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Abstract

In recent decades, lakes have been observed to increase in color, also known as
brownification. Increases in dissolved organic matter (DOM) concentrations in lakes, or more
specifically chromophoric DOM (CDOM), caused this increase. In addition to terrestrial DOM,
lakes have also been shown to release DOM from the sediment, mostly DOM that was previously
bound to iron (Fe). However, only a few studies included non-terrestrial sources of DOM, and the
general dynamics of DOM within lake ecosystems are still poorly understood.

This research aimed to examine the internal DOM dynamics in Lake Solbergvann, Norway,
focusing on the role of stratification and prevalence of oxygen. The research objectives were to
investigate (1) DOM cycling under different oxygen conditions (oxic layer, transition zone, anoxic
layer) during a spring/summer period (May-September) in a lake that is subject to browning, (2)
the seasonal variation in DOM molecular weight (MW) across different depth layers to provide a
better understanding of environmental conditions that influence DOM dynamics. The results
revealed complex DOM dynamics that do not always result in linear relationships. Nevertheless,
an attempt was made to clarify these interactions to enhance the understanding of DOM dynamics.

In the oxic water layers, the DOM concentrations nearly doubled due to high runoff
conditions, and the strong thermal stratification created barriers for oxygen diffusion and DOM
transport to deeper layers. CDOM was strongly correlated to dissolved organic carbon (DOC).
Minimal variability in DOM dynamics was observed. However, the overall MW of CDOM
increased in this oxic layer due to increased DOM runoff from terrestrial sources. While
maintaining stable CDOM and DOC concentrations, the transition zone — at the oxic-anoxic
boundary — exhibited the greatest variability in the relationships across DOC and CDOM fractions.
Mechanisms from oxic and anoxic waters concurrently govern the DOM dynamics in this zone
(e.g., redox conditions, diffusion barriers, and decomposition), which likely resulted in increased
diversity in their DOM dynamics. The anoxic water layers showed increasing concentrations of
CDOM, DOC, Fe, manganese, and phosphorus despite major influxes from shallower waters.
Stratification isolated these water layers, suggesting influences beyond dilution impacting these
concentrations. The results indicate that Fe-bound DOM, identified as CDOM3 (3 — 10 kDa), was
released from the sediment due to Fe reduction: This fraction made up a large proportion of the
entire DOM pool, thus severely affecting DOM dynamics. Key factors restricting DOM release
from the sediment were also identified; e.g., sulfate presence increases the competition for electron
acceptors, thus reduces Fe reduction potential. Furthermore, pH governs various processes that
impact DOM dynamics, but this study demonstrated that redox reacts may impact pH, but a low
pH contribute to DOM release through enhanced Fe dissolution, thus creating feedback loops.

However, more data is needed to draw strong statistically significant conclusions.
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1. Introduction

1.1 Background

Lakes are important ecosystems for carbon sequestration (Chmiel et al., 2015; Tranvik
et al., 2009). In these ecosystems, both organic and inorganic substances can accumulate
through influxes from terrestrial sources or benthic releases (Bjorneras et al., 2017; Chmiel et
al., 2015; Peter et al., 2016). Their accumulation can have considerable impacts on both
biogeochemical processes in lakes, such as the behavior and transportation of organic and
inorganic compounds (Knorr, 2013; O'Loughlin & Chin, 2004). Increases in organic
compounds in lakes may contribute to an increase in lake color, which can be referred to as
brownification (Solomon et al., 2015). Brownification is particularly prevalent in the northern
hemisphere and more pronounced in Scandinavia (Solomon et al., 2015). This change in
watercolor is largely attributed to increased concentrations of chromophoric dissolved organic
matter (CDOM) (Fasching et al., 2014; Solomon et al., 2015; Williamson et al., 2015).

DOM is separated from particulate organic matter through filtering, usually at a pore
size of 0.45um. DOM is an overarching group that consists of organic molecules, proteins,
carbohydrates, and humic acids (Figure 1) (Wetzel, 2001). DOM can stem from a wide range

of sources, including external sources such as runoff of terrestrial organic matter (McKnight &

Aiken, 1998), but also internal sources such as photosynthesis (Lepane et al., 2004) and

leaching DOM from sediments | Dissolved phase . -
Dissolved organic

(Brothers et al., 2014). DOC matter (DOM)

Contains organic

represents the amount of )
molecules, proteins,

carbon in the DOM-complex carbohydrates, humic
. substances
(Wetzel, 2001). CDOM is the
fraction of DOM that absorbs /\
solar radiation at specific Chromophoric

Dissolved organic

L dissolved organic
wavelengths and emits it as matter (CDgM) carbon (DOC)
color (Wetzel, 2001). DOC || TheportionofDOM * ThtehF;‘t’fc‘ézzl_;fst?M
) that absorbs solar A large portion D
and CDOM are often highly radiation of CDOM carbon-containing

consists of compounds

correlated (Juetten et al., poc

2022). However, DOC can

also contain colorless Figure 1. Diagram illustrating the relationships between dissolved
organic matter (DOM), dissolved organic carbon (DOC), and
substances, such as terpenes, chromophoric dissolved organic matter (CDOM).




that do not contribute to increasing watercolor (Rostad et al., 2011). The light-absorbing
properties of CDOM influence the light attenuation in a lake. Thus, high levels of CDOM can
result in water bodies that often have a darker appearance (Blanchet et al., 2022; Cooper et al.,
1989). CDOM predominantly absorbs light at shorter wavelengths, depleting purple and blue

colors, resulting in waters that show a red and yellow color (longer wavelengths).

1.2 Drivers of Increased DOM

Studies that seek explanations for increasing DOM concentrations in lakes are often
limited to changes that affect terrestrial DOM, for example in Blanchet et al., 2022; Kritzberg
et al., 2020; Woolway et al., 2020 and Monteith et al., 2007. Climatic drivers include
temperature and precipitation changes, which both have increased in Scandinavia in recent
decades (Lutz et al., 2024; Nikulin et al., 2011). Elevated temperatures contribute to a longer
growing season, enhancing terrestrial organic carbon production (Finstad et al., 2016).
Increased precipitation affects the transportation and microbial decomposition of DOM, as well
as the redox reactions that impact the cycling of inorganic substances (de Wit et al., 2016;
Knorr, 2013). Other external drivers often used to explain increases in DOM involve the
recovery from acidification by reduced atmospheric sulfur emission (Monteith et al., 2007) and
changes in land use (Juetten et al., 2022; Kritzberg, 2017).

Although  brownification has far-ranging consequences for biodiversity,
biogeochemical processes, and drinking water treatment (Kritzberg et al., 2020), only limited
studies included the internal DOM dynamics that affect the DOM concentrations in water
bodies (Brothers et al., 2014; Peter et al., 2016; Skoog & Arias-Esquivel, 2009). These studies
observe that DOM can leach out of the sediment, particularly under anoxic conditions. The
initial increase in DOM in water bodies could be triggered by high precipitation that increases
DOM runoff from terrestrial sources (Brothers et al., 2014; Hongve et al., 2004). These
elevated DOM concentrations can enhance respiration rates while restricting benthic primary
production by shading (Jones, 1992; Williamson et al., 1999). Furthermore, high DOM
concentrations can restrict the mixing of water layers and increase the surface water
temperature while decreasing the overall average water temperature due to a steeper
thermocline (Fee et al., 1996; Read & Rose, 2013). These processes collectively create or
maintain anoxic conditions in the deeper water layers by depleting oxygen through DOM
decomposition or impending oxygen diffusion from surface waters (Brothers et al., 2014; Elci,
2008).



Anoxic conditions in the hypolimnion can promote the release of phosphorus (P),
DOM, and iron (Fe) from the sediment (Brothers et al., 2014; Peter et al., 2016; Skoog & Arias-
Esquivel, 2009). This release is primarily driven by redox-sensitive substances, such as Fe,
which is particularly relevant considering the observed increase in Fe concentrations in the
northern hemisphere (Bjorneras et al., 2017). Under anoxic conditions, Fe(lIl) is reduced to
Fe(ll), and this process may also release adsorbed DOM and P from the sediment (Knorr,
2013). The redox reactions of Fe are also governed by pH and the presence of substances such
as nitrate, sulfate, and manganese that influence its redox potential (Bjorneras et al., 2019;
Grybos et al., 2009; Musolff et al., 2017). However, anoxic conditions near the sediment
severely contribute to the release of Fe and DOM, making the Fe-bound DOM bioavailable for
microbial degradation, consequently intensifying oxygen consumption from microorganisms
(Brothers et al., 2014; Lau et al., 2024; Peter et al., 2016; Skoog & Arias-Esquivel, 2009). This
process eventually results in a positive feedback loop between increased DOM concentrations
and anoxia. The released DOM and Fe contribute to increased watercolor (Kritzberg &
Ekstrom, 2012; Xiao & Riise, 2021), and DOM may eventually be mineralized, leading to
increased CO2 emissions from a lake, possibly turning the lake into a carbon source (Brothers
etal., 2014; Lau et al., 2024).

1.3 Molecular Weight of DOM

Photochemical, physical, and biological processes shape the molecular properties of
DOM, while these properties also influence these processes (Benner & Amon, 2015; Lanxiu et
al., 2004; Lepane et al., 2004). These processes can contribute to the breakdown of DOM into
smaller compounds. This change in DOM properties, for example, from higher molecular
weight (MW) to lower MW compounds. This shift in MW can then impact the rate of the
photochemical, physical, and biological processes, thus creating a feedback loop.

The MW of DOM and its concentration MW can be investigated using a combination
of chromophoric and spectroscopic methods. First, the MW of DOM can be examined using
size-exclusion chromatography, which excludes molecules based on their size (see section
2.3.2 for further details). This step provides information about the retention time of these
particles, which can be converted to the MW of DOM. Then, spectroscopic methods, for
example a UV spectrometer, are used to determine the concentration DOM based on its
absorbance properties. However, as this involves the absorbance properties of DOM, these

methods are limited to examining the portion of DOM that is visible at a specific wavelength,



also known as CDOM (Jaffe et al., 2008). Nevertheless, since CDOM is often correlated to
DOC, particularly in lakes that receive most of its DOM from terrestrial sources, it can still
provide valuable information about DOM dynamics (Griffin et al., 2018; Juetten et al., 2022).

It has been reported that the MW influences the binding capacity of organic matter to
other substances, such as Fe (Benedetti et al., 2002; Y. Li et al., 2022), with DOM of higher
MW binding stronger to Fe (Zhou et al., 2000). Furthermore, the properties of DOM can also
provide information about the sources of this DOM. DOM in freshwater bodies usually stems
from allochthonous sources, which are typically higher in MW than DOM which derives from
the production of autochthonous material (Meili, 1992).

Previous studies have reported the MW distribution from allochthonous sources
(Juetten et al., 2022; Lanxiu et al., 2004; Lepane et al., 2003; Repeta et al., 2002). In addition,
other studies investigated the MW distribution of sediments in lakes (Lepane et al., 2003;
O'Loughlin & Chin, 2004), but little is known about the MW distribution of DOM that includes
both DOM from terrestrial sources and DOM that is being leached from the sediment and their
dynamics. A recent study observed that the molecular composition of DOM showed increased
heterogeneity under anoxic conditions with relatively higher MW while under oxic conditions
DOM displayed less variability (Lau et al., 2024). However, differences in the onset of anoxia
in the bottom waters and other environmental and regional conditions in this study can provide
additional insights into the DOM dynamics.

To the best of my knowledge, this study is the first to investigate the DOM
concentrations and their corresponding MW across different depths in a Norwegian lake. This
lake, Lake Solbergvann, is characterized by oxic conditions on the surface layers but shows
persistent anoxia in its bottom waters. Lake Solbergvann is a small and shallow lake in Norway
and has been subject to browning over the last three decades (Isidorova et al., 2016). | combined
electronic sensors, on-site measurements, and water samples that measured organic and
inorganic substances in this study. | determined the MW of DOM and its concentrations using

size-exclusion chromatography with UV spectroscopy.



1.4 Research Aim and Objectives

This research aims to examine the internal dissolved organic matter (DOM) dynamics
by analyzing the role of stratification and prevalence of oxygen on DOM dynamics in Lake
Solbergvann, Norway. Based on this research aim, the following research question was
formulated: How do internal DOM dynamics change under a summer stratification period with

different oxygen conditions?

1.5 Research Objectives

1. To investigate DOM cycling under different oxygen conditions (oxic layer, transition
zone, anoxic layer) during a spring/summer period (May-September) in a lake that is
subject to browning

2. To investigate the seasonal variation in DOM molecular weight across different depth
layers (oxic layer, transition zone, anoxic layer) in Lake Solbergvann to provide a better

understanding of environmental conditions that influence DOM dynamics

1.6 Overview of the Thesis

This thesis investigates the dynamics of DOM in Lake Solbergvann during a summer
stratification period. Chapter 2 describes this study's methods, including laboratory
procedures, statistical analysis, and limitations. Chapter 3 contains the results of this study.
This chapter begins by describing external factors such as short-term (2023) and long-term
(1991-2020) weather patterns. This section is followed by the measurements taken in Lake
Solbergvann, including temperature, oxygen, pH, and other variables. This chapter also
contains a separate section for organic matter, with the results of dissolved organic carbon
described in section 3.2.1 and chromophoric dissolved organic matter in section 3.2.2. Chapter
4 is divided into three sections: oxic conditions, a transition zone between oxic and anoxic
conditions, and anoxic conditions. The discussion section begins by exploring what variables
impacted the DOM concentrations and the corresponding molecular weight distribution. Then,
it dives into the role of oxygen and how this governs the DOM dynamics at each layer. Finally,

Chapter 5 concludes my findings and recommendations for further research.



2. Materials and Methods

2.1 Study Area

Lake Solbergvann is a small (1.25 ha) lake located around 7 kilometers from the center
of Oslo, Norway (Figure 2). The lake has a maximum depth of approximately five meters and
is surrounded by a coniferous forest that covers around 90 percent of its catchment area (Xiao
& Riise, 2021). It is at an elevation of 235 meters and serves as a headwater that drains into
Lake Ngklevann, although the outflow is limited. The lake has an estimated water retention
time of 0.5 years (Xiao & Riise, 2021). The color of Lake Solbergvann has increased
significantly from 1996 to 2011, when it tripled from 60 to 192 mg Pt L (Isidorova et al.,
2016). Increases in color can be explained by increases in total organic carbon and iron (Xiao
& Riise, 2021). The lake is supposed to lack complete mixing in the spring, which strongly
influences the oxygen condition, with extensive periods of anoxic conditions frequently
observed (Isidorova et al., 2016).

The climate in the area is classified as a humid continental climate with a hemiboreal
subtype (Climate.data.org, n.d.). This implies relatively large temperature differences occur
between seasons and considerable

precipitation throughout the year.
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Figure 2. Location of Lake Solbergvann in Oslo, Southeast
Norway.



2.2 Data Collection

2.2.1 Sampling Site Selection

The primary data collection involved three distinct methods, which are elaborated in
the following section. Prior to data collection, one sampling site was selected (GPS coordinates:
59.899537”N, 10.866225”E) in Lake
Solbergvann as a fixed point for my
measurements (Figure 3), which exhibited
a depth of approximately five meters. A
rubber boat was used to access the
sampling site.

A buoy was used to locate the
precise spot in the lake for the repeated
measurement. This buoy was attached to a
rope with an eight-kilogram dumbbell
secured at the opposite end of the rope.
Selecting one sampling site aimed to
enhance the consistency and accuracy of

the measurements.

Figure 3. Sampling location within Lake Solbergvann
(59.899537”N, 10.866225"E)

2.2.2 Remote Electronic Sensing

HOBO Pendant MX Temperature/Light Data Loggers were used to continuously track
temperature changes at different depths in Lake Solbergvann. Six sensors were attached to a
rope at one-meter intervals. These loggers are able to record the temperatures from -20° to
50°C with an accuracy of £0.5°C, recording data every 10 minutes.

The loggers were deployed in the lake on 11 May 2023. | retrieved data from the loggers
on four occasions to assess their performance: 14 June, 9 August, and 9 September. The final
retrieval of the data from these loggers occurred on 1 December. This timeframe was based on
the seasonal relevance related to the onset of stratification and restrictions related to ice cover

during the spring.



2.2.3 On-site Measurements

I conducted on-site measurements every 14 days from 31 May 2023 until 6 September
2023, resulting in eight measurements. These measurements included water transparency,
water temperature, and oxygen levels.

A Secchi disk was used to measure the water transparency. The disk was slowly
immersed into the water column until it disappeared, then raised until it reappeared. This
process was reiterated until the precise depth at which the disk was no longer visible was
established. Afterward, the length of the rope attached to the Secchi disk was measured, and
this number was used to indicate water transparency.

Temperature (°C), oxygen saturation (%), and oxygen concentration (mg/L) were
measured using a ProODO YSI (YSI ProQuatro Multiparameter). The initial measurements
only included measurements at depths of 0.5m, 1m, 1.5m, 2m, 2.5m, and 3m, as measurements
deeper than the oxycline were overlooked. On two occasions, the decision was made to expand
the dataset to obtain a more comprehensive data set. Firstly, measurements up to 5 meters were
included with intervals of 0.5 meters starting from the second sampling day. On the third
sampling day, measurements at 0.1 meters were also included. Each depth was measured twice,
once by moving the instrument downward through the water column and once by moving it
upward. This was carried out in order to cross-verify the measurements for consistency and

accuracy of the readings.

2.2.4 Water Samples

The water samples were collected in the same period as the on-site measurements.
Samples were collected at depths of 0.75m, 1.75m, 2.75m, 3.75m, 4.25m, and 4.75m. Each
sampling day included samples from each depth except for samples on 4.75m. The decision
was made to add samples at 4.75m to enhance data completeness. In total, 45 samples were
collected.

Each sample was stored in a 500ml bottle, which had been rinsed three times prior with
water from the corresponding depth to minimize contaminating the samples with other
substances. The bottles were emptied of air as much as possible to minimize the offset of
biological processes, thus enhancing the stability of the samples for analysis. These samples

were immediately transported to the laboratory for (the preparation of) analysis.



2.2.5 Weather Data

Weather observations were also included in this study (available at

https://seklima.met.no). The included weather elements were daily mean air temperature and

daily precipitation. For 2023, observations were collected from 1 May to 30 September.
Additionally, long-term trends were included for comparison, which consisted of observations
from 1991 to 2020.

Two weather stations were selected. Blindern (SN18700) was selected based on the
available long-term air temperature and precipitation records. Trasop (SN18180) was chosen
because of its close proximity to Lake Solbergvann. This station was only used to describe the
variation in local precipitation in 2023. This dataset had fourteen missing measurements for

precipitation and temperature from 1991 to 2020.

2.3 Laboratory Analysis

The water samples were filtered using a glass microfiber filter of 0.8 um to obtain a
dissolved sample for analysis. The unfiltered samples were put in 10 ml vials and placed in the
freezer. The filtered samples were divided into one 50 ml and two 10 ml vials and frozen for
later analysis. One 10 ml vial was acidified with ultrapure HNOs and used for metal analysis.
For each analysis, six blank samples containing only distilled water were included to measure

the presence of background substances.

2.3.1 Unfiltered Samples
pH and conductivity
The pH and conductivity of the samples were measured upon arrival in the laboratory.
A VWR MU 6100 H was utilized to measure the pH (on a pH scale of 1-14) and conductivity
(in pus/cm) of the samples. The instrument was calibrated using two pH buffer solutions before

measuring the pH to ensure accurate measurements.

Total phosphorus
The total phosphorus (Tot-P) was measured according to Norwegian standards (NS-EN

1189) by adding reagents to the samples. Five samples with known PO4-P concentrations were
included for calibration. After defrosting the samples, 5 ml was taken from the samples and put
into a vial. Ascorbic acid (0.2 ml) and molybdate (0.2 ml) were added to the vials. The IKA
Vortex Genius 3 shaker was used to shake the samples after the addition of each of the reagents.

The samples were autoclaved for 30 minutes at 121°C at 1 ATM. Ascorbic acid and molybdate


https://seklima.met.no/

cause a reduction that leads to the formation of a color reaction, which can be quantified using
a spectrophotometer. This instrument (SHIMADZU UV-1201) measured the color at a
wavelength of 880 nm with a 2 cm cuvette. Tot-P concentrations were calculated using a

calibration curve.

Total nitrogen

Total nitrogen (Tot-N) was measured by Norwegian standards (NS 4743). Potassium
persulfate (5 ml) was added to 5 ml of the samples. The samples were autoclaved at 121°C at
1 ATM for 30 minutes. This process converts all nitrogen to nitrate (NOs-), which was
quantified using a Flow Injection Analysis (FIAstar 5000 analyzer) that runs a color reaction
mediated through the conversion to nitrite (NO2) via a reduction process. Consequently, the
color reaction from NO:2 gives a red color and is inspected at a wavelength of 540 nm using a

spectrophotometer. A laboratory technician carried out the ion chromatography measurements.

2.3.2  Filtered Samples

Dissolved phosphorus

The dissolved phosphorus (Dis P) measurements followed the same procedure as total
phosphorus (NS-EN 1189) described in section 2.3.1, except the dissolved samples were not
autoclaved. Ascorbic acid (0.2ml) and molybdate (0.2ml) were added to 5 ml samples while
using the Vortex shaker after adding each substance. The spectrophotometer (SHIMADZU
UV-1201) was used to measure the color after 30 minutes. The instrument was used at a
wavelength of 880 nm using a two cm cuvette. The blanks contain an average of 0.0077mg/I
of Dis P, which was subtracted from the results of the water samples. A calibration curve was

used to calculate the Dis P concentrations.

Ammonium

Ammonium (NHs-N) was measured according to Norwegian standards (NS 4746). The
samples were pipetted into 3 ml tubes. Hypochlorite (0.5 ml) and salicylate (0.5 ml) were added
to the tubes. An IKA Vortex Genius 3 shaker was used to shake after each substance was added.
After one hour, the spectrophotometer (SHIMADZU UV-1201) was used at a wavelength of
655 nm using a two cm cuvette to measure the color. NH4-N concentrations were calculated

based on the calibration curve.
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Nitrate, chlorite, and sulfate

Nitrate (NOs-), chlorite (Cl-), and sulfate (SO4%-S) were measured according to
Norwegian standards (NS-EN ISO 10304-1) by using ion chromatography (DIONEX ICS-
6000 DC). NOs was below the detection limit (5ug of NO3) in all the samples. This analysis

was conducted by a technician at the laboratory.

Iron, manganese, aluminum, and sulfur

Iron (Fe), manganese (Mn), aluminum (Al), and sulfur (S) were analyzed using an
Inductively Coupled Plasma Mass Spectroscopy (ICP-MS) to determine their concentrations.
Nitric acid (HNOs) was added to the samples before they were analyzed. None of the samples
were below the detection or quantification limit. A laboratory technician carried out this

analysis.

Dissolved organic carbon

Dissolved organic carbon (DOC) was analyzed according to the Norwegian standard
(NS-EN 1484) by using a total organic carbon analyzer (Shimadzu TOC-V CPN). HCL was
added to the samples as a substance that removes inorganic carbon. This step was followed by
burning the samples and measuring the CO2 present using an infrared detector. A laboratory

technician carried out the DOC analysis.

Chromophoric dissolved organic matter

To estimate the molecular weight distribution of the chromophoric dissolved organic
matter (CDOM), size-exclusion chromatography (Thermo Scientific HPLC system 3000) with
a size exclusion column SEC-300 was used. This instrument separates the molecules based on
their size. The HPLC was calibrated for distribution from 200 to 50,000 Dalton using Sigma-
Aldrich PEG standard ReadyCal 200-50,000 Da. Samples from 0.75m to 4.25m were included
in this analysis. Unfortunately, one sample (9 August at 1.75m) was accidentally omitted from
the analysis, resulting in one missing data point for CDOM.

A volume of 20 pl was extracted from each sample, and 10 mM ammonium bicarbonate
was added to stabilize the pH. This first step provides information regarding the retention time
of the molecules. The retention time has an inverse correlation with size, where smaller
compounds have a longer retention time due to their prolonged passage through the SEC
column because they can access smaller pores. Twelve samples were included to establish a

calibration curve between retention time and molecular weight (in Dalton).
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The second step occurs after the samples have flown through the column. Then, they
are pumped through a UV spectrometer at a UV absorbance of 254 nm to measure the CDOM
abundance (expressed in milli Absorption Units (mAU)). This method is in line with previous
studies (Grybos et al., 2009; Leenheer & Croue, 2003; Lepane et al., 2004; Perminova et al.,
2003), where they often measured CDOM at a wavelength of 254 nm due to the occurrence of
charge electron transfer at this wavelength. Mrkva (1983) also reported that around this
wavelength, the maximum absorbance of aromatic compounds occurs. Combining these two
steps provides a dataset that includes the molecular weight (in Dalton) and signal strength

(mAU) for each sample. A laboratory technician also conducted this analysis.

Chlorophyll a and bacteriochlorophylls

A glass fiber filter was used to capture chlorophyll a and bacteriochlorophyll in the
samples (using 200 ml of the samples). These filters were freeze-dried to remove residual
water. Thereafter, acetone (3 ml) was added to stimulate pigments to dissolve into solution.
The concentrations were quantified using high-performance liquid chromatography (HPLC)
on an Ultimate 3000 system, with absorbance measured by a photometer across different
wavelengths (400-700 nm). The retention time of the pigment and the wavelength resulted in
a calibration curve that could quantify the concentration of chlorophyll a and

bacteriochlorophyll present. A laboratory technician conducted the HPLC analysis.

2.4 Data Processing and Statistical Analysis

Minor corrections were needed to make comparisons between depths in this study. A
minor correction was made to the temperature measurements of the HOBO loggers due to
sensor misplacement after reading out the loggers. The sensors were unintentionally positioned
deeper in the lake, leading to a decrease in temperature of approximately nine percent. Thus,
the temperature data after 9 August was adjusted by adding nine percent to its values.

Interpolation of the oxygen levels and water temperature was necessary for statistical
analysis. These measurements were taken at depth intervals of 0.5m, which did not precisely
align with the depths of other measurements (taken from 0.75m at one-meter intervals). Thus,
oxygen and temperature data were interpolated to match the depths of the other measurements.
In addition, another interpolation involved CDOM. One CDOM measurement (9 August at
1.75m) was accidentally omitted. To estimate the Total CDOM on this day, the CDOM data at
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1.75m on 9 August was interpolated. This interpolation was based on trends of CDOM at 1.75m
on other sampling days and how CDOM behaved on 9 August at 0.75m.

The extensive CDOM dataset was divided into subsets for analysis using the kmeans
function in RStudio. This function determined that the optimal number of clusters was four
based on the molecular size distribution and signal strength. The molecular weight fractions
were chosen based on a combination of previous studies (Lepane et al., 2004; O'Loughlin &
Chin, 2004; Riise et al., 1994) and how specific fractions correlated with substances that are
known to interact with organic matter, such as iron and manganese (Brothers et al., 2014;
Kritzberg & Ekstrom, 2012; Peter et al., 2016; Skoog & Arias-Esquivel, 2009).

The data was organized using Microsoft Excel (version 16.83). RStudio (version
2023.12.0+369) was used to visualize temporal and depth-related interactions of variables by
using contour plots. RStudio was also used to conduct the statistical analysis. In this study,
Principal component analyses (PCA) and Pearson correlation coefficients (PCC) were used to
analyze the data. The PCA is an unsupervised explorative analysis that captures the maximum
variability and can be used to visualize correlations among variables in the principal
components. The PCC was used to statistically examine the strength, direction, and

significance between variables.

2.5 Limitations

This study included multiple limitations associated with specific methods. Firstly, there
was a slight discrepancy in the sampling location when the buoy used to locate the sampling
site was removed from the lake on three occasions to assess the performance of the HOBO
loggers. Despite efforts to reposition the buoy as close to the original location, minor deviations
occurred during this relocation, potentially affecting the measurements' accuracy and
consistency. Secondly, another limitation arises from the method used to establish the Secchi
depth, which includes the subjectivity of the readings of the Secchi depth, as individuals can
interpret the disappearance of the Secchi disk differently. Furthermore, sharp gradients with
depth might be difficult to uncover, as the water sampler was approximately 60 centimeters
long. Additionally, despite the efforts made to minimize the offset of biochemical processes in
the water samples, this offset cannot be completely eliminated.

Multiple limitations are also associated with the CDOM measurement method. Firstly,
CDOM data needed to be interpolated on 9 August at 1.75m. However, this date was an
exceptional sampling data due to extreme rainfall on the previous day, thus the accuracy of the
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interpolation cannot be fully assured. Other limitations related to CDOM arise from using a
single wavelength at 254 nm; this may result in a bias towards aromatic groups because non-
aromatic groups usually reach their absorption maxima at shorter wavelengths (McKnight et
al., 2001). Therefore, not all CDOM may be detected at this wavelength. Moreover, using
molecular weight fractions for analysis may limit the precision of the analysis by overlooking
the full complexity of CDOM molecular weight distribution.

In addition, dynamic changes occurring between the sampling days (taken every 14
days) had not been measured. However, continuous measurements in temperature estimate the
position of the thermocline, which indicates the depth of water masses that circulate and are in
contact with the atmosphere. Lastly, this study was constrained by limitations in time and
resources, resulting in a sampling size of only eight measurements. As a consequence, the

statistical power and representativeness of the results may be compromised.
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3. Results

3.1 Weather

Weather data were collected from two weather stations in Oslo: Blindern (SN18700)
and Trasop (SN18180). Trasop, the closest station to Lake Solbergvann, recorded only short-
term precipitation but not long-term precipitation or air temperature trends. Thus, this station
will only be used to describe variations in local precipitation in 2023. Blindern recorded both
long-term precipitation and air temperature trends, thus functions as a comprehensive source

of weather data while local variations in precipitation are retrieved from Trasop.

Air temperature

The air temperature in 2023 deviated substantially from the long-term trends (Table 1).
In June and September 2023, the air temperature was notably higher than the average long-
term trend, while July and August were slightly cooler. Figure 4 illustrates the daily mean
temperature (°C) from May to September 2023. The lowest mean temperature occurred in early
May, occurring before the start of the sampling period. The temperature rose considerably in

the subsequent week, peaking in June (24.8°C).

Table 3. Comparison of average monthly air temperatures at Blindern (SN18700) from 1991 to 2020 with
the average monthly temperatures in 2023 and their deviations.

Average Average Deviation (°C)
temperature (°C) 1991-2020 temperature (°C) 2023
May 114 11.9 +0.6
June 15.4 19.0 +3.6
July 17.7 16.3 -1.4
August 16.5 16.2 -0.3
September 12.1 14.4 +2.3
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Figure 4. Daily mean temperature (°C) from May to September 2023. Red dotted lines indicate the first (31%
of May) and last (6™ of September) sampling day at Lake Solbergvann. The dates falling between the 31% of
May and the 6™ of September correspond to the sampling days. Data retrieved from the Norwegian Centre
for Climate Services (2023).

Precipitation

Table 2 presents the precipitation trends from 1993 to 2023 at Blindern and
precipitation records at Trasop in 2023. Notable differences were found in the precipitation
recorded at Blindern and Trasop (see columns 4 and 5). Thus, data from Blindern was also
included to ensure comparability with long-term trends, while Trasop accurately represents
local variation. May and June 2023 received low precipitation compared to long-term trends,
20 mm and 31 mm, respectively (Table 2 at Trasop). On the contrary, July and August were
relatively wetter than recorded in long-term trends. These months included three outstanding
rainfall events: 8 August (49 mm), 20 August (42 mm), and 27 August (73 mm), resulting in a
relatively high total precipitation in August (Figure 5).
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Table 4. Comparison of average monthly precipitation at Blindern (SN18700) from 1991 to 2020 with the
average monthly precipitation in 2023 at both Blindern and Trasop (SN18180) and their deviations.

Average Monthly Monthly Deviation Deviation
monthly precipitation precipitation Blindern  Blindern -
precipitation 2023 2023 T Trasop
1993-2022  (Blindern)  (Trasop) Blindern
(Blindern)
May 65.0 17.4 20.1 -47.6 -44.9
June 84.8 39.9 31 -44.9 -53.8
July 92.8 146.9 100.6 +54.1 +7.6
August 106.1 259.8 245 +153.7 +138.9
September 86.1 105.8 86.1 +19.7 0
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Figure 5. Daily total precipitation (mm) in May-September 2023 at Trasop weather station. Red dotted lines
indicate the first (315 of May) and last (6" of September) sampling day at Lake Solbergvann. The dates
falling between the 31% of May and the 6™ of September correspond to the sampling days. Data retrieved
from the Norwegian Centre for Climate Services (2023).

17



3.1 General Lake Measurements

3.1.1 Temperature
Water temperature (°C) in Lake Solbergvann was measured using a combination of
HOBO loggers and on-site measurements, measuring at different depths and durations. The
HOBO loggers continuously recorded the water temperature starting at a depth of 1.20m from
11 May until 1 December, though only measurements from May to September are displayed in
Figure 6 for study relevance. On-site measurements included depths as shallow as 0.1m and
were taken from 31 May until 6 September (Figure 7). The raw data can be found in Appendix
A.

The coldest surface water temperatures were recorded on 13 May (HOBO loggers:
6.7°C at 1.20m) and 31 May (on-site: 14.5°C at 0.5m). The water temperature steadily
increased until the end of June (on-site) or early July (HOBO loggers), reaching its peak on 28
June (on-site: 20.8°C at 0.1m) and 1 July (HOBO loggers: 18.7°C at 1.20m). These peaks
concur with peaks in daily mean air temperatures (see Figure 4). These peak temperatures were
followed by a period with moderate fluctuations and a general decreasing trend in water
temperatures.

Substantial rainfall on 8 August (49 mm) and 27 August (73 mm) led to a large
reduction in surface water temperatures, while the temperature of the deeper water layers
remained relatively .
stable (see Figures 6
and 7). The water
temperature gradually
increased in  these

deeper water layers,
= Depth 1.20m
~— Depth 1.70m

with slower changes at

Depth 2.70m

Temperature (°C)

—— Depth 3.70m

deeper depths. Thus,

Depth 4.70m
— Depth 5.60m

this variation in water

temperature was less ‘
extreme than on the
surface layers, .

possibly attributed to o &
L . Time
the limited mixing of Figure 6. Graph of the seasonal variation in water temperature (°C) at different
water layers. depths (1.20m, 1.70m, 2.70m, 3.70m, 4.70m, and 5.60m) recorded by the HOBO
loggers in Lake Solbergvann from May to October.
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Stratification

Figure 6 illustrates slight thermal stratification during the initial employment of the
HOBO loggers, with a minimal temperature difference of 2.9°C between the surface and
bottom water layers. However, since the HOBO loggers only recorded temperatures from a
depth of 1.20m, they captured less thermal stratification than the on-site measurements, which
started at 0.1m (Figure 7). These

Water Temperature (°C)

measurements recorded the largest

[3

temperature difference between
surface and bottom waters on 28
June, with a difference of 14.1°C.
After this period, the strong thermal
stratification subsided due to

Depth (m)

declining air temperatures and
increased precipitation.
Nevertheless, the lake remained

thermally stratified until the end of

the sampling period.

54
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Figure 7. Contour plot of the seasonal variation in water
temperature (°C) at different depths (0.1m, 0.75m, 1.75m, 2.75m,
3.75m, 4.25m, 4.75m) in Lake Solbergvann on the sampling days
from May to September.
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3.1.2 Oxygen Saturation

Oxygen (O2) saturation (%) and
concentration (mg/L) were measured
on the eight sampling days. O:
saturation depends on temperature,
while O2 concentrations are not. Thus,
only O saturation is included in this
description.

The O2 saturation (Figure 8)
ranged from 0% (at all depths below
3m) to 91.5% (0.1m on 23 August). A
strong O: saturation gradient can be
observed. The oxic-anoxic boundary
occurred around 2.75m, where oxygen
saturation was low, but the waters were

never fully anoxic. The oxycline moved

Oxygen saturation (%)

Depth (m)

5 g " g v " "
31/05 14/06 28/06 12/07 26/07 09/08 23/08 06/09

Time
Figure 8. Contour plot of the seasonal variation in oxygen
saturation (%) at different depths (0.1m, 0.75m, 1.75m, 2.75m,
3.75m, 4.25m, 4.75m) in Lake Solbergvann on sampling days from
May to September. Note that the color scheme in Figures 8 and 9
deviates from the color scheme used in the rest of the figures.

slightly upward throughout the sampling period. On 9 August, substantially more O2 was
present at 2.0m (44.4%) compared to the 26 July (1%) and the 23 August (2.3%). This event

occurred after the heavy rainfall on 8
August, possibly diffusing O2 into

deeper water layers.

3.1.3 pH

The pH (Figure 9) in Lake
Solbergvann ranged from 4.6 (0.75mon
6 September) to 6.8 (0.75m on 31 May).
The pH was notably higher during
periods of low precipitation (May until
mid-July), followed by a consistent
decrease in pH, particularly at depths
shallower than 3 meters. Interestingly,
the pH between 2.5m and 3m was
mainly lower than that of other depths.
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Figure 9. Contour plot of the seasonal variation in pH at different
depths (0.75m, 1.75m, 2.75m, 3.75m, 4.25m, 4.75m) in Lake
Solbergvann on sampling days from May to September. Note that
the color scheme in Figures 8 and 9 deviates from the color scheme
used in the rest of the figures.



3.1.4 Conductivity

The conductivity (Figure
10) ranged from 22.3 pus/cm
(0.75m on 26 July) to 55.2 ps/cm
(4.75m on 12 July). Surface
waters generally had a lower
conductivity, contrasting with
higher conductivity in the deeper
water layers. On 9 August, the
conductivity in the upper part of
the  water  column  was
substantially higher compared to
other sampling days, which aligns
with the high precipitation

observed on 8 August.

3.1.5 Secchidepth
The Secchi  depth
(Figure 11) ranged from
1.33m (6 September) to 1.70m
(26 July). Both 9 August and
23 August recorded very

0

o

similar Secchi depths,

Depth (m)

measured at 1.67m and 1.68m,

respectively.
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Figure 10. Contour plot of the seasonal variation in conductivity
(uS/cm) at different depths (0.75m, 1.75m, 2.75m, 3.75m, 4.25m,
4.75m) in Lake Solbergvann on sampling days from May to
September.
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Figure 11. Bar plot of the seasonal variation in Secchi depth (m) in
Lake Solbergvann on sampling days from May to September.



3.1.6 Phosphorus

Phosphorus (P) levels were
measured in both dissolved and
total forms. The dissolved P
concentrations (Figure 12) ranged
from 0.0035mg/L (0.75m on 9
August) to 0.0283mg/L (4.25m on
14 June). Although the dissolved P
concentration exhibited fluctuation,
they showed an overall decreasing
trend until August. Generally,
deeper water layers contained
higher concentrations of dissolved
P. An exception occurred on 9
August, where dissolved P was
more abundant at 1.75m than at
2.75m and 3.75m.

Dissolved Phosphorus (P) in Lake Solbergvann (mg/L)
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Figure 12. Contour plot of the seasonal variation in dissolved
phosphorus (mg/L) at different depths (0.75m, 1.75m, 2.75m, 3.75m,
4.25m, 4.75m) in Lake Solbergvann on sampling days from May to
September.

Total P concentrations (Figure 13) ranged from 0.0034mg/L (0.75m on 6 September)
to 0.1149mg/L (4.25m on 31 May). The Total P fluctuated throughout the sampling period,

sharply decreasing from 31 May to
28 June in water layers shallower
than 3m. In general, the deeper
water  layers  show  higher
concentrations of Total P. The
exception for this occurred again
on 9 August, where there was
relatively more Total P present at
1.75m compared to 2.75m and
3.75m.
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Figure 13. Contour plot of the seasonal variation in total
phosphorus (mg/L) at different depths (0.75m, 1.75m, 2.75m, 3.75m,
4.25m, 4.75m) in Lake Solbergvann on sampling days from May to
September.



3.1.7 lron

Iron (Fe)
(Figure 14)
ranged from 0.06 mg/L (0.75m
on 28 June) to 1.00 mg/L (4.75

on 6 September). The overall

concentrations

Fe concentrations were at their
lowest at the beginning of the
sampling period, then showed
a continuous increase. A clear
depth-related pattern can be
Fe
concentrations in the bottom

observed with higher

water layers.

3.1.8 Manganese

The Manganese (Mn)
15)
ranged from 0.01 mg/L (0.75m

concentrations  (Figure
on 12 July and 9 August,
1.75m on 26 July and 9
August) to 0.05 mg/L (4.75m
on 23 August). The Mn
concentrations slightly
increased until 23 August and
slightly dropped in September.
A depth-related pattern was
observed; bottom water layers
contained higher

concentrations of Mn.
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Figure 14. Contour plot of the seasonal variation in iron (Fe) (mg/L)
at different depths (0.75m, 1.75m, 2.75m, 3.75m, 4.25m, 4.75m) in
Lake Solbergvann on sampling days from May to September.
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Figure 15. Contour plot of the seasonal variation in manganese (Mn)
(mg/L) at different depths (0.75m, 1.75m, 2.75m, 3.75m, 4.25m, 4.75m)
in Lake Solbergvann on sampling days from May to September.



3.1.9 Sulfur and Sulfate Sulfur (S) concentration (mg/L)
The Sulfur (S)
concentrations (Figure 16) ranged
from 0.58mg/L (0.75m on 9 August)
to 1.10mg/L (3.75m on both 31 May
and 23 August). The S
concentrations generally decreased

0.58

063

0.68

0.73

0.78

0.83

Depth (m)

in both the surface and bottom layers oss

from May to September. A depth-

093

related pattern could be observed, 0os

with the lowest concentrations in the 103

surface water layers and the highest
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Figure 16. Contour plot of the seasonal variation in sulfur (S) (mg/L)
Sulfate (S04%-S) atdifferent depths (0.75m, 1.75m, 2.75m, 3.75m, 4.25m, 4.75m) in Lake

. . Solbergvann on sampling days from May to September.
concentrations (Figure 17) ranged

from 0.28 mg/L (4.75m on 6 September) to 0.81 mg/L (3.75m on 9 August). SO4*-S
concentrations approximately mirrored the same seasonal and depth pattern as S. However, it
can be observed that the highest

Sulfate (SO4%-S) concentration
S04%-S relative to S was found .

around 2.75m.

3.1.10 Additional
measurements

Besides the previously

Depth (m)

discussed measurements,
measurements were also taken for
ammonium (NHa4*), total nitrogen
(N), aluminum (Al), dissolved

chloride (CI-), bacteriochlorophyli

4.5~

concentrations, and chlorophyll a

' ' ' V \ ' d
31/05 14/06 28/06 12/07 26/07 09/08 23/08 06/09

concentrations. These contour plots Time
. . Figure 17. Contour plot of the seasonal variation in sulfate (SO4°")
can be found in Appendix B. (mg/L) at different depths (0.75m, 1.75m, 2.75m, 3.75m, 4.25m, 4.75m)

in Lake Solbergvann on sampling days from May to September.
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3.2 Dissolved organic matter

Dissolved Organic Carbon (DOC) concentration (mg/L)

Dissolved organic
matter (DOM) was measured
both as dissolved organic
carbon (DOC) concentrations
and chromophoric dissolved
organic carbon (CDOM)
signal. The molecular weight of

Depth (m)

CDOM was also measured
using size-exclusion

chromatography.

4.5-

3.2.1 Dissolved Organic

' ' ' T g g g \
31/05 14/06 28/06 12/07 26/07 09/08 23/08 06/09

Carbon _—

; ; Figure 18. Contour plot of the seasonal variation dissolved organic
DOC  concentrations - (Figure carbon (DOC) (mg/L) at different depths (0.75m, 1.75m, 2.75m,
18) ranged from 12.83 mg/L 3.75m, 4.25m, 4.75m) in Lake Solbergvann on sampling days from

May to September.
(1.75m on 26 July) to 22.42

mg/L (1.75m on 6 September). The DOC concentrations notably increased at 0.75m and 1.75m
throughout the sampling season. They slightly decreased at 2.75m and 3.75m, while
fluctuations occurred at 4.25m. Interestingly, the DOC concentrations slightly increased at
4.75m.

3.2.2 Chromophoric Dissolved Organic Matter

CDOM was measured using spectroscopy measuring at a wavelength of 254 nm. Figure
19 displays the relationship between CDOM signal [mAU]*Dalton across different depths.
This signal serves as an indicator of CDOM abundance. Note that the analysis of CDOM below
4.25m was not conducted.

The CDOM signal ranged from 8409 mAU (0.75m on 14 June) to 16,725 (0.75m on 6
September). The surface layers initially contained the lowest CDOM signal compared to deeper
layers. However, a marked increase in CDOM signal occurred during the second half of the
sampling season at 0.75m and 1.75m. CDOM remained relatively stable at 2.75m.
Nevertheless, at both 3.75m and 4.25m, the CDOM signal increased throughout the sampling

season, with a more pronounced increase in the deepest layer of the lake.
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The molecular weight of CDOM

The molecular weight of

Total DOM Signal [mAU*Dalton]

CDOM was estimated using size
exclusion chromatography (SEC).
Figure 20 illustrates the CDOM
size distribution (ranging from
200 to 50,000 Da) from May to

September, revealing substantial

Depth (m)

temporal and depth variation in
CDOM size distribution.

Until late July, the
chromatograms show a similar
CDOM size distribution pattern
across all depths. The signal peak au/os

g g g i g . d
14/06 28/06 12/07 26/07 09/08 23/08 06/09

Time

(MAU), as shown on the y-axis, Figure 19. Contour plot of chromophoric dissolved organic matter
: (CDOM) signal (mAU*Dalton) at different depths (0.75m, 1.75m,
corresponds  with a  molecular 2.75m, 3.75m, 4.25m) in Lake Solbergvann on sampling days from May

weight (MW) of approximately 5 to September.

kDa to 6 kDa. Two smaller peaks

also occurred around 2 and 4 kDa. Deeper water layers generally contained more CDOM of
higher MW than surface layers. They also showed more stability in the distribution of CDOM
signal and MW. On the contrary, the CDOM signal and its corresponding MW showed a large
increase in the surface layers towards the end of the sampling season.

Appendix C provides details on the exact Da values that correspond with the signal
peaks for each measurement. These results demonstrate a depth-related pattern before
September. The depths of 2.75m and 3.75m consistently exhibited the highest MW until 23
August, with only a limited difference between the two depths. However, this pattern shifted
in September when the MW in the surface layers showed a notable increase compared to the
previous sampling days. Across all depths on 12 July, the peak of the MW was approximately
700 Da lower than the preceding and subsequent sampling days. A seasonal profile emerged
where the highest MW corresponding to its peak for 0.75m, 1.75m, and 2.75m was observed
on the last sampling day. In contrast, for the depths of 3.75m and 4.25m, this peak in MW

occurred much earlier, namely on 26 July.

26



60

40

20

60

40

20

Signal (mAU)

60

40

20

CDOM Molecular Weight Distribution (May-September 2023)

31-05-2023 14-06-2023

(

60

40

20

28-06-2023 12-07-2023

i

60

40

20

26-07-2023 09-08-2023

4

60

40

20

23-08-2023 06-09-2023

7

o

10

60

40

20

v 0
20 30 40 50 0 10 20 30
Molecular Weight in Kilodalton (kDa)

40 50

Depth == Depth 0.75m == Depth 1.75m Depth 2.75m == Depth 3.75m

Depth 4.25m

Figure 20. Graph CDOM molecular weight distribution with molecular weight in kilodalton (kDa) and signal (mAU) at
different depths (0.75m, 1.75m, 2.75m, 3.75m, 4.25m) in Lake Solbergvann on sampling days from May to September.
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3.3 Statistical Analysis

3.3.1 Fractioning of CDOM

The extensive dataset of CDOM was divided into multiple subsets for analysis using
the kmeans function in R. This analysis suggested that the optimal number of subsets is four,
which was based on their similarity of molecular size distribution and signal. This resulted in
four fractions based on their molecular weight (MW): CDOML1 (< 1 kDa), CDOM2 (1 — 3
kDa), CDOM3 (3 — 10 kDa), and CDOM4 (> 10 kDa).

Figure 21 presents the fractions across different depths in Lake Solbergvann. The
relative contribution of these fractions compared to the total CDOM of that sampling day is as
follows: CDOML1 ranged from 5,0% to 9,3%, CDOM2 from 13,8% to 26,3%, CDOM3 from
54,110 60,7%, and CDOM4 from 10,0% to 24,3%. This makes CDOM1 the least abundant and
CDOM3 the most abundant in Lake Solbergvann.

Throughout the year, a notable increase in the fractions of CDOM3 and CDOMA4 size
compounds at 0.75m was observed from May to September, with an increase of 84% and
290%, respectively. CDOM1 and CDOM2 slightly increased but remained relatively stable at
this depth. A similar composition change was found at 1.75m, but less pronounced changes in
the proportion of each fraction. In general, these shallower depths contained a relatively higher
share of lower MW (6.6%) compared to 2.75m (6.1%) and the deepest water layers (5.9%)

At 2.75m, there was little variation in its CDOM abundance and distribution throughout
the sampling period. The total CDOM slightly increased at this depth, but with a drop on 9
August. On this day, there was a relatively higher proportion of CDOM1 and CDOM2
compared to the other sampling dates. This phenomenon was also observed at 3.75m and 4.25m
but with substantially less change compared to 2.75m.

At 3.75m and 4.25m, CDOM3 and CDOM4 showed a slight increase until the end of
August, followed by a drop in September. These depths usually contained a higher percentage

of higher MW compared to the surface layers.
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Signal Strength [mAU] of CDOM per Molecular Weight Fraction (May-September 2023)
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Figure 21. Bar chart of the distribution of CDOM of four molecular weight fractions (in kDa). Measured
by using signal strength [mAU] of each DOM fractions at different depths (0.75m, 1.75m, 2.75m, 3.75m,
4.25m) in Lake Solbergvann on sampling days from May to September.
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3.3.2 Principal Component Analysis and Pearson’s Correlation Coefficient
This section used the principal component analysis (PCA) and Pearson correlation
coefficient (PCC) to integrate all variables for analysis. This approach aims to provide a greater
understanding of depth-specific relationships between variables. Key variables were selected
for the PCA, while the PCC included all measured variables. Detailed coefficients and p-values

can be found in appendices I1-VI.

0.75m

At 0.75m, the PCA analysis showed that PC1 explained 46.0% and PC2 22.7% of the
variability (Figure 22a). The positive correlations in PC1 were mainly explained by the DOC,
various CDOM fractions, and Fe, while the negative correlations for PC1 mainly included pH,
P (Tot), and Oz (%). PC2 showed positive correlations with S, SO4%, and P (Tot) while negative
correlations were observed with Oz (%), water temperature, air temperature, and precipitation.

The PCC showed that there was a significant correlation between air temperature and
water temperature (p-value <0.001, coefficient 0.949) (Appendix D). Precipitation was
negatively correlated with SO4? (p-value = 0.002, coefficient -0.901).

DOC and all CDOM fractions were positively correlated with each other, except for
CDOM2, which was only positively correlated with CDOM1 (p-value = 0.017, coefficient =
0.799). DOC, Total CDOM, CDOM1, CDOM3, and CDOM4 were strongly positively
correlated with both Fe, with stronger and more significant correlations for Total CDOM,
CDOMS3, and CDOM4 (p < 0.001). pH was negatively correlated with DOC, total CDOM,
CDOM3, CDOM4, and Fe. On the other hand, pH exhibited a positive correlation with Total
P (p-value = 0.008, coefficient 0.844).

A significant positive correlation was observed between air/water temperature and O2
saturation (%). Precipitation was not significantly correlated with O2 saturation. O2 saturation
was negatively correlated with Fe. Oz saturation did not show significant correlations with
DOC or any CDOM fractions, but the p-values trended toward significance with a negative
coefficient. Interestingly, O2 (mg/L) had a significant negative correlation with DOC, Total
CDOM, CDOM1, and CDOM3.

1.75m

At 1.75m, PC1 and PC2 explained 46.8% and 29.8% of the variability (Figure 22Db).
This PCA plot has a similar distribution of variables as the PCA plot at 0.75m. DOC, CDOM,
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Fe, and precipitation were positively correlated with PC1, while pH and P (Tot) were
negatively correlated. For PC2, the behavior Oz (%) begins to differ from 0.75m by showing a
(weak) positive correlation with PC2. Other positive correlations with PC2 included P (Tot),
S04%, S, Mn, and P (Dis). A negative correlation with PC2 was displayed by air temperature,
Secchi depth, water temperature, and precipitation.

The PCC showed that there was no longer a significant correlation between air
temperature and water temperature (Appendix E). Precipitation was positively correlated with
water temperature (p-value = 0.007, coefficient 0.856) and negatively with SO4? and S.

DOC and all CDOM fractions were positively correlated with each other at this depth,
except for CDOM2, which was only positively correlated with CDOM1 and Total CDOM. No
significant correlation was found between Total CDOM and DOC. DOC, CDOM1, CDOM3,
and CDOM4 showed significant positive correlations with Fe. On the other hand, DOC,
CDOM3, CDOM4, and Fe were negatively correlated with pH.

02 (%) was negatively correlated with Total CDOM, but not with any CDOM fractions
or DOC. Besides positive correlations with P (Dis), P (Tot), and conductivity, Oz was not

significantly correlated with other variables.

PC2 (22.7%)

PCA 0.75m PCA 1.75m

22a

PC2 (29.8%)

22b \ PC1 (46.8%)

PC1 (46.0%)

Figure 22. Principal component analysis for 0.75m (23a) and 1.75m (23b). Including the following variables: dissolved organic
carbon (DOC), total chromophoric dissolved organic matter (Total CDOM), CDOM of <1 kDa (CDOM1), CDOM of 1 — 3 kDa
(CDOM2), CDOM of 3—-10 kDa (CDOM3), CDOM >10 kDa, manganese (Mn), iron (Fe), total phosphorus (P (Tot)), dissolved
phosphorus (P (Dis)), sulfur (S), sulfate (504%), oxygen saturation (02 (%)), pH, conductivity, Secchi depth (Secchi), water

temperature (Water temp), air temperature (Air temp), and precipitation.
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2.75m

At 2.75m, PC1 accounted for 36.0% and PC2 for 30.4% of the variability (Figure 23).
Itis clearly visible that this PCA plot differs from PCA plots at 0.75m and 1.75m. The positive
correlations in PC1 were primarily from CDOM1, CDOMZ2, Secchi depth, precipitation, and

water temperature. In contrast, P (Dis), DOC (Dis), SO42_, S, CDOM4, Total CDOM, and

CDOMS3 were negatively associated with PC1. PC2 had positive correlations with pH, P (Tot),
O2,CDOM1, and CDOM2, while it showed negative correlations with Mn and Fe.

The PCC (Appendix F) shows that air temperature was no longer significantly
correlated with any variables. Precipitation was positively correlated with water temperature
and Fe.

Total CDOM was positively correlated with CDOM3 and CDOM4. These variables
were also positively correlated with each other, thus displaying minimal variation in their
relationship compared to shallower depths. Significant negative correlations between CDOM1
and CDOM4 were observed (p-value 0.002, coefficient -0.900). Fe was no longer significantly
correlated with DOC or FONSE.
any CDOM variables.
Total CDOM and o
CDOM3 were | o2

positively  correlated

02 (%)

CDQN2

with S, while only

DOC was positively | oo o
correlated with 80427. DOC (Dis) N

02 was

S042 Precipitatior

pOSitiVG'y COFrElatGd o Water temp
with pH (p-value 0.04,

cDOmM4 CDOM3

coefficient 0.73) and Total COOM
negatively with Mn (p- L

value = 0.009, PC1 (36.0%)

. . Figure 23. Principal component analysis at a depth of 2.75m. Including the
coefficient -0.838), and following variables: dissolved organic carbon (DOC), total chromophoric
it trended toward dissolved organic matter (Total CDOM), CDOM of <1 kDa (CDOML1),

CDOM of 1 -3 kDa (CDOM2), CDOM of 3 — 10 kDa (CDOM3), CDOM >10
significance with Fe kDa, manganese (Mn), iron (Fe), total phosphorus (P (Tot)), dissolved
phosphorus (P (Dis)), sulfur (S), sulfate (SO4%), oxygen saturation (02 (%)),
(p-value = 0.057, ,H conductivity, Secchi depth (Secchi), water temperature (Water temp), air

coefficient -0.692). temperature (Air temp), and precipitation.
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3.75m

At 3.75m, the distributions of variables underwent a substantial change (Figure 24).
PC1 explained 39.3% of the variability and PC2 23.2%. Positive correlations for PC1 were
mainly found for water temperature, precipitation, Total CDOM, CDOM3, Fe, Mn, and
conductivity. Negative correlations in PC1 included pH, DOC (Dis), and SO4?. Positive
correlations in PC2 mainly stem from CDOM1, CDOM2, and P (Dis), while PC2 was

negatively correlated with air temperature, Secchi depth, CDOM4, and 8042_.

The PCC (Appendix G) shows that air temperature was not significantly correlated with
any variables. Precipitation was positively correlated with water temperature and negatively
with pH. Precipitation was negatively correlated with DOC (p-value = 0.007, coefficient -0.85).

Total CDOM was positively correlated with CDOM3 (p-value = 0.001, coefficient
0.918). CDOM2 was negatively correlated with CDOM4 (p-value = 0.016, coefficient -0.807).
DOC was positively correlated with pH (p-value = 0.014, coefficient 0.814). CDOM4 was
negatively correlated with pH (p-value 0.015, coefficient -0.808). Total CDOM was positively
correlated with Mn (p-

PCA 3.75m
value = 0.033,
coefficient 0.748) and
trended toward

significance with Fe
(p-value = 0.06).
CDOMS3  positively
correlated with Mn (p-
value = 0.025,
coefficient 0.77) and
Fe (p-value = 0.014,
coefficient 0.811). Fe

was also negatively

PC2 (23.2%)

0.2 0.C

. 2— 0 y

correlated with SO, PC1 (39.3%)
Figure 24. Principal component analysis at a depth of 3.75m. Including the
(p-value = 0.009, following variables: dissolved organic carbon (DOC), total chromophoric

. ) dissolved organic matter (Total CDOM), CDOM of <1 kDa (CDOM1), CDOM
coefficient  -0.838). <" 3\pa (CDOM2). CDOM of 3 10 kDa (CDOM3), CDOM >10 kDa,
Furthermore, O» was mManganese (Mn), iron (Fe), total phosphorus (P (Tot)), dissolved phosphorus

(P (Dis)), sulfur (S), sulfate (SO4*), oxygen saturation (02 (%)), pH,
no longer present at conductivity, Secchi depth (Secchi), water temperature (Water temp), air
this depth. temperature (Air temp), and precipitation.
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4.25m

At 4.25m, PC1 explained 48.7% and PC2 explained 24.3% of the variability (Figure
25). PC1 was still positively dominated by water temperature, precipitation, Total CDOM,
CDOMS, Fe, and Mn. On the other side of PC1, negative correlations were found with P (Dis),

S, and 8042_. PC2 was negatively correlated with air temperature, Secchi depth, and CDOM,
and positively with pH, DOC, CDOM1, CDOM2, and P (Tot).

The PCC (Appendix H) shows that the air temperature was not correlated with any
variables. Precipitation was positively correlated with water temperature (p-value = 0.036,

coefficient 0.741). It was also positively correlated with Fe and Mn, and negatively with S and
2— . .. T . .
SO, . Water temperature displayed similar trends as precipitation in terms of correlations and

positively correlated with CDOML1 (p-value = 0.015, coefficient 0.811).

Only Total CDOM and CDOM3 were positively correlated with each other (p-value =
0.028, coefficient 0.761). pH was negatively correlated with CDOM4 (p-value = 0.009,
coefficient -0.841). Total CDOM and CDOMS3 were positively correlated with Fe and
conductivity, and Total PCA 4.25m

CDOM was also pH CDOM1

CDOM2
POC (Dis)

positively  correlated P (To)

Wlth Mn 80427 a.nd S Water temp

CDOM3

were negatively

correlated with Fe and Conductvity  Fe

0.00 o—"0

trended tOW&I’d Precipitation

P (Dis)

significance with Mn. s042 Mn

S Total CDOM

-0.25
Air temp

CDOM4

-0.2 0.0
PC1 (48.7%)

0.2

Figure 25. Principal component analysis at a depth of 4.25m. Including the
following variables: dissolved organic carbon (DOC), total chromophoric
dissolved organic matter (Total CDOM), CDOM of <1 kDa (CDOML1),
CDOM of 1 -3 kDa (CDOM2), CDOM of 310 kDa (CDOM3), CDOM >10
kDa, manganese (Mn), iron (Fe), total phosphorus (P (Tot)), dissolved
phosphorus (P (Dis)), sulfur (S), sulfate (S04%), oxygen saturation (02 (%)),
pH, conductivity, Secchi depth (Secchi), water temperature (Water temp), air
temperature (Air temp), and precipitation.
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4.75m

At a depth of 4.75m, | only collected samples from 12 July until 6 September. Thus, |
only have five sampling measurements for this day. In addition, I did not have any
measurements for CDOM at this depth. Thus, this PCA includes limited variables.

At 4.75m, PC1 explained 49.1% of the variability, and PC2 explained 30.1% (Figure
26). PC1 was positively dominated by water temperature, DOC (Dis), Fe, Mn, P (Dis), and P

(Tot). Negative correlations in PC1 stem from S and 8042_. PC2 was positively correlated with

air temperature, pH, conductivity, and to a certain extent P (Tot), P (Dis), S, and 8042_. It was

negatively correlated with precipitation, Secchi depth, and Mn.
The PCC (Appendix 1) shows that DOC (Dis) only was positively correlated with Fe
(p-value = 0.04, coefficient 0.895). Fe was also significantly positively correlated with water

temperature (p-value = 0.017, coefficient 0.94). Fe was negatively correlated with SO 42_and S.

PCA 4.75m

0.50 Conductivity

P (Tot)

Air temp

P (Dis)
0.25

S042

DOC (Dis)

PC2 (30.1%)
o
8

Water temg

Precipitation

-0.25

Secchi

-04 -0.2 0.0 0.2 04
PC1 (49.1%)

Figure 26. Principal component analysis at a depth of 4.75m. Including the
following variables: dissolved organic carbon (DOC), manganese (Mn), iron
(Fe), total phosphorus (P (Tot)), dissolved phosphorus (P (Dis)), sulfur (S),
sulfate (SO4%), oxygen saturation (02%), pH, conductivity, Secchi depth
(Secchi), water temperature (Water temp), air temperature (Air temp), and
precipitation.
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4. Discussion

The discussion is divided based on the oxygen conditions in Lake Solbergvann. This
division includes oxic conditions, a transition zone between oxic and anoxic conditions, and
fully anoxic conditions. First, the drivers of the changing DOM concentrations and DOM
dynamics are discussed, followed by a thorough explanation of the role of oxygen that interacts
with these dynamics. The following abbreviations are used to describe the fractions of the
molecular weight of CDOM: CDOM1 (< 1 kDa), CDOM2 (1 — 3 kDa), CDOM3 (3 - 10 kDa),
and CDOM4 (> 10 kDa).

4.1 Oxic conditions

4.1.1 Weather changes impacting DOM dynamics

The great variability in dissolved organic matter (DOM) in Lake Solbergvann is most
likely attributed to changes in weather conditions in the oxic part of the lake (0.75-1.75m), such
as temperature and precipitation. The CDOM signal (Figure 19) and DOC concentrations
(Figure 18) substantially increased throughout the sampling period. The CDOM and DOC
levels were initially relatively low, but they nearly doubled.

In 2023, there was a strong deviation from the long-term trends (1991-2020) in both air
temperature (Table 1) and precipitation (Table 2). In the spring, the air temperatures were high
with little precipitation, followed by a shift to relatively lower air temperatures and higher
precipitation in the summer, including several extreme rainfall events. Studies have indicated
that external DOM sources account for a greater proportion of DOM in forest lakes than
internal production, and weather conditions significantly impact external DOM sources (Meili,
1992; Pace & Cole, 2002; Warner & Saros, 2019). However, in-lake processes are also affected
by weather conditions, such as the decomposition rate. The relatively cold climate in Norway
restricts the decomposition of DOM (Evans et al., 2006; Jennings et al., 2010). The high
temperatures in the spring could have increased the decomposition rate of DOM, followed by
a slower rate in the relatively colder months. This observation aligns with the findings in Lake
Solbergvann, where DOM concentrations were lower during periods of higher temperatures
and vice versa.

Furthermore, higher DOM concentrations were observed during periods of higher
precipitation in the lake throughout the study period, although no statistically significant
correlation was found between these variables. Precipitation facilitates DOM inflow to water

bodies by generating runoff that act as a transportation agent. Thus, low DOM concentrations
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are commonly observed during periods of low precipitation because there is less DOM inflow
from terrestrial sources (Laudon et al., 2011; Pace & Cole, 2002). Precipitation can also affect
the pH in the soil, thus impacting runoff conditions. During dry periods, the soil may oxidize,
which can oxidize sulfur to sulfate.; This process creates more acidic soils, reducing the
solubility of DOM due to protonation effects (Clark et al., 2005). Consequently, the reduced
solubility of DOM reduces the mobility of terrestrial DOM to water bodies.

The extreme rainfall events that occurred on 8 August (49mm), 20 August (42mm), and
27 August (73mm) had varying effects on the DOM concentrations in Lake Solbergvann. It
was observed that the CDOM signal increased on all the subsequent sampling occasions (9
August, 23 August, 6 September). Yet, despite comparable precipitation events, the CDOM
signal on 9 August did not increase to the same degree as on 23 August and 6 September. A
plausible explanation can be through variations in the amount of contact that was established
with soil organic matter (Worrall et al., 2002). On 9 August, the heavy rainfall occurred less
than 24 hours before sampling, possibly resulting in less contact with soil organic matter
compared to other sampling days. In addition, the soil in Lake Solbergvann’s catchment could
have been wetter after periods of high precipitation. Wetter soils also promote increased runoff
conditions by activating subsurface flow resulting from an increased water table that triggers
additional runoff (Pennacet al., 2011). The increase in the carbon-to-nitrogen ratio on 23 August
and 6 September, but just a slight increase on 9 August, further supports this fluctuation in
runoff. Allochthonous material generally contains less nitrogen compared to autochthonous
material (Royer & Minshall, 1997). An increase in the C:N ratio suggests a notable inflow of
allochthonous material on 23 August and 6 September, and to a lesser extent on 9 August.
Earlier studies have demonstrated that heavy precipitation can have mixed effects on the DOM
concentrations in lakes (Warner & Saros, 2019). For instance, precipitation can result in
dilution effects (Wang et al., 2019) or changes in water retention time (Wetzel, 2001). This
directly influences the degradation and sedimentation rates of DOM, while also affecting redox
reactions, which may affect DOM dynamics (Hongve et al., 2004; Stanley et al., 2012).

The DOM dynamics in this oxic part of the lake were characterized by significant
positive correlations between all CDOM fractions with DOC, except for CDOM2 at 1.75m.
These findings closely align with the observations made by Griffin et al. (2018) and Lau et al.
(2024), who reported that lakes that mainly receive allochthonous DOM generally show
significant positive correlations between CDOM and DOC as well as display less diversity in

their molecular composition.
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Changes in the DOM dynamics were observed after the heavy rainfall events. The
molecular weight (MW) of CDOM increased compared to drier periods. CDOM3 was the most
abundant (58.5%), followed by CDOM2 (19.6%), CDOM4 (15.3%), and CDOML1 (6.6%).
Even though no significant correlations were found between any of the CDOM fractions and
precipitation, the correlation coefficient increased as the MW rose, suggesting a possible
association between precipitation and the MW of CDOM. DOM compounds of a MW > 1 kDa
usually consist of humic substances, soluble proteins, and carbohydrates, while low MW (<1
kDa) contains fatty acids, free sugars, and amino acids (O'Loughlin & Chin, 2004). It is worth
noting that DOM consists of many overlapping groups, so attempting to classify each fraction
into distinct functional groups would not be feasible or accurate (O'Loughlin & Chin, 2004;
Yan etal., 2012). Given the large proportion of high MW, humic compounds most likely make
up a sizable portion of Lake Solbergvann's DOM.

Previous studies have verified that high-flow conditions usually result in CDOM of
high MW (> 10 kDa) (Riise et al., 1994). High-flow conditions impact the hydrological
pathway of water, affecting the kind of terrestrial DOM carried with it and ultimately
influencing the properties of DOM found in water bodies (Hongve et al., 2004). This size
fraction of > 10 kDa is also associated with the increased inflow of Fe (Riise et al., 1994). In
Lake Solbergvann, Fe held significant positive correlations with CDOM3 and CDOMA4. These
higher MW compounds are usually aromatic substances and are known to bind more to metals
due to their higher electrostatic potential and ligands (Zhou et al., 2000). This relationship
between MW and Fe is particularly important for lakes surrounded by coniferous forests, like
Lake Solbergvann (Riise et al., 2023). These forest soils usually contain higher DOM and Fe
concentrations (Bjorneras et al., 2017). Increasing concentrations in DOM and Fe may
contribute to the browning of water (Bjérneras et al., 2017; Kritzberg & Ekstrom, 2012), which
was a phenomenon that was also reported in a long-term study in Lake Solbergvann (Riise et
al., 2023). It was also found that CDOM of higher MW contributes more to lake color than
CDOM of lower MW (Lau et al., 2024; Riise et al., 2023). Although lake color was not
measured directly in Lake Solbergvann, the Secchi depth — a measure of water transparency -
was not significantly correlated with any CDOM fractions.

Apart from the processes mentioned earlier that affect the correlation between
precipitation and DOM, the analysis was probably affected by the small sample size, irregular
sampling intervals (every 14 days), and highly variable precipitation. These factors prevented
the analysis from capturing the initial and subsequent effects of the runoff rates on CDOM

export, leading to insignificant correlations between the variables (Jennings et al., 2010).
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4.1.2 Other potential drivers impacting DOM dynamics

DOM can also derive from primary production (Bertilsson & Jones, 2003; Stedmon &
Markager, 2005). In Lake Solbergvann, chlorophyll a was found in the entire water column,
with an average of 3.6 pg/L across all samples. The highest average concentrations of
chlorophyll a were found in these oxic water layers (with an average of 4.8 ug/L). Here,
CDOM2 was the only fraction that exhibited a positive, although insignificant, correlation with
chlorophyll a. This observation hints at the potential influence of autochthonous material on
DOM dynamics as the relative proportion of CDOM of lower MW increased closer to the
surface waters. Due to its high susceptibility to degradation, autochthonous material is typically
of lower MW (Lepane et al., 2004; M. Li et al., 2022). However, primary production can be
restricted due to high DOM concentrations through increased respiration, shading, and reduced
mixing of nutrients from deeper water layers (Brothers et al., 2014).

In the upper strata of Lake Solbergvann, the DOM dynamics are likely also influenced
by photobleaching. Photobleaching, where sunlight degrades CDOM, alters the CDOM
properties, such as molecular weight distribution (Maizel & Remucal, 2017). These authors
found that photochemical degradation of CDOM is more efficient for CDOM of lower MW,
and this degradation leads to the creation of even smaller compounds. Although UV exposure
had not been measured in Lake Solbergvann, the idea that photodegradation affected the DOM

dynamics would seem plausible.

4.1.3 Isolation of Oxic Waters by Thermal Stratification

The pronounced variations in air temperature and precipitation might also have
impacted the thermal stratification in Lake Solbergvann, as shown from other lakes (Caplanne
& Laurion, 2008; Elci, 2008; Holgerson et al., 2022; Liu et al., 2020; Tate et al., 2007). Lake
Solbergvann was already thermally stratified before the start of the sampling period (Figure 7).
The thermal stratification reached its peak by the end of June, and the lake remained thermally
stratified until the end of the sampling period. Most of the seasonal variation of DOM was
observed in these oxic water layers, indicating that the lake was strongly impacted by barriers
that prevented DOM transportation to deeper waters.

Water temperature was shown to be impacted by air temperature and precipitation. At
0.75m, there was a significant positive correlation between air and water temperatures, but not

at 1.75m. Precipitation appeared to have influenced water temperature, as a positive significant
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correlation arose at 1.75m, but it showed a negative insignificant correlation at 0.75m. These
contrasting correlations may suggest a decrease in the stability of the thermal stratification.

High concentrations of DOM have been shown to enhance the intensity of thermal
stratification (Caplanne & Laurion, 2008). In Lake Solbergvann, the period of the strongest
thermal stratification did not correspond with the period of the highest DOM concentrations.
The spring of 2023 was exceptionally warm and had minimal precipitation. This can result in
high DOM decomposition rates due to warmer temperatures (Gudasz et al., 2015) and limited
inflow of terrestrial DOM (Laudon et al., 2011; Pace & Cole, 2002), resulting in relatively low
DOM concentrations while the thermal stratification intensified.

Thermal stratification probably obstructed DOM movement as these waters became
rather isolated. The DOM accumulated in these oxic layers, which affected the pH. Between
31 May and 6 September, the pH dropped from 6.8 to 4.6, and it was generally lower during
periods of high precipitation. The pH exhibited significant negative correlations with all DOM
measurements, except for CDOM1 and CDOMZ2. The increased DOM concentrations at these
surface layers may have contributed to a decreasing pH by increasing concentrations of humic
and fulvic acids that are mainly present in larger DOM compounds (kDa > 1) (O'Loughlin &
Chin, 2004). These compounds are weak acids, thus decreasing the pH. Other factors that could
have affected the pH are increased CO2 concentrations due to intensified DOM decomposition
and primary production, (Monteith et al., 2007; Wetzel, 2001). However, this research on Lake
Solbergvann did not measure all the variables needed to provide statistical evidence for these

relationships.

4.1.4 Oxygen Dynamics

Oxygen (O2) was primarily restricted to the surface layers in Lake Solbergvann as a
result of the barriers created by thermal stratification, which was also found in other lakes by
Elci (2008).

The O2 saturation slightly decreased towards the end of the sampling period, and
significant negative correlations between O2 saturation and DOM were found at these depths.
This correlation can be explained through increased O2 demand by increased microbial activity
(Kohler et al., 2013; Wetzel, 2001). While decomposing DOM, these microbial organisms
consume Oz in the process, thus leading to a decrease in Oz under elevated DOM

concentrations.
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Furthermore, O saturation showed a significant positive relationship with water
temperature at 0.75m. A plausible explanation can be that warmer temperatures increase
photosynthetic activity by promoting enzyme activity and metabolism (Coles & Jones, 2000).
No statistical significance was found between chlorophyll a concentrations and Oz saturation.
However, phytoplankton can move through the water column to reach optimal light and
nutrient availability conditions, especially under poorly mixed conditions (Klausmeier &
Litchman, 2001). These moving algae could have resulted in localized variations in chlorophyll
a and Oz that had not been captured with the methods used in this study. Moreover, the
relationship between chlorophyll a and Oz is not straightforward as phytoplankton can both
produce and consume oxygen, depending on the environmental conditions

The results also showed a slight decrease in Oz saturation at 0.75m, while an increase
occurred at 1.75m during periods of increased precipitation. Precipitation can induce mixing
of water layers and facilitate the transportation of Oz to deeper water layers (Liu et al., 2020).
However, the observed fluctuations in Oz and precipitation in Lake Solbergvann were not
significantly correlated. It has been observed that after heavy rainfall, microbial organisms
consume O at an accelerated rate (Ma et al., 2015). This phenomenon might not have been

captured in Lake Solbergvann due to the low sampling frequency.

4.2 Transition Zone

4.2.1 A Complex Interplay of Processes as a Source for DOM Variability

The Total CDOM (Figure 19) remained relatively stable during the entire sampling
period in this transition zone between oxic and anoxic water (2.75m), while the DOC
concentrations (Figure 18) slightly decreased until the beginning of August, followed by a
minor increase. It was also observed that this depth contained more DOM than the oxic waters
until early August but less DOM than the anoxic waters. The dynamics between CDOM and
DOC changed at this depth compared to the oxic waters. Only CDOM3, CDOM4, and Total
CDOM showed a significant positive correlation with each other. CDOM1 and CDOM4
exhibited a negative significant correlation instead of a positive one, as observed in the oxic
waters (Figure 23-24). This negative correlation could have been the result of the breakdown
of larger CDOM compounds. DOC was not correlated with any CDOM fractions.

These DOM dynamics are possibly influenced by several processes that occur
simultaneously. A positive significant correlation between precipitation and water temperature

was observed in this transition zone, which decreased the temperature difference between the
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surface and deeper water layers, thus decreasing the stability of the thermal stratification.
Previous studies have suggested that weakened thermal stratification enhances the mixing of
water layers (Holgerson et al., 2022) and diminishes the barrier of DOM transportation from
surface layers to deeper waters (Bach et al., 2012). Eventually, this results in enhanced DOM
fluxes and an accumulation of DOM in deeper water layers (Bach et al., 2012). This was
particularly evident on 9 August, when the water temperature in the upper layers of the lake
showed a large decrease after an extreme rainfall event. This heavy rainfall event likely
impacted the DOM transportation from oxic waters to this transition zone, as more CDOM of
lower molecular weight was present on this date compared to the overall trend. Other processes
mentioned in section 4.1 may also be relevant for the DOM dynamics in this transition zone.

It has been reported that DOM can also leach out the sediment under anoxic conditions
(Brothers et al., 2014; Peter et al., 2016). The diffusion of DOM from anoxic water to this
transition zone might have occurred slowly due to stratification barriers. However, the distinct
set of variable distribution (Figure 23) at this depth compared to the oxic water layers makes it
likely that this transition zone is also influenced by processes in anoxic waters, creating greater
variability.

Moreover, it had been observed that bacteriochlorophyll started to be present at this
depth (Appendix B), along with significant positive correlations between S and DOM. These
bacteria reduce sulfate to hydrogen sulfide (H2S) or result in the oxidation of S (see section
4.2.2) for this. Primary producers can use H2S through chemosynthesis to produce organic
compounds; thereby, H2S can indirectly contribute to the DOM pool (Yacobi et al., 2014).

4.2.2 Oxygen Dynamics

Oxygen (O2) was present at this depth on all the sampling days, but its O2 saturation
was always below 3.5%. Unexpectedly, Oz saturation or concentration was not significantly
correlated with any of the DOM measurements. Previous studies suggested that the influx of
DOM may exceed the O2 inflow due to stratification barriers (Hajizadeh, 2007), and the
relatively higher temperatures at this depth compared to deeper water layers can accelerate the
DOM decomposition rates, potentially leading to a complete depletion of O at this depth
(Brothers et al., 2014; Wetzel, 2001). The relatively low sampling frequency and resolution
may not have captured these variations accurately, thus resulting in insignificant correlations.

The Oz conditions also indirectly impacted the pH, with significant positive correlations

for both O2 concentration and O saturation and pH found in Lake Solbergvann. The pH was
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generally lower in this transition zone compared to oxic and anoxic waters. This relationship
can be explained by the oxidation process of sulfur (S) and the formation of sulfuric acid
(H2S04) (Kellogg et al., 1972), which is a process that decreases the pH. This concept of S
oxidization was supported by the fact that this transition zone generally contained the highest
relative share of SO4? compared to S, thus impacting the pH in Lake Solbergvann. On the other
hand, sulfate-reducing bacteria started to be present at this depth, but were not as abundant
compared to deeper water layers. Nevertheless, none of these correlations between Oz, pH,
S04, and S were statistically significant. This could have resulted from the complex interplay
between sulfate-reducing conditions versus sulfur-oxidizing conditions and other variables
influencing the Oz conditions and pH in Lake Solbergvann.

Furthermore, a negative signification correlation was observed between Oz and
manganese (Mn), and trended towards significance with iron (Fe) (p-value 0.057). The O2
conditions are of great importance for the speciation of Fe and Mn (Knorr, 2013; Kritzberg &
Ekstrom, 2012; Peter et al., 2016; Skoog & Arias-Esquivel, 2009), which will be discussed in
greater detail in section 4.3.2. In the presence of O, these substances tend to aggregate and
settle after oxidization, thus removing them from this part of the water column (Lidman et al.,
2017; Martin, 2005), while the released DOM remains in the water column (Lau et al., 2024).
This ties nicely with the findings in Lake Solbergvann, where Fe and Mn concentrations exhibit
a strong vertical gradient across the water column, with higher concentrations observed in the
deeper water layers, but DOM concentrations did not show a similar pattern. These substances
are derived from terrestrial sources, and increased export is expected due to higher
temperatures and increased rainfall (Bjorneras et al., 2017), which could have large

implications for DOM dynamics in lakes with varying Oz conditions.

4.3 Anoxic conditions

4.3.1 Isolated anoxic waters, yet increasing DOM concentrations

The Total CDOM showed a gradual increase at the depths of 3.75m and 4.25m (Figure
19), but no measurements of CDOM were taken at 4.75m. The DOC concentrations decreased
at 3.75m, and fluctuated at 4.25m, but showed a stable increase at 4.75m (Figure 18). This
resulted in significant negative correlations between DOC and CDOM3, and DOC and Total
CDOM at 3.75m. Other significant correlations included a negative correlation between
CDOM2 and CDOM4, and a positive correlation between CDOM3 and Total CDOM at 3.75m.
Only CDOM3 and Total CDOM were significantly positively correlated at 4.25m. These
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findings demonstrate different DOM dynamics compared to shallower water layers. A recent
study also observed greater heterogeneity in the molecular composition of DOM under anoxic
conditions (Lau et al., 2024).

In Lake Solbergvann, these depths showed stable water temperatures, conductivity, and
02 concentrations. These stable conditions suggest a limited mixing of water layers, resulting
in an isolated water layer that excludes inflow from above (El Kateb et al., 2018; Peter et al.,
2016). In addition, there was no indication of a dilution effect on DOM at these depths. This is
supported by the high stable conductivity, a measurement of dissolved ions, in the deeper water
layers while the DOM concentrations only slightly increased, suggesting that inflowing water
is not the primary source of these dissolved ions. In the case of inflowing water, the
conductivity would have decreased due to dilution, while the DOM concentrations would have
increased. Since conductivity is influenced by the concentrations of dissolved ions, such as
salts and minerals, the high conductivity in the deeper layers implies that these may originate
from sources other than inflowing waters. At 3.75m and 4.25m, conductivity was significantly
positively correlated with iron (Fe), which can be released with DOM from the sediment under
anoxic conditions (Bjorneras et al., 2019; Brothers et al., 2014; Peter et al., 2016).

Despite the fact that these water layers had been isolated, the Total CDOM increased.
Increases in CDOM3 and CDOM4 mostly drove this increase. By linking the findings of DOM
leaching out of the sediment under anoxic conditions (Bjorneras et al., 2019; Brothers et al.,
2014; Peter et al., 2016) with research on the molecular weight (MW) of DOM within sediment
cores in lakes (O'Loughlin & Chin, 2004), a plausible explanation for the increase in CDOM3
and CDOM4 emerges. O'Loughlin and Chin (2004) demonstrated that the upper layer of the
sediment core in lakes usually contains DOM of higher MW compounds compared to deeper
sediment layers. The DOM in deeper sediment layers is exposed for a prolonged time to
microbial and abiotic degradation, thus resulting in lower MW compounds due to degradation
(O'Loughlin & Chin, 2004).

In addition, a relationship between the MW of CDOM and pH emerged at these depths
in Lake Solbergvann. CDOM was at its overall highest MW at the end of July, which occurred
simultaneously with the lowest pH. A significant negative correlation between CDOM4 and
pH statistically supported this relationship. The initial decrease in pH might result from the
intensive decomposition of DOM, which increases CO2 concentrations while consuming
hydrogen ions (Wetzel, 2001). Lau et al. (2024) reported that DOM leached out of the sediment
consists of highly photo- and biolability compounds. This DOM appeared to be less stable,

making it more easily metabolized because of its distinct molecular composition. This DOM

44



was also no longer shielded by Fe, which typically protects DOM from decomposition. Linking
these observations by O'Loughlin and Chin (2004) and Lau et al. (2024) to the findings in Lake
Solbergvann, it is reasonable to hypothesize that following the initial release of larger and more
reactive DOM compounds, subsequent DOM releases may include less reactive and more
recalcitrant compounds. This could restrict DOM decomposition, and thus contribute to a
stagnant pH, while other processes like dissimilatory reduction, which raises the pH (Grybos
et al., 2009), likely continued.

In addition, previous studies observed that DOM and Fe can be co-released from the
sediment under anoxic conditions (Bjorneras et al., 2019; Kritzberg & Ekstrom, 2012; Lau et
al., 2024). The results of Lake Solbergvann go beyond those previous reports, showing that Fe
concentrations increased simultaneously with CDOM of higher MW (CDOM3). Previous
studies have shown that the MW of DOM influences the binding capacity to inorganic
substances (Y. Li et al., 2022). Fe preferably binds to humic substances of higher MW due to
their higher density of carboxylic and phenolic groups, which enhances the strength and speed
of the Fe-OM complexes (Avena & Koopal, 1999; Y. Li et al., 2022). These humic substances
can act as electron donors that incite microbial iron reduction (Johnson et al., 2012; Stumm &
Sulzberger, 1992), thus further supporting Fe release from the sediment under anoxic
conditions. This interplay between Fe and DOM dynamics, coupled with the potential for
microbial iron reduction stimulated by humic substances, suggests the possibility of a positive
feedback loop. The release of Fe from sediment leads to increased DOM concentrations, which,
in turn, enhance Fe release through complexation and microbial processes. This feedback loop

could further increase Fe and DOM concentrations under anoxic conditions.

4.3.2 Oxygen Dynamics

No oxygen (Oz) was present on any of the sampling dates at depths below 3.75m. In
anoxic waters, the metabolism is mainly driven by heterotrophic and bacterial processes that
further deplete O: at this depth (Brothers et al., 2014; Wetzel, 2001). As briefly mentioned in
section 4.2.2, O2 conditions play a central role in the speciation of iron (Fe) and manganese
(Mn), especially in humic boreal lakes (Peter et al., 2016), thereby influencing the internal
dynamics of DOM.

A large increase in Fe concentrations was observed in Lake Solbergvann's anoxic
waters. Significant positive correlations were found between Fe and CDOMS3 at depths of
3.75m and 4.25m and with Total CDOM at 4.25m. Interestingly, Fe was only significantly

correlated with DOC at 4.75m, but not at the other depths. These inconsistencies of significant
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or insignificant correlations between DOM and Fe align with the studies by Xiao and Riise
(2021) and Riise et al. (2023). Xiao and Riise (2021) reported that lakes with short water
retention times, such as Lake Solbergvann with 0.5 years, are more prone to changing flow
conditions due to the rapid response of these systems, thus showing higher variability in Fe
concentrations. In addition, Riise et al. (2023) observed that elevated Fe concentrations may
not necessarily lead to increased DOM concentrations, as specific interactions between Fe and
DOM, influenced by factors like redox conditions, and the presence of nitrate (NOs’) and
sulfate (504%), and pH may play a significant role.

Anoxic conditions may trigger the release of DOM from the sediment (Brothers et al.,
2014; Peter et al., 2016; Skoog & Arias-Esquivel, 2009). The mobilization of DOM s
facilitated by the redox reaction from Fe(l11) to Fe(ll) under anoxic conditions (O'Loughlin &
Chin, 2004). In oxic water, Fe is present as Fe(lll). Fe(lll) functions as a chemical trap for
DOM in the sediment, and the reduction of Fe releases the associated DOM (Riedel et al.,
2013). The redox dynamics of Fe are also influenced by the presence of compounds such as
NOs™ and SO4% (Knorr, 2013; Musolff et al., 2017). The NOs™ concentrations were below the
detection limit, while the SO4? concentrations declined throughout the sampling period. An
inverse relationship between NOs/SO4? and Fe(l11) reduction can occur due to competition of
alternative oxygen electron acceptors under anoxic conditions (Musolff et al., 2017). The NOs
concentrations were below the detection limit in Lake Solbergvann, which makes this
competition less likely and favors the reduction of Fe(Ill). Fe and SO4> showed a significant
negative correlation. The increasing Fe and decreasing SO4% concentrations may indicate a
transition in anaerobic respiration from SO4? to Fe(lll), which promotes Fe(lIl) reduction.
Previous studies have demonstrated that this shift in anaerobic respiration can occur more
frequently due to decreases in atmospheric sulfur deposition (Knorr, 2013). Further evidence
for this idea includes the decreasing relative share of SO4% compared to S in the deepest layer
of Lake Solbergvann (Figures 16 and 17). These conditions that favor Fe(l1l) reduction likely
also contributed to an increase in CDOM3, making anoxic waters a major contributor to the
DOM pool.

Furthermore, simultaneous increases in Mn and DOM were also observed in Lake
Solbergvann, where Mn had a significant positive correlation with Total CDOM. Similarly to
Fe, Mn also binds to DOM (Tipping & Heaton, 1983), responds to redox conditions, and is
influenced by pH (Briiggenwirth et al., 2024). Previous studies reported positive correlations
between Fe, Mn, and DOM, supporting the interconnected nature of these variables (Grybos et
al., 2009; Skoog & Arias-Esquivel, 2009).
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4.3.3 pH as a mediator for Fe, DOM and P release

Fluctuations in pH were observed, with an initial decrease until July, followed by a
gradual increase until the last sampling day (Figure 9). The PCA plots (Figure 2-26) revealed
a positive association between pH and CDOM1 and CDOM2, but a negative association
between those variables and Total CDOM, CDOM3, CDOM4, and Fe. Fluctuations in pH
directly and indirectly affect DOM mobility (Clark et al., 2005; Grybos et al., 2009; Stumm &
Morgan, 1996), making them crucial factors for explaining DOM variability (Figure 27).

The initial decrease in pH could have been caused by the intense decomposition of
DOM (see section 4.3.1), but the pH slightly increased during the second half of the sampling
period. An increase in pH in anoxic water can be the result of dissimilatory reduction that
triggers proton consumption when microorganisms utilize alternative electrons, such as SO4?,
NOs, Fe, and Mn, instead of Oz (Grybos et al., 2009). The proton consumption by
microorganisms leads to a decrease in free hydrogen ions in the water, thus increasing the pH
of the water (Grybos et al., 2009). However, the measurements in Lake Solbergvann did not
include a detailed speciation of these substances, thus accurate correlations between pH and
these substances cannot be established. It is worth noting that some substances, such as SO4?
and NOgz, can influence the Fe dynamics in multiple ways. For example, their presence may
hinder the reduction of Fe(l11) to Fe(ll), while the reduction of SO4?/NOs" increases the pH
(Grybos et al., 2009). Thus, it interacts with the reduction potential of Fe directly through its
presence of alternative electron acceptors and indirectly through changing the pH. Since the
pH was relatively low during the entire sampling period, the reduction of Fe was most likely
hindered by the initial high presence of SO4%.

The changes in pH impact the dynamics of organic and inorganic substances (Figure
27). Long-term studies have shown that the pH in Lake Solbergvann has decreased during
autumn circulation periods in the past 40 years while total organic carbon concentrations
increased (Riise et al., 2023). This may seem contradictory, as it has been observed that an
elevated pH may drive DOM release as it weakens the overall adsorption of DOM to particulate
organic matter, making DOM more soluble (Clark et al., 2005; Grybos et al., 2009). It has also
been found that a higher pH weakens the mineral-DOM adsorption interactions, consequently,
DOM is being released from Fe (Grybos et al., 2009). For inorganic substances such as Fe, the
pH affects the speciation of this substance (Kusel et al., 2002). A higher pH favors the presence
of Fe(l1l) over Fe(ll), which is less soluble compared to Fe(ll) (Grybos et al., 2009; Lau et al.,
2024; Stumm & Sulzberger, 1992). Meanwhile, a low pH can facilitate the release of Fe from
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sediments into the water column (Lau et al., 2024). In line with previous studies (Lau et al.,
2024; O'Loughlin & Chin, 2004), this Fe from the sediment co-releases CDOM. In Lake
Solbergvann, this co-release of CDOM consisted of a molecular weight between 3 kDa and 10
kDa. Thus, the DOM dynamics are also highly dependent on the mechanisms that are being
triggered under specific environmental conditions. Figure 27 summarizes the different
processes in the anoxic waters that trigger DOM release. Although research has documented
this internal DOM release from aquatic environments under anoxic conditions, it is often
overlooked in calculations concerning the carbon cycle (Mendonga et al., 2016; Sobek et al.,
2009). It has been found that oxygen-depleted waters usually have high DOM burial efficiency
due to less efficient DOM mineralization and respiration (Isidorova et al., 2016; Sobek et al.,
2009). However, not accounting for internal DOM release overestimates the carbon burial and
does not fully represent the carbon cycle. As can be observed in Figure 27, internal DOM
release can be triggered through different mechanisms. This may have cascading effects on
ecosystems as increased DOM concentrations are associated with increased watercolor
(Solomon et al., 2015).
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Figure 27. Key mechanisms behind internal DOM release. Dissimilatory reduction (using alternative electron
acceptors by microbes) increases the pH. An elevated pH weakens the binding capacity of DOM to POM and
weakens the adsorption interaction of mineral-DOM, which results in DOM release. The decomposition of DOM
releases CO- thus decreasing the pH. A decreasing pH increases the reduction potential of Fe, but this process
can be hindered (indicated by the red line) by the presence of other substance (SO4* and NOs.) that can act as
electron acceptors. The reduction of Fe, results in a mobilization of Fe from the sediment. This Fe releases the
associated DOM of 3-10 kDa. The release of DOM can also result in a positive feedback loop with Fe reduction
as DOM can increase the potential for microbial Fe reduction.
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Contrary to findings from previous studies (Brothers et al., 2014; Peter et al., 2016;
Skoog & Arias-Esquivel, 2009), statistically significant support for increased internal
phosphorus (P) release coupled with DOM/Fe release was not found in Lake Solbergvann.
Despite observing a strong gradient for dissolved and Total P, with higher concentrations in
deeper water layers, neither exhibited a significant positive correlation with Fe or
CDOM/DOC. At 4.75m, a slight gradual increase of dissolved and Total P was noted. At this
depth, DOC was positively associated with dissolved P (coefficient 0.80) and Total P
(coefficient 0.69), though these correlations were not statistically significant. This P increase
could be attributed to P leaching from the sediment under anoxic conditions (Brothers et al.,
2014; Skoog & Arias-Esquivel, 2009). The lack of significant findings may be attributed to
suboptimal pH conditions for P to leach out of the sediment. Under optimal conditions, P
leaches out of the sediment at a pH of 6-7 (Wetzel, 2001), but the average pH across these
depths in Lake Solbergvann was only 5.5. While higher pH levels were commonly reported in
previous field observations or laboratory experiments (Brothers et al., 2014; Peter et al., 2016).

Furthermore, it was observed that dissolved P concentrations declined at 3.75m and
4.25m. One statistically significant negative correlation between dissolved P and Fe was found
at these depths, suggesting a potential interaction between these variables. One possible
explanation for the decline in dissolved P concentrations at these depths could be the
precipitation or binding of phosphorus with Fe compounds when the pH is lower than 6.2 (Ping
et al., 2023). The low pH and the abundant Fe in Lake Solbergvann possibly resulted in the

formation of Fe-P complexes, reducing the concentration of dissolved P in the water column.
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5. Conclusion

This study aimed to examine the dynamics of internal dissolved organic matter (DOM)
by focusing on the role of stratification and the prevalence of oxygen on these dynamics across
different depths in Lake Solbergvann. Although attempts were made to clarify the interactions
between DOM and other variables based on the oxygen conditions to enhance the
understanding of DOM dynamics, it is important to note that these interactions do not always
result in linear relationships. However, the result of this research demonstrated that
stratification and oxygen play a major role in shaping the DOM dynamics in a lake.

Firstly, there was nearly a twofold increase in chromophoric dissolved organic matter
(CDOM) and dissolved organic carbon (DOC) concentrations in the oxic water layers during
the sampling period (May — September 2023). This increase is likely the result of weather
fluctuations affecting this surface layer in Lake Solbergvann. Lower air temperatures and more
precipitation were associated with higher DOM concentrations. Air temperature significantly
affected the water temperature, triggering strong thermal stratification, which created barriers
for oxygen diffusion and DOM transport to deeper layers. Consequently, most of the seasonal
variation was observed in these oxic layers. Extreme rainfall had varying effects on the DOM
concentrations in the lake, possibly the result of different terrestrial conditions that impacted
the amount of runoff under heavy precipitation. Furthermore, the molecular weight fractions
of CDOM exhibited strong positive significant correlations with DOC, except for CDOM2 (1
— 3 kDa). Lakes largely supplied with terrestrial DOM generally have little variation in their
molecular composition and are frequently shown to exhibit strong correlations between CDOM
and DOC (Griffin et al., 2018; Lau et al., 2024). The overall molecular weight of CDOM
increased after heavy precipitation events, concomitant with an increase in iron (Fe),
suggesting a coupling of CDOM of higher molecular weight and Fe. These higher molecular
weight DOM compounds also contribute relatively more to lake browning by absorbing more
UV light and fluorescing more intensely (Lau et al., 2024).

Secondly, the transition zone between oxic and anoxic water displayed the greatest
variability in DOM dynamics, but contained relatively stable CDOM and DOC concentrations.
This water layer is influenced by DOM sedimentation from oxic waters and DOM leaching
from the sediment from anoxic waters. Oxygen was present at a very low saturation. The pH
variations caused by sulfur oxidation, lowered the pH. These variations were most noticeable
in the transition zone, which also contained the largest proportion of sulfate to sulfur.

Moreover, a negative significant relationship was observed between CDOM1 (kDa < 1) and
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CDOM4 (kDa > 10), indicating the breakdown of larger CDOM compounds leading to an
increase in smaller CDOM compounds. The large variety of mechanisms that occur
simultaneously likely increased the diversity in DOM dynamics in this zone.

Thirdly, under persistent anoxic conditions, CDOM, DOC, Fe, manganese, and
phosphorus concentrations increased throughout the sampling period. These DOM dynamics
differed from the other water layers, particularly by demonstrating the release of iron-bound
DOM from the sediment, identified as CDOM3 (kDa 3 - 10). This CDOM3 exhibited a strong
positive significant correlation with Fe. This relatively high molecular weight of CDOM might
have resulted from the release of organic compounds in the sediment that had not undergone
extensive decomposition and the preferred binding of Fe to humic substances of higher
molecular weight. This released DOM impacts the internal DOM dynamics of a lake since it is
easily metabolized. On the contrary, the high presence of sulfate, which increases the
competition for alternative electron acceptors, and thus decreases the Fe reduction potential,
was found to be one of the major factors limiting the release of Fe-bound DOM from the
sediment. The pH was also an important mediator for DOM release by affecting DOM
mobility, the binding capacity of DOM to POM, and the overall reduction potential of Fe.
However, this study demonstrated that a low pH promotes increased Fe dissolution, thus
influencing Fe reduction, which is the primary mechanism that results in increased DOM
release under anoxic conditions.

This research provides insights into the interactions and mechanisms that govern DOM
dynamics. While efforts were made to clarify these dynamics, it is important to acknowledge
that the interactions between variables do not always conform to linear relationships. More
research is needed to comprehensively understand the DOM dynamics in a boreal forest lake
that capture non-linear relationships. Future research could also include other important factors,
such as microbial activity, CO2, and the exact speciation of Fe. Lastly, this study focused on
the DOM dynamics during a summer stratification period; however, long-term monitoring is
also necessary to comprehend seasonal and interannual variation in DOM dynamics. In
conclusion, this study has shown thermal stratification and the development of hypolimnic

anoxia might impact internal DOM dynamics.
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7. Appendices

Appendix A: Raw Data of the Measurements in Lake Solbergvann

31/05 0,75 669 2035 5442 901 9046 13,20 13,7 1,4 14,1 74,5 7,7 6,8 0,00709  0,09050 0,08 0,016 0,69 0,86 32 370 0,31 2,44 30,9 0,0 0,42 1,38
31/05 1,75 636 1910 5647 1204 9397 13,64 13,7 1,4 9,0 28,9 33 5,9 0,01063  0,05569 0,16 0,017 0,70 0,85 23 573 0,33 2,46 27,7 0,0 0,25 1,38
31/05 2,75 648 1863 6118 1716 10345 14,93 13,7 1,4 5,4 3,5 0,4 5,5 0,01417  0,06613 0,29 0,019 0,77 0,98 78 509 0,37 2,72 31,5 0,0 0,00 1,38
31/05 3,75 644 1853 6129 1748 10373 15,21 13,7 1,4 5,6 0,0 0,0 5,6 0,01417  0,05569 0,39 0,023 0,30 1,10 158 572 0,38 2,97 37,0 374 0,00 1,38
31/05 4,25 659 1886 5956 1680 10180 14,90 13,7 1,4 5,5 0,0 0,0 5,8 0,02481  0,11486 0,58 0,028 0,75 0,98 287 768 0,38 3,03 46,3 1342 0,00 1,38
14/06 0,75 624 1747 5044 994 8410 13,40 17,2 0,0 17,8 83,8 8,0 5,8 0,01063  0,04525 0,07 0,015 0,65 0,82 41 379 0,30 2,62 31,2 0,0 0,19 1,45
14/06 1,75 595 1678 5390 1294 8957 13,81 17,2 0,0 11,4 32,2 3,5 5,5 0,01063  0,05221 0,14 0,016 0,68 0,87 33 407 0,32 2,60 27,8 0,0 0,29 1,45
14/06 2,75 543 1496 5888 1900 9828 14,97 17,2 0,0 6,1 1,0 0,1 5,1 0,01417  0,04873 0,30 0,020 0,77 0,96 73 472 0,37 2,79 30,4 0,0 0,43 1,45
14/06 3,75 610 1683 6199 2181 10673 15,04 17,2 0,0 4,9 0,0 0,0 5,5 0,01772  0,08354 0,44 0,025 0,30 1,00 185 637 0,38 3,04 39,2 1464 0,00 1,45
14/06 4,25 602 1619 6022 2394 10637 14,84 17,2 0,0 4,8 0,0 0,0 5,7 0,02835  0,08006 0,62 0,029 0,74 0,99 299 781 0,38 3,10 46,3 2031 0,72 1,45
28/06 0,75 667 1918 5273 1150 9009 13,39 20,7 7,5 20,2 28,8 8,1 5,8 0,01063  0,02785 0,06 0,013 0,53 0,73 28 422 0,27 2,58 27,6 0,0 6,83 1,43
28/06 1,75 621 1734 5549 1495 9398 13,40 20,7 7,5 13,3 20,5 2,1 5,4 0,00709  0,02436 0,14 0,016 0,61 0,84 15 387 0,31 2,53 28,5 0,0 2,58 1,43
28/06 2,75 563 1548 6076 1959 10146 15,01 20,7 7,5 7,3 0,4 0,0 5,0 0,01063  0,04873 0,34 0,022 0,77 0,96 24 359 0,38 2,90 30,1 98 5,14 1,43
28/06 3,75 593 1594 6107 2251 10545 14,95 20,7 7,5 5,4 0,0 0,0 5,4 0,01772  0,06265 0,49 0,026 0,78 1,00 142 606 0,37 2,95 39,7 1754 2,40 1,43
28/06 4,25 609 1582 5989 2394 10574 14,54 20,7 7,5 5,0 0,0 0,0 5,5 0,02126  0,08702 0,71 0,029 0,69 0,96 299 805 0,39 3,05 47,5 1576 1,99 1,43
12/07 0,75 686 2331 4799 1050 8866 13,25 17,5 11,3 18,3 87,1 8,2 6,0 0,01417  0,04873 0,06 0,011 0,40 0,67 36 457 0,25 2,51 23,6 0,0 20,10 1,48
12/07 1,75 675 2296 5054 1179 9204 13,13 17,5 11,3 14,7 20,0 2,0 5,9 0,00709  0,03829 0,09 0,012 0,42 0,67 23 401 0,27 2,58 27,1 0,0 8,67 1,48
12/07 2,75 626 2089 6414 1530 10659 14,65 17,5 11,3 8,5 0,3 0,0 5,2 0,01063  0,02785 0,35 0,022 0,75 0,97 23 400 0,37 2,76 31,1 201 3,05 1,48
12/07 3,75 636 2059 6443 1858 10996 14,64 17,5 11,3 5,9 0,0 0,0 5,5 0,01772  0,06265 0,54 0,026 0,79 1,00 43 486 0,38 2,94 40,4 1745 3,79 1,48
12/07 4,25 656 2054 6147 2105 10963 14,27 17,5 11,3 5,4 0,0 0,0 5,7 0,02126  0,09050 0,78 0,030 0,63 0,90 242 748 0,38 3,00 50,5 1735 3,46 1,48
12/07 4,75 NA NA NA NA NA 14,45 17,5 11,3 5,2 0,0 0,0 5,7 0,02126  0,09746 0,82 0,030 0,61 0,88 286 774 0,39 3,03 55,2 1644 3,67 1,48
26/07 0,75 585 1713 5233 1555 9086 13,23 15,5 12,7 16,1 84,4 8,3 5,8 0,00709  0,04873 0,07 0,012 0,37 0,61 35 416 0,25 2,72 22,3 0,0 5,93 1,70
26/07 1,75 583 1703 5379 1668 9332 12,83 15,5 12,7 14,9 32,5 3,2 5,5 0,00709  0,00696 0,10 0,011 0,40 0,66 25 427 0,26 2,61 28,0 0,0 5,37 1,70
26/07 2,75 544 1527 6528 2249 10847 14,57 15,5 12,7 9,3 0,2 0,0 4,9 0,01063  0,05917 0,39 0,022 0,76 0,97 19 348 0,37 2,86 34,0 616 2,43 1,70
26/07 3,75 591 1589 6416 2457 11053 14,66 15,5 12,7 6,0 0,0 0,0 53 0,01417  0,06961 0,56 0,027 0,78 1,00 23 443 0,37 3,20 45,1 2534 4,16 1,70
26/07 4,25 619 1589 6207 2694 11108 14,58 15,5 12,7 56 0,0 0,0 5,5 0,01772  0,09050 0,84 0,033 0,55 0,85 158 660 0,38 3,12 49,9 2090 3,96 1,70
26/07 4,75 NA NA NA NA NA 14,32 15,5 12,7 5,5 0,0 0,0 5,5 0,01772  0,09050 0,87 0,034 0,51 0,81 207 700 0,39 3,12 50,0 2013 4,38 1,70
09/08 0,75 675 1986 5660 1668 9988 14,01 16,1 18,3 15,6 76,7 7,6 5,7 0,00354  0,04177 0,10 0,011 0,36 0,58 28 374 0,29 2,40 40,1 0,0 3,87 1,67
09/08 1,75 NA NA NA NA NA 19,17 16,1 18,3 15,0 53,2 5,4 4,9 0,01417  0,08702 0,21 0,011 0,45 0,69 35 540 0,46 2,49 29,6 0,0 16,05 1,67
09/08 2,75 832 1932 5218 974 8956 14,32 16,1 18,3 10,7 1,7 0,2 5,0 0,00709  0,04177 0,34 0,021 0,73 0,92 24 438 0,36 2,78 31,6 224 7,18 1,67
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09/08 3,75 641 1771 6212 2168 10792 14,65 16,1 18,3 7,2 0,0 0,0 58 0,01417 0,05569 0,49 0,027 0,81 1,00 16 424 0,37 3,14 39,1 2112 3,76 1,67
09/08 4,25 687 1797 6077 2330 10891 14,82 16,1 18,3 6,3 0,0 0,0 5,6 0,02126 0,09398 0,77 0,035 0,61 0,88 39 513 0,39 3,15 46,5 2083 5,36 1,67
09/08 4,75 NA NA NA NA NA 14,37 16,1 18,3 5,8 0,0 0,0 57 0,02126 0,09398 0,87 0,036 0,47 0,77 102 604 0,39 3,13 49,9 1940 5,20 1,67
23/08 0,75 730 2188 7057 2035 12010 17,72 17 11,5 16,9 78,3 7,6 5,2 0,00709 0,05221 0,13 0,013 0,38 0,62 21 453 0,38 2,37 30,3 0,0 2,06 1,68
23/08 1,75 735 2191 7943 2525 13394 18,75 17 11,5 14,7 19,7 2,0 4,9 0,00709 0,01044 0,21 0,013 0,44 0,73 19 453 0,47 2,35 25,6 0,0 2,12 1,68
23/08 2,75 601 1746 6483 2072 10902 14,75 17 11,5 11,0 0,7 0,1 51 0,01063 0,02436 0,37 0,022 0,73 0,96 13 398 0,38 2,73 29,9 1101 2,47 1,68
23/08 3,75 625 1715 6495 2386 11221 14,61 17 KPS 7,2 0,0 0,0 5,4 0,00709 0,05569 0,57 0,031 0,80 1,10 13 432 0,39 3,01 38,7 2191 3,15 1,68
23/08 4,25 646 1705 6181 2584 11115 14,30 17 11,5 6,4 0,0 0,0 5,6 0,01063 0,08006 0,80 0,038 0,56 0,87 37 485 0,40 3,04 49,2 1995 5,18 1,68
23/08 4,75 NA NA NA NA NA 15,01 17 11,5 6,0 0,0 0,0 5,7 0,02126 0,09398 0,91 0,045 0,42 0,75 106 581 0,39 3,19 49,8 1649 6,67 1,68
06/09 0,75 863 2316 10010 3536 16725 22,20 15,7 14,7 14,8 71,5 7,4 4,6 0,01063 0,00348 0,24 0,018 0,47 0,68 35 431 0,50 2,06 29,0 0,0 0,64 1,33
06/09 1,75 813 2506 9587 2892 15797 22,42 15,7 14,7 13,8 30,4 83 4,6 0,01063 0,01392 0,24 0,016 0,49 0,72 62 488 0,50 2,09 27,2 0,0 1,61 1,33
06/09 2,75 606 1775 6739 2077 11197 15,01 15,7 14,7 10,7 0,6 0,1 5,0 0,01063 0,03829 0,40 0,023 0,79 1,00 21 394 0,38 2,76 31,6 2742 1,65 1,33
06/09 3,75 692 1828 6497 1935 10952 14,78 15,7 14,7 7,4 0,0 0,0 55 0,01772 0,06265 0,73 0,032 0,67 0,97 32 443 0,41 3,11 44,6 1889 2,24 1,33
06/09 4,25 727 1787 6422 2088 11023 15,31 15,7 14,7 6,5 0,0 0,0 5,6 0,01063 0,08354 0,93 0,034 0,36 0,71 109 595 0,40 3,17 50,2 1783 1,75 1,33
06/09 4,75 NA NA NA NA NA 15,38 15,7 14,7 6,3 0,0 0,0 5,7 0,02481 0,10094 1,00 0,036 0,28 0,71 183 716 0,40 3,14 52,2 1656 2,22 1,33
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Depth (m)

Appendix B: Contour plots of NH4+, Tot N, Al, CI-, BChl, and Chl a
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Appendix C: Table of Molecular Weight and Signal Peak

Date 0.75m 1.75m 2.75m 3.75m 4.25m
31-05-2023 4923 5015 5173* 5173* 5046
(34.15) (34.85) (37.47) (37.63) (36.77)
14-06-2023 5173 5335 5710* 5503 5571
(31.31) (33.13) (36.02) (37.71) (36.42)
28-06-2023 5046 5302 5606* 5606* 5606
(32.87) (34.12) (37.24) (37.18) (36.27)
12-07-2023 4324 4432 4923 4984* 4833
(31.78) (32.89) (39.16) (38.58) (36.30)
26-07-2023 5205 5269 5926* 5853%** 5782**
(32.38) (33.20) (40.24) (39.04) (37.48)
09-08-2023 5046 NA 4833 5401* 5368
(34.91) (32.94) (37.25) (36.20)
23-08-2023 5269 5537 5571 5675* 5606
(43.10) (48.52) (39.36) (39.06) (36.73)
06-09-2023 6343*&** 5853** 5710** 5435 5537
(62.35) (58.55) (41.05) (39.57) (38.88)

* highest molecular weight per date (horizontal comparison) — depth profile

** highest molecular weight per depth (vertical comparison) — seasonal profile
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Appendix D: P-values and Pearson correlation coefficient at 0.75m

The first values in the table are the p-values, where significance (p < 0.05) is highlighted in green. The correlation coefficient is presented between parentheses.

coomz

CDOM3

Precipi-
tatisn.

‘Water

temp

P (Dis)

P (Tot)

NHg#
(Dis)

N (Tot)

Cl- (Dis)
Cond-

uctivity
Bacteri

Chlorop
hyll a
Secchi
depth

Total poc Air Precipi;  Water 0, NH+ Cond-
CDOM1 CDOM2 CDOM3 CDOM4  CDOM (is) temp tation temp 0,(%) (mg/L) pH P (Dis) P (Tot) (Dis) N (Tot) Al Cl-(Dis)  ygtivity
0.017
(0.799)
0.002 0.164
(0913) | (0543)
0.009 0.233 0
0.839) | (0.476) | (0.964)
0.001 0.12 0 0
0926) | (0594) | (0.995) | (0.976)
0.001 0.124 0 0 0
(0.919) (0.59) (0.988) | (0.956) | (0.989)
0.859 0.89 0.614 0.668 0.643 0.725
(-0.076) | (-0.059) | (-0.212) | (-0.181) | (-0.195) | (-0.149)
0.368 0378 0.333 0.125 0.239 0323 0.979
(0369) | (0362) | (0395) | (0589) | (0.471) | (0402) | (-0.013)
0.473 0.72 027 0313 0.293 0372 0 0.696
(-0.298) | (-0.152) | (-0.444) (-0.41) (-0.426) | (-0.366) | (0.949) | (-0.165)
0.095 0.363 0.05 0.096 0.061 0.081 0.043 0.603 0.004
(0629) | (0373) | (0.708) | (0.627) | (0.685) | (-0.65) | (0.722) | (0.218) | (0.883)
0.026 0.229 0.029 0.078 0.036 0.037 0.42 0.594 0.147 0.004
(0769) | (0.48) | (-0.759) | (-0.654) | (-0.739) | (-0.738) | (0.333) | (0.224) | (0.562) | (0.882)
0.057 0.402 0.016 0.004 0.012 0.007 0.627 0.132 0.987 0.477 0.224
(-0.693) | (-0.345) | (-0.806) | (-0.883) | (-0.826) | (-0.85) | (-0.204) | (-0.58) 0.007) | (0.296) | (0.485)
0.65 0.393 0.999 0.89 0.967 0.887 0.274 0.471 0.174 0.238 0376 0912
(0191) | (0352) | (0.001) [ (-0.059) | (0.018) (0.06) (0.441) (-0.3) 0533) | (0.472) | (0364) | (-0.047)
0.154 0.615 0.115 0.054 0.097 0.105 0.247 0.203 0,529 0.987 0.633 0.008 0.475
(-0.555) | (-0212) | (-0.601) | (-0.698) | (-0.625) | (-0.615) | (-0.464) | (-0.504) | (-0.263) | (-0.007) | (0.201) (0.844) (-0.297)
0.002 0.152 0 0 0 0 0.479 0.267 0.193 0.032 0.025 0.019 0.938 0.129
{0.905) | (0557) (0.99) (0.969) | (0.991) | (0.977) | (-0.294) | (0.447) | (-0514) | (0.751) | (0.77) | (0.794) | (-0.033) | (-0.583)
0.129 0.641 0.077 0.234 0.123 0.114 0.425 0347 0.273 0.114 0.141 0572 0.671 0.68 0.098
(0584) | (0.197) | (0.657) [ (0.475) (0.59) (0.603) | (-0.33) | (-0.384) | (-0442) | (0603) | (057) | (0237) | (0.179) | (0.174) | (0.624)
0.76 0.53 0.701 0.353 0.558 0.6 0.748 0.002 0.854 0.838 0.885 0.199 0.664 0.352 0.632 0.099
(0.129) | (0.263) | (0.162) | (-0.38) | (0.246) | (-0.22) | (-0.136) | (-0.901) | (-0.078) | (0.087) | (-0.062) | (0.508) | (0.183) 038) | (0202) | (0623)
0.765 0.67 0.637 0.298 0512 0.564 0.806 0.001 097 0.979 0971 0.165 0.449 0319 0.569 0.122 0
(0.126) | (-0.18) | (-0.198) | (-0.422) | (-0.274) | (-0242) | (-0.104) | (0.927) | (-0.016) | (-0.011) | (0.015) | (0542) | (0314) | (0405 | (-0239) | (0.592) | (0.986)
0.631 0.554 0.696 0.703 0.67 0.654 0.687 0.335 0.973 0.66 0.344 0.608 0.198 0.865 0.79 0.51 0.313 0.268
(-0.202) | (-0.248) | (-0.165) | (-0.161) (-0.18) (-0.189) (-0.17) (-0.393) | (-0.014) | (0.186) (0.386) (0.215) (0509) | (-0.072) | (-0.113) | (0.275) (0.41) (0.446)
0.346 0.126 0.485 0.411 0.399 0337 0.328 0372 0.341 0.505 0.746 0223 0.17 0.349 0.554 0.666 0.141 0.257 0.536
(0.385) | (0587) (0.29) (0.339) | (0.347) | (0392) | (0399) | (0366) | (0.389) | (0.278) | (0.37) | (©0485) | (0.537) | (-0.383) | (0.248) | (-0.182) | (-0569) | (-0455) | (-0.259)
0.002 0172 0 0.003 0 0 0.554 0.601 0.25 0.031 0.011 0.037 0.983 0217 0 0.031 0.993 0939 0.74 0.629
{0.905) | (0s3s) | (0972) | (o.8s8) | (0.953) | (0.9s8) | (-0.248) 0.22) | (0461) | (07ss) | (-0.831) | (0.736) | (0.009) | (0.491) | (0.96) (0.752) | (0.004) | (0.033) | (-0.14) | (0.204)
0 0.032 0.003 0.014 0.002 0.004 0.527 0.337 0.216 0.018 0.003 0.109 0.944 0.296 0.002 0.13 0.818 0.772 0.573 0.676 0.002
(0962) | (0.751) | (-0.891) | (-0.815) (-0.9) (0.878) | (0.264) | (-0.392) | (0.492) | (0.797) | (0.887) | (0.609) (0.03) (0.423) | (-0907) | (-0582) | (0.098) | (0.123) | (0.237) | (0177) (-0.9)
073 0.95 0.806 0.858 0.832 0.865 0.698 0.725 0.458 0.191 0.076 0.888 0.088 0.92 0.719 0.926 0.847 0935 0.451 0.11 0.657 0.387
(0.146) | (-0027) | (0.104) | (0.076) (0.09) (0.072) | (-0.164) | (0149) | (-0308) | (-0.516) | (-0659) | (-0.06) | (-0639) | (0.043) | (0.152) (0.04) (0.082) | (-0.035) | (-0312) | (-0607) | (0.187) | (-0.356)
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
0.696 0411 0.307 0.441 0.42 0391 0.381 057 0.207 0.098 0.106 0615 0.149 0971 0.339 0.103 0301 0491 0.755 0.154 0.193 0.484 0.208
(0165 | (0.339) | (-0.414) | (-0319) | (-0.333) | 0353) (0.36) (0.238) (0.5) (0.624) | (0.614) | (0.212) ©056) | (-0.016) | (-039) | (-0618) | (-0.419) | (-0287) | (0132) | (0os555) | (0513) | (0.291) (-0.5) NA
0.268 0.453 0.482 0.806 0.544 056 0932 0.228 0.968 0.691 0.606 0.863 0.124 0.69 0.541 0.031 0.053 0.039 0.266 0.818 0.373 0.358 0.799 0.844
(-0.446) | (0311) | (0.292) | (0.104) | (0.254) | (-0.244) | (-0.037) | (0.481) | (0.017) | (0.168) | (0.217) | (0.073) | (0.589) | (0.169) | (-0.256) | (-0.753) {0.7) {(0.732) | (0.448) | (0.098) | (-0366) | (0376) | (0.208) NA (0.084)




Appendix E: P-values and Pearson correlation coefficient at 1.75m

The first values in the table are the p-values, where significance (p < 0.05) is highlighted in green. The correlation coefficient is presented between parentheses.

cDOM2
CDOM3
cooma
coom
SUM

DOC (Dis)

Air temp
Precipi-

Water
temp

0, (%)

0, (mg/L)

P (Dis)

P (Tot)

NH,+ (Dis)
N (Tot)
Al

Cl- (Dis)

Cond-
uctivity

Bacteria
Chlorophyll
a

Secchi
Depth

Total  DOC Air Precipi;  Water 0, NH,+ Cond- Bact- Chlorphyll
1.75m CDOM1 CDOM2 | CDOM3  CDOM4 cDOM  (Dis) temp tation temp 0,(%) (mg/L) pH P (Dis) P (Tot) (Dis) N(Tot) Al C-(Dis)  ygtivity  eria U
0.002
(0.93)
0.004 0.07
(0.912) (0.716)
0.021 0.134 0.001
(0.831) (0.624) (0.961)
0.002 0.045 0 0
(0.935) (0.764) (0.995) (0.967)
0.002 0.052 0 0.001 0625
(0.93) (0.751) (0.995) (0.944) (0.205)
0.773 0.685 0.687 0.834 0.996 0.634
(-0.135) | (-0.189) | (-0.188) | (-0.098) | (0.002) (-0.2)
0.169 0.142 0.221 0.107 0.654 0.119 0.979
(0.584) (0.615) (0.53) (0.66) (-0.189) | (0.596) (-0.011)
0.533 0.462 0.604 0319 0.81 0.429 0.426 0.007
(0.287) (0.335) (0.24) (0.444) (-0.102) | (0.327) (0.329) (0.856)
0.629 0.517 0.945 0.999 0.04 0.438 033 0.354 0.807
(-0.224) | (-0.298) | (0.032) (0) (-0.729) | (0.321) (-0.397) | (0.379) (0.104)
0.689 0.551 0.912 0.943 0.061 0.445 0.255 0.526 0.922 0
(-0.186) | (-0.275) | (0.052) (-0.034) | (-0.684) | (0.317) (-0.457) | (0.265) (-0.041) | (0.988)
0.059 0.279 0.003 0.001 0.7% 0.001 0.986 0.097 0.248 0.34 0.383
(-0.737) | (-0477) | (0.924) | (-0.962) | (-0.113) | (-0.924) | (0.007) (-0.626) | (-0.463) | (-0.389) | (-0.359)
0.701 0.862 0.546 0.894 0.159 0.254 0.284 0.748 0.591 0.006 0.001 0.336
(0.179) (0.082) (0.278) (0.062) (-0.549) | (0.458) (-0.433) | (0.136) (-0.226) | (0.864) (0.914) (-0.393)
0.397 0.566 0.238 0.07 0.012 0.957 0.642 0.861 0.49 0.06 0.045 0.821 0.017
(-0.382) (-0.265) (-0.514) (-0.717) (-0.824) (-0.023) (-0.196) (-0.074) (-0.287) (0.687) (0.718) (0.096) (0.799)
0.032 0.211 0.003 0.02 0.719 0.001 0.616 0.397 0.924 0.434 0.386 0.006 0.162 0.808
(0.798) (0.54) (0.922) (0.833) (0.152) (0.925) (-0.211) | (0.349) (0.04) (0.324) (0.357) (-0.86) (0.546) (0.103)
0.81 0.869 0.672 0.981 0.245 0.975 0.923 0.051 0.018 0.418 0.637 0.804 0.869 0.9 0.597
(0.112) (-0.077) | (0.197) (-0.011) | (0.465) (-0.014) | (0.041) (-0.705) | (-0.798) | (-0.334) | (-0.199) | (0.105) (0.07) (-0.053) | (0.222)
0.456 0.299 0.586 0338 0.962 0.458 0.998 0.006 0.001 0.853 0.898 0.406 0.551 0.427 0.989 0.007
(-0.34) (-0.46) (-0.252) | (-0.428) | (0.021) (-0.308) | (-0.001) | (-0.865) | (-0.921) | (-0.079) [ (0.055) (0.343) (0.25) (0.329) (0.006) (0.856)
0.469 0.252 0.643 0.435 0.824 0.477 0.663 0.006 0.011 0.638 0.852 0.51 0.787 0.628 0.949 0.007 0
(-0.331) | (-0.501) | (-0.215) | (-0.355) | (0.094) (-0.296) | (0.184) (-0.861) | (-0.828) | (-0.198) | (-0.079) | (0.275) (0.114) (0.204) (0.027) (0.855) (0.969)
0.132 0.203 0.081 0.159 0.547 0.045 0.381 0.422 0.87 0.337 0.289 0.102 0.181 0.99 0.139 0.68 0.822 0.653
[0.627) (0.548) (0.699) (0.594) (0.252) (0.719) (-0.36) (0.332) (0.07) (0.392) (0.429) (-0.619) | (0.525) (0.005) (0.572) (0.174) [-0.096) | (-0.19)
0.523 0.593 0.473 0.723 0.537 0.308 0.027 0.771 0.371 0.158 0.105 0.591 0.051 0.203 0.151 0.809 0.689 0.974 0.487
(0.293) (0.247) (0.327) (0.166) (-0.258) | (0.414) (-0.766) | (0.123) (-0.367) | (0.55) (0.614) (-0.226) | (0.704) (0.504) (0.557) (0.103) (0.169) (0.014) (0.289)
0.00% 0.108 0.001 0.005 0.737 0 0.666 0.222 0.599 0.449 0.439 0.002 0.218 0.876 0 0912 0.666 0.724 0.14 0.226
(0.879) (0.659) (0.962) (0.902) (0.142) (0.968) (-0.182) | (0.486) (0.221) (0.314) (0.32) (-0.901) | (0.49) (0.066) (0.976) (0.047) (-0.182) | (-0.15) (0.57) (0.482)
0.002 0.045 0 0.01 0.132 0.005 0.571 0.4 0.88 0914 0.986 0.045 0.63 0.475 0.011 0.44 0.781 0.788 0.052 0.359 0.012
(-0.932) | (-0.766) | (-0.969) | (-0.875) [ (-0.58) (-0.874) | (0.237) (-0.347) | (-0.064) | (0.046) (0.008) (0.719) (-0.203) | (0.297) (0831 | (-032) (0.118) (0.114) (0.703) | (-0.376) | (-0.823)
0.126 (- | 0.128 0.21 0.193 0.018 0.72 0.871 0.733 0.954 0.04 0.046 0.972 0.136 0.087 0.817 0.762 0.701 0.87 0.886 0.623 0.691 0.351
0.634) (-0.632) | (-0.541) | (-0.558) | (-0.796) | (-0.152) | (0.069) (0.144) (-0.024) | (0.729) (0.716) (0.015) (0.575) (0.641) (-0.098) | (-0.128) | (0.162) (0.069) (0.061) (0.207) (-0.168) | (0.382)
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
0.872 0.63 0.456 0.623 0.021 0.719 0.987 0.049 0.115 0.089 0.172 0.671 0.332 0.166 0.994 0.02 0.134 0.089 0.997 0.668 0.788 0.565 0.156
(-0.076) (0.223) (-0.34) (-0.228) (-0.785) [ (0.152) (0.007) (0.71) (0.601) (0.638) (0.535) (-0.179) (0.396) (0.541) (-0.003) (-0.787) (-0.578) (-0.638) (-0.002) (0.181) (0.114) (0.241) (0.552) NA
0.563 0.586 0.724 0.866 0302 0.977 0.932 0.228 0.099 0.462 0.651 0.667 0.817 0.974 0.832 0.008 0.091 0.145 0.355 0.905 0.937 0.395 0.933 0.174
-0.267) | (-0.252) | (-0.165) | (0.079) (-0.418) | (-0.012) | (-0.037) | (0.481) (0.623) (0.305) (0.191) (-0.182) | (-0.098) | (-0.014) | (-0.09) (-0.846) | (-0.634) | (-0.564) | (-0.378) | (-0.051) [ (0.083) (0.35) (0.036) NA (0.533)




Appendix F: P-values and Pearson correlation coefficient at 2.75m

The first values in the table are the p-values, where significance (p < 0.05) is highlighted in green. The correlation coefficient is presented between parentheses.

2.75m

cpom2

cbom3

cooma
CDOM
sum
DOC (Dis)
Air temp
Precipi-
tatien.
Water
temp

0, (%)

0, (mg/L)
pH

P (Dis)

P (Tot)

NHg+ (Dis)
N (Tot)
Al

Cl- (Dis)

Cond-
uctivity

Bacteria

Chlorophyll
a

Secchi
Depth

Total  DOC Alr Precip,  Water o, NHg+ Cond- Bact- iy
cboma CDOM (Dis) temp tation temp 0,(%) (mg/L) pH P (Dis) P (Tot) Fe (Dis) N (Tot) Al Cl- (Dis) ystivity eria phyll a
0.077
(0.656)
0.059 0.811
(-0.689) | (-0.102)
0.002 0.07 0.018
(-0.9) (-0.668) (0.798)
0.086 0.882 0 0.022
(-0.642) | (-0.063) | (0.996) (0.78)
0.073 0313 0.274 0122 0301
(0663) | (-0.41) (0.441) | (0592) | (0.419)
0.5 0.488 0.864 0.843 0.772 0.616
(-0.281) | (0.289) | (0.073) | (0.084) | (-0.123) | (0.211)
0.188 0.361 1 0.506 0.959 0.077 0.979
(0.519) (0.375) (0) 0.277) | (0.022) (-0.657) | (-0.011)
0.398 0.569 0.715 0.885 0.663 0.192 0.985 0.001
(0.348) (0.239) (0.154) (-0.061) | (0.184) (-0.515) | (-0.008) | (0.916)
0.284 053 0.309 0.341 0.381 0.892 0.103 0.32 0.227
(0.433) (0.263) (-0.413) (-0.389) (-0.36) (0.058) (-0.618) (-0.405) (-0.481)
0.371 0.548 0.48 0472 0.563 0.696 0.075 0319 0.239 0
(0.367) (0.251) (-0.294) | (-0.299) | (-0.242) | (0.165) (-0.66) (-0.406) | (-0.471) | (0.985)
0.978 0.362 0.893 0.798 0.84 0.334 0.285 0.072 0.083 0.04 0.031
(-0.012) | (0373) | (0.057) | (-0.108) | (0.086) | (0.394) | (-0.432) | (-0.664) | (-0.647) | (0.73) (0.752)
0.099 0.417 0.498 0.254 0525 0.046 0.624 0.001 0.016 0.373 0.307 0.05
(-0.623) (-0.335) (0.282) (0.458) (0.265) (0.716) (-0.206) (-0.934) (-0.805) (0.366) (0.415) (0.707)
0.747 0.301 0.667 0.753 0.656 0.67 0.37 0.237 0.087 0.162 0.155 0.572 0.269
(-0.137) | (-0.42) (-0.182) | (0.133) (-0.188) | (0.18) (-0.367) | (-0.472) | (0.641) | (0.545) (0.553) (0.237) (0.445)
0.747 0.946 0127 033 0126 0.634 0.904 0.029 0.013 0.057 0.1 0.069 0.154 0.301
(-0.136) | (-0.029) | (0.586) | (0.397) | (0.587) | (-0.201) | (0.051) | (0.759) | (0.82) (0.692) | (0622) | (067 (0555) | (0.419)
0.668 0.998 0.178 0.431 0.196 0.87 0.32 0.054 0.035 0.009 0.023 0.059 0.134 0.123 0.001
(-0.181) | (-0.001) | (0.528) | (0.326) | (0511) | (-0.07) (0.404) | (0699) | (0.742) | (-0.838) | (0777) | (0s689) | (0578 | (0591 | (0917)
0.119 0312 0.269 0173 0.329 0.021 0.881 0328 0.28 0.873 0.874 0.755 0.187 0.301 0.942 0.837
(-0.595) (-0.41) (0.445) (0.534) (0.398) (0.786) (0.064) (-0.399) (-0.436) (-0.068) (0.067) (0.132) (0.519) (0.42) (0.031) (0.087)
0.101 0.849 0.006 0.063 0.007 0.059 0.558 0.531 0.675 0.894 0.818 0.387 0.167 0.774 0513 0.605 0.032
(-0.62) (-0.081) | (0.859) | (0.682) | (0.851) | (0.689) | (-0.245) | (-0.262) | (-0.177) | (-0.056) | (0.098) | (0.356) | (0.541) (0.122) (0.273) | (0.218) | (0.751)
0.815 0.745 0.49 0.841 0.482 0.304 0.385 0.007 0.007 0.044 0.043 0.035 0.016 0.114 0.006 0.002 0.464 0.775
(-0.099) (-0.138) (-0.287) (-0.085) (-0.293) (0.417) (-0.358) (-0.851) (-0.853) (0.721) (0.722) (0.741) (0.805) (0.602) (-0.86) (-0.901) (0.304) (0.121)
0.423 0.539 0.267 0.292 0.302 0.747 0.185 0.151 0.165 0.007 0.009 0.022 0.187 0.456 0.015 0.004 0.888 0.853 0.006
(0.331) (0.257) (-0.447) | (-0.426) | (-0.419) | (0.137) (-0.521) | (-0.558) | (-0.542) | (0.856) (0.839) (0.782) (0.52) (0.309) (-0.811) | (-0.88) (-0.06) (-0.079) | (0.861)
0.079 0.411 0.043 0.03 0.043 0.042 0.335 0.761 0.829 0.345 0.487 0.935 0.573 0.52 0.344 0.203 0.255 0.099 0.52 0.29
(-0.653) (-0.339) (0.723) (0.755) (0.722) (0.725) (0.394) (-0.129) (0.092) (-0.386) (-0.289) (-0.035) (0.236) (-0.269) (0.387) (0.504) (0.457) (0.624) (-0.269) (-0.428)
0.371 0.088 0.893 05 0.784 0.898 0.098 0.929 0.799 0.203 0.18 0.084 0.664 0.446 0.658 0.46 0.436 0.727 0.518 0.087 0.767
(-0.367) | (-0.639) | (-0.057) | (0.281) (-0.116) | (0.055) (0.624) | (0.038) (-0.108) | (0504) | (0527) | (-0.645) | (-0.183) | (0.316) (0.187) | (0.307) (0.322) (-0.148) | (-0.27) (-0.641) | (0.126)
0.951 0.893 0.694 0.785 0.701 0.282 0.156 0.421 0.719 0.969 0.983 0.528 0.691 0.218 0.348 0.83 0.805 0.73 0.75 0.57 0.329 0.609
(0.026) (-0.057) (0.166) (0.116) (0.162) (-0.435) | (-0.552) | (0.332) (0.152) (-0.016) | (0.009) (0.264) | (-0.168) (0.48) (0.384) (0.091) (0.105) (0.146) (-0.135) | (-0.238) | (-0.398) (0.215)
0.802 0.958 0.114 0.324 0.101 0.58 0.641 0.233 0.096 0.457 0.687 0.542 0.631 0.392 0.031 0.074 0.433 0.143 0.269 0.42 0.172 0.615 0.785
(-0.106) | (0.023) (0.603) | (0.402) | (0.62) (0.232) | (-0.197) | (0476) | (0.628) | (-0.308) | (-0.17) (0.255) | (0.202) | (-0.352) | (0.753) | (0.662) | (0.324) | (0.566) | (-0.445) | (-0.333) | (0.535) | (-0.211) | (0.116)
0.109 0.617 0.156 0.136 0.158 0.106 0.248 0.065 0.219 0.53 0.392 0.089 0.003 0.495 0.611 0.398 0.219 0.038 0.113 0.311 0.474 0.338 0.926 0.709
(0.609) (0.21) (-0.552) (-0.575) (-0.55) (-0.613) (0.463) (0.677) (0.489) (-0.262) (-0.352) (-0.637) (-0.892) (-0.284) (0.214) (0.348) (-0.488) (-0.735) (-0.604) (-0.412) (-0.297) (0.391) (-0.039) (-0.158)
0.547 0.898 0.594 0.774 0.633 0.017 0.932 0.228 0.18 0.548 0.37 0.174 0.168 0.647 0.469 0.73 0.018 0.09 0.226 0.419 0.384 0.801 0.469 0.634 0.267
(0.252) (-0.055) | (0.224) | (-0.122) | (-0.201) | (0.799) | (-0.037) | (0.481) | (0.527) | («0.251) | (-0368) | (-0.533) | (-0.54) (-0.193) | (0301) | (0.146) | (-0.797) | (-0.636) | (-0.483) | (-0.334) | (-0.358) | (0.107) | (0.301) | (-0.2) (0.447)




Appendix G: P-values and Pearson correlation coefficient at 3.75m

The first values in the table are the p-values, where significance (p < 0.05) is highlighted in green. The correlation coefficient is presented between parentheses.

Cond-

Total Doc Air Precipi; Water 0,

2 -
CDOM4 CDOM (Dis) temp tation temp 0,(%) (mg/L) PH P (Dis) P (Tot) - cl- (Dis) ugtivity eria
0.1
cDoM2 (0.622)
0.388 0.504
cpom3 (0.355) (0.278)
0.076 0.016 0.719
cDoma (-0.658) (-0.807) (0.152)
CDOM 0.859 0.887 0.001 0.243
SUM (0.075) {0.06) (0.918) (0.467)
0.929 0.818 (- 0.037 0.264 0.003
DOC (Dis) (-0.038) | 0.098) (-0.737) | (-0.449) | (-0.893)
0.242 0.494 0.677 0.381 0.984 0.758
Air temp (-0.469) (-0.285) (-0.176) (0.36) (0.009) (-0.13)
Precipi- 0.455 0.82 0.17 0.561 0.099 0.007 0.979
tation. (0.31) (0.096) (0.537) (0.244) (0.623) (-0.85) (-0.011)
Water 0.101 0.713 0.11 0.829 0.119 0.083 0.505 0.013
temp (0.62) (0.155) (0.608) (0.092) (0.596) (-0.647) | (-0.278) (0.818)
0, (%) NA NA NA NA NA NA NA NA NA
0, (mg/L) NA NA NA NA NA NA NA NA NA NA
0.364 0.268 0.378 0.015 0.082 0.014 0.392 0.044 0.334
pH (0.372) (0.446) (-0.362) | (-0.808) | (-0.649) | (0.814) (-0.352) (-0.72) (-0.394) NA NA
0.831 0.655 0.464 0.285 0.261 0.406 0.542 0.649 0.236 0.547
P (Dis) (0.091) (0.189) (-0.304) (-0.432) (-0.452) (0.343) (0.255) (-0.192) (-0.474) NA NA (0.252)
0.347 0.447 0.842 0.568 0.902 0.58 0.655 0.241 0.117 0.996 0.225
P (Tot) -0.385) (-0315) | (-0.085) | (0.239) (-0.052) | (0.232) (0.188) (-0.469) | (-0.598) NA NA (-0.002) (0.483)
0.197 0.836 0.014 0.788 0.06 0.117 0.971 0.081 0.06 0.345 0.981 0.816
Fe (0.509) (0.088) (0.811) (0.114) (0.687) (-0.598) | (0.015) (0.649) (0.686) NA NA (-0.386) (0.01) (-0.099)
0.265 0.888 0.025 0.458 0.033 0.089 0.893 0.087 0.014 0.252 0.419 0.609 0.002
Mn (0.448) (-0.06) (0.77) (0.308) (0.748) (-0.637) (0.057) (0.641) (0.816) NA NA (-0.46) (-0.334) (-0.215) (0.9)
0.075 0.804 0.224 0.588 0.608 0.846 0.797 0.479 0.286 0.881 0.422 0.953 0.009 0.081
S0 (-0.659) (-0.105) | (-0.484) (0.227) (-0.216) | (0.083) (0.109) (-0.295) | (-0.431) NA NA (-0.063) (-0.332) | (-0.025) (-0.838) | (-0.65)
0.883 0.913 0.817 0.881 0.821 0.547 0.418 0.38 0.97 0.349 0.03 0.241 0.286 0.698 0.255
s (-0.062) (0.047) (-0.098) (-0.063) (-0.096) (0.252) (-0.334) (-0.361) (0.016) NA NA (0.383) (-0.757) (-0.469) (-0.431) (-0.164) (0.457)
0.497 0.688 0.027 0.499 0.011 0.001 0.691 0.001 0.011 0.067 0.293 0.253 0.067 0.056 0.569 0.765
NH,+ (Dis) (-0.283) (-0.17) (-0.766) (-0.282) | (-0.829) | (0.923) (0.168) (-0.919) | (-0.831) NA NA (0.674) (0.426) (0.459) (-0.673) | (-0.695) | (0.239) (0.127)
0.353 0.656 0.039 0.625 0.028 0.009 0.409 0.003 0.004 0.136 0.233 0.193 0.089 0.068 0.538 0.925
N (Tot) (-0.38) (-0.188) (-0.732) (-0.206) (-0.761) (0.839) (0.341) (-0.892) (-0.879) NA NA (0.575) (0.476) (0.514) (-0.638) (-0.672) (0.257) (0.04) 0(0.98)
0.018 0.426 0.121 0.416 0.438 0.888 0.545 0.769 0.185 0.49 0.952 0.837 0.047 0.054 0.013 0.955 0.607 0.525
Al (0.797) (0.329) (0.594) (-0.336) (0.321) (-0.06) (-0.253) (0.124) (0.522) NA NA (0.287) (-0.025) (-0.087) (0.714) (0.699) (-0.816) (-0.024) (-0.216) (-0.266)
0.943 0.313 0.496 0.247 0378 034 0.305 0.19 0.309 0.144 0.816 0.665 0.368 0.423 0.553 0.348 0.22 0.164 0.99
Cl- (Dis) (0.03) (-0.41) (0.284) (0.464) (0.362) (-0.39) (-0.416) (0.516) (0.413) NA NA (-0.566) (-0.099) | (0.183) (0.369) (0.331) (-0.248) (-0.384) | (-0.488) (-0.543) | (-0.005)
Cond- 0.798 0.667 0.12 0512 0.199 0.264 0.874 0.221 0.501 0.235 0.523 0.514 0.026 0.195 0.064 0.081 0.22 0.264 0.474 0.076
uctivity {0.109) (0182) | (0.594) (0.274) (0.508) (-0.45) (-0.068) | (0.487) (0.281) NA NA (0475) | (0.267) {0.272) (0.767) (0.512) (-0.68) (-0.649) | (-0.488) | {-0.45) (0.298) (0.659)
0.585 0.387 0.135 0.029 0.018 0.005 0.457 0.039 0.243 ] 0.596 0.851 0.125 0.086 0.742 0.276 0.037 0.091 0.908 (- 0.132 0.101
Bacteria (-0.229) (-0.356) (0.576) (0.758) (0.797) (-0.871) (0.308) (0.732) (0.468) NA NA (-0.961) (-0.223) (0.08) (0.588) (0.628) (-0.139) (-0.44) (-0.737) (-0.635) 0.049) (0.58) (0.619)
Chlorophyll EO%ET 0.953 0.16 0.282 0.048 0.001 0.644 0.006 0.195 0.009 0.584 0.422 023 0275 0.992 0.484 0.005 (- 0.024 0.663 0372 0.238 0.012
a (-0.116) (0.025) (0.547) (0.435) (0.711) (-0.923) | (0.195) (0.859) (0.512) NA NA (-0.838) (-0.23) (-0.332) (0.479) (0.44) (-0.004) (-0.291) | 0.867) (-0.774) | (-0.184) (0.367) (0.472) (0.826)
Secchi 0.252 0.411 0.533 0.036 0.135 0.066 0.932 0.228 0.446 0.024 0.076 0.741 0.942 0.686 0.198 0.692 0.12 0.143 0.248 0221 0.869 0.063 0.073
Depth (-0.459) | (-0.339) | (0.261) 0.739 (0.576) -0.675) | (-0.037) | (0.481) (0.316) NA NA (0.774) | (-0.659) | (-0.14) (0.031) | (0.171) (0.509) (0.168) (-0.594) | (-0.566) | (-0.463) | (0.487) (0.07) (0.681) (0.663)




Appendix H: P-values and Pearson correlation coefficient at 4.25m

The first values in the table are the p-values, where significance (p < 0.05) is highlighted in green. The correlation coefficient is presented between parentheses.

DO cDo Do 0 tat o D 0 D ¢ (D ot
0.168
(0.539)
0.1 0.859
(0.621) | (0.078)
0.25 0.058 0.665
(0.462) | (0691) | (0.183)
0.578 0.865 0.028 0.073
(0.233) | (0072) | (0.761) | (0.663)
0.549
0.159 0.861 0.478 0.292 (-
(0.548) | (0.075) | (0.295) | (-0.426) | 0.251)
0.256 0.412 0.641 0.295 0.817 0.27
(0.456) | (0338) | (-0.196) | (0.425) | (0.098) | (-0.444)
0.122 0.737 0.099 0.44 0,032 0.966 0.979
(0592) | (0.142) | (©622) | (032) (0.751) | (-0.018) | (-0.011)
0.015 0.619 0.072 0.997 0.187 0,532 0.324 0.036
(0.811) | (0.209) | (0.665) | (0.002) | (0.52) | (0.261) | (-0.402) | (0.741)
NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA
0.179
0,571 0.05 0.664 0.009 (- 0.591 0.169 0.196 0.734
(0.238) | (0.707) | (-0.183) | (0.841) | 0527) | (0.226) | (0.538) | (0511 | (0.144) | nNA NA
0.184 0.935 0.015 0.505 0,053 0.978 0.911 0.082 0.016 0.358
(0523 | (0.035 | (0811) | (-0.278) | (0.7) (0.012) | (0.048) | (-0.649) | (-0.807) | NA NA (0.376)
0.07
0.721 0.276 0.257 0.049 (- 0.707 0.142 0.581 0.881 0.164 0.343
(0.151) | (0.439) | (-0.456) | (-0709) | 0669) | (0.159) | (-0.568) | (-0.232) | (-0.064) | na NA (0.543) (0.387)
0.166 0.993 0.001 0.361 0.005 0.845 0.971 0.01 0.067 0.24 0.009 0.226
(0.541) | (0.004) | (0921) | (0374) | (0.867) | (0.083) | (0.015) | (0.834) | (0674) | nNA NA (-0.47) (-0.842) | (-0.482)
0.313 0.784 0.121 0.195 0.024 0.821 0.768 0.039 0.009 0.231 0.018 0.279 0.062
(0.41) (-0.116) | (0593) | (0.511) | (0.773) | (0.096) | (0.125) | (0.732) | (0.838) | ma NA (0.478) | (0.795) | (-0.437) | (0.683)
0.038
0.06 0.941 0 0.668 (- 0.42 0.672 0.043 0.028 0.489 0.005 0.338 0 0.077
-0.687) | (0031) | (-0975) | (0.181) | 0.734) | (0333 | (0.178) | (0722) | (0.762) | NA NA (0.288) 0.867) | (0.391) | (-0.948) | (-0.656)
0,043
0.036 0.832 0 0.773 (5 0.363 0.583 0.034 0.022 0.558 0.01 0.427 0.001 0.087 0
(0.741) | (-0.09) (0965 | (0122) | 0708) | (0.373) | (0.23) (0.745) | (0.781) [ nA NA (0.245) (0.835) | (0.328) | (-0938) | (0.64) (0.995)
0.047
0.147 0.977 013 0.367 (- 0.945 0.547 0.013 0.002 0.326 0.04 0.507 0.064 0 0.071 0.067
(0.562) | (0.012) | (-0582) | (-037) 0713) | (-0.03) (0.252) | (0817) | (0803 | na NA (0.4) (0.73) (0.276) (-0.678) | (0.966) | (0.666) (0.674)
0.167 0.995 0.175 0.399 0.075 0.942 0.511 0.034 0.002 0.393 0.049 0.519 0.112 0 0.106 0.103 0
(-0.54) (-0003) | (-0532) | (-0.347) | (066) | (0.031) | (0.274) | (-0.744) | (-0.899) [ nA NA (0.352) (0.709) | (0.269) (-0.605) | (-0.969) | (0.612) (0.618) | (0.992)
0.178 0.724 0.151 0.663 0.285 0.649 0.686 0.195 0.03 0.339 0.013 0.249 0.125 0.041 0.076 0.093 0.067 0.059
{0.529) | (-015) (0.558) | (0.184) | (0.432) | (0192) | (0a71) | (0512) | (0.756) | na NA (-0.39) (0.818) | (-0.462) | (0.588) | (0.727) | (-0659) | (-0.631) | (-0.674) | (-0.689)
0.28 0.357 0.199 0.581 0.426 0.042 0.546 0.242 0.28 0.362 0,551 0.553 0.225 0.358 0.14 0.12 0.236 0.28 0.428
(0.436) | (0377) | (0507) | (0.232) | (0.329) | (0.726) | (0.253) | (0.468) | (0.436) | NA NA (0374) | (0249) [ (-0.248) | (0.483) | (0.376) | (-057) (-0.594) | (-0473) | (0437) | (0.328)
05 0.589 0.013 0.573 0,032 0551 0.922 0.199 0.395 0,695 0.053 0.363 0.015 0.352 0.04 0.052 0.451 0,559 053 0.947
(0.281) | (0.227) | (0792) | (0.237) | (075 | (0.249) | (0.042) | (0507) | (035) NA NA (0.166) | (0701) | (0373} | (0.81) (0381) | (0.729) | (0.702) | (0312) | (0245) | (0263) | (-0.029)
0.833 0.354 0.4 0.018 0.035 0.763 0.948 0.253 0.579 017 0,618 0.087 0.291 0.09 0.456 0.481 0.125 0.138 0.737 0.196 0.688
(-0.09) (-0.38) 0347) | (0.795) | (0.741) | (0.128) | (0.028) | (0459) | (0.233) | NA NA (0537) | (021) (-0.64) (0427) | (0.628) | (0309) [ (0.293) | (-0.589) | (0573) | (0.142) | (0.511) (0.169)
0.747 0.987 0.489 0.103 0.027 0.202 0.772 0.018 0.178 0.128 0.22 0.42 0.156 0.018 0.394 0.4 0.019 0.028 0.389 0.778 0.382 0.077
(0137) | (0.007) | (0288) | (0.618) | (0.764) | (-0.505) | (0.123) | (0.7%6) | (0.528) | NA NA (0584) | (0488) [ (0333} | (0552) | (0.798) | (0351 | (0347 | (0.794) | (0761) [ (0355 | (0.12) (0.359) | (0.656)
0.592 0.542 0.971 0.04 0.141 017 0.932 0.228 0.529 0.147 0.61 0.649 0.563 0.087 0.899 0.922 0.108 0.116 0.938 0.835 0.798 0.043 0.007
(0.225) | (-0255) | (0.015) | (©729) | (0.569) | (-0.537) | (0.037) | (0481) | (0.263) | nA NA (0562) | (0214) | (-0192) | (0.242) | (0.69) (0.054) | (-0.042) | (0611} | (06) (0.033) | (0.088) (0.109) | (0.723) (0.857)




Appendix I: P-values and Pearson correlation coefficient at 4.75m

The first values in the table are the p-values, where significance (p < 0.05) is highlighted in green. The correlation coefficient is presented between parentheses.

Total DoC Air Precipi,  Water 0, NHg Cond- Bact- Chioro-
475m CDOM1 CDOM2 CDOM3 CDOM4  CDOM  (Dis) temp tation temp 0,(% (mg/) pH P (Dis) P(Tot)  Fe . (Dis) N(Tet) Al C-(Dis)  ygtivity  eria phylla
coomz NA
cpom3 NA NA
cooma NA NA NA
coom
SUM NA NA NA NA

NA
DOC (Dis) NA NA NA NA

0.903
Airtemp NA NA NA NA NA (-0.076)
Precipi- 0878 0373
tatien. NA NA NA NA NA (-0.096) | (-0.516)
Water 0.062 0516 0571
temp NA NA NA NA NA (0.859) | (0391) | (0.344)
0, (%) NA NA NA NA NA NA NA NA NA
0, (mg/L) NA NA NA NA NA NA NA NA NA NA
0636 0.157 0.96 0.86
pH NA NA NA NA NA (0.29) (0735 | (0031 | (011 NA NA
0103 0.895 0.69 0.19 0216
P (Dis) NA NA NA NA NA (0.802) | (0.082) | (0.246) | (0.698) | NA NA (0.67)
0.194 078 0.938 0.453 0227 0.022
P (Tot) NA NA NA NA NA (0.693) | (0.174) | (0.048) | (0.445 | NA NA (0.658) | (0.93)
0.04 0.384 0.734 0.017 0.953 0.204 0.361
Fe NA NA NA NA NA (0.895) | (-0507) | (0.21) (0.94) NA NA (0.037) | (0683) | (0.528)
0.401 0957 0.932 0.254 0.962 0.837 0.778 0.47
Mn NA NA NA NA NA (0.491) | (0.034) | (-0.054) | (0.631) | NA NA (0.03) (0.129) | (-0.176) | (0.43)
0.063 0378 0582 0.003 0.995 0.208 0.427 0.003 0.376
S0 NA NA NA NA NA (0.857) | (0.512) | (0.335) | (0981 | NA NA (0.004) | (-0679) | (-0.468) | (0.983) | (-0.514)
0.148 0358 0.472 0.004 0.921 034 0.667 0.034 0.228 0.008
s NA NA NA NA NA (-0.745) | (0.53) (-0.428) | (0977) | nNa NA (0.062) | (-0547) | (-0.265) | (0.807) | (-0.657) | (0.964)
072 0674 0.356 0.259 0975 0.86 0.671 0.549 0.102 0.375 0.171
NHg+ (Dis)  [ILT NA NA NA NA (0.222) | (0.259) | (0.532) | (-0.626) | NA NA (0.02) (0111) | (0262) | (0362) | (0.803) | (0515) | (0.719)
0.898 0.896 0548 0.452 0976 0911 0.476 0.802 0.074 0,612 0.345 0.008
N (Tot) NA NA NA NA NA (-0.08) (0.082) | (-0363) | (-0.445) | Na NA (0.019) | (0.07) (0.424) | (-01s6) | (-0.841) | (031) (0.543) | (0.963)
01 047 0.752 0.166 0.87 0111 0.116 0.049 0.974 0.093 0.245 0.941 0.643
Al NA NA NA NA NA (0.806) | (-0.429) | (0.196) | (0.725) | NA NA (0.102) | (0791) | (0.784) | (0.88) (-0.02) (-0.815) | (0.64) | (0.046) | (0.284)
0429 052 0.746 0.15 0.664 0.893 0.694 0.29 0.033 0.205 0.083 0.055 0.081 0815
- (Dis) NA NA NA NA NA (0.466) | (-0.387) | (0.201) | (0.743) | NA NA (0.267) | (0.084) | (0.243) | (0595 | (0.908) | (-0.682) | (-0.829) | (-0.871) | (-0.831) | (0.146)
Cond- 0.964 0343 053 0508 034 0,584 0.25 0.695 0.216 0,557 0316 0.074 0.077 0.764 0.063
uctivity NA NA NA NA NA (0.028) | (0.545) | (0.378) | (-0.398) | NA NA (0547) | (0333) | (0.634) | (0.242) | (-067) (0355) | (0.57) (0.842) | (0.837) | (0.187) | (-0.858)
0.201 0243 0.423 0.629 0.147 0.191 0.145 0.625 0.737 0.699 0.882 0.742 0.744 0523 0.881 031
Bacterla NA NA NA NA NA (-0.686) | (-0.642) | (0.471) | (-0.296) | NA NA (-0.747) | (-0697) | (-0.749) | (-0.299) | (-0.208) | (0.239) | (0.093) | (-0.204) | (-0202) | (-0.384) | (0.094) | (-0.578)
Chlorophyl 0653 059 0.883 0.886 0.981 0.436 0.21 0.554 0.209 0.696 0.99 0.268 01 0.5 0.389 0.286 0.793
a NA NA NA NA NA (0.276) | (0.328) | (-0.092) | (-0.09) NA NA (-0.015) | (-0.46) (-0676) | (-0358) | (0.677) | (0.241) | (0.008) | (-0.616) | (-0.805) | (-0.743) | (0.502) | (-0.598) | (0.163)
Secchi 0.26 0973 0.961 0576 0.456 0.098 0.012 0372 0.556 0.485 0.777 0.439(- | 0253 0.078 0.56 0.198 0.254 0.068
Depth NA NA NA NA NA (0.625) | (-0.021) | (0.031) | (-0.39) NA NA (0.442) | (-0809) | (-0.954) | (-0518) | (0.357) | (0.417) | (0.176) | 0.457) | (0632) | (-0.836) | (0.353) | (-0.689) | (0.631) | (0.851)
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