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Abstract
Terrestrially-derived dissolved organic carbon (DOC) is transported to estuarine systems via

river runoff, where it is largely degraded by microbial communities. | studied the combined
influence of salinity (NaCl), microbial community (marine vs. freshwater) and inorganic
nitrogen (N) and phosphorus (P) availability on DOC degradation rates in 10 major rivers in
Sweden sampled during summer. The DOC degradation (inferred from dissolved O,
consumption rates) was determined on filtered river water during one week (7-days) in vitro
experimental bioassays, applying the factors alone and in all possible combinations. Compared to
the controls, addition of salt (10 psu) caused significant decreases in the DOC degradation in
most cases, by 21-49%. In two cases, a significant P limitation was found, and a few additional
rivers responded positively to P addition, although the effect was not statistically significant.
Additions of N had no significant effect on the DOC degradation. Only one river — Pite alv —
showed significant interactions effects between N and P, or N and S, but these effects were
relatively small. Interactions between P and salt were found in two cases (Helgedn and
Nykopingsan).These interactions were strong and the results suggest that P additions
significantly dampened the salt stress. Tests in which the microbial community was manipulated
showed that salt stress was similar for both freshwater and marine microbes. In fact bacteria from
the coast outside Malmo and ambient river mouth communities showed a similar negative
response to salt additions. Finally, possible salt induced flocculation and particle formation was
tested. According to results, there was no particle formation that significantly affected the DOC
degradation rates. This study highlights the need for further studies of interactions between
nutrient and salt concentrations on the fate of the terrestrially-derived DOC in the marine

environment.

Keywords: DOC, Reactivity, Degradation, Nutrients, Microbial community, Estuary,

Bioavailability.
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Chapter One: Introduction

1.1 Introduction
Dissolved organic carbon (DOC) plays an important role in the global carbon cycle (Hansell &

Carlson 2001; Hopkinson et al., 2002), and DOC in aquatic systems constitutes the largest pool
of organic carbon on earth (Hopkinson et al., 2002; Guillemette et al., 2011; Koehler et al.,
2011). Part of this large reservoir of organic carbon has been produced in the aquatic
environment itself (autochthonous DOC), but a significant component originates in terrestrial
organic matter (allochthonous DOC), partially decomposed or processed by micro-organisms
(Zweifel et al., 1993; Mills et al., 2008; Dinasquet et al., 2013). Although 30-80% of this
terrestrially-derived DOC is being degraded during its transit through freshwater systems
(Algesten et al. 2004), 2.5x 10** g yr* of DOC is further transported to the coastal oceans on a
global scale (Hedges et al., 1997).

The Baltic basin receives a large amount of DOC, mostly originating from surrounding terrestrial
sources, transported via river runoff (Omstedt et al., 2012). The DOC is impacting on aquatic
ecosystems by causing changes in the bioavailability of toxic compounds, increases in acidity
and changes in microbial nutrient uptake and metabolic activities (Stanley et al., 2011). Organic
carbon can influence the solubility, mobility and bioavailability of toxic metals, e.g., mercury
(Hg), copper (Cu) and lead (Pb) (Ledesma et al., 2012) that cause human health risk (YaBin et
al., 2012). A recent study showed that a large quantity of freshwater DOC was both biologically
and photo- chemically degradable (Mann et al., 2012). However, the part of the DOC that can be
degraded varies greatly between studies (del Giorgio and Davis 2003) and also the availability of
inorganic nutrients influence this share. Labile DOC causes oxygen depletion (Gray et al., 2002)
that severely effect on the bottom living populations, altering benthic faunal communities and
affecting fisheries harvest (Breitburg 2002; Conley et al., 2011).

DOC reactivity and bacterial production, i.e., bacterial growth based on DOC, are limited by the
presence of nitrogen (N) and phosphorous (P) in oligotrophic estuarine environments (Mills et
al., 2008), but it is unclear if this applies to the Baltic Sea estuarine and coastal water. One
laboratory study found that bacterial production increased by 156% and DOC degradation
increased by 64% when inorganic nitrogen and phosphorous were added to water from the Baltic
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Sea and the Northeast Mediterranean (Zweifel et al., 1993). The potential nutrient limitation of
the DOC degradation is important since nutrient concentrations in the Baltic Sea represent an
important aspect of environmental change in the region. Sandén and Rahm (1993) demonstrated
that in the Baltic Sea, nutrient load has increased during the last century, by 1-4% yr™. In 2006
around 638,000 tons of nitrogen and 28,400 tons of phosphorous was discharged into the Baltic
Sea. The different river catchments including agriculture and industrial discharge contribute
around 45% of the nitrogen and phosphorous loads into the Baltic Sea (Knuuttila et al., 2011).
However, even in the Baltic Sea, which receives a large amount of inorganic nutrients (Sandén
and Rahm, 1993) and organic carbon (Omstedt et al. 2012), our understanding of nutrient
influence on DOC degradation is incomplete, especially with regard to possible organic carbon
and nutrient co-limitation of bacterial metabolic activity (Jansson et al., 1996; Vrede et al.,
2005).

Terrestrially derived DOC can be degraded by heterotrophic bacteria, which can also alter its
structure, during river transport before being discharged to the coastal ocean (Raymond and
Bauer 2001). It is often assumed that DOC is more susceptible to degradation in the marine
environment because saline water offers favorable physical and chemical environment compared
to fresh water (Wikner et al., 1999). Estuarine systems receive bacteria from both fresh and
marine water sources (Langenheder 2003). Diverse in situ bacterial species assemblages are
present in the Baltic Sea estuarine environments. During the growing season a large phylogenetic
diversity covering a-, B-, y- Proteobacteria, and the Cyatophaga-Flexibacter-Bacteroides (CFB)
group, might be supported by allochthonous DOC, originating from river and terrestrial sources
(Kisand et al., 2002). The salinity changes act as stress factor on bacterial communities that are
involved in DOC degradation, but the final outcome of this salt stress on metabolic rates is
unclear. Some studies indicate that when riverine bacteria are confronted with estuarine salinity,
bacterial respiration increases and, as a consequence, more organic carbon is utilized
(Langenheder et al., 2003). Thus, it is important to consider bacterial response to salinity when
studying DOC degradation. Additionally, colloidal iron dominated DOC fractions aggregate very
quickly when mixing with saline water, subsequently creating a negative effect on DOC
degradation (Nowostawska et al., 2008). However, although a few studies have demonstrated

that nutrients, salinity, and bacteria community composition are factors that may influence the



DOC degradation (Zweifel 1993; Milles et al., 2008; Krachler et al., 2009; Knuuttila et al., 2011,
Koehler et. Al., 2012, Catalan et al., 2013; Asmala et al., 2013), we know less about the
interaction effects between salinity and other factors that are mentioned, on DOC bio-reactivity.
A better understanding of DOC bio-reactivity is needed in order to predict the effect of the
terrestrial DOC on the oxygen concentrations in the coastal zone of the Baltic Sea. This research
work will use an experimental approach to assess how nutrient concentrations, salinity and
source of bacterial community (inoculum) affect short term DOC bio-reactivity in the fresh-sea

water transition zone.

1.2 Aim and Objectives
The overall aim of this project was to explore the effects of nutrients, salt and microbes on DOC

degradation with data obtained from short term in vitro bioassays.

The specific objectives are:
* To quantify the individual effects of nutrient amendments (N and P, respectively) and

salinity on short term DOC bio-reactivity, at the Baltic Sea river mouths.

* To assess the interactive effects of microbial community (freshwater and marine

microbes), nutrient availability and salt concentrations on DOC reactivity.

* To investigate the effect of salt stress on DOC degradation, showed by different

microbial communities.

1.3 Specific Hypotheses
Hypothesis 1: The bacterial DOC degradation in Baltic Sea river mouths is limited by the

ambient concentrations of bioavailable N and P.

Hypothesis 2: The NaCl concentration is a significant regulator of bacterial DOC degradation in

the estuarine environments.

Hypothesis 3: Increased salinity induces flocculation and, thus, formation of potentially reactive
particles that can influence the fate of the DOC.



Chapter Two: Background and Literature Review

2.1 Dissolved Organic Carbon (DOC)
Dissolved organic carbon (DOC) is generally described as the organic material, or colloidal

organic compounds, dissolved in water that is able to pass through a 0.45um filter (Kolka et al.,
2008) or 0.1 to 0.7 um filter (Asmala et al., 2013). DOC is a complex mixture of compounds
based on carbon, hydrogen, oxygen, nitrogen, phosphorous and other elements (Arnosti et al.,
2011; Asmala et al., 2013). The main sources of DOC are the organic top soil layers of riparian
zones and organic podzol soils of coniferous or boreal forests and wetland ecosystems (Maehder
2012). DOC that is delivered via different pathways and that originates in different sources has
different chemical characteristics (Agren et al., 2008). In natural systems, DOC occurs as non-
aromatic compounds derived from macrophytes and algae, but also as aromatic compounds from
different origins, like terrestrial plants, dissolved atmospheric dust and soil organic matter
(Krupa et al., 2012). Organic carbon occurs because of decomposition of plant and animal
remains at various stages, and it is known as a critical substance in water ecosystems (Pace and
Cole 2002). A big part of organic carbon input to rivers, lakes and estuaries is transported from
the terrestrial source by stream flow, although some carbon also may enter by atmospheric
deposition (Bruckner 2012; Wikner et al, 1999). Wetland dominated areas produce DOC that is
more aromatic and of higher molecular weight than forest derived DOC. Thus, DOC through
different paths and sources has different chemical characteristics (Agren et al., 2008). Depending
on the origin, DOC consists of wide range of molecular sizes and structures, from simple acids
and sugars to complex humic substances (Wang et al., 2013). Generally, forested land provides
higher concentrations of low molecular weight carbon consisting of organic acids, free amino
acids and simple carbohydrates compounds which are more reactive than mire produced organic

carbon (Berggren et al., 2010a).

In a study about patterns and dynamics of DOC in boreal streams, it was shown that in a small
homogeneous catchment area, DOC variability is regulated by hydrological functioning (Laudon
et al., 2011). The same study further demonstrated that in a large catchment area, stream water
DOC is regulated by the combined effect of hydrological processes and major landscape types
e.g. mires, forest or wetland. The seasonality of terrestrial carbon exports is an important factor

that regulates DOC composition, concentrations and that also significantly affects the



susceptibility of the DOC to bacterial degradation in the aquatic environment (Mann et al., 2012;
Asmala et al., 2013). For example, one study showed that DOC concentrations increased in
autumn, while NO3 and reactive phosphorous concentration increased in summer (Mulholland
and Hill 1997). Another study (Kaiser et al., 2001) revealed that the organic carbon
concentration is larger during summer in a forest catchment area. The same study also showed
that in winter and spring organic carbon consist of more hydrophobic fraction whereas in
summer and autumn organic carbon consists of more hydrophilic fraction. The study further
showed that during summer and autumn organic carbon structure is more aromatic and aliphatic
whereas in winter and spring organic carbon consists of carbohydrates compounds (Kaiser et al.,
2001). This variability of organic carbon concentration and composition and nutrient

concentration could impact on DOC degradation.

Color and concentration of the DOC in the water body depend on the residence time of the water
and also the drainage area of DOC loading. An aquatic system with a large catchment area, like a
river, and relatively short water residence time could be expected to have relatively high DOC
concentration because of large loading area and lower photochemical and biological
mineralization (Pace and Cole 2002). In general, high concentration of organic carbon in the

water body makes its color similar to straw or tea brownish (Bruckner 2012).

The dissolved fraction of organic carbon is often operationally classified as labile (lasting
~0.001 years), semi-labile (lasting ~1.5 years), semi-refractory (lasting ~20 years) refractory
(lasting ~16,000 years) and ultra-refractory (lasting ~40,000 years), although all molecules in
reality are distributed along a reactivity continuum (Eichinger et al., 2010; Hansell 2013). A large
part of the organic carbon is utilized by the bacterial activities, in turn affecting the bio-structure

and energy pathways of aquatic ecosystems (Berggren et al., 2010Db).

2.2 DOC reactivity
Hansell (2013) defines DOC reactivity as the susceptibility to removal of a DOC fraction by

either biotic or abiotic processes, measured by its lifetime. DOC reactivity depends on its source
and bioavailable components (Koehler et al., 2012; Asmala et al., 2013; Catalan et al., 2013) and

also by a number of environmental factors including temperature, light, microbial composition,



nutrient and oxygen availability, that are the most associated with DOC degradation and removal
(Koehler et al., 2012; Ghani et al., 2013).

The DOC reactivity is not identical for all sources of DOC (Guillemete and del Giorgio 2011).
The time required to degrade DOC varies from minutes to hundreds of years (del Giorgio and
Davis 2003), primarily due to the structural and chemical compositional differences of organic
compounds (Arnosti et al., 2011; Guillemette et al., 2011; Hansell 2013) that in turn are affected
by the source of the DOC and by aging of DOC in the aquatic environments (Berggren 2009).
Although it was previously believed that autochthonous DOC is more reactive than
allochthonous DOC, results from recent studies have challenged this view. For example,
externally produced allochthonous DOC that consists of aliphatic compounds can be
comparatively more degradable than the internally produced autochthonous DOC that consists of
more aromatic compounds (Koehler et al., 2012; Catala’n et al., 2013). A substantial part of fresh
organic carbon might be consumed by microbes within short period of DOC residence time, but
the DOC utilization tends to decline on longer time-scales because bacterial metabolism and
DOC age are negatively correlated (Berggren et al., 2009; Mann et al., 2012). A bioassay study
showed that increasing retention times of organic carbon leads to decline of bacterial production
(BP) and bacterial growth efficiency (BGE) (Berggren et al., 2009); these two factors are
positively correlated with the externally produced low molecular weight organic carbon
concentration (Berggren 2009).

In the DOC mineralization and transformation processes, the bacteria represents one of the most
important biological components (del Giorgio and Cole 1998) that play a key role for cycling of
organic carbon in the aquatic systems (Berggren et al., 2010c). Microbial DOC degradation is
regulated by the chemical structure and the bioavailability of the DOC (del Giorgio and Davis
2003). Thus, both DOC concentrations and quality are affecting bacterial metabolic process
(Berggren, 2009; Eichinger et al., 2010; Asmala et al., 2013). One aspect of bacterial activity that
is usually measured is the Bacterial growth efficiency (BGE) (Eichinger et al., 2010). Bacterial
production (BP) and bacterial respiration (BR) are linked to BGE (del Giorgio and Cole 1998).
The BGE is defined as the amount of bacterial biomass converted per unit of carbon substrate
consumed, calculated as BGE=BP/ (BP+BR) (del Giorgio and Cole 1998; Lee et al., 2009).



Increased temperature has a negative effect on BGE (Berggren et al., 2010c). The freshwater
environment is less suitable for high BGE than the seawater and nutrient addition could further
increase of BGE in the sea (Asmala et al., 2013). Since sea water DOC is exposed to photo-
oxidation, salt induced changes and large microbial activity, it stimulates organic carbon
reactivity and possibly also BGE (Berggren et al., 2010c; Asmala et al., 2013). In the aquatic
systems, bacterial production (BP) and bacterial respiration (BR) are correlated with the DOC
concentration. BP can be defined as the synthesis of bacterial biomass which is mainly from
organic matter and inorganic nutrients (Ducklow 2000). BR is a way of obtaining energy by
oxidizing DOC (Berggren 2009) and typically, by this process bacteria consume a large pool of
organic carbon in the aquatic ecosystems and release inorganic carbon to the atmosphere (Agren
et al., 2008a; Lee et al., 2009; Berggren et al., 2012). For the BP, organic carbon compounds with
low molecular weight are better substrates than complex organic carbon compounds. Forest is
the main contributor to highly bio-available organic carbon that also supports high BP and BGE
(Agren et al., 2008b; Berggren et al., 2007). Increasing allochthonous organic carbon and low
molecular weight organic carbon stimulate BR and BP, respectively (Berggren 2009). A
laboratory study demonstrated that increasing temperature stimulates bacterial production (BP)
and bacterial respiration (BR) linearly, whereas rising inorganic nutrient concentration has not
maintained the continuity of the increasing trend of BR and BP. This could be due to a high
temperature stimulate respiration and consequently, maintenance cost of bacterial cell is also

increased (Berggren et al., 2010).

Furthermore, natural forests and peatlands produce aromatic pool organic carbon, which is less
biodegradable than agriculture dominated catchment area (Asmala et al., 2013). In general, DOC
fluxes to the water systems are higher from the mires than from forested areas (Agren et al.,
2008a). A major part of this organic carbon that enters surface water is bio-available (Agren et
al., 2008b). The low molecular weight carbon that is exported by forests may have a turnover of
a few hours or days as it is degraded by the bacteria (Berggren et al., 2010a). The bioavailability
of DOC further depends on the size of organic matter molecules; for example as the large
organic molecules become gradually smaller during the continuous degradation, the organic

matter bioavailability tends to decrease (Asmala et al., 2013).



2.3 Why do we care about DOC reactivity?
On a global scale, terrestrial sources provide large amounts of organic carbon to the aquatic

environments (Berggren 2009) and when degraded the atmospheric greenhouse gas CO; is
released (Hopkinson et al., 2002). It has recently been calculated that every year inland waters
(larger streams, lakes and rivers) emit 2.1 Pg of CO, to the atmosphere, which is a relatively high
value compared to previous estimations (Raymond et al., 2013). This CO, flux could be further
increased by the vegetation dominated catchment area because the vegetation covered area is
relatively bigger source of organic carbon (Koehler et al., 2012). Dissolved organic carbon plays
a crucial role by influencing physical, chemical and biological properties of aquatic systems
(Berggren 2009; Pace et al., 2012). Rising DOC concentrations in water bodies affect water
chemistry and living organisms of surface waters (Maehder 2012). For example, hypoxia
(oxygen depletion) is one of the most widespread and accelerating impacts in the river dominated
coastal zone. River runoff carries huge amounts of carbon and nutrients which is a base of
hypoxia to coastal water. The lowering of oxygen concentration is hazardous to pelagic and
benthic organisms. Hypoxic conditions have expanded since 1960s and it is widespread near the
large populous coastal area (Alvisi et al., 2013). In the Baltic Sea coastal areas, 115 sites were
identified to have hypoxic condition, which in more than 20% of all known sites for coastal
hypoxia globally (Conley et al., 2012). Hypoxia occurs throughout the world of coastal waters
where the oxygen concentration is less than 2 mg L™(Conley et al., 2011).

In many regions of the world, surface water is the main source of drinking water. This important
and life giving resource is becoming contaminated by natural and anthropogenic pollutants
(Ledesma et al., 2012). Organic carbon is not toxic in itself, but could transport pollutants and
toxic compounds which are alarming for drinking water (Erlandsson et al., 2010; Ledesma et al.,
2012). Surface water organic carbon concentrations are increasing due to changes of climate,
land use and acid deposition (Futter et al., 2011; Ledesma et al., 2012). Organic carbon
concentration helps to form a trihalomethanes (THM) compound which is considered as
carcinogenic. Increase of surface water DOC concentration is correlated with the decrease of
sulfate deposition that could influence on living organisms and on human health (Fawell et al.,
2004; Ledesma et al., 2012).



Two factors have been proposed as driving forces of increasing DOC concentration in surface
water of Sweden. These are decreasing sulfate deposition and increasing water flow (Ledesma et
al., 2012). In a broader aspect, climate change (e.g. changes in temperature and hydrology) and
changes in sulfate and chlorine deposition could further increase surface water DOC

concentrations (Erlandsson et al., 2008).

Organic carbon is of significance for aquatic systems, carbon budgets, metals, nutrients, organic
pollutants, and bioavailability of different components (Erlandsson et al., 2010). Organic carbon
contains humic substances that absorb light and decrease the availability of light for the aquatic
primary production. Such scenario affects the total food web of aquatic ecosystems. Organic
carbon effectively supports bacterial production by providing carbon and energy in the aquatic
systems (Berggren et al., 2008). In a small lake in Northern Sweden, terrestrial organic carbon
was found to support around 85% of basal production (primary plus bacterial production) and to
make up 47% zooplankton biomass, 63% of benthic animals, and 57% fish biomass (Karlsson et
al., 2012).

2.4 Salinity effects on DOC degradation
Most often DOC degradation is enhanced by the highly saline environment. On the other hand,

in brackish water the DOC degradation rate is non-detectable (Kisand et al., 2008). Saline waters
are very fertile systems of bacterial communities where the assimilation of DOC is relatively
high (Nydahl et al., 2013), though bacterial response differs based on their source of origin
(Langenheder et al., 2003). Impacts of salinity on DOC are expected through the large removal
of organic carbon from estuaries and coastal environment, since microbial metabolism is
relatively high in the salinity environment (Langenheder et al., 2003; Rocker et al., 2012).
Significantly, saline systems are sensitive to various transportation and removal process of DOC,
i.e. accumulation of molecules to particulate matter, rapid salt — induced flocculation (Asmala et
al., 2013). Morrissey et al., (2013) found that salinity is positively related to bacterial abundance
and also linked with community composition. He further showed that salinity has strong
relationship with the activity of bacterial specific enzymes that support carbon degradation.
Furthermore, soil producing organic matter is accumulated when mixed with the saline water
(Morrissey et al., 2013). Another study found that salinity intrusion into the abiotic freshwater

sediment reduce methanogenesis with a rapid shift to sulfate reduction , increase microbial
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organic matter mineralization, increased nutrient (ammonium, silicate, phosphate) concentration
associated with increasing pore water ionic strength (Weston et al., 2006). However, salinity
increase might be driven changes in microbial metabolism, nutrient cycling, and community
composition of ecosystem that may alter the carbon biogeochemistry and organic matter storage

capacity of the water systems (Weston et al., 2006).

2.5 Biogeochemical processes in the estuarine environment

The physical forms of humic substances are affected by the pH gradient. Some molecules ‘fold
out’ and change their diameter. Other molecules, especially large humic acid molecules,
flocculate and form particles that may or may not be bioavailable. Additionally, as iron solubility
decreases in salt, dissolved complexes between DOC-Fe are affected. This can cause flocculation
and physical change of the DOC molecules as well. At the same time, nutrient cycles are
affected. For example, in freshwaters, PO, is effectively trapped by iron(lll). This is known
mainly as a sedimentation process, but also in the water column, oxidation of iron(l1) to iron(l11)
can trap PO, especially when anoxic waters get oxygenated. However, in saltwater, this trap is
not so effective because Iron is less soluble and it especially tends to react with sulfur, forming
FeS, which does not form complexes with PO, (Blomqvist et al., 2004). All of this, in
combination with coastal pollution, often contributes to rising P, which is a nutrient that often

limits bacterial DOC degradation.

2.6 Nutrients and DOC input to Baltic Sea
The Baltic Sea in northern Europe is semi-enclosed and the largest brackish water body in the

world, which is connected to the ocean by means of fresh water (Neumann 2000; Omstedt et al.,
2012; Thang et al., 2013). The Baltic is dominated by cultivated landscape, temperate climate,
and by evergreen coniferous forest and diversified wetlands in the north, causing variations of
water chemistry. The entire aquatic environment is complex; there are many interactions taking
place between anthropogenic nutrient loads and physical, chemical and biological processes for
example. These characteristics can be represented by the extent of bottom water hypoxia in the
coastal basin of the Baltic Sea (Omstedt et al., 2012). Hypoxic conditions in the coastal water
have increased during the last decade with the increase of nutrient loads (nitrogen and
phosphorous) and with the changes of climate at the same time scale (Hansson and Gustafsson
2011).
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The Baltic Sea receives organic carbon from the river discharges, primary production and from
the North Sea. A significant amount of nutrients, produced by agriculture and industry, enters to
the Baltic Sea through river runoff (Szymczycha et al., 2013). Rivers can have a significant
impact on the coastal ocean biogeochemistry by the input of nutrients and carbon. Human
activities, for example agriculture, population density (sewage), increase terrestrial nutrient load

that might impact on carbon budget (Cunha et al., 2007).

11



Chapter Three: Materials and Methods

3.1 Study Site Description

Ten rivers were used for this project: Lyckebyan (R1), Helgean (R2), Nykopingsan (R3), Motala
Strom (R4), Vattern Outlet (R5), Torne alv (R6), Tore alv (R7), Pite alv (R8), Ore &lv (9) and
Ume alv (10). Rivers R1 to R5 were located in southern Sweden and R6 to R10 were located in
northern part of Sweden (Fig. 1). The river catchments are composed and influenced by forest,

wetlands, alpine areas, agriculture and urban land use.
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Figure 1: Map showing the location of 10 major rivers in Sweden used for water sampling (see

Table 1 for site descriptions).
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3.2 Water Sampling
One water sample per river was collected in June and July during summer low flow conditions of

2013. Samples were collected from the flowing water and at ~0.3 m depth under water surface to
avoid collecting large materials, by using a bilge pump. Each sample of water was collected in
cubitainer plastic containers (size 4 liter) after multiple rinses with sample water. All the
collected samples were kept chilled on ice in plastic container until arrival at the laboratory.
Samples were transported to the laboratory within 24 hours of sampling in the south and within
48h of sampling in the north. In addition, in situ water temperature and detail water
quality/chemistry were measured at each sampling location using a fully equipped YSI-556
multi-probe.

3.3 Water Cultures
Collected water samples were filtered through 1.2 um Pall A/E glass fiber filters to remove

particulate organic carbon and organisms larger than bacteria. The filtration procedure did not
change the DOC concentration of the water sample (Wikner et al., 1999). Filtered water was kept
in cubitainer plastic container after multiple rinses. The filtered water was used for nutrient and

salt treatments.

In order to assess the microbial impact on DOC degradation, some samples were further filtered
by using a 0.2 um membrane filter. It is assumed that above 97% of the particles including
bacteria and viruses retained during 0.2 pm filtration (Stockner et al., 1990). This filtration
procedure could lead to a minor change of DOC due to voiding from algal cells, but this is
ignorable (Tranvik 1988).

3.4 Experimental Set-up
In this project work a total of three types of experiments were performed:

3.4.1 Experiment 1 [E-1]: Nitrogen, Phosphorus and Salt Addition
Nitrogen and phosphorous are considered as factors that could limit bacterial DOC degradation

(Vrede 2005). Nitrogen is fundamentally linked to the organic carbon processing because
nitrogen is an important component of dissolved organic matter (Ghosh and Leff 2013). For this

experiment 1.2 um filtered water was used. This experiment consisted of five steps.
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1. At the beginning of this experiment sample bottles were rinsed multiple times with filtered

water. For each site, eight bottles were filled with 100 mL filtered (1.2 um) sample water.

2. Inorganic nutrients nitrogen (N), phosphorous (P) and salt (S) were added to the treatment
bottles in all possible combinations: no addition of nutrients and salt (control), N alone, P alone,
NP, S alone, NS, PS, and combination of NPS. Nitrogen (1 mg N L ') was added in the form of
NH4NOs, phosphorous (0.1 mg P L") in the form of Na;HPO,4 and salt (10 psu) in the form of
NaCl (approximately 10 g NaCl added per L sample water). The added quantities of N and P

were enough to cause excess of these nutrients (Berggren et al., 2007).

3. The treatment bottles were well shaken to ensure that all added nutrients and salts were
dissolved. This cocktail of water was then poured into O, sensor vessels (25 mL each) after
multiple rinses using the treatment water. Two replicate sub-samples of each treatment were
prepared (Fig. 2) and kept open for a few seconds in room temperature in order to release water
bubbles before the cap was sealed. For re-using, treatment bottles (250 mL) were washed by

using 95°C warm water.

4. When the cap was sealed, the sensor vessels were incubated in the dark and at room
temperature (19-20° C) for one week.

5. During the incubation time (one week), oxygen concentrations were measured manually
by using an oxygen logger (Fibox 3). Each O, vessel was connected for 10 second to the O,
logger. Measurement was taken twice per day except weekend day, from start (O day) day to the
end of the incubation. For re-using oxygen sensor vials (25 mL) were washed using ethanol and
Millipore —deionized water. Calibration data were fixed before measurements were taken.
Finally, the DOC degradation was assessed from the measured oxygen consumption as described

below, assuming a respiratory quotient of 1.
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Figure 2[E-1]: General set-up scheme for nutrients (N and P) and salt treatments. N: Nitrogen,
P: Phosphorous, and S: Salt. Rep.: Replicate

3.4.2 Experiment 2[E-2]: Microbial Community Test
A large part of DOC degraded by the microorganisms (del Giorgio and Davis 2003). Organic

carbon enters the aquatic food web by microbial uptake and is to a large extant returned to the
atmosphere as CO, (Berggren et al., 2010). Microbial communities are extremely sensitive and
respond strongly to slight changes of nutrients, organic carbon, salinity and temperature in both
fresh and marine water environment (Compte and del Giorgio 2011). In the aquatic systems the
microbial community participate in the organic carbon production, transformation and

degradation (del Giorgio and Davis 2003). This experiment was performed by using 0.2 pm
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filtered water with either fresh or marine water microbes. This experiment consisted of four

steps:

1. At first eight sample bottles were multiple rinsed with filtered water and then four
bottles were prepared for freshwater microbial test and another four for marine water microbial

test.

2. From the filtered water (0.2 um sterile-filtered), 100-mL was poured to each treatment
bottle. The three factors nutrients (N+P combined as one factor), salt (S) and microbial
community (freshwater or marine) were applied in all eight combinations. Nitrogen (1 mg N L ')
was added in the form of NH;NOs, phosphorous (0.1 mg PL ") in the form of Na,HPO, and salt
(S) (10g L") was added as solid NaCl.

3. In the next step, freshwater microbes (Fm.) were added to four of the treatment bottles
and marine water microbes (Mm.) were added to another four treatment bottles. Inoculums with
unfiltered river water (1 mL) and Baltic Sea water (1 mL) were added to get fresh versus marine
water microbes. Eight combinations of treatments were applied: Only Fm. addition (control),
Nutrients (NP combined) + Fm., S+ Fm., Nutrients + S+ Fm., only Mm. addition (control),

Nutrients (NP combined) + Mm., S+ Mm., and Nutrients + S+ Mm.

4. Finally, two replicate sub-samples (25 mL each) of each treatment were prepared for

one week incubation. Oxygen consumption was measured twice per day during 7 d.

3.4.3 Experiment 3 [E-3]: Test of possible salt-induced formation of reactive organic
particles
Increasing salinity has a potential to aggregate organic carbon (Asmala et al., 2013). Riverine

organic carbon flocculates rapidly when mixed with estuarine water (Sholkovitz et al., 1978). To
assess the particulate organic carbon (POC) formation in salinity environment, 0.2 um sterile-

filtered water were used. This treatment consisted in four steps:

1. Three 250mL sample bottles were multiple rinsed with filtered water and one filled
with 200 mL and other each filled with 100 mL sterile-filtered water. Then 2 g and 1 g solid
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NaCl as salt was added respectively to each bottle to create the approximate salinity of 10 psu.
The water was shaken vigorously for dissolution of salt and then kept for around three hours for
POC formation.

2. The water in 200 mL of the sample bottle was again filtered by using 0.2 um filters to

remove potential POC. The other bottles served as a control.

3. The water in 200 mL sample was divided into two treatment bottles, each containing
100 mL water. Unfiltered 1mL freshwater was added as freshwater microbes with one control
and with one extra filtering treatment bottles and 1mL Baltic sea water was added as marine

microbes with another control and extra filtering treatment bottles.

4. From each treatment bottle two replicate samples were prepared for seven days

incubation.

3.5 Data Processing and Calculations
Measured data were stored in the computer as text file and for the calculation and statistical

analysis data were converted to Excel. From these raw data, last five values of each day
incubation were considered for calculating the average of oxygen consumption. The solubility of
O, at 10 psu salinity is approximately 5% lower compared to the solubility of O, at 0 salinity.
To bring the balance, all the values from the salt treatments were multiplied by a conversion
factor 0.9427 (USGS 2013). After that, the slope was calculated to get the total DOC
consumptions during the incubation time. Slope values indicate the variability of oxygen

consumption of the incubated samples.

DOC degradation was determined by the following equation:

Slopevalues12

DOC degredation = -

Here 12 is molecular weight of carbon and 32 is molecular weight of oxygen. DOC degradation
rates were expressed as mg/litre/day, abbreviated as mg L™ d™.

3.6 Statistical Analysis
For studying the statistically significant differences between the factors, 3 fixed factor ANOVA

(general linear model) were applied. All Statistical analysis in this study were carried out using
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SPSS ver. 17.0. The experiment has three factors: Nutrient, salt and microbes. So it seems
logical to apply 3-way ANOVA for the appropriate statistical analysis. The raw data were put
into a 3-way ANOVA model. The model output was given P values that were significant
differences among the treatments to the respective experiments. The statistical out comes were:
The differences of marginal mean when factor was added: 1 and not added: O, is statistically

significant or not, on DOC degradation.

The statistical output of each factor and sample, divide the marginal mean when the factor is 1
(1: factor added) by the marginal mean when the factor is 0 (0: factor not added). This gives a
measure of the relative impact of factor. For example, a value of a factor 0.5 means that the DOC
degradation decreased by half when the corresponding control value is atl. A value of 2 of a
factor means the DOC consumption has increased double in response to corresponding control.

Applied multifactor ANOVA is much more powerful and interactions can be evaluated in a way
that is needed to address the hypotheses and to reach the aim. When we run a single-factor
ANOVA with post hoc test to examine the three or more treatments, a significant result only
indicates specific comparisons between all different combinations of treatment. It does not
identify factorial design. It could be done through the multiple comparisons among the means of
treatment. In this case multi-factor ANOVA is suitable procedure. Furthermore multi factor
ANOVA is very useful to have separate F ratios for each of the factors (Mckillup and Darby
2010).

A factorial design is much more powerful since it tests the significance of specific factors,
applied in all possible combinations. In statistical terms, that gives a lot of degrees of freedom. In
the experiment total 4x2 samples in which a certain factor is 'on' and 4x2 samples in which the
same factor is 'off', i.e. has not been applied. The big advantage with the multi-way ANOVA is,
thus, that it uses the information in all samples when assessing the significance of each factor.

Another great advantage with a multi-way ANOVA is that it can evaluate the interactions.
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Chapter Four: Result

4.1 River Water Chemistry
The DOC concentration varied between 2.9 and 23.0 mgL™ (Table 1). Among the DOC

concentration values, R8 showed the lowest value. In the rivers R2, R6, and R7 the same
concentration of PO4-P (6 pg L™) was observed. In a significant number of rivers (R3, R6, R7,
R9, and R10), no nitrates was observed. The rivers showed TP values of 10-29 pg P L™ and TN
of 0.08 - 1.14 mg N L™ (Table 1)

Table 1: Physical and chemical properties of rivers sampled water in 2013

Lyckeby&n(R1) 23.0 3 20 174 29 1.14 6.7
Helgean (R2) 18.3 6 14 367 24 1.06 7.4
Nykopingsan(R3)  16.7 7 7 0 26 0.67 7.6
Motala Strom (R4) 11.3 11 54 270 24 0.43 7.6
Vattern Outlet 3.7 2 11 123 10 0.35 8.1
(RS)

Torne alv (R6) 5.6 6 2 0 15 0.17 7.5
Tore alv (R7) 6.3 6 4 0 20 0.60 6.4
Pite alv (R8) 2.9 5 7 4 21 0.08 6.8
Ore élv (R9) 6.5 5 10 0 17 0.36 7.1
Ume alv (R10) 3.8 5 11 0 18 0.09 7.2

'DOC: dissolved organic carbon concentration,”PO,: phosphate concentration, *NH,-N: ammonium concentration,
*NO3-N: nitrate concentration, “Total P: total phosphorous concentration °Total N: total nitrogen concentration. DOC
concentration data and pH were analyzed in G.G. Hatch Isotope Laboratories at the University of Ottawa, Canada.
The nutrient concentration were analyzed at the limnology department of Uppsala university, Sweden.

4.2 DOC Bio-assays
The bio-assay study showed the effect of nutrient and salt on DOC degradation rate per day in

every river (Fig. 3). The factors were applied alone and in all possible combinations with the
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sample waters. The DOC degradation response to nutrients and salt addition varied between the
treatments (Fig. 3). In the different rivers the variability of DOC degradation rate was observed
following the nutrient and salt manipulation. In river R1 DOC degradations found to be around
0.03, 0.04, and 0.02 mgL™ d™ due to manipulation of N, P and salt (NaCl) respectively. In case
of R10 river DOC degradation rates found to be about 0.06, 0.04, 0.05 and, 0.05 mg L™ d™* for
NP, NS, PS and NPS manipulations respectively. The highest amount of DOC reactivity due to
nutrient manipulation was obserbed in river R8 following the P treatment, where degradation
was enhanced by 33.22% compared to the corresponding control. The DOC reactivity increased
by 29. 91% in R5 and 44.94% in R9 compared to the corresponding control due to nutrient NP
manipulation (Fig. 3).

Salt treatment systematically showed negative effects on DOC degradation in all of the water
samples. A DOC degradation decrease of about 4.64% due to salt manipulation in R3 river in
comparison to the control. After calculating the average of all of the nutrient and salt treatments,
results showed that only P had positive effect on DOC degradation compared to the treatments in
which P was not added.
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Figure 3: The variability of DOC reactivity based on data from seven days incubations in 10
different rivers (R1-R10).

The y- axis indicate the DOC degradation rate (mg L™ d™). C: control, N: nitrogen, P: phosphorous, S: salt. Error
bars show standard deviations calculated from two replicates.

4.3 Effects of Nutrient and Salt on DOC Degradation
The statistical analysis for N, P and Salt (S) shows that salt had a significant effect on DOC

reactivity in most of the rivers only R5, R9 and R10 showed no significant differences (Fig. 4).



However, P shows insignificant values in the majority of the rivers with significant values in R2
and R9. There were no significant differences between rivers under N treatment.

Salt had the strongest negative effect on DOC degradation (Fig. 4, Table 2). In case of river R8,
salt decreased the DOC degradation from 0.068 to 0.040 mg L™*d™, which is a 41.18 % decrease
compared to control, and that is statistically significant (Fy g = 298.95, P< 0.001, ANOVA-test).

Nutrient P showed a positive effect on DOC degradation in only two of the rivers (Fig.4, Table
2). In river R2 P increased the DOC degradation from 0.037 to 0.045 mgL™d™, which is an
increase by 24.24% compared to the control, and is statistically significant (F; g = 9.80, P< 0.05,
ANOVA-test). Also in two cases (R3 and R8), P addition enhanced the DOC degradation and
their marginal means difference is near the significant threshold (F1, s =5.12, P<0.10 and F; g =
5.05, P<0.10, ANOVA test) Fig. 4, Table 2.
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Figure 4: The relative effects of increased N, P and salt on DOC degradation in 10 different rivers (R1-R10).
The relative effect of factors were calculated as divide the marginal mean when the factor is added by the marginal mean when the factor is not added. N:

nitrogen, P: phosphorous and S: salt . The degree of significance in the ANOVA analysis are denoted by asterisk simboles. *** for P <0.001, ** for P < 0.01, *
for <0.05 and P (*) <0.10 indicate marginal means near the significant value . All salt significant effects were negative.

23



4.4 Nutrient and Salt Interaction Effects on DOC Degradation
The significance analysis of the interaction effect showed that N, P and S in all possible

combinations have an effect on DOC degradation.
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Figure 5: NP interaction effect on DOC degradation in river R8.

N=0: nitrogen not added, N=1: nitrogen added. The x- axis shows phosphorous (P) addition. 0: phosphorous not
added, 1: phosphorous added.

Result from ANOVA analysis showed that the combined effect of NP decreased DOC reactivity
to river R8 (Fig. 5 and Table 2), which is statistically significant (F; s = 11.74, P<0.01, ANOVA
-test). In case of R8 river P stimulated DOC degradation from 0.05-0.06 mg L™*d™ that is 15.79%
compared to the control. When N was added with P, DOC degradation decreased from 0.06 to
0.05 mgL*d™ that is by 3.57% decreased compared to the N- effect alone.
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Figure 6: NS interaction effect on DOC degradation in river R8.
N=0: nitrogen not added, N=1: nitrogen added. The x -axis shows salt addition. 0: not added salt, 1: salt added

According to significance analysis the result showed that DOC degradation was affected by NS
interaction in only one river (Table 2). Result shows that in river R8 salt decreases the DOC
reactivity from 0.068-0.036 mgLd™ (Fig. 6), that is 47.06% compared to the control. When N
was added with salt, the DOC reactivity was decreased by 34.33% compared to the N effect
alone, which statistically significant (F1, s = 6.98, P< 0.05, ANOVA -test). Here one can notice
that salt alone decrease the DOC reactivity more compared to the combined effects of NS.
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Figure 7: PS interaction effect on DOC degradation in rivers R2 and R3.
P=0: phosphorous not added, P=1: phosphorous added. The x-axis shows, 0: salt not added, 1: salt added.

The PS interaction effect on DOC reactivity was found statistically significant. Two rivers:
R2&R3 showed a negative effect on DOC degradation by 4.76% and11.77% respectively
following the PS interaction factor compared to P effect alone (Fig. 7, Table 2).The result
showed that PS enhanced the DOC degradation compared to salt effect alone, which is an

important result.
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4.5. Significance analysis of all factors and interactions

Table 2: Significance analysis of all individual factors and in all possible combinations in 10
different rivers (R1-R10).

River Factors and their Interaction
No.
N P N*P S N*S P*S N*P*S
R-01 - - - (Fly 8 = 1200, - - -
P*)
R-02 = (Fl, 8 = 980, = (Fl, 8 =2420, = (F]_’ 8 = =
P*) P**) 16.20, P*)
R-03 - (Fly 8= 512, - (Fly 8= 2902, - (Fl, 8= -
P(*)) P**) 18.68, P*)
R-04 - - - (Fy g =27.14, - - -
P**)
R-05 - - - (Fy 8 =4.69, - - -
P(*))
R-06 - - - (Fyg=17.27, - - -
P*)
R-07 - - - - - - -
R-08 (Fl, 8= (Fl, 8= 505, (Fl’ 8= (Fl, 8= 29895, (Fl, 8= = (Fl, 8 =
371, P(™) | P(» 11.74, pr*x) 6.98, P*) 30.36,
P**) P**)
R-09 - (F1g=7.10, - - - (Fis= -
P*) 3.93, P(*))
R-10 - - - (Fys=3.78, - - (Fus=
P(*)) 4.99, P(*))

The analysis were conducted on 3-ways ANOVA. N: nitrogen, P: phosphorous, S: salt. P*** for <0.001, P** for <
0.01, P * for P< 0.05 and marginal means near the significant value P (*) for <0.10, P: significant, - : Nonsignificant

> 0.05.

The significance analysis of all of the treatments showed that the majority of the factors

(individual and in combination) have an effect on DOC reactivity, except N treatment (Table 2).

Salt treatment showed a negative significant effect and P showed the opposite effect on DOC
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DOC degradation rate in mg L™d™

reactivity. The interaction effect NP and NS showed a negative significant effect in a single
river. Another interaction treatment of all factor combined (NPS) showed that the significant

effect on DOC degredation is negative.

4.6 DOC Bio-assays with microbial inoculums
Our microbial experiment showed that DOC reactivity is limited by the microbial communities

following the different treatments in river R2 and R9 (Fig. 8 ). The largest increase of DOC
degradation was observed in the river R9 following the MN treatment, in which DOC
degradation enhanced up to 0.70 fold compared to corresponding control. The DOC degradation
was tended to decreased by 8.79 fold following the MNS treatment with the respective control in
the river R2, which is the highest decreasing rate between the rivers.

Microbial Impact (Helgean -R2) Microbial Impact (Ore dlv-R9)
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Figure 8: The microbial impact on DOC degradation based on data from seven days incubations
(R2&R9).

The y- axis indicate the DOC degradation rate (mg L™ d™). F: freshwater microbes, N: nutrient (N &P as one factor),
M: marine water microbes and S: salt. Error bars represent standard deviations.

4.7 Effect of Microbial Communities on DOC Degradation
According to the statistical analysis nutrient addition had no significant effect on DOC

degradation in either the R2 or R9 river (Fig. 9). Salt stress to microbes was siginificant for both
of the river experiments (Fig. 9). In R2 and R9 river DOC degradation was dampened by 88%
and 50% respectively due to salt manipulation compared to the corresponding control, which is
statistically significant (F; g = 19.64, P=<0.01 and F; g = 8.79, P=<0.05, ANOVA-test) Fig. 9.
In case of river R9, marine water microbes enhanced DOC degradation by 0.75% compared to
freshwater microbes, and the marginal means difference was close to satistically significant (F; g
=5.13, P=<0.10) Fig. 9, Table 3.
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Figure 9: Relative effect of microbial community on DOC degradation in river R2 & R9.

M: microbial comunities, N: nutrient and S: salt. The relative effect of factors were calculated as divide the marginal
mean when the factor is 1(1: factor added) by the marginal mean when the factor is 0 (0: factor not added). The
degree of significance in the ANOVA analysis are denoted by asterisk symbols. ** for P < 0.01, * for < 0.05 and P
(*) <0.10 indicate marginal means near the significant value .
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4.8 MS Interaction Effect on DOC Degradation
In general, for rivers R2 and R9, salt addition with microbes (both fresh and marine microbes)

had a negative effect on DOC degradation (Fig. 10). The significance analysis showed that in
MS interaction effect was negative on DOC degradation compared to fresh water microbes effect
in river R9 and marginal mean difference was close to the significance threshold (F1, 8 = 4.44,
P=<0.10) Fig. 10, Table 3.
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Figure 10: Fresh and marine water microbes impact on DOC degradation (R2 &R9).

The x-axis shows the salt concentration. 0: salt not added and 1: salt added. M=Fresh 0: freshwater microbes added
and M=Marin 1: marine microbes added.

Table 3: Significance analysis of microbial community test in rivers R2 and R9.

River Factors and their Interaction
o M N S M*N M*S N*S M*N*S
R-02 - - (Fy, s =19.64, - - - -
P)
R-09 (Fy, 8)= 5.13, - (F1, 8 =8.79, P**) - (Fy g = 4.44, P(¥)) - -
P()

M: microbial comunities, N: nutrient and S: salt. The degree of significance in the ANOVA analysis are denoted by
asterisk simboles.

4.9 Effect of Salt Induced Particle formation on DOC Degradation
The salt induced reactive particles were removed by 0.2 um extra filtering that could effect on

DOC reactivity was compared with the microbial community incubations (Fig. 11). The
statistical analysis result showed that there were no particles formed that significantly affected
the DOC degradation rates (Fig. 11). However, marginal means difference of extra filtering
treatment was close to near the significant threshold (F; 4 = 6.15, P<0.10, ANOVA-test) Fig. 11.

30



2.5
)

2 -

1.5 -

1 -

0.5 -

0 -
Mc Ef.

Figure 11: The relative effect of POC formation on DOC degradation in river R9.

Mc: microbial community (fresh vs. marine microbes) in which POC had not been removed by filtering and Ef.:
extra filtering sample in which POC had been removed.

31



Chapter Five: Discussion and Conclusions

5.1 Discussion
In this study a short-term bio-assay approach was applied to indirectly assess DOC degradation

in the estuarine system. On shorter time scales (hours to weeks or perhaps months), typically a
substantial part of the organic carbon (22 to 26%) was lost by microorganisms, though this
percentages vary in different hydrological situation , and bioavailable nutrients influenced the
capacity of microbial DOC consumption (del Giorgio and Davis 2003 and Mann et al., 2012).
Generally estuarine environments are most suitable for DOC degradation due to accumulation of
physiochemical properties and aggregation of microorganisms compared to freshwater
conditions (Wikner et al., 1999).

According to the hypotheses, N and P are limiting factors of bacterial DOC degradation, but the
results demonstrated that enrichment of N was never a significant factor for determining
bacterial DOC degradation (Fig. 4). Bacteria utilize organic carbon through anabolic and
catabolic pathways where nutrients play a significant role. Aquatic bacteria use a variety of
organic and inorganic nutrient fractions, but it is difficult to establish the exact nutrient
availability that cells are exposed to in the natural environment (del Giorgio et al., 2012). So it is
argued that in this experiment the ambient availability of bioavailable N is already saturated, so
that further additions have no effect. The N effect on DOC degradation may be regulated by the
ambient organic matter characteristics. It has been well established that the intrinsic chemical
properties of the organic matter is a major influential factor of microbial DOC degradation
(Guillemette and del Giorgio 2011), and with this, bio-available nutrients cause an effect on this
variability of labile DOC. In this regard, it can be argued that the insignificant effect of N to the
DOC degradation is due to the nutrient rich samples. The sample waters were then super
saturated with bioavailable N and for this reason extra N addition did not significantly impact the
DOC degradation.

The P treatments yielded evidence that P is a limiting factor of DOC degradation. In two cases,
Lyckebyan and Ore alv, P addition enhanced the DOC degradation which is statistically
significant (Fig. 4).Similarly, in another two rivers Nykopingsan and Pite alv P manipulation
enhanced the DOC degradation and their marginal means difference was nearly significant.

32



However, the availability of iron (Fe) is a one significant regulator of the P effect on DOC
degradation. To precipitate one P molecule, at least two iron atoms are required. In freshwater
the ferric iron (Fe**) concentration is high, which is related to high precipitation rates of P
molecules (Blomaqvist et al., 2004). Therefore, the addition of P may be precipitated with ferric
iron and as a consequence have less chance of the availability of free P molecules in the fresh
water. So, iron concentration in the sample water is a potential factor of the hypothetic P effect
on the DOC degradation. On the other hand in the marine water iron is precipitate by sulfide and
form FeS; as a result found free P molecule (Blomqvist et al., 2004), therefore in the estuarine
water P addition may be influenced into the DOC degradation. Zweifel et al., 1993 and Wikner
et al., 1999 tested the nutrient enrichment impact on DOC degradation and both of them proved
that in the estuarine environment DOC degradation was promoted. Here it was assumed that due
to using NaCl instead of natural estuarine water results diverged in large extend with Zweifel et
al., 1993 and Wikner et al., 1999, findings.

In the saline environment different bacterial species respond differently or a community of
bacteria active independently that may influence on DOC degradation. Certain groups of bacteria
were stimulated while other groups were repressed along a salinity gradient (Langenheder et al.,
2003). It was hypothesized that NaCl is a determinant factor of microbial DOC degradation and
we found that adding NaCl significantly dampened the DOC degradation in most cases by ca.
21-49% (Fig.4). In general, increasing salinity is related to an increase in bacterial respiration
and as a consequence more carbon is consumed to gain energy and thereafter increase microbial
CO; flux. Furthermore, it has been shown that estuarine bacteria are less efficient in consuming
carbon than riverine bacteria and as a consequence more CO, is released in the estuarine
environment (Langenheder et al., 2003). This conclusion does not contradict the result in this
study. In the experiment 10g NaCl was applied which enhanced the salinity approximately by ca.
10 psu. In this salinity condition may be bacterial GE is higher for both marine and freshwater
microbes and as a result bacteria consumed less dissolved O,. Furthermore, since estuarine
brackish water is not only composed of NaCl but also includes sulfate, magnesium, potassium
and others dissolved salts in the water (Nowostawska et al., 2008), it may cause the variation of
salinity influence on the DOC degradation. If the cultures water could be adjusted to estuarine

salinity properties then the role of salinity on the DOC degradation might have followed the
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hypothesis. It was assumed that NaCl application instead of synthetic Sea salt might divert the
salinity effect on DOC degradation. However, the striking feature of the results is that only NaCl
influenced DOC degradation negatively. It has been proven that slight changes in salinity might
influence genetic composition and functional performance of microbial communities
(Langenheder et al., 2003), is related to microbial DOC degradation. In addition, in the
concentration level of salinity, DOC composition is another influencing factor of microbial DOC
degradation. DOC consisting of the humic acid, fulvic acid and hydrophilic acid fractions shows
the variability of degradation differs between different salinity level (Kisand et al., 2008). The
study did not identify the humic substances that is one of the limitations to be more confirmed of
DOC degradation. Kisand et al., (2008) found that humic rich DOC degradation is higher (ca.
60%) at the higher salinity (30psu) level than the lower salinity (15 to 5 psu) level. From the
results, it could be concluded that the salinity level is a significant regulating factor of DOC
degradation but exactly how much salinity will enhance the DOC degradation is unknown. In the
north-east and south -west side of the Baltic Sea the salinity ranges are 4 and 15-25 respectively
(Jaspers et al. 2011). For the microbial experiment marine microbes were sampled from the
Malmé coast and this region is under the salinity range of south-west coast of Baltic Sea.
Therefore the assumption is that a 1% enhancement of the salinity would not influence microbial
DOC degradation. On the other hand 1%. enhanced salinity may be too high for the freshwater
microbial metabolism because riverine freshwater microbes may be too sensitive to the salinity
disturbance (Langenheder et al. 2003). Furthermore, humic rich DOC flocculates when mixing
with salinity environment (Sholkovitz, et al., 1978). So, salt addition may be caused flocculation
of reactive organic carbon which influences to decrease the microbial DOC degradation.
Additionally, in the collected sample may be DOC concentration was not much enough that may
impact on bacterial metabolism. It was proved that bacterial respiration and abundance enhanced

where higher concentration of DOC assimilated in the estuarine systems (Nydahl et al., 2013).

Only in one case -Pite &lv- the observed effect of NP or NS interaction decreased the DOC
degradation, however the effect was relatively small (Fig.5 and Fig.6). It has been noticed that P
addition enhance DOC degradation with more than 15% but interestingly, when N was added
with P the degradation rate was dampened only by 3.75%. One study showed that NP addition

with DOC elicited bacterial productivity and biomass in the surface Sea water experiment (Mills
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et al., 2008) though in this study river water was used. So, from the interaction treatment and
considering the previous study it could be concluded that N and P exerts a co-limitation on the
DOC degradation. By applying NS factor DOC degradation was decreased by 34.33% compared
to the N effect alone. The results indicate that N influence the salt effect because the NS

interaction effect was lower compared to the salt effect alone.

In two cases - Helgedn and Nykopingsan — the PS interaction effect was strong and significant
(Fig. 7). These were novel findings- given the application of P with salt which dampened the salt
effect on the DOC degradation. The P addition with salt enhances the DOC degradation
compared to salt effect alone. In Sea water cultures Zweifel et al. (1993) found that bacteria
utilized a P rich substrate more compared to a N rich substrate. On the other hand, in the study P
and salt together dampened the degradation compared to P effect alone. In the aquatic systems,
iron and phosphate ratio is a critical control for DOC degradation. In most of the freshwater
systems have Fe: P>2, that bounds the phosphate molecules and marine water systems has Fe:
P<2, that cause incomplete precipitation of phosphate (Blomqvist et al., 2004). These bounded
formations and also incomplete precipitation of phosphate might be influenced by DOC

degradation.

Possible salt induced flocculation and particle formation result was that no particles was formed
that significantly affected the measured O, consumption rates. This was showed by a microbial
community incubation in which possible particles formed by the salt were removed by 0.2 pm
filtration. In a estuarine environment, Nowostawska et al., (2008) found that a large part of
colloidal dissolved iron fraction associated with natural organic matter is aggregated within a
few seconds of mixing and it means that the aggregation and flocculation process is relatively
fast. In the seawater induced aggregation process Mg?* and Ca** ions influence is higher
compared to other cation ions in the estuarine water (Nowostawska et al., 2008). This implies
that the application of NaCl may have no or small influence on the aggregation process.
However, there is also uncertainty due to the fact that only one river water sample was tested. In
addition we could expect the specific role of NaCl in the aggregation process if immediately run

the experiment after collecting water sample.
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As far as we are aware of, the interactive effect of salinity and nutrient effect on DOC
degradation have not been described previously. This and the microbial experiments suggest that
DOC degradation was controlled by the P, salt and the interactions between nutrients, especially
P, and salt. The results of this study have important implications for our understanding of DOC

degradation and the oxygen depletion that is causes in the coastal environment.

5.2 Conclusions
Based on our result, nutrient enrichment experiment showed that only in two cases P enhanced

DOC degradation significantly whereas addition of N effect was insignificant. In most cases
NaCl have a pronounced negative effect on DOC degradation. This study provides good
evidence that nutrient and salinity interaction effect influence also negatively. Salt stress was not
unique for fresh or marine water microbes since Baltic Sea marine water microbes also showed a
negative response to salt addition. Addition of salt generally aggregate reactive organic carbon
but in our one river experiment indicates that no possible particle was formed that may influence

on the bacterial oxygen consumption.

36



References

Agren, A., M. Berggren, H. Laudon, and M. Jansson. 2008b. Terrestrial export of highly
bioavailable carbon from small boreal catchments in spring floods. Freshwater biology
53: 964-972.

Agren, A., 1., Buffam, M., Berggren, K. Bishop, M. Jansson, and H. Laudon. 2008a. Dissolved
organic carbon characteristics in boreal streams in a forest-wetland gradient during the

transition between winter and summer. Journal of Geophysical Research 113: 1-11.

Algesten, G., S. Sobek, A.K. Bergstrom, A. Agren, L.J. Tranvik, and M. Jansson. 2003. Role of
lakes for organic carbon cycling in the boreal zone. Global Change Biology 10: 141-147

Alvisi, F., M. Giani, M. Ravaioli, and P. Giordanoa. 2013. Role of sedimentary environment in
the development of hypoxia and anoxia in the NW Adriatic shelf (ltaly). Estuarine,
Coastal and Shelf science 128: 9-21.

Amon, R. M. W., and R. Benner. 1996. Bacterial Utilization of different size classes of dissolved

organic matter. Limnology and Oceanography 41: 41-51

Arnosti, C., A. D. Steen, K. Ziervogel, S. Ghobrial and W. H. Jeffrey. 2011. Latitudinal gradients
in degradation of marine dissolved organic carbon. PLoS ONE 6: 1-6

Asmala, E., R. Auttio, H. Kaartokallio, L. Pitkdnen, C. A. Stedmon, and D. N. Thomas. 2013
Bioavailability of riverine dissolved organic matter in three Baltic Sea estuaries and the

effect of catchment land-use. Biogeosciences 10: 9819-9865

Bergggren, M., H. Laudon, and M. Jansson. 2008. Hydrological control of organic carbon
support for bacterial growth in boreal headwater streams. Microbiology of Aquatic
Systems 57: 170-178.

Berggren, et al., H. Laudon, and M. Jansson. 2010b. Bacterial utilization of impoted organic
material in three small nested humic lakes. Verh. Internat. Verein. Limnol 30: 1393-
1396.

Berggren, M. 2009. Bacterial use of allochthonous organic carbon for respiration and growth in
boreal freshwater systems. Phd Thesis. Sweden: Umea university. P. 1-17, ISBN: 978-
91-7264-870-8.

37



Berggren, M., J. Lapierre, and P. A. del Giorgio. 2012. Magnitude and regulation of
bacterioplankton respiratory quotient across freshwater environmental gradients. The
ISME Journal 6: 984-993.

Berggren, M., H. Laudon, and A. Jonsson, 2010c. Nutrient constraints on metabolism affect the
temperature regulation of aquatic bacterial growth efficiency. Microbiology of Aquatic
Systems 60: 894-902.

Berggren, M., H. Laudon, and M. Jansson. 2007. Landscape regulating of bacterial growth

efficiency in boreal freshwaters. Global Biogeochemical Cycles 21: 1-9

Berggren, M., L. Strém, H. Laudon, J. Karlsson, A. jonsson, R. Giesler, A. —K. Bergstrom, and
M. Jansson. 2010a. Lake secondary production fueled by rapid transfer of low molecular
weight organic carbon from terrestrial sources to aquatic consumers. Ecology Letters 13:
870-880.

Berggren,M., H. Laudon, and M. Jansson, M. 2009. Aging of allochthonous organic carbon
regulates bacterial production in unproductive boreal lakes. Limnol Oceanogr 54: 1333-
1342.

Blomqvist, S., A. Gunnars, and R. EImgren. 2004. Why the limiting nutrient differs between
temperate coastal seas and freshwater lakes: Amatter of salt. Limnology and
Oceanography 49: 2236-2241.

Breitburg, D. 2002. Effect of hypoxia, and the balance between enrichment, on coastal fishes
and fisheries. Estuaries 25: 767-781.

Bruckner, M.Z. 2012. Measuring dissolved and particulate organic carbon (DOC and POC).
Retrieved3September,2013,http://serc.carleton.edu/microbelife/research_methods/biogeo

chemical/organic_carbon.html
Catalan, N., B. Obrador, M. Felip, and J. L. Pretus. 2013. Higher reactivity of allochthonous vs.
autochonous DOC sources in a shallow lake. Aquatic science 75: 581-593.

Compte, J., and P. A. del Giorgio. 2011. Composition influences the pathway but not the
outcome of the metabolic response of bacterioplankton to resource shifts. PloS One 6:
1-9.

38


http://serc.carleton.edu/microbelife/research_methods/biogeochemical/organic_carbon.html
http://serc.carleton.edu/microbelife/research_methods/biogeochemical/organic_carbon.html

Conley, D.J., J. Carstensen, J. Aigars, P. Axe. E. Bonsdorff, T. Eremina, B. M. Haahti, C.
Humborg, P. Jonsson, J. Kotta, Lannegren, U. Larsson, A. Maximov, M. R. Medina, E.
L. Pastuszak, N. R. Nikiene, J. Walve, S. Wilhelms, and L. Zillen. 2011. Hypoxia is
Increasing in the Coastal Zone of the Baltic Sea. Environmental Science and Technology
45: 6777-6783.

Cunha, L. C., E. T. Buitenhuis, C. L. Quéré, X. Giraud, and W. Ludwig. 2007. Potential impact
of changes in river nutrient supply on global ocean biogeochemistry. Global
Biogeochemical Cycles 21: 1-15.

del Giorgio, P. A., and J. J. Cole 1998. Bacterial growth efficiency in natural aquatic systems.
Annu.Rev.Ecol.Syst. 29: 503-41

del Giorgio, P. A. and R. E.l. Newell, R. E. I. 2012. Phosphorous and DOC availability
influence the partitioning between bacterioplankton production and respiration in tidal

marsh ecosystems. Environmental Microbiology 14: 1296-1307.

del Giorgio, P. A., and J. Davis. 2003. Patterns in dissolved organic matter lability and
consumption across aquatic ecosystems. 399-424 PP. Elsevier science, USA.

Dinasquet, J., T. Kragh, M. L. Schregter, M. Sgndergaard, and L. Riemann. 2013. Function and
composition of bacterioplankton in response to a gradient in bioavailable dissolved

organic carbon. Environmental microbiology 15: 2616-1628.

Ducklow, H. 2000. Bacterial Production and Biomass in the Oceans. In Microbial Ecology of the
oceans,Retrieved16November,2013,fromhttp://web.vims.edu/bio/microbial/kirch_final.p

df?svr=www

Eichinger, M., R. Sempéré, G. Grégori, B. Charriére, J. C. Poggiale, and D. Lefévre. 2010.
Increase bacterial growth efficiency with environmental variability: results from DOC

degradation by bacteria in pure culture experiments. Biogeosciences: 7: 1861-1876

Erlandsson, M., I. Buffamw, J. Félster, H. Laudonz, J. Temnerud, GA. Weyhenmeyer, and K.
Bishop. 2008. Thirty-five years of synchrony in the organic matter concentrations of

Swedish rivers explained by flow and sulphate. Global change biology 14: 1191-1198

39


http://web.vims.edu/bio/microbial/kirch_final.pdf?svr=www
http://web.vims.edu/bio/microbial/kirch_final.pdf?svr=www

Erlandsson, M., I. Buffamw, J. Félster, H. Laudonz, J. Temnerud, GA. Weyhenmeyer, and K.
Bishop. 2008. Thirty-five years of synchrony in the organic matter concentrations of

Swedish rivers explained by flow and sulphate. Global change biology 14: 1191-1198.

Erlandsson, M., N. Cory, S. Kohler, and K. Bishop. 2010. Direct and indirect effects of
increasing dissolved organic carbon levels on pH in lakes recovering from acidification.

Geophysical research 115: 1-8.

Futter, M. N., S. Lofgren, S. J. Kohler, L. Lundin, F. Moldan, and L. Bringmark, 2011.
Simulating Dissolved Organic Carbon Dynamics at the Swedish Integrated Monitoring
Sites with the Integrated Catchments Model for Carbon INCA-C. AMBIO: 40: 906-919.

Ghani, A. U., Sarathchandra, S. Ledgard, M. Dexter, and S. Lindsey. 2013. Microbial
decomposition of leached or extracted dissolved organic carbon and nitrogen from
pasture soils. Biol Fertile Soil 49: 747-755.

Guillemette, F., and P. A. del Giorgio. 2011. Reconstructing the various facets of dissolved

organic carbon bioavailability in freshwater ecosystems. Limnol. Oceanogr 56: 734-748

Hansell, D. A., and C. A. Carlson. 2001. Marine dissolved organic matter and the carbon cycle.

the Oceanography society 14: 41-49

Hansell, D.A., 2013. Recalcitrant Dissolved Organic Carbon, The annual review of marine
science 5: 421-445.

Hansson,D. , and E. Gustafsson. 2011. Salinity and hypoxia in the Baltic Sea since A.D. 1500.

Journal of Geographical Research 116: 1-9.

Hedges, J. I., R. G. Keil, and R. Benner. 1997. What happens to terrestrial organic matter in the
ocean. Organic geochemistry 27: 195-212.

Hopkinson, Jr. C.S., J. J. Vallino, and A. Nolin. 2002. Decomposition of dissolved organic

matter from the continental margin. Deep-Sea Research Part Il 49: 4462.

Jansson,M., P. Blomqvist, A. Jonsson, and A. K. Bergstrom. 1996. Nutrient limitation of
bacterioolankton, auttrophic and mixotropic phytoplankton, and heterotrophic
nanoplagellates in Lake Ortrasket. Limnol Oceanogr 41: 1552-1559

40



Jaspers, C., L. F. Mgller, and T. Kigrboe. 2011. Salinity gradient of Baltic Sea limits the
reproduction and population expansion of newly invaded comb jelly Mnemiopsis Leidyi.
PLoS ONE 6: 1-6.

Kaiser, K., G. Guggenberge, L. Haumaier, and W. Zech. 2001. Seasonal variations in the
chemical composition of dissolved organic matter in organic forest floor layer leachates
of old-growth Scots pine (Pinus sylvestris L.) and European beach (fagus sylvatica L.)

stands in northeastern Bavaria, Germany. Biogeochemistry 55: 103-143.

Karlsson, J., M. Berggren, J. Ask, P. Bystrom, A. Jonsson, H. Laudon, and M. Jansson. 2012.
Terrestrial organic matter support of lake food webs: Evidence from lake metabolism
and stable hydrogen isotopes of consumers. Limnology and Oceanography 57: 1042-
1048.

Kisand, V., R. Cuadros, and J. Wikner. 2002. Phylogeny of culturable estuarine bacteria
catabolizing riverine organic matter in the Northern Baltic Sea. Applied and
Environmental Microbiology 68: 379-388.

Kisand, V., D. Rocker, and M. Simon. 2008. Significant decomposition of riverine humic-rich
DOC by marine but not estuarine bacteria assessed in sequential chemostat experiments.

Aquatic microbial ecology 53:151-160.

Knuuttila, S., L. M. Svendsen, H. Staaf, P. Kotilainen, S. Boutrup, M. Pyhala, and M. Durkin
.2011. Fifth Baltic Sea polution load compilation (PLC-5). Baltic Sea environmental
proceedings no. 128, Helsinki commission, Finland, ISSN 0357-2994.

Koehler, B., E. V. Wachenfeldt, D. Kothawala, and L. J. Tranvik, L. J. 2012. Reactivity
continuum of dissolved organic carbon decomposition in lake water. Journal of

geographical research 117: 1-14.

Krachler, R.F., R. Krachler, A. Stojanovic, Wielander and A. Herzig. 2009. Effect of pH on
aquatic biodegradation process. Biogeosciences Discussions 6: 491-514.

Krupa, M., R. G. M. Spencer, K.W. Tate, J. Six, C. V. Kessel, and B. A. Linquist, B.A. 2012.
Controls on dissolved organic carbon composition and export from rice-dominated

systems. Biogeochemistry 108: 447-466.

41



Langenheder, S., V. Kisand, J. Wikner, and L. J. Tranvik, L.J. 2003. Salinity as a structuring
factor for the composition and performance of bacterioplankton degrading riverine DOC.
FEMS Microbiology Ecology 45: 189-202.

Laudon, H., M. Berggren, A. Agren, |. Buffan, K. Bishop, T. Grabs, M. Jansson, and S.
Kohler. 2011. Patterns and Dynamics of Dissolved Organic carbon (DOC) in Boreal

Streams: The Role of Processes, Connectivity, and Scaling. Ecosystem14: 880-893

Ledesma, J. L. J, S. J. Kohler, and M.N. Futter, 2012. Long-term dynamics of dissolved organic
carbon: Implications for drinking water. Science of the Total Environment 432: 1-11.

Lee, C. W, C. W. Bong, and Y. S. Hii. 2009. Temporal Variatin of Bacterial Respiration and
Growth Efficiency in Tropical Coast Waters. Applied and Environmental Microbiology
75: 7594-7601

Maehder, S. 2012. Organic carbon fluxes in a boreal catchment-spatial variability of
bioavailability and importance of the riparian zone. Master’s thesis, Sweden: Uppsala

University.

Mann, P.J., A. Davydova, N. Zimov, R.G.M. Spencer, V. Davydov, E. Bulygina, S. Zimov, and
R. M. Holmes. 2012. Controls on the composition and lability of dissolved organic
matter in Siberia’s Kolyma River basin. Journal of Geographical Research:

Biogeosciences 117: 1-15

Mills, M. M., C. M. Moore, R. Langlois, A. Milne, E. Achterberg, K. Nachtigall, K. Lochte, R. J.
Geider, and J. La. Roche. 2008. Nitrogen and phosphorous co-limitation of bacterial
productivity and growth in the oligotrophic subtropical North Atlantic. Limnol,
Oceanogr 53: 824-834.

Mckillup, S., and M. D. Dyar. 2010. Geostatistics explained- An introductory guide for earth
scientists, Cabridge University press: the United Kingdom.

Mulholland, P. J., and W. R. Hill. 1997. Seasonal patterns in stream water nutrients and
dissolved organic carbon concentrations: Separating catchment flow path and in-stream
effects. Water resources research 33: 1297-1306

42



Morrissey, E. M., J. L. Gillespie, J. C. Morina, and R. B. Franklin. 2013. Salinity affects
microbial activity and soil organic matter content in tidal wetlands. Global change
biology. doi: 10.1111/gcb.12431.

Neumann, T. 2000. Towards a 3D-ecosystem model of the Baltic Sea. Journal of Marine System
25: 405-419.

Nowostawska, U., J. P. Kim, and K. A. Hunter. 2008. Aggregation of riverine colloidal iron in
estuaries: A new kinetic study using stopped-flow mixing. Marine chemistry 110: 205-
210.

Nydahl, A., S. Panigrahi, and J. Wikner, J. 2013. Increased microbial activity in a warmer and
wetter climate enhanced the risk of coastal hypoxia. FEMS microbial ecology 85: 338-
347.

Omstedt, A., M. Edman, L.G. Anderson, and H. Laudon, H. 2010. Factors influencing the acid-
base (pH) balance in the Baltic Sea: a sensitivity analysis. Tellus, 62B: 280-295.

Omstedt, A., M. Edman, B. Claremar, P. Frodin, E. Gustafsson, C. Humborg, H. Hagg, M.
Morth, A. Rutgersson, G. Schurgers, B. Smith, T. Wallstedt, and A. Yurova. 2012.
Future Changes in the Baltic Sea acid-base (pH) and Oxygen Balance, Series B,
Chemical and Physical Meteorology, International Meteorological Institute Stockholm.
Retrieved15November,2013Available:(http://www.tellusb.net/index.php/tellusb/article/v
iew/19586/htl).

Pace, M. L., and J. J. Cole. 2002. Synchronous variation of dissolved organic carbon and color in
lakes. Limnology and oceanograph 47: 333-342.

Pace, M. L., . Reche, J.J. Cole, A. F. Barbero, I. P. Mazuecos, and Y. T. Prairie, Y. T. 2012. pH
change induces shifts in the size and light absorption of dissolved organic matter.
Biogeochemistry 108: 109-118.

Raymond, P. A., and J. E. Bauer. 2001. Riverine export of aged terrestrial organic matter to the
North Atlantic Ocean. Letters to Nature 409: 497-400.

Raymond, P.A, J. Hartmann, R. Lauerwald, S. Sobek, C. McDonald, M. Hoover, D. Butman, R.
Striegl, E. Mayorga, C. Humborg, P. Kortelainen, H. Dyrr, M. Meybeck, P. Ciais, and P.
Guth .2013. Global carbon dioxide emission from inland waters. Nature 503: 355-359.

43


http://www.tellusb.net/index.php/tellusb/article/view/19586/htl
http://www.tellusb.net/index.php/tellusb/article/view/19586/htl

Sanden, P. and L. Rahm.1993. Nutrient Trends in the Baltic Sea. Environmetrics 4: 75-103.

Sholkovitz, E. R., E. A. Boyle, and N. B. Price. 1978. The removal of dissolved humic acids and
iron during estuarine mixing, Earth and Planetary Science letters 40: 130-136.

Stahl, H. 2012. Fate of terrestrial carbon in the Scottish coastal environment, CREW report
CD2012/15. Available online at: crew. ac. uk /publications.

Stanley, E. H., S. M. Powers, N. R. Lottig, I. Buffam, and J. T. Crawford. 2011. Contemporary
changes in dissolved organic carbon(DOC) in human-dominated rivers: is there a role for
DOC management? Freshwater Biology: 1-19. doi:10.1111/j.1365-2427.2011.02613.x.

Stockner, J.G., M. E. Klut, and W. P. Cochlan.1990. Leaky Filters: A Warning to Aquatic
Ecologists. Canadian Journal of Fisheries and Aquatic Sciences 47: 16-23.

Szymczycha, B., A. Maciejewska, A. Szczepanska, and J. Pempkowiak. 2013. The submarine
groundwater discharge as a carbon source to the Baltic Sea. Biogeosciences Discuss 10:
2069-2091.

Thang, N.M., V. Bruchert , M. Formolo, G. Wegener, and B. B. Jorgensen, and T. G. Ferdelman.
2013.The Impact of Sediment and Carbon Fluxes on the Biogeochemistry of Methane
and Sulfur in Littoral Baltic Sea Sediments (Himmerfjarden, Sweden). Estuaries and
Coasts 36: 99.

USGS, Science for a changing world. 2013. Retrieved 7 January, 2014, from
http://water.usgs.gov/software/DOTABLES/.

Tranvik, L.J. 1988. Availability of Dissolved Organic Carbon for Planktonic Bacteria in
Oligotrophic Lakes of Differing Humic Content. Microbial Ecology 16: 311-322.

Vrede, K. 1999. Effect of inorganic nutrients and zooplankton on the growth of heterotrophic
bacterioplankton —enclosure experiments in an oligotrophic Clearwater lake. Aquatic

microbial ecology 18: 133-144.

Vrede, K. 2005. Nutrient and Temperature limitation of bacterioplankton growth in temperate
lakes. Microbial ecology 49: 245-256.

Wang, L.L., C. C. Song., and G. S.Yang. 2013. Dissolved organic carbon characteristics in
surface ponds from contrasting wetland ecosystems: a case study in the Sanjiang Plain,

Northeast China. Hydrology and earth system science 17: 371-378.

44


http://water.usgs.gov/software/DOTABLES/

Wikner, J., R. Cuadros., and M. Jansson. 1999. Differences in consumption of allochthonous
DOC under limnic and estuarine conditions in a watershed. Aquatic microbial ecology
17:289-199.

Weston N. B., R. E. Dixon, and S. B. Joye. 2006. Ramifications of increased salinity in tidal
freshwater sediments: Geochemistry and microbial pathways of organic matter

mineralization. Journal of geophysical research 111: 1-14.

Fawell, Mr. J. K., Dr. E. Ohanian, Ms M. Giddings, Prof. Y. Magara, Mr P. Jackson. 2004.
Sulfate in drinking-water.World Health Organization (WHO), retrieved 26 Sep., 2013
Available: http://www.who.int/water sanitation_health/dwg/chemicals/sulfate.pdf

YaBin, Q., L. LiFeng, Z. ZianPeng (et al.). 2012. Health risk assessment of metal elements in
drinking water in 10 cities, Guangdong province. Journal of Environment and Health 29:
434-436.

Zweifel, U. L., B. Norman, and Hagstrom. 1993. Consumption of dissolved organic carbon by
marine bacteria and demand for inorganic nutrients. Marine Ecology Progress Series
101: 23-32.

45


http://www.who.int/water_sanitation_health/dwq/chemicals/sulfate.pdf

Institutionen for naturgeografi och ekosystemvetenskap, Lunds Universitet.

Student examensarbete (Seminarieuppsatser). Uppsatserna finns tillgangliga pa institutionens
geobibliotek, Solvegatan 12, 223 62 LUND. Serien startade 1985. Hela listan och sjalva
uppsatserna ar aven tillgangliga pa LUP student papers (www.nateko.lu.se/masterthesis) och via

Geobiblioteket (www.geobib.lu.se)

The student thesis reports are available at the Geo-Library, Department of Physical Geography
and Ecosystem Science, University of Lund, Soélvegatan 12, S-223 62 Lund, Sweden. Report
series started 1985. The complete list and electronic versions are also electronic available at the
LUP student papers (www.nateko.lu.se/masterthesis) and through the Geo-library

(www.geobib.lu.se)

245  Linnea Jonsson (2012). Impacts of climate change on Pedunculate oak and
Phytophthora activity in north and central Europe

246  Ulrika Belsing (2012) Arktis och Antarktis foranderliga havsistacken

247  Anna Lindstein (2012) Riskomraden for erosion och naringslackage i Segeans
avrinningsomrade

248 Bodil Englund (2012) Klimatanpassningsarbete kring stigande havsnivaer i
Kalmar lans kustkommuner

249  Alexandra Dicander (2012) GIS-baserad dversvamningskartering i Segeans
avrinningsomrade

250 Johannes Jonsson (2012) Defining phenology events with digital repeat
photography

251  Joel Lilljebjorn (2012) Flygbildsbaserad skyddszonsinventering vid Segea

252  Camilla Persson (2012) Berakning av glacidrers massbalans — En metodanalys
med fjarranalys och jamviktslinjehojd dver Storglacidren

253 Rebecka Nilsson (2012) Torkan i Australien 2002-2010 Analys av mdjliga
orsaker och effekter

254  Ning Zhang (2012) Automated plane detection and extraction from airborne

laser scanning data of dense urban areas

46


http://www.geobib.lu.se/
http://www.geobib.lu.se/

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

Bawar Tahir (2012) Comparison of the water balance of two forest stands
using the BROOK90 model

Shubhangi Lamba (2012) Estimating contemporary methane emissions from
tropical wetlands using multiple modelling approaches

Mohammed S. Alwesabi (2012) MODIS NDVI satellite data for assessing
drought in Somalia during the period 2000-2011

Christine Walsh (2012) Aerosol light absorption measurement techniques:

A comparison of methods from field data and laboratory experimentation

Jole Forsmoo (2012) Desertification in China, causes and preventive actions in
modern time

Min Wang (2012) Seasonal and inter-annual variability of soil respiration at
Skyttorp, a Swedish boreal forest

Erica Perming (2012) Nitrogen Footprint vs. Life Cycle Impact Assessment
methods — A comparison of the methods in a case study.

Sarah Loudin (2012) The response of European forests to the change in
summer temperatures: a comparison between normal and warm years, from
1996 to 2006

Peng Wang (2012) Web-based public participation GIS application — a case
study on flood emergency management

Minyi Pan (2012) Uncertainty and Sensitivity Analysis in Soil Strata Model
Generation for Ground Settlement Risk Evaluation

Mohamed Ahmed (2012) Significance of soil moisture on vegetation
greenness in the African Sahel from 1982 to 2008

lurii Shendryk (2013) Integration of LIDAR data and satellite imagery for
biomass estimation in conifer-dominated forest

Kristian Morin (2013) Mapping moth induced birch forest damage in northern
Sweden, with MODIS satellite data

Ylva Persson (2013) Refining fuel loads in LPJ-GUESS-SPITFIRE for wet-
dry areas - with an emphasis on Kruger National Park in South Africa

Md. Ahsan Mozaffar (2013) Biogenic volatile organic compound emissions

from Willow trees

47



270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

Lingrui Qi (2013) Urban land expansion model based on SLEUTH, a case
study in Dongguan City, China

Hasan Mohammed Hameed (2013) Water harvesting in Erbil Governorate,
Kurdistan region, Irag - Detection of suitable sites by using Geographic
Information System and Remote Sensing

Fredrik Alstrom (2013) Effekter av en havsnivahdjning kring Falsterbohalvon.
Lovisa Dahlquist (2013) Miljoeffekter av jordbruksinvesteringar i Etiopien
Sebastian  Andersson Hylander (2013) Ekosystemtjénster i svenska
agroforestrysystem

Vlad Pirvulescu (2013) Application of the eddy-covariance method under the
canopy at a boreal forest site in central Sweden

Malin Broberg (2013) Emissions of biogenic volatile organic compounds in a
Salix biofuel plantation — field study in Grastorp (Sweden)

Linn Renstrém (2013) Flygbildsbaserad forandringsstudie inom skyddszoner
langs vattendrag

Josefin Methi Sundell (2013) Skotseleffekter av miljoersattningen for natur-
och kulturmiljoer i odlingslandskapets smabiotoper

Kristin Agustsdottir (2013) Fishing from Space: Mackerel fishing in Icelandic
waters and correlation with satellite variables

Cristian Escobar Avaria (2013) Simulating current regional pattern and
composition of Chilean native forests using a dynamic ecosystem model
Martin Nilsson (2013) Comparison of MODIS-Algorithms for Estimating
Gross Primary Production from Satellite Data in semi-arid Africa

Victor Strevens Bolmgren (2013) The Road to Happiness — A Spatial Study of
Accessibility and Well-Being in Hambantota, Sri Lanka

Amelie Lindgren (2013) Spatiotemporal variations of net methane emissions
and its causes across an ombrotrophic peatland - A site study from Southern
Sweden

Elisabeth Vogel (2013) The temporal and spatial variability of soil respiration
in boreal forests - A case study of Norunda forest, Central Sweden

Cansu Karsili (2013) Calculation of past and present water availability in the

48



286

287

288

289

290

291

292

293

294

295

296

297

298

299

Mediterranean region and future estimates according to the Thornthwaite
water-balance model

Elise Palm (2013) Finding a method for simplified biomass measurements on
Sahelian grasslands

Manon Marcon (2013) Analysis of biodiversity spatial patterns across multiple
taxa, in Sweden

Emma Li Johansson (2013) A multi-scale analysis of biofuel-related land
acquisitions in Tanzania - with focus on Sweden as an investor

Dipa Paul Chowdhury (2013) Centennial and Millennial climate-carbon cycle
feedback analysis for future anthropogenic climate change

Zhiyong Qi (2013) Geovisualization using HTMLS5 - A case study to improve
animations of historical geographic data

Boyi Jiang (2013) GIS-based time series study of soil erosion risk using the
Revised Universal Soil Loss Equation (RUSLE) model in a micro-catchment
on Mount Elgon, Uganda

Sabina Berntsson & Josefin Winberg (2013) The influence of water
availability on land cover and tree functionality in a small-holder farming
system. A minor field study in Trans Nzoia County, NW Kenya

Camilla Blixt (2013) Vattenkvalitet - En féltstudie av skanska Sabybacken
Mattias Spangmyr (2014) Development of an Open-Source Mobile
Application for Emergency Data Collection

Hammad Javid (2013) Snowmelt and Runoff Assessment of Talas River Basin
Using Remote Sensing Approach

Kirstine Skov (2014) Spatiotemporal variability in methane emission from an
Arctic fen over a growing season — dynamics and driving factors

Sandra Persson (2014) Estimating leaf area index from satellite data in
deciduous forests of southern Sweden

Ludvig Forslund (2014) Using digital repeat photography for monitoring the
regrowth of a clear-cut area

Julia Jacobsson (2014) The Suitability of Using Landsat TM-5 Images for

Estimating Chromophoric Dissolved Organic Matter in Subarctic Lakes

49



300

301

302

303

Johan Westin (2014) Remote sensing of deforestation along the trans-
Amazonian highway

Sean Demet (2014) Modeling the evolution of wildfire: an analysis of short
term wildfire events and their relationship to meteorological variables
Madelene Holmblad (2014). How does urban discharge affect a lake in a
recreational area in central Sweden? — A comparison of metals in the
sediments of three similar lakes

Sohidul Islam (2014) The effect of the freshwater-sea transition on short-term

dissolved organic carbon bio-reactivity: the case of Baltic Sea river mouths

50



