny-
Ålesund station (Boike et al., 2018). Furthermore, records from
a longer period (1971–2017) indicate a significant increase in
precipitation (Hanssen-Bauer et al., 2019), which may substantially
enhance the supply of organic matter leached from land.

2 Methods

2.1 Study area

The catchments of two rivers in Kongsfjorden - Bayelva River
and Londonelva River were selected for the study site, as they
can be considered different in terms of the geology and the
source of water supply (Figure 1). The Bayelva River catchment,
which is almost entirely underlain by permafrost with a seasonal
active layer (Killingtveit et al., 2004), may serve as a natural
laboratory for understanding how other Arctic permafrost regions
may respond to ongoing climate warming. In contrast, comparison
with a station characterized by a deglacierized catchment area
(Londonelva River) enables the assessment of differences in the
quantity and reactivity of organic matter released to the coastal
environments, depending on catchment type. Bayelva River is
4 km long, with a glacierised catchment area of 32 km2. The
watershed is underlain by quartzite, and phyllite in the southern
and eastern parts, and sedimentary rocks in the northern and
western parts (Orvin, 1934; Hjelle, 1993; Nowak et al., 2021).
Bayelva is fed by glacier melt, snow melt, rainfall, and ground ice
melt. The average decadal discharge from the Bayelva River ranges
from 25,696 to 33,683 × 103 m3 (measurements started in 1989;
Nowak et al., 2021). Londonelva River is located on Blomstradøya
(the largest island in Kongsfjorden) and is characterized by a
small catchment area (0.7 km2), almost entirely underlain by
carbonate rocks. Londonelva is fed by snow melt, rainfall, and
ground ice melt, with the average decadal freshwater flux that
increased from 271 × 103 m3 in 1991–2000 to 645 × 103 m3 in
2011–2019 (Nowak et al., 2021). Both rivers are restricted to the
meltwater season only (usually May-October) (Nowak et al., 2021).
Environmental conditions in both catchments are highly variable
and subject to strong seasonal fluctuations. The 10-year mean
monthly air temperature ranged from −10.6°C in March to 5.6°C
in July, while monthly precipitation ranged from 6.4 mm in June to
79.9 mm in September (Supplementary Figure S1; climate data from
the Ny-Ålesund station; Data source: Observations and weather
statistics, Norwegian Centre for Climate Services; seklima.met.no;
last access: 20.05.2025).

2.2 Incubation experiment

The incubation experiment was designed based on the
‘Standardized DOC incubation protocol’ proposed by Vonk et al.
(2015). Sampling stations were located close to the shore in the
catchments of Bayelva (78 56.05′N and 11 51.28′E) and Londonelva
Rivers (78 57.77′N and 12 02.88′E; hereinafter referred to as Bayelva
station and Londonelva station). Soil samples were collected from
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FIGURE 1
Map of the study area with photos from sampling stations: 1 - Bayelva River, 2 - Londonelva River. Map modified from https://toposvalbard.npolar.no.

the surface layer (0–10 cm) and frozen at −20°C in ziplock bags
until further processing. In the laboratory, frozen samples were
slowly thawed overnight at 4°C and gently homogenized. Then,
subsamples (in triplicate) were collected to determine the density,
moisture of the soil (sediment samples were weighed before and
after drying at 60°C for 24 h), total nitrogen (TN), organic carbon
concentrations (OC), the stable isotopic composition of TN and
OC (δ15TN and δ13OC). Both sampling sites were located next
to the fjord, where coastal erosion and tides directly affect the
surface layer of soil, and where soil is constantly washed away
by seawater, thus flushing out the terrestrial DOC it contains.
Therefore, soil leachates were prepared by adding surface seawater

from the adjacent fjord (78 59.47′N and 11 34.39′E) to the soil
in a volume ratio of 1:4, letting this stand in glass flasks for 24 h
at 4°C in the dark, and extracting liquids using a centrifuge.
Obtained soil leachates were filtered through glass fibre filters
(Whatman GF/F, pore size 0.7 µm), transported to 40 mL glass
incubation vials, and stored in the dark. In parallel to the soil
leachate from two stations, the filtered seawater was also incubated
and used as a control. All laboratory glassware and filters used
during the experiment were previously pre-combusted (450°C,
6 h) to reduce the possibility of sample contamination. To ensure
aerobic conditions throughout the experiment, the vials were left
open to the atmosphere and only covered with sterile gauze to
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prevent any contamination from the air. The dissolved oxygen
concentration was monitored using a WTW multi 3400i Multi-
Parameter Field Metre. Incubation was conducted for 180 days at
22°C ± 0.5°C. This high temperature was selected following the
recommendations by Vonk et al. (2015) to accelerate the DOC
remineralization and obtain the DOC loss high enough to quantify
the contributions of different DOC fractions (DOCL, DOCSL,
and DOCR) in the time frame of the experiment. During the
experiment, the samples were carefully shaken daily to ensure
homogeneous conditions. At the beginning (t = 0) and after 1,
2, 3, 5, 9, 19, 29, 65, 90, and 180 days of the incubation (three
replicates for time steps t = 0, t = 19, and t = 180), the individual
samples were filtered using pre-combusted filters (Whatman GF/F),
acidified with 50 µL concentrated HCl and stored in a dark until
analysis for DOC.

2.3 Chemical analyses

DOC samples were analyzed on the automated total organic
carbon analyzer TOC-L (Shimadzu Corp., Japan) equipped with
an NDIR CO2 detector. Samples were measured using a high-
temperature (680°C) oxidation method and a Pt catalyst. The
quality of the measurements was examined by the regular
analyses of certified reference material - North Atlantic water
obtained from the Hansell Laboratory (recovery: 95%, precision:
4 μmol/L; n = 5).

The analyses of OC, TN, δ13OC, and δ15TN were performed
in an Elemental Analyzer Flash EA 1112 Series combined with
an Isotopic Ratio Mass Spectrometer (IRMS Delta V Advantage;
Thermo Electron Corp., Germany). Samples were weighed into
silver capsules, acidified with 2 M HCl to remove carbonates,
and dried at 60°C for 24 h (the procedure was repeated until a
constant weight was obtained). The OC and TN concentrations
were calibrated against certified reference materials provided by
HEKAtech GmbH (Germany). δ13OC and δ15TN were calculated
using the laboratory working pure reference gases (CO2 and N2)
calibrated against IAEA standards.

2.4 Data interpretation

To quantify the DOC remineralization during the experiment,
the first-order kinetics (Equation 1) was applied, which assumes
that the DOC concentration changes over time depend on the
initial DOC concentration (time t = 0) and the remineralization
rate constant (k). The use of this assumption was possible as the
experiments were carried out in aerobic conditions (the oxygen
conditions did not limit the growth of the microorganisms).

dDOC
dt
= k ·DOC(t=0) (1)

where: dDOC
dt

represents the change of DOC concentration over time;
k represents the remineralization rate constant.

The contributions of fractions having different bioavailability, as
well as their remineralization rate constants, and half-life times were
calculated using the procedures published by Kuliński et al. (2016)
and briefly described further in the text.

3 Results

All the results obtained in the incubation experiments are
presented in Supplementary Table S1. They consist of DOC
concentrations measured at different time steps (with standard
deviation for time steps t = 0, t = 19, and t = 180, representing
three replicates) of the experiment, both in the control samples
(seawater) and in the soil leachates (seawater enriched with
soil extracts). For further elaboration in the text, however, the
raw DOC results for the soil leachates have been corrected to
remove from them the contribution of seawater DOC changes
(Supplementary Figure S2) and to obtain in that way changes
over time of soil-derived DOC only (Figures 2a,b). This has
been done by proportional subtracting the control (seawater)
DOC results from the raw DOC results obtained for the soil
leachates at a given time. The calculations took into account:
soil moisture, the initial volume of seawater added to the soils,
the volume of water extracted from the soils, and the DOC
concentrations in both runs (control and the soil leachates) at
each time step.

In the control run the DOC concentration decreased after 20
days from 107 ± 2 to 69 ± 6 μmol/L and since that time remained
almost unchanged until the end of the experiment. This suggests
that the surface seawater in Kongsjorden contained about 35%
bioavailable DOC at the time of sampling. On the other hand, the
DOC level of 69 ± 6 μmol/L that was continuously observed at the
later stage of the experiment can be considered as the refractory
DOC in that region. This is more from what has been found for
the open waters of the North Atlantic, for which the refractory
DOC amounts to ±45 μmol/L (Hansell and Orellane, 2021). These
differences are probably due to the influence of terrestrial OM in
the fjords.

The decay of the soil-derived DOC (corrected for the
contribution of seawater DOC changes) induced by microbial
remineralization was tracked by interpreting the concentration
changes during the incubation experiments (Figures 2a,b). A
pronounced DOC decrease over time was observed for both
incubations, with the highest dynamics at the beginning, and slower
in the middle and the end of the experiments (an exponential
character). After 180 days of incubation, the cumulative DOC loss,
expressed as a percentage of initial DOC concentration (t = 0), was
61% for the material from the Bayelva River catchment and 66% for
the one from the Londonelva River catchment, which corresponds
to the DOC decay from 2,728 ± 33 to 916 ± 28 μmol/L, and from
420 ± 12 to 164 ± 14 μmol/L, respectively (Figure 2c).

The exponential character of the decay curves (Figure 2) justified
the use of first-order kinetics in interpreting the remineralization
dynamics. The integration of Equation 1 gives:

DOC = DOC(t=0) · e
−k ·t (2)

Through plotting the natural logarithms of DOC concentrations
versus time (Equation 2), it is possible to estimate the potential
remineralization rate constant, which is the slope in the linear
regression of the resulting relationship. This has been done for
both datasets originating from incubation of soil-derived DOC
obtained from the Bayelva and Londonelva River catchments
(Supplementary Figure S3). This exercise revealed in both

Frontiers in Earth Science 04 frontiersin.org

https://doi.org/10.3389/feart.2025.1456404
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org


Koziorowska et al. 10.3389/feart.2025.1456404

FIGURE 2
The decay of soil-derived DOC (corrected for the contribution of seawater DOC changes) during incubation of soil leachates from the Bayelva River
catchment (a) and the Londonelva River catchment (b), cumulative losses of soil-derived DOC during the incubation presented as a percentage of
initial concentrations (c).

investigated DOC data series the inflection points separating two
different linearities, each having a different slope, higher at the
beginning and lower in the later phase of the experiment. This
indicates the presence of two bioavailable DOC fractions, each
having different lability: (i) the labile DOC, present only in the initial
stage of the experiment, and (ii) the semi-labile DOC, undergoing
remineralization during the entire incubation. In the case of
soil-derived DOC from the Bayelva station, the DOCL has been
remineralized by the ninth day of the incubation and the sampling
conducted in the later time steps shows the DOCSL decrease only.
For the DOC from the Londonelva station, the remineralization of

DOCL continued until the 19th day, while later on the DOC drop
can be attributed to the DOCSL decay. The strong linearity (R2)
of the lnDOC(t) dependence (Supplementary Figure S3) indicates
that the uneven distribution of sampling points (higher density
of measurements at the beginning of the experiment, followed
by a smaller number of measurements later), which was planned
according to the available literature (e.g., Kuliński et al., 2016),
does not affect the calculations and confirms the appropriateness
of our sampling strategy. The R2 values obtained for the most
rapidly remineralizing DOC fraction were 0.949 for the Bayelva
station and 0.993 for the Londonelva station, while for the
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less reactive fraction, the R2 values were 0.987 and 0.921,
respectively.

In addition to the labile and semi-labile DOC fractions
that decrease over time at different rates, the background of
refractory DOC, which is not subjected to remineralization, must
be taken into account. Therefore, the bulk description of total DOC
remineralization can be given by (Equation 3):

DOC(t) = DOCL (t=0) · e
−k(L)·t +DOCSL (t=0) · e

−k(SL)·t +DOCR (3)

where: k(L) and k(SL) are remineralization rate constants for DOCL
and DOCSL, respectively.

The DOCR values for both experiments were determined
by interpreting the DOC decay curves at the later stages of
the incubations (starting from day 19 for Bayelva and day
29 for Londonelva), i.e., when there was no more DOCL
available for remineralization and only DOCSL and DOCR
were present in the samples. This was done by mathematical
fitting, in which DOCR value was searched to obtain the
highest possible determination coefficient for linear regression
of ln (DOC-DOCR) vs time (Supplementary Figures S4, S5A).
The intercepts in these linear regressions represent the ln DOCSL
at t = 0, from which the initial concentrations of DOCSL were
determined, while the slopes correspond to the remineralization
rate constants for the DOCSL fractions, k(SL) expressed in a unit
of day-1 (Supplementary Figure S5A). Then, knowing the DOCSL
concentrations at t = 0 for both data sets and the corresponding
k(SL) values, it was possible to calculate DOCSL at each time step
of the incubations. Finally, the concentrations of DOCL at each
time step were calculated by subtracting the concentrations of
DOCR and DOCSL from the total DOC. Similarly, as for DOCSL,
initial DOCL concentrations and k(L) values were determined
from the intercept and the slope, respectively, of the linear
regressions (Supplementary Figure, S5B).

Additionally, for the bioavailable DOC fractions, DOCL and
DOCSL, their half-life times were established following the first-
order kinetics (Equation 4):

t1/2 =
ln2
k

(4)

4 Discussion

The results indicate that the soil leachates contained a lot of
soil-derived DOC, namely, 420 ± 12 μmol/L from the Bayelva
River catchment and 2,728 ± 33 μmol/L from the Londonelva
catchment (initial concentrations at t = 0). These significant
disproportions reflect the organic carbon content in soils at both
investigated sites, which amounted to 0.16% ± 0.02% for the
Bayelva station and 1.95% ± 0.1% for the Londonelva station
(Supplementary Table S2). This suggests different characteristics
of deposits accumulated in the vicinity of both rivers. The
Bayelava River is mainly fed with meltwater from surrounding
glaciers, thus the organic matter in the river delta is strongly
diluted with mineral material (Sund, 2008). The dilution effect
is also confirmed by DOC concentrations in the river water
ranging from 50 to 125 μmol/L during the meltwater season
(Zhu et al., 2016; Retelletti Brogi et al., 2019; Gödde et al., 2024).

On the contrary, the glacier-free Blomstradøya Island which is
drained by the Londonelva River is the source of contemporarily
produced organic matter (Hop and Wiencke, 2019) with a
DOC concentration of 380 μmol/L measured in summer (own
result, unpublished data). Moreover, high variability, both
spatial and temporal, of DOC concentrations in the soil leachates
has been already reported for other Arctic regions. For instance,
Vonk et al. (2015) found the DOC concentrations in soil leachates
from Toolik Field Station (Alaska) ranging from 175 μmol/L in
samples collected in May to 1930 μmol/L in samples collected in
September, while MacDonald et al. (2021) measured DOC from
about 800 to 4170 μmol/L in leachates from the permafrost active
layer in the western Canadian Arctic.

The contributions of different DOC stability fractions are shown
in Figure 3. Although this theoretical division into three classes of
biological stability is undoubtedly only an approximation of the
complex structure of DOM, it clearly shows that DOC released
from soils is highly bioavailable. Only 54 μmol/L and 871 μmol/L,
which corresponds to 13% and 32% of total DOC, can be considered
as refractory DOC in soils from the Bayelva and Londonelva
catchment, respectively. These values are often substantially lower
than those reported in the literature so far. For instance, Bristol et al.
(2024) examined the bioavailability of DOC leached from active
layer and permafrost soils at Drew Point, Alaska. The authors
followed the protocol published by Vonk et al. (2015) and, similarly
to our approach, extracted leachates with seawater. DOC loss during
incubation was 9.0% ± 3% over 26 days and 23% ± 5% over
90 days for active layer soils. For Holocene terrestrial permafrost,
DOC loss was 9.1% ± 3% over 26 days and 14% ± 3% over
90 days Speetjens et al. (2022) measured 5%–17% DOC loss in
21-day porewater incubation experiments, with higher losses from
the active layer than from permafrost (coastal catchment, western
Canadian Arctic). Li et al. (2022) estimated DOM biodegradation
after the 14-day incubation from 3.86% to 23.4%. Vonk et al.
(2015 and references therein) obtained the maximum DOC loss
of up to ∼50% during incubation experiments of soil leachates
within the Arctic Ocean watershed. Higher DOC bioavailability
values, but still in the lower range of results obtained in this study,
were obtained by Spencer et al. (2015) for Siberian permafrost
(∼40%–60% over 28 days incubation) and Abbott et al. (2014)
for thawing and collapsing permafrost on the North Slope of
Alaska (DOC loss exceeded 50% after 10 days at several sites and
reached even 67% loss after 40 days). However, most of these
previous estimations were based on the DOC loss observed during
incubation experiments lasting up to 28–40 days (maximum90 days
by Bristol et al., 2024), with the most commonly used incubation
temperature between 15°C and 25°C (Vonk et al., 2015). Therefore,
they may potentially underestimate the bioavailability as some
of the semi-labile DOC fraction was likely not remineralized
during the incubations. Also in our experiments, though they
were much longer, the constant DOC level has not been reached.
This justifies the use of a mathematical model based on the first-
order kinetics assumptions to approximate the DOCR and to avoid
underestimating the contribution of the bioavailable DOC due to
too short incubation time.

Although the leachates from both investigated sites are
characterized by a high contribution of bioavailable soil-derived
DOC, there are clear differences between the shares of DOCL
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FIGURE 3
Concentrations (a) and relative contributions (b) of labile (DOCL), semi-labile (DOCSL) and refractory (DOCR) fractions of soil-derived DOC in the soil
leachates from the Bayelva and Londonelva catchments.

and DOCSL fractions. In the case of material from the Londonelva
station, a higher contribution (25%, compared to 13% for theBayelva
station) of the most labile DOC fraction, DOCL, suggests a higher
supply of relatively fresh DOC from the contemporary biological
production, which can be rapidly remineralized. This corresponds
well with the results published by Lods-Crozet et al. (2007), who
found lower turbidity, higher temperatures, and greater primary
production in the Londonelva than in the Bayelva River. Glacial
basin rivers, like Bayelva, are usually characterized by much higher
levels of mineral suspension (Dittmar and Kattner, 2003), which can
strongly dilute the organic matter signal but also through increased
turbidity hamper OM production in rivers. Furthermore, glacier-
derived DOC is usually substantially older as indicated by 14C ages
(Behnke et al., 2021; Holt et al., 2021). The high contribution of
ancient OM in the deposits at the Bayelva station can likely explain
the lower share of DOCL observed there as compared to the rather
more recent OM at the Londoelva station. Still, it is worth noting
the high share of DOCSL and in consequence, the overall very
high contribution (87%) of bioavailable DOC fraction (DOCL +
DOCSL) observed in the material extracted from the soil at the
Bayelva station.

The high temperature at which the experiments have been
conducted allowed us to obtain distinct and measurable DOC
decay and thus quantify the potential shares of DOC fractions
having different lability. However, the parameters describing the
OM remineralization kinetics are temperature-dependent and thus
they have been recalculated to the in situ temperatures. As a
site-specific reference, the temperature of 2.2°C has been used,
which is the 10-year mean temperature for the melt season in
Ny-Ålesund (Kongsfjorden; Supplementary Figure S6; Data source:
Observations and weather statistics, Norwegian Centre for Climate
Services; seklima.met.no; last access: 20.05.2025). To recalculate

the potential remineralization rate constants and corresponding
half-life times, determined in the experiments (Table 1), the Q10
factor was used (Equation 5), which describes the multiplicity
of the increase of a rate constant of any biochemical reaction
due to temperature increase by 10°C. Based on literature data,
the Q10 for remineralization of permafrost- and soil-derived OC
is between 1.3 and 2.6. These values were further used for
estimating the expected range of remineralization rate constants
and half-life times at the local mean temperature of 2.2°C
(Meyer et al., 2018; Qin et al., 2021; Quinlan, 1980; Quinlan,
1981). The calculated in this study OM remineralization kinetics
should be considered as a first approximation for this region.
This is due to the fact that the Q10 values, although well
characterized for the polar regions, may still be site-specific, and
also constants determined with first-order kinetics (k and t1/2) may
be influenced by elevated concentrations of the limiting element
(Payn et al., 2005; Mulholland et al., 2002).

Q10 = (
k1

k2
)

10
T2−T1 (5)

where: k1 and k2 are the rates at which products
of a reaction are produced (mmol/s) at two different
corresponding temperatures: T1 and T2 in which the
reaction occurred.

The highest potential remineralization rate constant at 2.2°C
was found for the labile fraction of the soil-derived DOC from
the Bayelva catchment and ranged from 0.115 to 0.029 d−1 (t1/2 =
6–24 days; Table 1). This value is more than twice as high as the
k(L) value for Londonelva catchment (k(L) = 0.046–0.012 d−1 and
t1/2 = 15–60 days), and indicates that despite a lower contribution
of the labile DOC in Bayelva region, it is more reactive than
DOCL from Londonelva catchment.The opposite situation has been
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TABLE 1 Remineralization rate constants (k) and half-life times (t1/2) of semi-labile (DOCSL), and labile (DOCL) DOC for Bayelva and Londonelva
sampling stations.

Station DOC fraction T experiment = 22°C T melt season = 2.2°C

k [days-1] t1/2 [days] k [days-1] t1/2 [days]

Bayelva
DOCL 0.194 3.6 0.115–0.029 6–24

DOCSL 0.006 121.6 0.003–0.001 206–822

Londonelva
DOCL 0.078 8.9 0.046–0.012 15–60

DOCSL 0.018 38.5 0.011–0.003 65–260

observed for the contribution and potential remineralization rate
constants for DOCSL. At the Bayelva station, it is characterized
by three times lower k(SL) and triply higher t1/2 values, while
DOCSL share of the total DOC pool is much higher than at the
Londonelva station. The substantial differences in k(L) and k(SL)
between both sites influence likely the final shares of both labile
and semi-labile fractions. The soil-derived DOC from Londonelva
is richer in DOCL as the latter remineralizes slower than at
the Bayelva site, while the fast remineralization of DOCL at the
Bayelva catchment makes the DOC overall enriched in DOCSL.
To unravel fully these dependencies it would be necessary to
have information about inputs of different fractions (source term)
and the time of their exposure before sampling. However, it is
worth emphasizing that the k(L) and k (SL) results obtained for
both stations are closer to the values observed in the coastal
seas than in the freshwater environment. Lonborg and Alvarez-
Salgado (2012) found that the decay constant for bioavailable
DOC is 0.066 ± 0.065 d−1 (n = 127) in the marginal and shelf
seas, while Hopkinson et al. (2002) reported for continental
margins mean values of 0.219 d−1 and 0.01 d−1 for very labile
and labile DOC fraction, respectively. While for the freshwater
environment, Koehler et al. (2012) found the initial first-order decay
coefficient for DOC ranged from 0.0009 to 0.0043 d−1 in the waters
of six Swedish lakes.

All these results suggest that the composition and provenance
of soil-derived DOC are different in both studied regions. This can
be also confirmed by the isotopic composition of organic matter in
soils. The material from the Bayelva catchment had higher δ13OC
and δ15TN (−23.7‰ ± 0.2‰ and 3.7‰ ± 0.3‰, respectively)
compared to the results from the Londonelva station (−27.5‰ ±
0.2‰ and 2.3‰ ± 0.3‰, respectively) (Supplementary Table S2).
According to the commonly used interpretation (e.g., Ruttenberg
and Goni, 1997; Kuliński et al., 2014), the isotopically heavier
carbon (higher δ13C) characterizes organic matter of marine
provenance, while higher δ15N values indicate a higher contribution
of organic matter reworked by organisms from higher trophic
levels. For terrestrial OM, Kim et al. (2011) distinguished a few
main fractions and estimated that δ13OC of particulate sources
differ: 27.1 to −25.2‰ for soil OM, −25.0‰ for coal, and −23.8
to −20.3‰ for ice-rafted debris (IRD). The higher δ13OC values in
the Bayelva catchment could be related to the latter source–IRD,
as large amounts of algae-derived OM were previously observed
in this region (Chen et al., 2021). However, as was shown for

instance by Kuliński et al. (2014), the high variety of isotopic
composition of organic matter originating from multiple sources
makes the interpretation of the isotopic signatures in the Arctic
challenging. This makes concluding about the provenance of
organic matter in the investigated regions difficult. Nevertheless,
the variability observed in the isotopic results indicates that
differences occur.

5 Conclusion

The obtained results indicate that the soils in catchments
of rivers draining into Kongsfjorden contain a large quantity
of bioavailable DOC, with as much as 68%–87% of the total
leachable DOC being susceptible to degradation. The contribution
of the most labile DOC fraction is small and ranges from 13%
in the Bayelva region to 25% in the Londonelva catchment,
but it remineralizes quickly once transported to the fjord -
within days or weeks, while the semi-labile DOC, whose half-
life is measured in months, is much more abundant (74% and
43% of total soil-derived DOC, respectively). Despite the high
bioavailability of soil-derived DOC in both studied catchments,
there are significant differences in the contribution of particular
DOC fractions between stations, which can result from the
different composition and provenance of OM as well as different
times of their exposure before sampling. Higher DOC losses,
compared to previous studies, indicate that the incubation
experiment setup should consider the potentially significant
contribution of semi-labile DOC. Since the remineralization of
this fraction is slow (half-life time measured in months), too
short experiments may underestimate the bioavailability of DOC.
Thus, we recommend applying the reaction kinetics models, which
together with the appropriately adjusted duration time of the
incubation experiment may substantially improve the reliability
of the results.
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