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Abstract: Source tracking of dissolved organic matter (DOM) is important to manage water quality
in rivers. However, it is difficult to find the source of this DOM because various DOMs can be added
from the river watershed. Moreover, the DOM composition can be changed due to environmental
conditions. This study investigated the change of organic matter characteristics in the Taewha River
of Ulsan City, Korea, before and after rainfall. A Soil and Water Assessment Tool (SWAT) was
used to simulate water flow from various sources, and dissolved organic matter characterization
was conducted in terms of molecular size distribution, hydrophobicity, fluorescence excitation and
emission, and molecular composition. From the results, it was found that lateral flow transported
hydrophobic and large-molecule organic matter after rainfall. According to the orbitrap mass
spectrometer analysis, the major molecular compound of the DOM was lignin. Coupling the SWAT
model with organic matter characterization was an effective approach to find sources of DOM in river.

Keywords: dissolved organic matter (DOM); soil and water assessment tool (SWAT); orbitrap mass
spectrometry; fluorescence excitation emission matrix (EEM)

1. Introduction

Dissolved organic matter (DOM) plays an important role in aquatic environments. It can be a
nutrient source for microorganisms and a carrier for heavy metals and pollutants [1–3]. In addition,
ubiquitous distribution and heterogeneity of DOM has become an active research topic in order to
understand its origin and reactivity [4–6].

DOM has different characteristics in terms of physical, chemical, and biological properties based
on its origin [7]. In general, terrestrial DOM, originating from plant litter and soil humus, contains
mostly carbohydrates and lignin while autochthonous DOM, derived from algae and macrophyte, has
a relatively high percentage of protein [8,9]. However, characteristics of DOM cannot be classified into
two groups (terrestrial and autochthonous) because DOM is affected by various environmental factors
such as source material, microbial community, and temperature [10–12].

Rainfall is one of the environmental factors responsible for changing the concentration and
characteristics of DOM in surface water. Numerous studies have reported the relationship between
hydrological conditions and organic matter properties in a river during rainfall events. Rainfall-runoff
transports a large amount of terrestrial organic matter, including lignin and humic substances, to
rivers [13,14]. As a result of the inflow, molecular weight and aromaticity of DOM are increased and
protein-like substances are decreased [15,16]. However, these studies have focused mainly on the
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change of DOM properties in river water during rainfall rather than the origins of added DOM that
results in the property changes.

Since migration of DOM is influenced by the water flow, an understanding of hydrologic flows
before and after rainfall events is useful information for investigating DOM characteristics in a river.
Various hydrological models have been applied to estimate water flows in a river [17–19], and, among
the models, the Soil and Water Assessment Tool (SWAT) has been used in various environments
relating to hydrology [20–22].

SWAT is a watershed-scale model for simulating hydrologic processes and analyzing the influence
of land management practices [23,24]. This is a physics-based model, suitable for large basins [25].
The advantages of using the SWAT model are that it simulates surface runoff, lateral flow, and total
runoff depending on the soil moisture, stream properties, and weather [22,26]. The information of each
flow helps to characterize the targeted water bodies such as a river or lake [27,28]. This study aims to
characterize DOM for source tracking after rainfall, by applying the SWAT model. We characterized
DOM with various analysis tools and were encouraged by the analyzed DOM properties and the
simulated hydrologic result to show different sources of DOMs after the rainfall event.

2. Materials and Methods

2.1. Sampling Sites

Ulsan City is in the northeastern part of Gyeongsangnam-do, a southern province of South Korea.
The area of the city is 1061.1 km2, while the Taehwa River has a length of 47.54 km and flows from west
to east across the urban area (129◦0′ E–129◦25′ E, 35◦27′ N–35◦45′ N) (Figure 1). About 63% is covered
by forest, 15% is used as an urban area, 13% is an agricultural area, and the rest is open space, water,
and grassland. The climate of Ulsan City is temperate with slightly hot, humid summers, and cold,
dry winters [29]. The average temperature and precipitation are 14.1 ◦C and 1277.1 mm, respectively,
from 1981 to 2010.
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We took water samples from three sites before and after rainfall. The before-rainfall sampling was
conducted when the river had seven days of antecedent dry period. This sample was considered as a
low flow-conditions water sample. The after-rainfall sampling was carried out 12 h after rainfall, but
within 24 h to reduce the effect of overland flow and rainfall on the river. This sample was considered
as a water sample containing DOMs with different sources. For comparing the effect of rainfall
intensity on DOM composition, the samplings were collected twice in heavy rainfall and light rainfall.
The wastewater treatment and tidal processes did not affect the sampling sites because the effluent of
the wastewater treatment plant was discharged into another small stream, and the samplings were
carried at low tide.

2.2. Water Quality Analysis

The water samples were manually collected from 11:00 a.m. to 3:00 p.m. and placed in an icebox
with ice. The samples were stored in a 12-L polyethylene bottle; the water samples were analyzed
within 24 h in the laboratory. Conductivity was measured with an Orion conductivity meter (Orion
4 star, Thermo, Cleveland, OH, USA). The water samples were filtered through a 0.45-µm micro
filter (Polycap capsule filter 36AS, Whatman Corp., Little Chalfont, UK). Concentrations of dissolved
organic carbon (DOC) were measured using catalytic combustion based on total organic carbon
analyzer (TOC-V CPH/CPN, Shimadzu, Kyoto, Japan). Molecular weight distribution was estimated
using a high-pressure liquid chromatography (HPLC) system (HPLC, Shimadzu, Japan), and HPLC
equipped with a size exclusion chromatography (SEC) column (Protein-Pak 125, Waters, Milford, MA,
USA) was used to calculate the molecular weight. The analyses were performed at 254 nm using a UV
detector (SPD-10A VP, Shimadzu Co., Japan). The eluent consisted of a phosphate and sodium chloride
buffer to retain a pH of 6.8 and an ionic strength of 0.1 M (5.4 mM sodium phosphate, 1.6 mM disodium
hydrogen phosphate, and 93.0 mM sodium chloride). There was 200 µL of the sample injected into the
column and the eluent flow rate was 0.7 mL/min. Hydrophobicity of the sample was estimated by the
XAD resin fractionation method. The XAD-8/4 resins were used for separating hydrophobic NOM
(XAD-8 absorbable), transphilic NOM (XAD-4 absorbable) and hydrophilic NOM (neither XAD-8 nor
XAD-4 absorbable) constituents. XAD-8/4 resins were cleaned with 0.1N NaOH, 0.1N HCl, and DI
water. All samples were acidified to pH 2.0 before this experiment. The 3D Excitation emission matrix
(EEM) fluorescence spectra were measured by an F-2500 fluorescence spectrometer (Hitachi Co., Tokyo,
Japan). Ranges of the emission and excitation were 220–500 nm at 10 nm intervals. Silt widths of the
emission and excitation were set to a 5 nm bandwidth; with a 3000 nm/min scan speed. The EEM
results were characterized by the fluorescence regional integration (FRI) method [30]. FRI divided
the result into five regions based on the excitation and emission wavelength: (1) aromatic proteins
group at region I and II where excitation wavelength is lower than 250 nm and emission wave length
is lower than 350 nm, (2) fulvic acid organic group at region III where excitation wavelength is lower
than 250 nm and emission wavelength is lower than 350 nm, (3) soluble microbial byproduct-like
material group originating from microbial activity at region IV where excitation wavelength is lower
than 280 nm and emission wavelength is lower than 380 nm, (4) humic acid-like organic group at
region V where excitation wavelength is greater than 280 nm and emission wavelength is greater than
380 nm. All EEMs subtracted the water Raman band to reduce instrument bias. The EEM data were
plotted using MATLAB software (MathWorks, Inc., Natick, MA, USA).

2.3. Molecular Composition Analysis of DOM

To increase analytical resolution, solid phase extraction (SPE) was conducted as a sample
pretreatment step. A mixed SPE cartridge was used to improve the sorption efficiency of DOM in
water. The cartridge consisted of HLB (Oasis, Waters, USA), ENV+ (International Sorbent Technology,
Hengoed, UK), Strata X-AW, and X-CW (Phenomenx, Cheshire, UK). The SPE experiment was
conducted according to Jeon et al. [31]. 5 mL of methanol flowed to the cartridge for conditioning,
and 10 mL of DI water cleaned the cartridge. After the steps, 1000 mL of sample was loaded into the
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cartridge with 15 mL/min using a vacuum pump. Then, the absorbed DOM was extracted with 6 mL
ethyl acetate/methanol (50:50 v/v) with 0.5% ammonia and 3 mL of ethyl acetate/methanol (50:50
v/v) with 1.7% formic acid following cartridge drying with nitrogen gas. The extracted sample was
evaporated at 35 ◦C with nitrogen gas until the sample volume was reduced to 1 mL.

After the SPE pretreatment step, the unknown screening analyses were performed by the
Ultimate 300 UPLC system (Thermo Fisher Scientific, San Jose, CA, USA) coupled to QExactive
plus Orbitrap mass spectrometry (Thermo Fisher Scientific, San Jose, CA, USA) equipped with a heated
electrospray interface (HESI) in both positive and negative modes. Before the unknown screening
analysis, this instrument was calibrated by positive and negative calibration solutions (Proteomass
ESI, Sigma-Aldrich, St. Louis, MO, USA). There was 200 µL of the sample analyzed with a methanol
mobile phase. The m/z scan range was from 100 to 2000. The HESI operational conditions were as
follows: sheath gas flow (45 L/min), capillary temperature (320 ◦C), spray voltage (3800 V/3000 V),
auxiliary gas pressure (10 arbitrary units), and ion sweep gas (2 arbitrary units).

Molecular formulas were calculated using compound identification algorithms [32,33] on
MATLAB software (MathWorks, Inc.) considering the following elements: C, H, O, N, and S. Elemental
compositions of molecules were converted to hydrogen to carbon ratio (H/C), oxygen to carbon ratio
(O/C). To illustrate the possible type of compounds, the ratios of H/C and O/C for each formula were
plotted using van Krevelen diagrams [34]. Identified formulae were classified into four groups: (1)
CHO, (2) CHON, (3) CHOS, and (4) CHONS.

2.4. The SWAT Model Setup and Input Parameters

The SWAT model is a continuous, semi-distributed watershed simulator on a daily time
step [22,35]. This model is developed to analyze the impact of the hydrological cycle including
surface runoff, evapotranspiration, and infiltration in a watershed [22]. This model can also estimate
major hydrologic components including surface runoff, groundwater, and lateral flow [35]. The SWAT
model uses geospatial and meteorological information, including digital elevation maps (DEM),
land-use maps, soil-properties maps, and meteorological data. Online Water Resource Management
Information System (WAMIS; http://wamis.go.kr) provided a DEM and land-use map for the Taehwa
River. Soil information was obtained from the Korean Soil Information System (http://soil.rda.go.kr).
The meteorological data (i.e., air temperature, relative humidity, rainfall, solar radiation, and wind
speed) for a period of 12 y (2005–2016) were downloaded from the Meteorological Information Portal
Service System (http://data/kma/go.kr). The watershed delineation produced 19 sub-basins and 125
hydrologic response units. The simulation period of 12 y from January 2005 to December 2016 was
set up for the watershed (spin-up period: 2005–2006, calibration period: 2007–2016). We adopted the
Hargreaves method for calculating potential evapotranspiration. This method considers the temporal
variation of temperature and precipitation [36]. We generated the daily model simulation.

After the boundary conditions of the SWAT model were established, sensitivity analysis and
calibration of the daily flow was performed using Sequential Uncertainty Fitting version-2 171 (SUFI-2)
in the SWAT calibration and uncertainty procedure (SWAT-CUP).

3. Results and Discussion

3.1. SWAT Model Result

Figure 2 shows the calibrated and validated results of the hydrologic module of the SWAT
model and Table 1 shows the calibrated parameter set. The Nash-Sutcliffe Efficiency coefficient (NSE)
was applied to evaluate the SWAT model. NSE can determine whether the model is satisfactory or
unsatisfactory, and the model is considered acceptable, or satisfactory, when the calculated values of
NSE are greater than 0.5 [37]. The calibrated SWAT model showed an acceptable performance during
calibration and validation periods because the NSE values were greater than 0.5 for both periods.

http://wamis.go.kr
http://soil.rda.go.kr
http://data/kma/go.kr
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Figure 2. Observed and simulated total flow from January 2013 to September 2018.

Table 1. Calibrated parameter set.

Parameter Desrctiption Value

Alpha_Bf Baseflow recession constant 0.954
Ch_N2 Manning coefficent for channel 0.2029

Cn2 SCS runoff curve number 0.015
Ch_K2 Effective hydraulic conducitivbity in main channel alluvium 126

Rchrg_dp Deep aquifer percolation fraction 0.085
Sol_Awc Available water capacity of soil layer −0.375

Epco Plant uptake compensation factor 0.22
Biomix Biological mixing efficiency 0.805

Slsubbsn Average slope length 135
Esco Soil evaporation compensation factor 0.285

Figure 3 shows the simulated total runoff, surface runoff, and lateral flow, and ground water flow
during the sampling period. Table 2 shows characteristics of rainfall events. Event 1 had heavy rainfall
(254 mm) while Event 2 had a relatively lower amount of rainfall (47.2 mm). In both Events, the total
runoff increased as the amount of rainfall increased (Figure 3a). Additionally, the simulated surface
runoff, lateral flow, and ground water flow in Event 1 were larger than in Event 2. A large amount of
surface runoff occurred when the rainfall amount is high, and the amount of lateral flow also increased
(Figure 3c).

When we considered the sampling time with the simulated flow results, it confirmed that the
sampling times were acceptable to represent the different river water conditions before and after rainfall.
According to the simulating results, in Event 1, the total flow was almost zero at the before-rainfall
sampling time. However, at the after-rainfall sampling time, surface flow was zero while 7.5 mm of
lateral flow and 0.26 mm of ground water flow were estimated through the SWAT model. Before-rainfall
sampling in Event 2 showed similar results with that in Event 1. Total surface flow was zero, as were the
others. On the other hand, the simulated results of the SWAT model estimated almost zero discharge
at an after-rainfall sampling time in Event 2. This result implied that the amount of rainfall in Event 2
was not significant enough to change water level in the river. Table 3 compares lateral flow and ground
water before and after rainfall in both Events. It showed that each sampling represents different water
condition. Before-rainfall sampling in both Events showed similar water conditions for total runoff
including surface, lateral, and ground water flow at almost zero. The after-rainfall sampling in Event 1
was estimated to have a higher level of lateral (7.52 mm) and groundwater flow (0.26 mm) than the
level of that in Event 2 (lateral flow: 1.93 mm, ground water flow: 0.01 mm).
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Table 2. Characteristics of rainfall events.

Event 1 Event 2

Rainfall Duration (hour) 118 14
Rainfall (mm) 254 47.2

Maximum rainfall intensity (mm/hr) 15.9 11.2
Date 2018-06-29~2018-07-07 2018-07-25~2018-08-13

Surface runoff (mm) 49.45 0.11
Lateral flow (mm) 102.2 12.98

Ground water (mm) 1.87 0
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Table 3. Lateral and ground water flow in Event 1 and Event 2.

Event 1 Event 2

Lateral flow (mm) Ground flow (mm) Lateral flow (mm) Ground flow (mm)

Before rainfall 0.09 0.00 0.35 0.00

After rainfall 7.52 0.26 1.93 0.01

3.2. Water Characteristics

Water characteristics of samples between Event 1 and Event 2 were measured in terms of DOC
and conductivity (Table 4). DOC concentrations of midstream before rainfall in both Events were
the highest among the samples. Since Taewha River flows through Ulsan City, the sampling point
at midstream included more organic matter coming from the city than the upstream point that was
surrounded by farmland (Figure 1). Conductivity of samples increased with the water flow due to
the effect of seawater. However, after heavy rainfall in Event 1, water characteristics of the samples
changed. DOC values of samples were higher than that of samples before rainfall, and they were
not reduced along the river. In addition, conductivity decreased significantly in each sample. These
water analysis results are linked to the SWAT model results that can track a source of organic matter
and a water flow in the river. Heavy rainfall can increase DOC concentration because it flushes DOC
adsorbed on aggregated surfaces and concentrated in subsoil [38]. Thus, the increased lateral flow
after rainfall (7.52 mm in Table 2) in Event 1 significantly influenced the increase of DOC concentration
in each sampling site. The decrease of conductivity and the increase of DOC along the river are also
related to the changed water flow after heavy rainfall [39]. The increased water flow by rainfall diluted
the ion concentration and caused the decrease of conductivity. The increase of DOC with water flow
showed the flushing of DOC that was generated by rainfall.

Table 4. Water characteristics of sampling points (n = 3).

Event 1 Event 2

Up Mid Down Up Mid Down

DOC
(mg C/L)

Before
rainfall

1.61
(±0.5)

2.16
(±1.0)

0.78
(±0.7)

2.00
(±0.7)

2.50
(±1.0)

1.90
(±0.4)

After
rainfall

3.70
(±1.2)

4.03
(±0.8)

5.29
(±1.2)

2.97
(±1.0)

3.16
(±0.8)

2.80
(±0.6)

Conductivity
(µS/cm)

Before
rainfall

301
(±20)

5048
(±25)

25480
(±10)

218
(±14)

803
(±16)

27310
(±10)

After
rainfall

146
(±13)

169
(±8)

405
(±11)

207
(±15)

412
(±10)

21000
(±10)

Up: upstream, Mid: midstream, and Down: Downstream.

Event 2 showed different patterns of water characteristics compared to the patterns of that in
Event 1. The DOC concentration after rainfall in each sampling site did not increase as much as in
Event 1. It seems that the low lateral flow in Event 2 could not drive the flushing of DOC from soil
due to the small amount of rainfall. The conductivity value increased from 207 to 21,000 µS/cm
along the river; these results indicated that the rainfall did not affect the water characteristics of
samples in the river. It is also connected to the amount of water flow, and this was estimated by SWAT
model. Event 2 only had 40 mm of rainfall, and that was almost two times smaller than the amount
of rainfall in Event 1 (Figure 3). Therefore, the smaller water flow in Event 2 could not dilute the ion
concentration significantly.
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3.3. Organic Matter Characterization

3.3.1. Molecular Weight (MW) Distribution

Molecular weight distribution of DOM in two Events was measured by using HPLC-SEC with a
UV detector (Figure 4). DOMs in upstream, midstream, and downstream showed similar molecular
weight ranges from 580 to 1200 Da before rainfall in Event 1 (Figure 4a). However, MW distributions
of DOM in three sampling points after rainfall were still similar to each other. Their MW ranges shifted
towards the large end, and the amount of molecules increased. In addition, the UV intensity of organic
matter in upstream was the lowest while that of sample from downstream showed the highest after
rainfall (Figure 3b). These results could be linked to water flow after rainfall. Since the SWAT model in
this study simulated 7.52 mm of lateral flow after rainfall in Event 1 (Table 2), it could be considered
that the new organic matter, which had large MW and high UV absorbance, was transported by the
lateral flow after rainfall.
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(a) Before rainfall in Event 1, (b) after rainfall in Event 1, (c) before rainfall in Event 2, (d) after rainfall
in Event 2.

In Event 2, the molecular weight distribution of DOMs in every sampling point had a similar range
from 560 to 1430 Da before rainfall (Figure 4c). The chromatograms of organic matter after rainfall
showed similar patterns after rainfall in Event 1. The UV intensity of samples increased and high MW
of organic matter (~11,000 Da) was detected (Figure 4d). When comparing the MW distribution results
after rainfall in Event 1 and Event 2, the results were similar to each other. Although the simulated
lateral flow in Event 1 (7.52 mm) was higher than in Event 2 (1.93 mm), the amount of the flow did not
influence the MW distribution. However, these results implied that the lateral flow could transport the
DOM having large MW and high UV absorbance after rainfall.

3.3.2. EEM

Using EEM, fluorescent organic matter in each Event was compared before and after rainfall
(Figure 5). The EEM results were used for calculating fluorescence regional integration (FRI) values.
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Figure 6a depicts the organic matter composition at three sampling points during Event 1. The portion
of fulvic acid-like organics decreased, but the portions of tryptophan- and tyrosine-like protein
increased along the river. Tryptophan-like and tyrosine-like protein are involved in a protein-like
component [40]. Thus, the increase in the portion of protein-like components indicated that the
microbial activity increased along the river. Since fulvic acid-like organics generally originated from
the forest ecosystem, the high portion of these organics in upper stream could be inferred to be a result
of this origin. However, after rainfall, every sample showed similar organic matter composition, which
included 62.3% of humic acid-like organics, 27.6% of fulvic acid-like organics, 2.4% of tyrosine-like
protein, and 7.7% of tryptophan-like protein (Figure 6a). When comparing the FRI results between
before and after rainfall at Event 1, the results implied that ecological processes in the river did not
influence organic molecules. At Event 2, FRI results were similar to the results at Event 1 (Figure 6b).
The molecular compositions were different among the sampling points before rainfall, but similar
molecular compositions were shown in the FRI result of three sampling points after rainfall. The reason
could be that new organic matter was added after rainfall, and it passed through the river in a relatively
short time that was not enough to decompose the organic matter.
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3.3.3. XAD

Hydrophobicity of the organic matter was estimated by using XAD-8 and XAD-4 resins (Figure 7).
The hydrophobic fraction is considered a humic substances including humic and fulvic acids, and the
hydrophilic fraction is referred to as microbial products such as polysaccharides and amides [9,41].
The transphilic fraction contains hydroxyl, sugar, and sulfonic acids [42]. At Event 1, hydrophobic and
hydrophilic portions increased but transphilic portions decreased along the river water flow before
rainfall (Figure 7a). This result showed that microorganisms decomposed the organic matter in the
river. The transphilic fractions could decrease when the microorganisms used the fraction as nutrient
sources. Then, hydrophilic fraction would increase by enhancing microbial activities. However, after
rainfall, hydrophobic properties of organic matter were not changed along the river water flow. These
results connected to the results in Section 3.3.1. in terms of the new organic matter transported by the
lateral flow and the relatively short retention time for a biological decomposition.
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3.3.4. Orbit Trap Mass

DOMs in each sampling point were analyzed by Orbitrap mass spectrometry to obtain the
molecular-level characteristics of the samples (Figure 8). Identified formulae were classified into four
groups: (1) CHO, (2) CHON, (3) CHOS, and (4) CHONS. Figure 8 shows that CHON is the most
abundant in every sample (30~45%). When comparing the element compositions between before
and after rainfall in both Events, CHONS formulae before rainfall in every Event decreased at the
downstream point (Up: 35.2% > Mid: 33.9% > Down: 21.6% in Event 1, UP: 31.5% ∼= Mid: 31.2% >
Down: 21.7% in Event 2) while the formulae after rainfall remained relatively stable (Up: 32.4% > Mid:
29.6% ∼= Down: 29.0% in Event 1, UP: 25.3% < Mid: 28.4% > Down: 22.4% in Event 2). Although the
amount of rainfall in Event 1 was much higher than Event 2, the element compositions of DOM after
rainfall between two Events were similar.
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Van Krevelen diagrams for CHON formulae, which were the major group in the samples, were
used for comparison. According to Kim et al., [34] some major biomolecular components are identified
by using the van Krevelen diagram that is described with atomic ratios of O/C and H/C. The diagram
is divided into several regions for specific organic matters: (1) lipids (0.01 < O/C < 0.1, 1.5 < H/C
< 2.0), (2) tannins (0.65 < O/C < 0.85, 0.75 < H/C < 1.5), (3) lignin (0.1 < O/C < 0.65, 0.75 < H/C <
1.5), (4) protein (0.1 < O/C < 0.65, 1.5 < H/C < 2.3), (5) carbohydrates (0.65 < O/C < 1.0, 1.5 < H/C <
2.5), (6) condensed aromatic structures (0.01 < O/C < 0.65, 0.25 < H/C < 0.75), and (7) unsaturated
hydrocarbons (0.01 < O/C < 0.1, 0.75 < H/C < 1.5).

All of identified formulae of DOMs in Event 1 and Event 2 were distributed over all regions
(Figure 9). However, the cumulative counts for the formulae indicate the differences of molecular
compositions among the samples. In Event 1, before-rainfall samples showed lipids increasing along
the river, while lignin existed in every sampling site after rainfall. In Event 2, condensed hydrocarbons
and lignin were detected upstream and midstream before rainfall, and lipids were downstream like
the result in Event 1. However, lignin was in every sample after rainfall in both Events. The results
described that new organic matter was added after rainfall, and it passed through the river without
chemical changes. It also supported the previous results that lateral flow including new organic matter
could influence organic matter characteristics after rainfall.
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3.4. Discussion

The SWAT results described the hydrological components before and after rainfall. Generally, a
SWAT model is used for the interpretation of hydrological components in a large-scale watershed [35].
This model requires several hydrological parameters; however, certain parameters can exhibit errors.
The SWAT model, used in this study, was developed by the data set (2013–2015); as a result, the
model showed acceptable simulation performance (i.e., NSE > 0.5) [37]. As a result, we could interpret
the DOM movement behavior in the river depending on surface runoff, lateral flow, and ground
water. A previous study shows that the SWAT model has also been used to analyze the effect of the
hydrological components in a watershed [22].

Generally, the characterization of DOM for identifying a source was conducted by analytical
experiments. A sample was taken from a sampling point and analyzed after pretreatment steps [43];
from the results, the source of DOM was identified. However, the limitation of this approach is that
it is difficult to reflect the hydrological property of the sampling points. DOM characteristics vary
depending on the weather conditions. The concentrations of DOM and microbial organic matter
increase during the dry season and decrease int he wet season [44]. It followed similar results from the
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previous results regarding to DOM in lateral flow. Inamdar et al. reported that DOC concentration
was in agreement with the rise in groundwater elevations after heavy raining [45]. In the paper, they
mentioned that DOM in near-surface soil water influenced on the increase of DOC concentration in
a stream. As well, Kari et al. explained that the high DOC concentration at high discharge relates
with the increased lateral flow because the stored decomposing plant material in soil can be released
when they are connected with lateral flow [46]. Therefore, organic matter characterization requires
comprehensive information.

In this study, using the SWAT model, we found that the lateral flow increased after a heavy
rainfall. The organic matter characterization results in this study also supported the results. The DOC
concentration and conductivity increased from upstream to downstream before rainfall. However,
after heavy rainfall, riverine water flow influenced the downstream resulting in decreased conductivity.
We also found a change in molecular characteristics before and after rainfall. The molecular size and
amount of humic substances, including humic and fulvic acids, increased after rainfall. It might be
due to the increase of the lateral flow as the flow contains high portion of humic substances [47,48].
Vance and David reported that forest floor leachates contained monosaccharides, polyphenols, and
fulvic acids [47]. Their study showed 60% of hydrophobic fraction of the leachates, but our samples
contained approximately 45% to 50% of hydrophobic fraction because our samples were taken from
a river.

A high portion of lignin in the sample, after rainfall, was found by orbitrap mass spectrometry.
Sleighter and Hatcher exhibited similar results through the analysis of DOM in a swamp [49]. Stenson
et al. mentioned that lignin is the major precursor to riverine DOM [50]. These results, including
those in our study, indicated that DOM in lateral flow is one of the major sources of DOM in a river.
This study used two rainfall events to analyze DOM change before and after the rainfall events. Two
rainfall events might not be enough to draw the exact conclusion, even though a high consistency is
found in our study. Accordingly, the further research will be required for better understanding of the
fate and transport DOM in the stream by implementing additional rainfall monitoring.

4. Conclusions

This study characterized DOM in a river before and after rainfall, and the analyzed results were
interpreted as matching the data with the hydraulic condition of the river. Dissolved organic matter
characterization was conducted via molecular size distribution, hydrophobicity, fluorescence excitation
and emission, and molecular composition. The SWAT model estimated hydrological components
including total runoff, surface flow, lateral flow, and ground water. The simulated water flow from
the SWAT model clearly described the change of organic matter characteristics after rainfall. Major
findings of this study are as follows:

(1) After rainfall, a large amount of terrestrial DOM flushed into the river. We found that the
terrestrial DOM characteristics in the river were maintained until the DOM passed through the
river completely.

(2) DOM properties were analyzed by the hydrologic components from the SWAT model. Herein,
we found that lateral flow could be the major source of the new organic matter after rainfall.

(3) According to the orbitrap mass spectrometer analysis, the lateral flow transported a large amount
of lignin into the river.
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