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Abstract: Increasing levels of dissolved organic matter (DOM) in watercourses in the Northern hemisphere is
mainly due to reduced acid rain, climate change, and changes in agricultural practices. However, their impacts
vary in time and space. To predict how DOM respond to changes in environmental pressures we need to dif-
ferentiate between allochthonous and autochthonous sources, as well as identify anthropogenic DOM. In this
study we distinguish between allochthonous, autochthonous, and anthropogenic sources of DOM in a diverse
watercourse network using DOM characterization tools and by assessing effects of land cover on water quality.
Main sources of DOM are forests discharging allochthonous humic DOM, autochthonous fulvic DOM, and
runoff from urban sites and fish farms with high levels of anthropogenic DOM rich in protein like material.
Specific UV absorbency (sUVa) distinguish allochthonous DOM from autochthonous and anthropogenic DOM.
Anthropogenic DOM differ from autochthonous fulvic DOM by containing elevated levels of protein like ma-
terial. DOM from fishponds is distinguished from autochthonous and sewage DOM by having high sUVa.
DOM characteristics thus provide valuable tools for deconvoluting the various sources of DOM allowing water
resource managers to predict future trends in DOM and detect anthropogenic sources of DOM.

Keywords: DOM,; allochthonous; autochthonous; anthropogenic; sUVa; EEA indices; fractionation;
PARAFAG,; fishponds

1. Introduction

Dissolved organic matter (DOM) in soft freshwater environments primarily originates from the
terrestrial environment, known as allochthonous material [1]. However, there is also a production of
DOM by algae and other aquatic plants and microorganisms [2] in the surface waters (i.e., autoch-
thonous), particularly in eutrophic lake waters. The main moiety of natural allochthonous DOM is
humic compounds, which have a relatively high aromaticity and molecular weight. On the other
hand, autochthonous DOM is dominated by fulvic matter, which has lower aromaticity and size [3].
Additionally, in most watercourses, there are anthropogenic inputs of DOM. Admittedly, many of
the environmental states we observe have their origin in human societies, giving rise to theoretical
approaches and models aiming at merging nature and society when analyzing those states [e.g., 4—
8]. Although recognizing the importance of human societies cum anthropogenic drivers when ana-
lyzing environmental states, in this paper anthropogenic inputs of DOM in watercourses are referring
to direct pollution, thereby allowing for analytically distinguishing between direct and indirect ef-
fects. Anthropogenic in this context is thus referring to local sources of DOM pollution such as from
fishponds. On this basis, it is possible to conduct more informed analyses of the interaction between
natural and anthropogenic factors (human societies), moving towards some type of merged studies
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but doing so is far beyond the scope of this paper. The anthropogenic DOM shares some characteris-
tics with autochthonous DOM, such as low specific UV absorbency and higher biodegradability com-
pared to allochthonous DOM [9].

In recent decades, a widespread increase in the browning of freshwater bodies has been ob-
served in the Northern Hemisphere. This is primarily caused by an elevated flux of allochthonous
DOM to rivers and lakes [10]. The main drivers behind this increase include declined sulfur deposi-
tion [11] with decreased ionic strength in precipitation [12], increased biomass due to afforestation
and reduced grazing [13], as well as the impacts of increased wetness of soils [14] and a warmer
climate [15,16]. However, future increases in surface water DOM are expected to be driven by factors
other than further declines deposition of sulfur [17]. These factors may include changes in biomass
due to climate, re-/afforestation, other land use changes [13], and the accumulation of nitrogen dep-
osition [18]. To predict the effects of these drivers and pressures on DOM, there is a need for better
source appointment of the DOM. Additionally, our freshwater systems are recipients of direct inputs
of anthropogenic DOM, making it important for environmental managers to predict future develop-
ments in DOM and identify the presence of anthropogenic DOM in watercourses. This is a wicked
task due to the combination of spatiotemporal variances in the drivers and spatial differences in the
role of these governing factors, causing deviations in current increases in DOM concentration.

The concentration of DOM is commonly measured using proxies such as total- or dissolved or-
ganic carbon (TOC or DOC) and UV absorbency. In lakes with poor ecological conditions, Kaste et
al. [19] observed that higher DOC levels are associated with lower relative absorbencies, reflecting
that less aromatic autochthonous or anthropogenic DOM is more abundant in such lakes. A com-
monly used index to characterize DOM is thus the specific UV absorbency (sUVa). It is calculated by
dividing the absorbance of DOM at A254 (UVx2s4) by DOC [20], providing information regarding the
degree of aromaticity of the DOM. Biological oxygen demand (BOD) and chemical oxygen demand
(COD) are commonly used to measure organic pollution. BOD:s reflects the portion of DOM that can
be biodegraded by bacteria during a 5-day incubation, while COD measures the overall chemical
oxidation potential of DOM. The ratio between BODs and COD (BODs/COD) indicates the relative
biodegradability of the DOM. COD can be determined using either the manganese (CODwx) or di-
chromate (CODcr) oxidation methods, with CODcr being the stronger method yielding usually be-
tween 2 to 5 times higher values compared to CODwn in surface waters [2]. In raw sewage, the average
BODs/CODcr ratio is above 0.4 [21]. Based on the understanding that allochthonous DOM has higher
UV absorbency and is less biodegradable than autochthonous and anthropogenic DOM, Kaste et al.
[19] hypothesized that sUVa values below 0.033 and BODs/CODwn values above 0.5 indicate a signif-
icant contribution of autochthonous or anthropogenic DOM.

Fluorescence indexes determined from fluorescence excitation-emission (EEM) matrices are
commonly employed to further assess the spectroscopic characteristics of DOM. The humification
index (HIX) is a proxy for the relative degree of humification [22], the biological index (BIX) indicates
the recent autochthonous contribution, and the fluorescence index (FI) ratio distinguishes between
allochthonous DOM and autochthonous DOM derived from microbial activity or protein-like mate-
rial associated with anthropogenic DOM from sewage [23]. These spectroscopic indexes thus provide
information about the relative proportions of autochthonous, allochthonous, and anthropogenic hu-
mic matter within the DOM. EEM data are furthermore analysed using parallel factor (PARAFAC)
analysis [24], which allows for the distinct appointment of the humic allochthonous, fulvic autoch-
thonous, and protein-like anthropogenic components within the DOM material [25].

Hydrophobic and hydrophilic acid, bases and neutral moieties of the DOM are commonly de-
termined by tandem solid phase extraction. Allochthonous DOM is generally found to contain a
higher fraction of hydrophobic matter, while autochthonous and anthropogenic DOM contains more
hydrophilic DOM [26,27].

The hypothesis confirmed in this study is that by examining the characteristics of DO, it is
possible to differentiate between DOM originating from different natural sources (allochthonous and
autochthonous), as well as anthropogenic sources.

2. Materials and Methods

do0i:10.20944/preprints202307.1910.v1
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2.1. Study site

The study was conducted in the upper region of the Otava basin, located in the South Bohemian
region of the Czech Republic. This watershed is divided into 14 sub-catchments, with their specific
locations depicted in Figure 1 and characteristics described in Table 1. Geological composition of the
study area is mainly poorly weatherable metamorphic igneous silicate rock, such as gneiss, parag-
neiss, and amphibolite. The various sub-catchments exhibit a wide range of characteristics, spanning
from lowland areas starting at 360 m a.s.l. to mountains reaching heights of up to 1,370 m a.s.l. The
lowland regions are predominantly agricultural land with numerous fishponds and scattered small
villages. In contrast, the mountain region has dense Norway spruce forests [28]. The climate in this
area falls between a maritime and a continental climate, exhibiting transitional characteristics.

Monthly samples from these sites have been collected over 20 years from 2000 to 2020. Starting
in 2021, as part of the DWAREF project (Drinking W Ater Readiness for the Future, see acknowledge-
ment), this monitoring was continued on a quarterly basis. As an extension of this study, a set of 16
water samples were collected in 2023 from a watercourse that were significantly impacted by fish-
ponds near sample site 3 Volyrika - Strakonice. This watercourse forms a cascade of fishponds, cov-
ering approximately 3.9% of the total catchment area.

@® Sampling site Grassland
[ ] subcathment @ Urban
Arable B \Water
[0 Forest
1
0 5 10 km

Figure 1. Map of the study area in the South Bohemian region of the Czech Republic (top right). The
studied part of the Otava catchments is divided into 14 sub-catchments (bottom right). Sampling sites
and land use is shown in the left figure.
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Table 1. Geographical characteristics of sampling sites and their catchment areas on the river network in the Otava basin. The identification numbers of the sites correspond to Figure 1
for reference.

Site # 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Cernidsky icky Volgovk H ky Blani
Otava Blanice Volyrtika Peklov Cernicsky  Nezdicky Ostruzna OISOV ? Otav? Losenice amersKy Vydra Volyrika anice
Name i . . .. potok potok .. Cervené nad Volsov- o . potok . Pode-
Pisek Putim  Strakonice Nemeétice . L ) Susice Rejstejn , Modrava Vimperk
Bojanovice Zichovice Dvorce kou Antygl dvory

49.3083  49.2663 49.2541 49.1947 49.2948 49.2670 49.2521  49.2120 49.2115 49.1405 49.0597 49.0267 49.0506 49.0328

Location (X
ocation (z) 1 1950 141127 139032 13.8839  13.6435  13.6273 135499 135026 135022 135170 135120 134974 137676 13.9504
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‘?rllt:‘;‘:e 360 364 400 428 429 435 452 482 465 558 900 980 710 545
Catchment area
o 2885 860 427 80.3 61.5 75.8 172 74.4 456 53.7 207 89.7 484 210
Land use, %:
Forest 432 40.92 415 28.0 27.1 411 39.8 50.9 82.1 78.2 86.9 96.2 78.1 64.5
Arable 242 28.6 15.1 253 30.3 153 15.0 493 0.36 0.14 0 0.05 0.39 3.07
Grassland! 29.1 26.4 405 442 38.8 415 427 426 16.7 20.8 13.0 3.49 21.1 316
Urban 223 243 258 2.19 2.10 1.58 1.73 1.44 0.45 0.75 0.07 0.03 0.34 0.62
Water 1.32 1.6 0.3 0.29 1.69 0.56 0.73 0.13 0.38 0.08 0.09 0.23 0.07 0.23
Population
density, 50.0 484 57.3 32.0 29.0 28 273 59.8 95 30.7 32 0.64 42 11.4

person km

1 Grassland category includes parks and orchards, 2 Referred to as fishponds in this study.
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2.2. Trends in govering pressures

Based on data from the stations in Strakonice (49.2534N, 13.9156E; altitude 404 m a.s.l.) and Chu-
ranov (49.0681N, 13.6150E; altitude 1,122 m a.s.l.), operated by the Czech Hydrometeorological Insti-
tute (https://www.chmi.cz), the annual mean temperature has risen from 5.8 in 1980 to 8.3 °C, in 2022,
while precipitation has increased from 699 to 790 mm. Moreover, the frequency of prolonged
droughts and intense rainfall periods have increased. Despite the changes in climate the amount of
runoff in the Otava river at the main outlet at Pisek, with an average of 23.5 m3 s, has not shown a
significant long-term change. The region has suffered severely due to acidic deposition, particularly
in the mountain areas, which have been nitrogen-saturated since the 1960s [29]. Sulphur deposition
decreased from 6 g m=2in 1985 to 1 g m2 by the turn of the century and has gradually declined further
to slightly above 0.3 g m=. Both oxidized and reduced nitrogen deposition have decreased from 1.2
to 1.4 g m=2in the 1980s to below 0.8 g m2in 2000, stabilizing at around 0.6 g N m2 over the past two
decades. In the administrative region of South Bohemia, to which the Otava basin belongs, the appli-
cation of fertilization to agricultural land in 2020 were 130, 17, 42 and 73 kg/ha for N, P, K and Ca, of
which 30%, 60%, 75% and 5%, were added in the form of manure and organic fertilizers, respectively
(according to data from the Czech Statistical Office (CZSO); https://www.czso.cz). During the past 20
years, the total doses of fertilizers has remained stable, though the proportion of manure has slightly
(up to 10%) decreased. Based on summer Normalized Difference Vegetation Index (NDVI) data, Carl-
son [30] found an increase in biomass across all sub-catchments from 2000 to 2010. Between 2010 and
2020, biomass in the lowlands stabilized or slightly declined, while in the forested mountains, the
increase continued, resulting in a total biomass increase by 12% to 17% since 2000. Remarkably, this
increase in forest biomass occurred despite a severe bark beetle attack, which caused significant dam-
age to large, forested areas [31].

2.3. Land use and other catchment characteristics

Land cover characteristics of the studied catchments were determined using the GIS databases
of the Czech Republic (topological-vector database ZABAGED, https://www.cuzk.cz/; public land
registry LPIS, https://eagri.cz/public/app/lpisext/Ipis/verejny2/plpis/), and LANDSAT 7 ETM+ satel-
lite images (on the territory of Germany). This land cover data reflects the situation in 2009, though
no significant changes have occurred since then. According to census of population, houses, and
apartments, provided by the Czech Statistical Office (CZSO), the total population of the basin, which
amounted to 140.2 thousand people, remained relatively stable from 2001 to 2020, with a minor de-
crease of 0.3%.

2.4. Biochemical analysis

This study assesses a comprehensive set of water chemistry data in the Otava river watershed,
divided into 14 sub-catchments, covering the period from 2000 to 2022 (Table S3). The data used in
this analysis consists of historical monthly records from 2000 to 2020, sourced from the Vltava Basin
Authority and Cevak Inc. Additionally, quarterly data from 2021 to 2022, generated by the ongoing
DWAREF project, are included. The water samples are analyzed for pH, alkalinity, suspended solids
(5S), biological oxygen demand (BODs), chemical oxygen demand (CODwmn and CODcr), total- and/or
dissolved organic carbon (TOC, DOC), UV absorbency (Abs. @UVazs4), total nitrogen (TOT-N), total
phosphorous (TOT-P), chlorophyll A (Chl-a), major cations (Ca*, Mg, Na*, K*), major anions (SO4?*,
NOs, CI), phosphate (PO+*), and ammonium (NHs«*) (Table S3). It is important to note that the mon-
itored parameters varied between sites and over the years. The analytical methods employed by the
Vltava Basin Authority for the historic data can be found in Appendix A (Table Al). The DWARF
samples underwent pre-filtration in the field using a 200 um sieve to remove coarse particles. Subse-
quently, the samples were stored in the dark at 4 °C until analysis within two days. In the laboratory,
membrane filters (0.45 um) were used for ions analysis, while glass-fibre filters (0.4 pm) were used

do0i:10.20944/preprints202307.1910.v1
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for other analyses. Detailed information regarding the analytical methods employed for the DWARF
samples can be found in Appendix A (Table A2).

To investigate the fluorescence characteristics of the DOM, fluorescence excitation-emission in-
tensity (Ex I - Em I) spectra (EEM) were determined for the four seasons in 2021 (n =56) and 2022 (n
= 56), and the winter season in 2023 (n = 14). This analysis was conducted using a Duetta machine
(Horiba, France), with an excitation range of 250 — 550 nm (at 5 nm intervals) and an emission range
measured from 280 to 800 nm. Absorbance measurements for inner filter effect correction were sim-
ultaneously performed by the instrument. All EEMs were blank-subtracted using the EEM of Milli-
Q water obtained on the same day. Moreover, DOM in half of the water samples from 2021 and 2022
(n =56) were fractionated using the method described by Chow et al. [32] into four DOM fractions:
Very Hydrophobic Acids (VHA, adsorbed by DAX-8), Slightly Hydrophobic Acids (SHA, adsorbed
by XAD-4), Charged Hydrophilic Acids (CHA, adsorbed by IRA-958), and Neutral Hydrophilic Mat-
ter (NEU), which was not adsorbed on any of the ion exchange resins.

2.5. Derived parameters and statistical analysis

DOM characteristics were determined based on spectroscopic indexes and fractionation (Table
54). The sUVa was calculated by normalizing the UVazss value to the DOC concentration. Several in-
dices were determined based on the EEM matrix. These include the degree of humification (HIX =

LlEmazo-ssonm (Agx254nm)) [33], the biological index (BIX = JEMI0 () 310nm) [23,34] the Fluorescence
430

YIEm300-345nm IEm

index (FI= Emazonm (3 ) [22,25,35,36], and the spectral ratio (SR = Em>0Pe2rs—205mmy 137] Thege

IEms20nm IEm Slopesso—s00nm
indices were derived using the stardom package [38] in the R programming environment [39].

Further, the fluorescence EEM signals were decomposed by the PARAFAC analysis (See Chap-
ter S4). This analysis was also computed using the staRdom package in the R programming environ-
ment, following the principles outlined by Murphy et al. [24] and Stedmon & Bro [40]. The fluores-
cence intensities were expressed in Raman units, and various pre-processing steps were applied, in-
cluding scattering removal, interpolation, data normalization, and the constraint of nonnegativity.
No outliers were identified.

Three PARAFAC components were identified that collectively provide a robust description of
DOM fluorescence within the dataset, accounting for 98.6% of the total variance in the EEM data
matrix. The maximum (and lower) fluorescence intensities were for the three components found at
the following excitation and emission wavelengths (nm): component 1 (C1) had the highest fluores-
cence intensity at Aexcitation/Aemission 265 (365)/487; component 2 (C2) exhibited maximum intensity at
Aexcitation/Aemission 250 (305)/413; while component 3 (C3) had a maximum intensity at Aexcitation/Aemission
280/336. The characteristics of the underlying fluorophores were found from matches (Tucker’s con-
gruence coefficient (TCC) > 0.95) with literature in the OpenFluor database [24]: i.e., C1) high molec-
ular weight humic DOM of allochthonous origin and associated with a high degree of aromaticity
[41-43]; C2) medium molecular weight fulvic DOM, likely derived from microbial reprocessing in
the water [41,44]; and C3) protein like material. The latter is customary linked to anthropogenic
sources [45,46]. The relative fluorescence intensity of each component (%Ci), expressed as a percent-
age of the sum of the three components, was used for further analyses. Model validation procedures,
including visual evaluation of spectral loadings, leverages, sample residuals, and split-half analysis
(TCC > 0.996), were performed. Additional details regarding the model, validation, and literature
matches can be found in Appendix C. All statistical analysis (i.e., correlation, cluster and PCA) are
performed in MiniTab Statistical software (Version 21.1.1).
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3. Results and discussions

3.1. Land use as governing factor on spatial differences in water chemistry

The lowland rivers in the Otava basin exhibit higher ionic strength and elevated levels of DOC,
CODwmn, nutrients (TOT-P, TOT-N, K*), and Chl-a. In contrast, streams draining the upland regions
have more diluted waters with lower levels of DOC and no Chl-a. Comparing the average physico-
chemical characteristics of water at each of the 14 sites to the land-use composition of their respective
catchments reveals the strong influence of land use on water quality (Figure 2). The percentage of
arable land in the catchments governs the levels of TOT-P, and K* in the waters (Figure 2A). This
relationship is likely attributed to increased erosion in ploughed fields and the use of fertilizers in
agricultural practices. BODs and SS are mainly influenced by the water coverage in the lowland re-
gion (Figure 2B). Despite the relatively small land cover percentage of water, its impact in this region
is substantial due to the prevalence of fish farming. Consequently, these waters, referred to as fish-
ponds, play a significant role in both water and DOM quality. The levels of TOT-P, K*, and NOs +
NH4 are also influenced by the limited extent of urban coverage (Figure 2C), likely due to the dis-
charge of untreated and incompletely treated sewage. On the contrary, the percentage of forest cover
exhibits a negative relationship with alkalinity, TOT-N, K* and CI- levels in the drainage waters (Fig-
ure 2D). Forests are typically grown on acidic soils derived from poorly weatherable minerals, ren-
dering relatively acid runoff characterised by low ion concentrations. The average sUVa values for
each catchment are primarily governed by the percentage of forest cover (Figure 3), explaining 89.6%
of the variation. Conversely, the percentage of arable land shows a negative correlation with sUVa
(R2=0.643). sUVa values above 0.033 are only observed in sites with more than 50% forested land
(Figure 3). This reflects that forests serve as a major source of allochthonous DOM with high specific
absorbency ratios. In contrast, watersheds with arable land primarily receive autochthonous and an-
thropogenic DOM with lower sUVa values.
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Figure 2. Relationship between mean concentration (all historic data) of related chemical parameters
in streams and the percentage of different land use (i.e., A) arable land, B) water surface, i.e., fish-
ponds, C) urban area, and D) forested area) in the 14 sub-catchments draining into the streams.
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Figure 3. Correlation between site average sUVa (cm™'/mg C/L) in the DWARF data (2021 and 2022)
vs. percent forest in the watersheds drained by the stream.

3.2. Governing factors on DOM

Over the past 20 years, the concentration of DOC and CODwn in the main outlet of the Otava
river (Site 1, Figure 1) has increased by 14% and 30%, respectively. Moreover, the runoff from areas
predominantly used for agriculture have shown a significant increase in BODs (e.g., 40% increase at
Site 5 Cernidsky potok - Bojanovice). In contrast, sub-catchments dominated by forests (e.g., Site 13
Volynka - Vimperk) exhibited no significant trends in DOC nor CODwn. This suggests that the rise in
DOC and CODwn at the main outlet of the Otava river is primarily attributed to increased flux of
DOM from lowland sites. Conversely, data from forested ICP-water monitoring sites (Data — ICP
Waters (icp-waters.no)), located further north in the Sumava mountains, generally indicate slight in-
creasing trends in DOC since 1993.

There is a strong correlation between TOC and DOC values (R2=0.976). However, a ratio of 0.80
in the linear regression equation indicates that 20% of TOC exists in the form of particulate organic
matter (POC). This POC includes algae, which is measured as chlorophyll-a (Chl-a). Elevated levels
of POC commonly serve as indicator of local anthropogenic sources of organic matter, such as sewage
and overland flow flushing manure from fertilized soils, which can also lead to algae blooms (high
Chl-a) due to eutrophication. POC is thus found to be positively correlated with biochemical oxygen
demand (BOD:s) (R2=0.758).

UV is strongly correlated to DOC (R? = 0,908). Despite this strong correlation, sUVa values
are a useful indicator to distinguish allochthonous DOM from autochthonous and anthropogenic
DOM. sUVa is negatively correlated with the BODs/CODwn ratio, reaching a plateau at sUVa values
below 0.033 and BODs/CODuwn ratios above 0.5 (Figure 4). This suggests that when more than 50% of
the CODwn is biodegradable, sUVa values are below 0.033, indicating autochthonous or anthropo-
genic origin. The threshold value of 0.033 is supported by an assessment of more pristine Norwegian
freshwaters [19]. However, Figure 4 also demonstrates that sUVa values below 0.033 can be found in
samples with BODs/CODwn ratios below 0.5, implying less anthropogenic influence. Low sUVa val-
ues are thus only an indication that there may be some anthropogenic influence. Furthermore, aver-
age sUVa values for each site are negatively co-correlated with average pH (R? = 0.648), with higher
sUVa values observed in low pH dystrophic waters. This reflects that stream waters with high sUVa
values are dominated by allochthonous DOM from the acid forested headwaters, while those with
low sUVa values have more autochthonous or anthropogenic DOM from the more buffered lowland
region.
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Figure 4. Correlation between sUVa (cm™/mg C/L) and the ratio of BODs over CODwn, both reflecting
the content of autochthonous and anthropogenic relative to allochthonous DOM in the water. The
data are from Losenice (site 10) sampled between 2000 and 2020.Correlation between sUVa (cm™/mg
C/L) and the ratio of BODs over CODwn, both reflecting the content of autochthonous and anthropo-
genic relative to allochthonous DOM in the water. The data are from Losenice (site 10) sampled be-
tween 2000 and 2020.

The biological index (BIX) and fluorescence index (FI), which serve as proxies for autochthonous
and microbially derived DOM, respectively, are positively correlated (R2=0.693). Average BIX values
for each site (Table S4) tend to be lower in runoff from forested and wetland-dominated catchments
(Figure 5A) and higher in watersheds dominated by arable land, grassland, and urban areas (Table
1). BIX is on the other hand negatively correlated with the percentage of forest cover (Figure 5B).
These findings align with Huguet et al. [23] that concluded that DOM with low BIX values have a
low autochthonous component, while high values indicate a strong autochthonous component. Fur-
thermore, BIX demonstrates a strong positive correlation with certain chemical parameters associated
with anthropogenic loading, such as alkalinity (R? = 0.678) and SO« (R? = 0.783). The humification
index (HIX) distinguishes between DOM with strong humic traits, originating mainly from alloch-
thonous sources, from the DOM with weak humic character, derived mainly from autochthonous
source. Surprisingly, the HIX was not found to correlate with any specific land use, but it is weakly
correlated with sUVa (R2=0.177) and exhibited a slight negative correlation with calcium concentra-
tion (R? = 0.295). This suggests that the HIX loosely responds to differences in humification of DOM
between forested sites (presumably with high humification and sUVa) relative to lowland sites (low
humification and high calcium concentration). Fortunately, sUVa, which is a more readily available
parameter, shows a strong correlation with BIX (R? = 0.940) and FI (R? = 0.921), allowing sUVa to be
employed as a simple proxy for assessing the relative amounts of allochthonous vs. autochthonous
or anthropogenic DOM. The allochthonous humic matter is characterized by relatively high molecu-
lar weight aromatic compounds, while autochthonous fulvic moieties of the DOM are more low mo-
lecular weight and aliphatic (Perdue, 2009). The spectral ratio (SR), which is inversely related to the
molecular size, is thus negatively correlated (R? = 0.403) to sUVa, a proxy for aromaticity. At sUVa
values below 0.033 the link between SR and sUVa is weak (Figure 6), due to the mix with anthropo-
genic DOM. Le., DOM from fishponds is characterized by having high SR and sUVa, expressing low
molecular weight and high aromaticity (see Chapt. 3.3). The C1 component, ascertained as high mo-
lecular weight humic DOM and associated with a high degree of aromaticity, was as could be ex-
pected negatively correlated to SR (R?=0.451) and positively correlated to sUVa (R? = 0.744). Moreo-
ver, C1 was strongly negatively correlated to BIX (R? = 0.924), reflecting the low autochthonous con-
tribution in samples with high C1 component. Site averaged C1 was thus strongest correlated to the
relative forest cover (R2 = 0.915). The fulvic DOM comprising the C2 component was found to be
strongest correlated to FI (R?=0.851), reflecting microbially derived autochthonous DOM. Site aver-
age values for this component was thus negatively correlated to the relative forest cover (R?=0.874).
Surprisingly site average values of the protein like material (C3) were weakly correlated to water
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(fishpond) cover, instead it was strongly correlated to the relative proportion of urban development
(R2=0.821), possibly reflecting the influence of sewage.
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Figure 5. Relationship between different land use and biological index (BIX) reflecting the contribu-
tion of autochthonous (and anthropogenic) relative to allochthonous DOM sources: (A) arable, grass-
land, parks and orchards, water (i.e., fishponds) and urban areas; and (B) forest. Data are from sea-
sonal samples collected in 2021 and 2022.
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Figure 6. Relationship between the spectral ratio (SR) and specific UV adsorption (sUVa) reflecting
the link between size and aromaticity in the allochthonous and autochthonous sources of DOM at
sUVa values above 0.033. The correlation is weak in samples with sUVa above 0.033 due to the influ-
ence of anthropogenic DOM. Data are from seasonal samples collected in 2021 and 2022.

The relative proportions of hydrophilic moieties of the DOM, represented by the hydrophilic
index (HPI) as the sum of percentage charged hydrophilic acids (CHA) and neutrals (NEU), were
significantly higher in our studied waters (HPI=22.5%) (Table S4) compared to 10 pristine raw water
sources used for drinking water production in the Nordic countries and Scotland (15.4%) [47]. This
disparity is primarily attributed to the substantial human influence in the watersheds, leading to in-
creased levels of autochthonous and anthropogenic HPI DOM in our samples. Notably, the propor-
tion of the NEU fraction was more than twice the size, while the slightly hydrophobic acids (SHA)
accounted for less than half of what was found in the more pristine sites. On average, sites 5 to 8
(Figure 1, Table 1) had the lowest relative proportion of very hydrophobic acids (VHA) in the DOM,
constituting only 59% of the DOM, primarily due to a more significant contribution by SHA (13.8%).
These sites are small sub-catchments in the upper low-land region of the Otava river, characterized
by a mixture of different land use types. Notably, seasonal fluctuations were observed in SHA, par-
ticularly at these four sites, with negligible amounts detected in the fall samples, possibly associated
with specific land-use practices. The average proportion of VHA was strongly correlated with the
site’s average sUVa (Table 2), with the highest fraction of VHA found at sites 11 and 12 (Table 54)
that have extensive forest cover (Table 1), though the overall corelation to forest cover was not sig-
nificant (p < 0.001). Still, this reflects the stronger influence of allochthonous hydrophobic humic
DOM from the forests at these sites. Furthermore, HPI moieties were correlated with the coverage of
fishponds and BOD:s (Table 2). Interestingly, the relative respiration rate of the DOM (Rel. RR, un-
published data), serving as a proxy for biodegradability [48], also exhibited a strong negative corre-
lation with the proportion of VHA (Table 2). This adheres to that the high molecular and aromatic
VHA fraction has a lower biodegradability than other DOM moieties. Additionally, the relative
amounts of charged hydrophilic acids (CHA) exhibited significant correlations with urban land cov-
erage, as well as potassium (K*) and nitrate (NOs") concentrations, along with BIX, FI, and HIX values
(Table 2). This suggests that CHA, along with the C3, could potentially serve as tracers for sewage,
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enabling the differentiation of urban sewage-derived DOM from allochthonous DOM found in eu-
trophic lakes and fishponds.

Table 2. Coefficient of determination for significant (p < 0.001) correlations between DOM fractions
and explanatory factors. Data are from four sets of seasonal samples (n = 56) collected in 2021 and

2022.
%DOM fractions vs R2
Fishponds 0.712
BOD:s 0.810
HPT Rel. RR 0.691
VHA sUVa 0.669
Urban 0.689
CODwn 0.729
K+ 0.676
NOs 0.729
BIX 0.757
CHA FI 0.805
HIX 0.704

3.3. Multivariate statistics

A cluster analysis incorporating water chemistry, sUVa and catchment land-use, along with the
parallel factor analysis (PARAFAC) components on the quarterly data from 2020 and 2021, provides
confirmation regarding associations with the three components C1 and C2 (Figure 7) described
above. The humic DOM component (C1) is primarily observed in runoff from acidic forested sites
and peatlands, characterized by allochthonous DOM with high specific UV absorbance (sUVa). A
cluster with DOC and H* is closely linked to this mountain forest cluster. This connection underscores
the significance of headwaters in contributing to the variation in DOC levels. The fulvic DOM com-
ponent (C2) is linked to runoff originating from lowland grassland areas, including parks and or-
chards, which exhibit high nitrogen content. These areas tend to have more autochthonous DOM
with high biological index (BIX). The water chemistry from grasslands is closely associated with a
subcluster formed by samples in the lowland region with arable and urban land cover, with high
alkalinity, ionic strength, and potassium. This is likely due to the liming of agricultural land. On the
other hand, protein-like material (C3) is in the PCA closer associated to catchments influenced by
fishponds than to urban land. A cluster analysis comprising also the DOM fractions, on only half of
the quarterly data (Appendix D, Figure D1), placed the VHA in the cluster with humic DOM, NEU
along with fulvic DOM, and CHA and SHA together with protein like material from the fishponds.

In summary, the cluster analysis with PARAFAC components and DOM fractions confirm the
distinct patterns of DOM composition across different land-use types, indicating the dominance of
very hydrophobic allochthonous humic DOM in mountain forested areas, neutral hydrophilic au-
tochthonous fulvic DOM in the lowland grassland regions as well as in arable environments. The
slightly hydrophobic acids (SHA) or charged hydrophilic (CHA) protein-like material is closer asso-
ciated to runoff from fishponds than from urban environments, as found in Chapt. 3.1.

do0i:10.20944/preprints202307.1910.v1
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Figure 7. Cluster analysis of the water chemistry, sUVa, and catchment land use, along with the three
PARAFAC component groups on the quarterly data from 2021 to 2022.

A Principal Component Analysis (PCA), also conducted on the quarterly dataset (Figure 8), gave
a first Principal Component (PC1) representing an allochthonous-autochthonous gradient that ac-
counts for 71.8% of the data variation. It effectively separates the allochthonous humic DOM from
the autochthonous fulvic DOM and the anthropogenic protein-like material. The second Principal
Component (PC2), explaining an additional 9.0% of the variation, represents a DOM gradient. It does
not deconvolute the sources of autochthonous fulvic DOM from the anthropogenic protein like ma-
terial. When plotted on the PC1 vs. PC2 plane, the four clusters identified in the cluster analysis (Fig-
ure 7) can be recognized within the PCA. The third Principal Component (PC3), explaining an addi-
tional 5.5% of the variation in the dataset, separates the clusters with fulvic DOM in regions with
grassland and urban development, from the cluster with protein like material (Appendix D, Figure
D2) from fishponds.

In summary, the PCA results demonstrate the presence of distinct gradients in the data, with
PC1 representing the distinction between allochthonous and autochthonous DOM, and PC3 captur-
ing the differentiation between autochthonous and anthropogenic DOM from sewage on the one side
and anthropogenic DOM from fishponds on the other. The PCA plot confirms the clustering patterns
observed in the cluster analysis and highlights the role of fishponds in driving an anthropogenic
components of autochthonous DOM.
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Figure 8. The 1st and 2nd Principal Component (PC) from a Principal Component Analysis of the
three PARAFAC component groups, catchment characteristics and water chemistry.

3.4. Fishpond study

Correlation and multivariate analysis in Chapters 3.1 and 3.2 differ in their assessment of sources
for the protein like components (C3). In order to address this water samples were collected from a
watercourse heavily influenced by fishponds. These waters exhibited average concentrations of DOC
(10.4 mg C/L), SS (22.6 mg/L) and TOT-P (0.4 mg/L) that were 1.7, 2.5 and 4.7 times higher than the
average for the 14 sites, respectively (Appendix B, Table B1). Also, the DOM in these waters displayed
distinct features, including high values for BIX (1.0), FI (1.4), sUVa (0.056), and SR (1.0), relative to
the values for 14 studied sites (Appendix B, Table B2). The elevated BIX and FI values suggest that
the DOM in these eutrophic ponds is predominantly derived from autochthonous sources and influ-
enced by microbial activity, similar to the characteristics of autochthonous fulvic acids. On the other
hand, it was noteworthy that the sUVa values were high, indicating that the DOM in the fishponds
exhibits significant aromatic characteristics. The sUVa data are supported by a significant correlation
with humification index (HIX) (R? = 0.689). This heightened aromaticity can serve as a useful distin-
guishing factor, allowing the differentiation of DOM originating from fishponds from other sources
of autochthonous and anthropogenic fulvic DOM, which typically exhibit lower levels of aromaticity.

In summary, the water samples collected from the streams affected by fishponds exhibited spe-
cific chemical and DOM characteristics, including high SR and sUVa values. These features are indic-
ative of low molecular aromatic DOM. This aromatic nature of DOM originating from the fishponds
distinguishes the DOM from fishponds from other autochthonous and anthropogenic sources of ful-
vic DOM.

4. Conclusion

This study highlights the ability to deconvolute the dissolved organic matter (DOM) in the Otava
watercourses into three main sources using DOM characteristics. These sources are as follows: 1)
Allochthonous high molecular weight and aromatic humic DOM originating from mountainous co-
nifer forests and wetlands, 2) Autochthonous low molecular weight and aliphatic fulvic DOM de-
rived from algae growth due to eutrophication in the lowlands, and 3) Anthropogenic DOM contain-
ing protein-like material from sewage and fishponds. The relative proportions of allochthonous DOM
can be distinguished from the autochthonous and anthropogenic DOM by examining the Biological
Index (BIX) or simply by assessing the specific UV absorbance (sUVa). Therefore, the data suggests
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that the allochthonous DOM from the headwaters can be separated from other DOM sources in the
main outlet of the Otava river by evaluating the sUVa parameter. Autochthonous fulvic DOM origi-
nating from eutrophic waters can be distinguished from anthropogenic DOM originating from sew-
age and fishponds through the presence of protein like material (C3) or by the 3rd PC of a PCA.
Furthermore, anthropogenic DOM from fishponds can potentially be differentiated from autochtho-
nous and sewage DOM by rather uniquely displaying a high sUVa along with high Spectral Slope
Ratio (SR). Moreover, anthropogenic DOM from fish farms is characterized by higher moieties of
charged and slightly hydrophobic acid, while autochthonous DOM and sewage has higher levels of
neutral hydrophilic matter.

In summary, DOM characteristics provide valuable tools for differentiating between the various
sources of DOM in the Otava watercourses. Allochthonous DOM can be distinguished by high sUVa,
autochthonous fulvic DOM can be identified by a higher BIX and FI, and anthropogenic DOM from
fishponds and sewage can be distinguished from autochthonous DOM by high content of protein
like matter (C3). Finally, DOM from fishponds differ from sewage by possessing a high sUVa, as well
as higher fraction of charged hydrophilic and slightly hydrophobic organic acids.
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Appendix A

Table Al. Physical and chemical parameters and methods of analysis used to characterise water qual-
ity in the Otava basin by the Vltava Basin Authorities from 2000 to 2020.

Parameter Method of analysis/instrument Ref.
pH Probe YSI 6600 V2-4 (Xylem Inc.) -
Suspended solids (mg L) Gravimetry after drying at 105 °C 49
Alkalinity Titrimetric dete?rmmatlon of acid neutralizing 50
capacity to pH 4.5 (ANCas)
Biochemical oxygen demand after . .
El h 1 1 h 1
5 days (BODs, mg L) ectrochemical or optical probe methods 5
Chemical oxygen demand by per- Titrimetric determination after digestion with 50
manganate (CODwmn, mg L) permanganate
hemical i-
Chemical oxygen demand by di Spectrophotometric test-tube method 53

chromate method (CODcr, mg L)
UV absorbency (Abs. @UVazs4) Spectrometry (Shimadzu UV-1650 PC) 54
Inductive coupled plasma spectrometry (Ag-
ilent 8800 ICP-MSQ)
Spectrophotometric ammonium molybdate
method (Shimadzu UV-1650 PC)
High-temperature combustion (Multi N/C
TOT-N (mg L) 2100 analyser, Analytik Jena AG, Germany) 57
with unfiltered water samples
N-NHs" (mg L) Spectrophotometry (Shimadzu UV-1650 PC) 58

TOT-P (mg L) 55

PO# (mg L) 56
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Parameter Method of analysis/instrument Ref.
504, N-NOs, CI;, (mg L) Ion chromatography (Dionex IC5-1000) 59
Ca*, Mg?, Na*, K*(mg L) Ion chromatography (Dionex ICS-1000) 60
Chl-a (ug L) Spectrometry (Shimadzu UV-1650 PC) 61
High-temperature combustion method (Multi
TC (mg L) N/C 2100 analyser, Analytik Jena AG, Ger- 62
many)
Low temperature acidification method (Multi
TIC (mg L) N/C 2100 analyser, Analytik Jena AG, Ger- 62
many)
TOC (mg L) TOC=TC-TIC 62
High temperature combustion method (Multi
DC (mg L) N/C 2100 analyser, Analytik Jena AG, Ger- 62
many)
Low temperature acidification method (Multi
DIC (mg L) N/C 2100 analyser, Analytik Jena AG, Ger- 62
many)
DOC (mg L) DOC =DC - DIC 62

Table A2. Physical and chemical parameters and methods of analysis used to characterise water qual-

ity in the Otava basin by the DWARF project from 2020 to 2022.

Parameter Method of analysis/instrument Ref.
pH TIMS865, Radiometer -
Suspended solids (mg L) Gravimetry after drying at 105 °C 63
. Titrimetric determination of acid neutralizing capac-

Alkalinity ity according to Gran using TIM865, Radiometer >0

UV absorbency .
(Abs. @UVius) Spectrometry (Shimadzu UV-2700) 54

Spectrophotometric molybdate method (Kopacek and
TOT-P L1
OT-P (mg L) Hejzlar, 1993) %6
Spectrophotometric ammonium molybdate method
PO« (mg L) (Specord 50, Analytik Jena) Murphy and 56
Riley (1962)
Tot-N (mg L) High—tempe.rature .combustion (Shimadzu TOC-L) 57
with unfiltered water samples
N-NH4* (mg L) Spectrophotometry (Specord 50, Analytik Jena) 58
N-NOs, Cl, SO+ (mg L) Ion chromatography (Dionex ICS-5000+) 59
Ca*, Mg?, Na*, K*(mg L) Ion chromatography (Dionex IC25) 60
Nonpurgable total organic carbon (Shimadzu TOC-
-1

TOC (mg L) 5000A) 62
DOC (mg L) Nonpurgable dissolved organic carbon (Shimadzu @

TOC-L)

do0i:10.20944/preprints202307.1910.v1

16


https://doi.org/10.20944/preprints202307.1910.v1

3

S

@

v

£

=

o

Appendix B é
Table B1. Average inorganic water chemistry at each site. é’

Site pH Alkalinity SS TOT-N TOT-P Ca* Mg Na* K+ SO.* NOs= Crl- PO+ N-NHg4 g
# mmol L1 mg L mg L1 mg L~ mg L mg L~ mg L mg L1 mg L~ mg L1 mg L1 mg L1 mg L1 ;
1 7.53 0.83 8.55 2.45 0.10 14.5 5.60 7.51 3.07 22.2 1.73 11.6 0.05 0.09 9
2 7.45 1.14 19.18 2.89 0.15 24.05 8.83 15.12 4.65 33.34 1.99 22.94 0.05 0.11 e
3 7.58 0.99 7.43 3.19 0.14 22.45 7.06 14.92 3.61 24.73 2.60 25.37 0.09 0.08 L
4 7.51 1.36 10.02 4.71 0.14 28.53 9.88 13.61 4.54 35.43 3.74 21.44 0.10 0.09 r%
5 7.80 2.23 19.55 3.75 0.20 40.26 14.20 15.45 513 44.83 2.61 19.07 0.09 0.14 rsn
6 7.76 1.61 16.61 3.74 0.14 35.32 9.38 11.51 3.41 29.42 2.67 18.70 0.10 0.28 s
7 7.45 0.89 16.79 2.63 0.07 14.94 6.17 8.72 2.80 21.14 2.14 13.35 0.03 0.06 5
8 7.53 0.85 7.15 2.04 0.05 18.31 4.59 7.50 2.71 17.38 1.75 10.36 0.02 0.04 -
9 7.00 0.22 2.10 0.78 0.03 3.80 1.00 2.59 0.69 4.41 0.78 1.64 0.02 0.01 7
10 7.18 0.39 5.87 1.38 0.06 8.58 241 4.30 1.49 11.40 1.08 4.28 0.04 0.04 g
11 6.57 0.12 2.54 0.52 0.03 1.84 0.53 2.03 0.57 3.05 0.24 0.75 0.02 0.00 3
12 5.72 0.10 1.28 0.68 0.02 1.47 0.43 1.43 0.31 1.45 0.44 0.41 0.01 0.03 =
13 7.14 0.26 3.79 1.13 0.04 2.78 1.71 4.38 1.63 11.99 0.76 3.57 0.01 0.02 '<;
14 7.45 0.44 8.25 1.68 0.04 6.28 3.99 13.35 1.66 12.41 1.23 6.19 0.02 0.03 §

All values are based on data from 2000 to 2022, though their monitoring periods differ.
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Table B2. Average DOM characteristics at each site. '?I;

Sort DOC sUVa BOD:s CODcr CODwn Chl-a BIX FI HIX VHA SHA CHA NEU HPO HPI %
# mg L1 m;mCI//L) mg L mg L mg L mg L~ % % % % % % é
1 6.94 0.033 2.92 21.03 7.65 13.57 0.81 1.29 0.84 69.5 3.0 4.7 22.9 72.5 27.5 e
2 9.52 0.028 3.62 25.74 7.32 4412 0.86 1.33 0.84 68.1 8.3 5.3 18.3 76.4 23.6 %
3 4.87 0.031 2.47 16.24 4.73 6.05 0.87 1.34 0.85 69.0 3.7 0.8 26.5 72.7 27.3 ;
4 6.44 0.028 2.43 19.20 5.99 9.83 0.88 1.37 0.88 70.6 4.6 5.2 19.6 75.2 24.8 Fﬂ
5 8.77 0.025 4.07 28.65 8.44 22.08 0.92 1.38 0.84 58.2 16.4 8.7 16.7 74.6 254 i
6 4.78 0.030 2.96 17.31 - 6.21 0.86 1.33 0.85 59.8 12.6 4.2 23.5 72.3 27.7 2
7 543 0.032 2.13 13.40 4.26 3.39 0.83 1.33 0.84 62.8 12.4 1.1 23.6 75.3 24.7 g
8 2.60 0.031 1.74 8.68 2.93 3.28 0.85 1.32 0.82 55.3 13.8 0.0 30.9 69.1 30.9 g
9 5.25 0.048 - - 6.47 - 0.60 1.11 0.86 80.4 3.9 0.6 15.0 84.3 15.7 —
10 3.59 0.029 1.70 10.29 3.87 - 0.71 1.20 0.84 72.2 2.2 0.9 24.7 74.4 25.6 =
11 7.03 0.052 - - - - 0.56 1.10 0.87 84.7 5.2 0.9 9.2 90.0 10.0 %
12 9.49 0.051 1.66 26.31 12.55 - 0.53 1.07 0.87 84.3 7.9 1.2 6.5 92.2 7.8 z
13 4.05 0.037 1.51 13.70 4.92 - 0.71 1.24 0.87 69.9 8.1 1.8 20.3 78.0 22.0 :
14 5.53 0.039 1.72 15.75 5.33 3.07 0.69 1.21 0.88 69.1 9.0 2.7 19.1 78.1 21.9 :—
DOC and sUVa are based on data from 2000 to 2022, BODs, CODcr, CODwn, and Chl a are based on data from 2000 to 2020, while HIX, FI, and HIX are from 2020 to 2022. DOM fractions §
[X)

are based on half of the samples from 2020 to 2022.
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Appendix C
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Figure C1. Counter-plots of the fluorescence intensity by excitation wavelength (nm, x-axis) and emis-
sion wavelength (nm, y-axis) of the three modelled PARAFAC components, Component 1 (Comp. 1),
Component 2 (Comp. 2), and Component 3 (Com. 3).

modell
1.00

value
) )
y b y
] b4 & b4
Zdwon pdwon

=
;
2
erdwon

o
=]

wavelength (nm)

300
500

Figure C2. Spectral loadings of the three component PARAFAC model. Excitation wavelengths in
light blue and emission wavelengths in dark blue.
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Figure C3. Loadings from the split-half analysis of the PARAFAC model with three components.

Model validation test.
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Table C1. List of studies from the OpenFluor database with components matching (> 0.95) the excitation and emission of the components found in the study. The ten studies presented
for each component were selected among the strongest correlating, readily available, and by prioritizing studies that matched more than one of the three components in this study. For
component assignment and description, the reader is referred also to the references within the cited studies.
Excitation/emission

Ref. Component assignment and description Location Sample type L.
P 8 P pletyp similarity score

Component 1: Aexcitation, max/Aemission, max = 265 (365)/487
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43 C2: Humic-like; large sized; characteristics of soil, sediment, and . .
RaskaDOM freshwater environments. Cropping system, Montana, USA Soil water extractable DOM 0.9920/0.9946
o4 C2: Humic-like; large sized; charac't eristics of soil, sediment, and Cropping system, Montana, USA Soil water extractable DOM 0.9876/0.9972
Wheat freshwater environments
65 C1: Terrestrial humlc—Iﬂ.(e ﬂuorescenc.e in high nutrient and Water recycling plant, Australia Water recycling DOM 0.9808/0.9986
Recycle wastewater-impacted environments.
66 C1: similar to Coble peak C; humic like Texas, USA Riverine/Estuarine DOM 0.9802/0.9975
Galveston bay
67 C1: Humic-like; terrestrially derlv.ed; Coble peak C; some photo- Beaufort Sea, experiments Estuarine DOM 0.9792/0.9933
Gueguen_Nelson bleaching
6 s C3: humic like 5a0 Vicente, Cape Verde to Gran Canaria, Marine DOM 0.9753/0.9968
Macaronesia Canary Island
7 69 C1: Coble peak C+A; Humic-like; terrestrially derived Australia Water treatment plant DOM 0.9723/0.9988
0 C2: humic-like; terres’Frially'derived material idethiﬁed in a variety Various freshwater environments across Boreal freshwater DOM 0.9965/0.9728
of aquatic environments; photosensitive Quebec, Canada
40 C1.: terrestrial and marine DOM Fjordsystem, Norway Experimental marine DOM 0.9798/0.9861

C2: aromatic; high molecular weight organic matter (humic-like)

SRHA DOM standard from th
with terrestrial character and correlated to lignin phenol concentra- s .andard tom e

H tions; humic-like substance, enriched in terrestrial DOM sources; Experiments InternatlonalSI;IClilémc Substances 0.9832/0.9724 a
ubiquitous in DOM. ty ol
Component 2: Aexcitation, max/Aemission, max = 250 305/413 (=]
70 C4: UVA humic—lik.e comp.onent freguently four}d in 'le?tic fresh- The Sau Reservoi.r and its'tributary the Ter Freshwater DOM 0.9823/0.9924 %
water; associated with bacterial planktonic activity. River, Spain IN
RHA D tandard f th =
C3: combined Coble peaks A+M; microbial humic-like substances; . 5 . OM stan .a ra trom the ]

41 . . . . Experiments International Humic Substances 0.9887/0.9842
produced by microbial degradation of organic matter. Society =
— . . . o
. _like: . . 4
7 C2: Humic-like; terrestrially derived; .Coble peak A; susceptible to Beaufort Sea, experiments Estuarine DOM 0.9790/0.9898 S
photobleaching. X
44 C2: humic-like, ublf]ultous humic Component. related with fulvic Montseny Natural Park, Spain Headwater forested catchment 0.9717/0.9968 =
acids and re-processed humics freshwater DOM ©
=)
<
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The Baltimore sewer system, Baltimore,

5 45 C1.: terrestrial humic-like, microbial-humic-like. USA Wastewater DOM 0.9810/0.9865
6 66 C2: similar to Coble peak M. Texas, USA Riverine/Estuarine DOM 0.9834/0.9826
Galveston bay
” 69 C2: Coble peaks C+A; Humlc—hlgl;v’;errestrlal delivered reprocessed Australia Water treatment plant DOM 0.9733/0.9886
8 43 C1: Humic-like; medium sized; Char_aCtenStlcs of soil, sediment, Cropping system, Montana, USA Soil water extractable DOM 0.9718/0.9548
and freshwater environments.
2: Humic-like; medi ized; ch teristics of soil, sedi t
9 64 2: Humic-like; medium sized; c ar.ac CrISHCS O sorl, sediment, Cropping system, Montana, USA Soil water extractable DOM 0.9826/0.9761
and freshwater environments.
10 65 C2: Microbial humic-like. Water recycling plant, Australia Water recycling DOM 0.9826/0.9679
Component 3: Aexcitation, max/Aemission, max = 280/336
1 71 C7: protein-like; both tyrosine- and tryptophan-like properties. Southern Onterio, Canada Stormwater pond DOM 0.9951/0.9961
ie, L Kol Ye-
2 72 C5: Coble peak T; tryptophan-like. Mackenzie, ena, folyma, Ob, and Ye Arctic river DOM 0.9878/0.9947
nisei Rivers
3 73 C5: Coble T peak; protem-hke/try}.)tophan-h%(e' material with a re- Drinking water treatment plant, Sweden Drinking water treatment plant 0.9935/0.9867
cent, probably microbial origin. water DOM
4 74 C2: tryptophan-like; protein-like Maryland, USA Leaf litter leachate 0.9877/0.9924
5 69 C4: Coble peaks T+B, Protein-like; microbial delivered. Australia Water treatment plant DOM 0.9885/0.9886
C4: tryptophan-like and protein-like material; generally contributes
6 46 the }'ﬁg}.lest intensity peaks iI"l wastewaters, eYen in treated ef.flu— Coastal drainage basins of Miami, FL, Coastal DOM 0.9913/0.9845
ents; indicates recent production; often found in anthropogenically USA
affected watersheds.
o 75 C3: protein-like; fresh production; biological production; higher in Indian ocean Marine DOM 0.9978/0.9781
surface water layer.
8 76 C4: Tryptophan-like; bo.t h photodegraded and produced during Subtropical Minjiang watershed, China Wastew?ter, leat litter leachates, 0.9864/0.9836
photodegradation, depending on sample type. river water DOM.
: iated with freshl duced protein-lik terial; trypto- Vari freshwat i t
9 0 Cé6: associated wi .res y produce pro ein-like material; trypto arious freshwater environments across Boreal freshwater DOM 0.9663/0.9825
phan-like; strongest predictor of BDOC. Quebec, Canada
10 45 C4: tryptophan-like; wastewater indicator. The Baltimore sev;/jesr Asystem, Baltimore, Wastewater DOM 0.9953/0.9538
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Appendix D
Dendrogram
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Figure D1. Cluster analysis of the water chemistry, sUVa, and catchment land use, along with the
three PARAFAC component groups and DOM fractions on half of the quarterly data from 2021 to

2022.
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Figure D2. The 1st and 3rd Principal Component (PC) from a Principal Component Analysis of the
three PARAFAC component groups, catchment characteristics and water chemistry on the quarterly
data from 2021 to 2022.
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