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Abstract: The characteristics of dissolved organic matter (DOM) and its relationships with other
environmental factors are beneficial for comprehending water pollution in watersheds. This study
aimed to improve our understanding of the association of DOM with water quality by connecting the
spectroscopic characteristics of DOM with land cover and land use (LCLU). Clustering the tributaries
of the Miho upstream watershed according to LCLU resulted in Clusters 1 and 2 having a large
proportion of farmland and a large forest area, respectively. Various fluorescence indices derived
from fluorescence excitation-emission matrix spectra revealed that livestock effluent resulted in the
enrichment of autochthonous organic matter of algal or microbial origin in catchment areas with
a high proportion of farmland. Furthermore, to analyze water quality changes according to the
land-use characteristics, the water quality and spectroscopic characteristics of DOM were utilized
based on the period of farmland use. Further correlation analysis indicated a high correlation between
the fluorescence index (FI) in Cluster 1 and organic matter parameters and nitrogenous pollution
(Total nitrogen (TN), Dissolved total nitrogen (DTN) and Nitrate nitrogen (NO53-N)) (planting season,
r=0.991, post-planting season, r = 0.971). This suggests that the FI can be used as a surrogate
to estimate the degree of water pollution in watersheds largely affected by land uses related to
agricultural activity and the livestock industries.

Keywords: dissolved organic matter; fluorescence index; hierarchical clustering; livestock effluent;
active farming

1. Introduction

Dissolved organic matter (DOM) exists in various aquatic environments, including
rivers, lakes, groundwater, and wastewater. It has inhomogeneous structures with a com-
plex mixture, due to bonding with various functional groups such as amide, carboxyl,
hydroxyl, and ketone [1]. DOM can be divided by origin into allochthonous and au-
tochthonous DOMs, which have different structural characteristics. On the one hand,
allochthonous DOM has non-biodegradable and hydrophobic characteristics because the
organic matter in soils is introduced by the mutual exchange between surface- and ground-
water or by infiltration or outflow. On the other hand, autochthonous DOM has relatively
biodegradable and hydrophilic characteristics because it is generated by algal and microbial
activities [2,3]. These DOM types need to be managed because they are known to increase
the mobility of pollutants in aquatic environments and negatively affect bioavailability by
bonding with heavy metals and hydrophobic organic pollutants [4].

Some DOM exists as fluorescent dissolved organic matter (FDOM) in water and
is composed of non-biodegradable matter such as humic and fulvic acids, which are
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humic substances, and biodegradable matter such as tryptophan and tyrosine [5]. The
origins of DOM components can be inferred using the optical properties of this organic
matter [6]. Recently, many studies have been conducted on the classification, origin
inference, biochemical reaction mechanism, and pollutant reduction monitoring of DOM
and water quality assessment in polluted rivers using the characteristics of FDOM [7-11].
Fluorescence spectroscopy has the advantage of producing results even with a small number
of samples and generating much information about DOM in a short time because the
measurements in the pretreatment process are performed simply through filtration without
using reagents [12]. Fluorescence analysis is a relatively simple method that can obtain a
wide range of information about DOM in water, and the fluorescence characteristics of DOM
can be analyzed by property [13,14]. Excitation-emission matrix (EEM) analysis enables the
interpretation of data in a wide range of excitation and emission wavelengths contained in
a fluorescing water sample. Through this process, the mixed fluorescent components of
complex DOM in river- and wastewater can be used as “fingerprints” [15,16]. Furthermore,
fluorescence indices have been developed to examine the origins and characteristics of
DOM [6,17]. Recently, several examples of the use of such fluorescent characteristics and
general water quality parameters (e.g., biochemical oxygen demand (BOD), suspended
solids (SS), total nitrogen (TN), total phosphorus (TP), pH, NH3-N) in combination with
statistical analysis methods, such as correlation analysis for water quality monitoring, have
been reported [18,19]. However, the reported research results are still limited in that the
results can only explain the corresponding river watersheds or are only applicable to specific
wastewater. Existing literature indicates that the concentration and optical characteristics
of DOM are greatly affected by land use, precipitation, and rainfall intensity [20,21]. In
particular, intensive land use near rivers and organic pollutants of various origins have
been reported to threaten the health of aquatic ecosystems directly and indirectly by greatly
deteriorating the water quality of the watershed [15,22,23]. Therefore, it is necessary to
explain the correlation between water quality and the fluorescent characteristics of DOM in
terms of land use in the watershed.

In this study, the Miho stream watershed was selected for investigation. This water-
shed is most important for managing water flow and quality for the Geum River, one of
the four major rivers of South Korea. Recently, the problem of increasing non-point pollu-
tion during rainfall has escalated in the Miho upstream watershed due to an increase in
industrial complexes, including food factories, the enlargement and expansion of livestock
houses, and the increase in impervious areas. As a result, the health of the river is rapidly
degrading [24].

There have been studies reported which predict water quality using the fluorescence
properties of the DOM, but they have limitations that are not applicable in various wa-
tersheds. Our aim is to diminish limitations and apply water quality prediction using
fluorescence analysis. We predict that we will be able to apply the technique to all the
various watersheds and be able to easily compare data because fluorescence analysis is
an easy and simple method. Therefore, this study aimed to: (1) analyze the correlations
of DOM fluorescence data with water quality data and upstream land use in the Miho
stream watershed and (2) examine the characteristics and origins of pollutants according to
watershed land use. Especially, if the land use of a particular industry is predominant, the
correlation between particular fluorescence characteristics and water quality will be high.

2. Materials and Methods
2.1. Study Area and Sampling Sites

The Miho Stream is the first tributary of the Geum River, located in the central region
of South Korea, and the upstream watershed of this stream was selected as the study area.
Among the tributaries of the Geum River, the Miho stream has the largest watershed area
(1855 km?) and the largest source of pollution to the mainstream. The 10-year (2012-2021)
average water quality of BOD, TP and TOC in the Miho Watershed is 4.3 mg/L, 0.14 mg/L,
5.9 mg/L, respectively. According to the Environmental Policy of living waters assessment
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in Korea’'s rivers, there were a significant number of pollutants that was evaluated and
determined for use as agricultural water or industrial water after advanced purification
treatment [25]. The average temperature in this area is 13.1 °C. The highest monthly av-
erage temperature in August is 26.2 °C. In January the average temperature is —1.5 °C
and the annual temperature is 27.7 °C. Annual precipitation is 1232.4 mm. In the summer
(Jun.—Aug.) the precipitation is 708.0 mm, which accounts for 57.4% of the annual precipi-
tation. In the winter (Dec.—Feb.) the precipitation is 74.7 mm, which accounts for 6.1% of
the annual precipitation. The Miho upstream watershed occupies 15.4% (285.3 km?) of the
total watershed area of the Miho stream and the main cultivated plant is rice.

This watershed requires organic matter management because it comprises various
land uses, with steadily increasing water consumption for livestock and domestic uses,
as well as the release of effluents. Six main tributaries that flow into the Miho upstream
watershed were selected as sampling sites (Figure 1). For the land use data of the Miho
upstream watershed, the KOMSAT?2 image data of 2019 with a 1-m resolution provided by
the Ministry of Environment of South Korea were used [26]. Data for livestock, which are
regarded as the largest contributor to pollution in the Miho upstream, are collected annually
in accordance with Article 23 of the Water Environment Conservation Act. In this study,
we analyzed data from 2019 (Table 1). Each of the selected sampling sites, T1-T6, which
are tributaries flowing into the Miho upstream, have different characteristics. T1 had the
smallest watershed area of 4.7 km? and consisted of agricultural, urban, and pasture areas
(in descending order of area). Furthermore, T1 had the highest distribution of livestock
farms among the sampling sites, with 384 heads/km? for cows and 3039 heads/km? for
pigs (Tables 1 and 2). T3 had the largest watershed area of 34 km? among the sampling
sites and consisted of agricultural, forest, urban, and pasture areas (in descending order
of area). T4 had the second-largest proportion of urban area among the sampling sites,
and unlike other sites, there were industrial complexes and wastewater treatment plants
servicing industries located near the stream. T6 had the second-highest distribution of pigs
(461 heads/km?), swine manure treatment plants, and village sewage treatment plants
among the sampling sites. T5 had the highest proportion of forest area and the lowest
distribution of livestock farms (Table 1). The study period was from June 2020 to May 2021,
and sampling was performed eight times (June, October, November, and December 2020
and February, March, April, and June 2021). Sampling was performed when there was no
effect of rainfall on the sampling sites and when the best water quality characteristics were
observed during the sampling month and in each respective month.

Table 1. Number of Livestock in 2019.

Site Cows Dairy Cows Pigs
T1 1807 (384 heads/km?) - 14,282 (3039 heads/km?)
T2 1857 (95 heads/km?) - -
T3 2507 (74 heads/km?) 61 (2 heads/km?) 8184 (241 heads/km?)
T4 875 (38 heads/km?) 421 (18 heads/km?) 5468 (240 heads/km?)
T5 780 (26 heads/km?) 54 (2 heads/km?) 1550 (52 heads/km?)
T6 1059 (74 heads/km?) 460 (32 heads/km?) 6596 (461 heads/km?)
Total 19,635 (69 heads/km?) 2838 (10 heads/km?) 121,171 (425 heads/km?)

Table 2. Land use and land cover of the Miho upstream watershed.

Site Urban Area Agricultural Forest Area Pasture Area Barren Area Water Bodies Area Watershed
(%) Area (%) (%) (%) (%) (%) Area (km?)
T1 28.14 44.90 4.46 16.26 4.92 1.32 4.7
T2 23.53 41 11.38 16.73 522 2.15 19.6
T3 22.67 30.37 23.65 16.81 3.53 297 34.0
T4 26.85 25.22 28.50 12.69 3.22 3.52 22.8
5 14.95 18.86 49.94 10.34 2.77 3.15 29.6
T6 18.83 30.84 32.37 12.58 4.26 1.12 14.3
Total 14.11 3491 25.79 16.94 5.33 2.92 285.3
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Figure 1. Location of sampling sites in the Miho upstream watershed; white circles indicate the
sampling locations (T1: Naetgeureum Stream, T2: Dochung Stream, T3: Sungsan Stream, T4: Chiljang
Stream, T5: Guam Stream, T6: Jungsan Stream).

2.2. Flow Rate and Water Quality Measurements

The flow rate was measured during water sampling. To examine the changes in
water quality considering the watershed characteristics, sections were divided according
to riverbed characteristics at each sampling site and the flow velocity in each section was
measured. The flow rate was measured using a current meter (USGS Type AA, USGS
Pygmy, Valeport 002; US Geological Survey, Reston, VA, USA), and the flow velocity
was calculated by the velocity-area method using the measured flow rate. The flow rate
measurement criteria were as follows: distribution of subsection within 5% of the flow rate,
minimum measuring time of 40 s, and measurement for more than 120 s at a flow rate of
less than 0.2 m/s.

Two litters of sample water were retrieved at the end of the river during every sampling
period. For every sample, the electrical conductivity (EC) and dissolved oxygen (DO) were
measured immediately on-site using a multiparameter water quality meter (600XL; YSI,
Yellow Springs, OH, USA). The collected samples were transported under refrigerated
conditions and used in the laboratory for water quality tests for BOD, SS, TN, nitrate
nitrogen (NOs3-N), dissolved total nitrogen (DTN), TP, phosphate (PO4-P), dissolved total
phosphorus (DTP), chlorophyll a (Chl-a), total organic carbon (TOC), and dissolved organic
carbon (DOC). All parameters were analyzed using standard methods [27].

2.3. Absorbance and Fluorescence Measurements—Fluorescence Spectroscopy and UV
Absorbance Analysis

All samples for spectroscopic and fluorescence analyses were filtered using a GF/F
filter. The absorbance of each sample was measured at a scanning range of 200-800 nm using
a UV-VIS spectrophotometer (Cary Series UV-Vis Spectrophotometer; Agilent Technologies,
Santa Clara, CA, USA). The specific UV absorbance (SUVA) is an indicator that indirectly
shows aromatic organic carbon compounds using the UV absorption characteristics of
DOM. It is calculated by dividing the absorbance at a specific wavelength (254 nm) by the
DOC [28]. The spectral slope (Sp75-295) can be determined by the slope of the absorbance
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between 275 and 295 nm. Sy75_595 can be used as an indirect predictor of the molecular
weight of DOM because it tends to be inversely proportional to the molecular weight [29].

The fluorescence characteristics were analyzed using a fluorescence spectrophotometer
(Cary Eclipse Fluorescence Spectrophotometer; Agilent Technologies, Santa Clara, CA,
USA). To minimize the effects of light absorbed by the DOM before measuring fluorescence,
the sample was diluted using tertiary distilled water so that the absorbance value at 254 nm
would be 0.05 or less [14]. The fluorescence intensities of the excitation and emission
wavelengths were adjusted using a slit fixed at 10 nm. The samples were measured by
adjusting the excitation wavelength range from 200 to 500 nm in 5 nm increments, and
the emission wavelength range from 280 to 550 nm in 1 nm increments. The fluorescence
intensity can be affected by instrument conditions, such as temperature and humidity.
Therefore, to exclude these effects, the fluorescence spectrum of the tertiary distilled water
was measured and subtracted. In addition, the values were corrected by normalizing them
to an excitation wavelength region of 350 nm or less in the Raman spectrum [30]. The
indices of the characteristics and origins of the DOM were calculated using the measured
EEM data. Among the calculated indices, the fluorescence index can be used to infer the
allochthonous and autochthonous origins of DOM. The biological index is used to indicate
the time of formation and the possibility of biodegradability by aquatic microbial activities,
while the humidification index indicates the degree of humidification.

2.4. Statistical Analysis

The Shapiro-Wilk normality test was performed to check the normality of the data.
Significant differences among the data can be verified by the analysis of variance test for
data that show normality and by the Kruskal-Wallis test for non-normal data. The data
used in the present study were non-normal according to the Shapiro-Wilk normality test.
Thus, the data were analyzed using the Kruskal-Wallis test and the differences among
the sampling sites were verified by Dunn’s test. To analyze the relationship between
fluorescence characteristics and water quality that analyzed the parameters on this study;,
we used clustering, principal component analyses (PCA), and correlation analyses, which
are used as nonparametric methods for analyzing non-normal distributions. Since rice is the
main source of cultivation in the area, all of the data was divided into three distinct seasons
based on the rice planting season and comparatively analyzed. The first was the pre-
planting season (February, March, and April), the second was the planting season (May and
June), and the third was the post-harvesting season (October, November, and December).
In addition, data normalization was performed so that the characteristics of the data would
be equally considered and analyzed. Among the clustering analysis methods, hierarchical
clustering analysis (HCA) [31] is widely used. The similarity of data was determined by
calculating the Euclidean distance using Ward’s method and checked by visualizing it in
a dendrogram. The reliability of the correlation analysis results was determined using
Spearman’s rank correlation coefficient and the p-value. The suitability of the data for PCA
was evaluated using the KMO (Kaiser-Meyer—Olkin) method, and the principal component
number was determined by the eigenvalue [32]. In this study, land use characteristics
representing sampling sites were clustered using HCA. Based on the clustering results, the
relationships among the parameters (field data (TN, NO3-N, DTN, TP, PO4-P, DTP), organic
matter parameters, nutrient data, fluorescence, and spectroscopic indices) were examined
using Spearman’s rank correlation and PCA. All statistical analyses were performed using
R software version 4.0.0(R Core Development Team, 2020, Vienna, Austria).

3. Results and Discussion
3.1. Land Use/Cover Similarity and Site Clustering

The characteristics of each land use were distinguished using HCA to examine the
effects of Land use and Land cover (LULC) on the watershed. The results were visualized
using a dendrogram, and the sampling sites were divided into two clusters based on
the similarity of land use (urban, agriculture, forest, pasture, barren, and waterbodies)
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(Figure 2). Cluster 1 (C1), which includes T1 and T2, can be interpreted as a watershed area
with a high inflow of artificial water pollutants due to livestock, urban and agricultural
areas that account for more than 60% of the area. Cluster 2 (C2), which includes T3, T4, T5,
and T6, can be considered a watershed area less affected by pollutants due to a large forest
area and a small proportion of artificial areas compared with C1.

80

60

—
,OOLLJ_J_L‘i
— = m B N

Land Use Area (%)

20

T1 T2 T3 T4 T5 T6
Cluster 1 Cluster 2
Monitoring Site

Urban Agriculture = Forest Pasture Barren ® Water

Figure 2. Cluster analysis results according to the characteristics of land use/cover in major tributary
basins of the Miho upstream watershed.

3.2. Comparison of Water Quality for Different Tributaries

The monthly data from June 2020 to June 2021 for the six sampling sites were compared
separately for field data, organic matter parameters, and nutrient data (Figure 3). The
DO, EC, and flow rate values obtained in the field were in the range of 6-16.6 mg/L,
199-1999 uS/cm, and 0.01-0.43 m3/s, respectively. For both the EC and flow rate, T1
were significantly lower from the other sampling sites. The minimum EC was high at
578 uS/cm, indicating the continuous inflow of considerable amounts of ionic matter
(p <0.025). The BOD, TOC, and DOC, which are organic matter parameters, were in the
range of 0.6-14.3, 3-31.5, and 2.4-28.6 mg/L, respectively. At T1, the density of the barn
is high, so it was affected by livestock wastewater. This is consistent with the result that
the inflow of wastewater affects the increase in organic matter concentration in rivers [33].
The averages (£SD) of T1 for BOD, TOC, and DOC were highest at 6.31 (+4.15), 20.96
(£7.73 mg/L), and 17.9 mg/L (+6.56 mg/L), respectively. As for BOD, T4 and T5 showed
significant differences from the other sampling sites (p < 0.025). Regarding TOC and DOC,
T1 showed significant differences from the other sampling sites (p < 0.025). The TN, DTN,
and NO3N concentrations, which are nutrient data, ranged from 1.74-53.49, 1.48-52.7,
and 0.68-29.74 mg/L, respectively. T1 showed the highest TN, DTN, and NO3N values at
25.35 mg/L (£11.21), 25.01 (£11.03), and 16.18 mg/L (+6.25 mg/L), respectively, and the
differences were significant (p < 0.025). TP, DTP, and PO4P were in the range of 0.05-0.5,
0.04-0.47, and 0.01-0.4 mg/L. T6 showed the highest average TP, DTP, and PO4P values
at0.26 (£0.1), 0.22 (£0.11), and 0.17 mg/L (£0.1 mg/L), respectively, while T4 had relatively
low water pollution and showed significant differences compared to other sampling sites
(p < 0.025). These results revealed differences between sites where water was treated in
accordance with the criteria of the sewage treatment plant and sites where the treatment
was insufficient. EC has been used together with temperature as a tracer that indicates the
behavior and pollution sources of water bodies [34,35]. T1 showed higher organic matter
parameters and higher nitrogen pollution than the other sites. Nitrogen fertilizer and
livestock wastewater are known to be major sources of nitrogen pollution in agricultural
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Figure 3. Comparison of field data (EC, flowrate, and DO), organic matter parameters (BOD, TOC,
and DOC), and nutrient data (TN, NO3N, DTN, TP, DTP, and PO4P) for the six major tributaries of

the Miho upstream watershed.

The two clusters were additionally compared based on the farming season, which is
a period of artificial activities that are considered to have a significant effect on the water
quality characteristics of the watershed (Figure 4). The organic matter and nutrient indices
mostly showed higher values in C1 than in C2. In C1, nitrogenous factors tended to be
high in the post-harvesting season, and the phosphorous factors tended to be high in the
planting season. Phosphorus is known to transport from human-dominated watersheds
such as agriculture areas, urban areas, and mixed areas by fertilizers, manure and industrial
effluent into rivers [38—40]. In this study, C1 was affected by farming due to the considerable
proportion of agricultural areas. The phosphorous factor was high in the planting season
due to the direct phosphorous release from the fertilizers used during the planting season.
Furthermore, the nitrogenous factors were high in the post-planting season due to the
decreased flow rate in the dry season and the considerable impact of base flow post-farming.

3.3. Comparison of Fluorescence and Spectroscopic Indices for Different Tributaries

Along with water quality, fluorescence and spectroscopic indices were similarly com-
pared (Figure 5, Table 3). The fluorescence index (FI), biological index (BIX), humidification
index (HIX), specific UV absorbance;ss (SUVAj54), and spectral slope (Sp75-295) were in the
ranges of 1.43-2.07, 0.62-1.09, 1.59-15.65, 0.52-3.47 L/mg m, and 0.001-0.0019, respectively.
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Figure 4. Analysis results for field data, organic matter parameters, and nutrient data according to
the two clusters and farming seasons.

When the FI value was smaller than approximately 1.4, allochthonous organic matter
from terrestrial sources was dominant. A higher FI value indicated that the autochthonous
organic matter of algal or microbial origin, such as secretions from algae and microor-
ganisms, was more dominant [6,41]. The range of FI in the major tributaries of the Miho
upstream watershed was 1.43-2.07, and the FI values in most cases were higher than
1.4. Thus, autochthonous organic matter of algal or microbial origin was more dominant
than allochthonous organic matter of terrestrial origin. T1 showed the highest average
(SD) value of 1.92 (£0.09). A BIX value closer to or larger than 1 indicated that recently
generated DOM is dominant. When the BIX value is smaller than 0.6-0.7, the productivity
of DOM is low [17,42]. The BIX range was from 0.62-1.09, with T4 showing the highest
BIX value of 0.84 (£0.08). In other words, recently generated DOM in the T4 water body
was more dominant than in other sampling sites. In T4, wastewater flows from sewage
treatment plants and large industrial complexes, and the BIX value was considered high
owing to the effect of microorganisms used in the wastewater treatment process. The
organic matter in the samples with a HIX value above 10 was predominantly of terrestrial
origin and had undergone strong humidification. Conversely, a HIX value less than 4 in-
dicates that the organic matter is derived from plant biomass or animal excrement and is
recently generated [43]. The range of HIX in the samples studied was 1.59-15.65, but the
HIX values were mostly 10 or lower, except for T1 (11.11 (£2.77)), which indicated a low
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DOM of terrestrial origin. Furthermore, a higher SUVAjs, indicates a higher hydropho-
bic aromatic organic matter content in the DOM, whereas a lower SUVAjs4 indicates a
higher hydrophilic aliphatic organic matter content, which is relatively biodegradable [13].
T1 had the highest SUVAjs4 value of 2.04 (+0.26), indicating a higher concentration of
non-biodegradable organic matter than other tributaries. A higher Sy75 295 value indicated
lower molecular weights of chromophoric DOM; however, the differences in the average

data of the tributaries were not statistically significant. T1 exhibited the highest averages
for FI, HIX, and SUVAjs4. In particular, both FI and HIX were high for T1, signifying that
DOM of algal or microbial origin and terrestrial origin was high and significantly differed
from that of other tributaries (p < 0.025).
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Figure 5. Comparison of fluorescence and spectroscopic indices (FI, HIX, BIX, SUVAjs54, and
Slopeyys-p95) for the six major tributaries of the Miho stream watershed.
Table 3. Description of fluorescence index properties.
Index Calculation Description
Terrestrial DOM < 1.3-1.4
: Em 450 nm
Fluorescence index (FI) Enr500nm 4t Ex370 nm 1.8-1.9 < algal-microbial DOM [6]
Less autochthonous DOM < 0.6-0.8
Biological index (BIX) % at Ex310 nm 0.8-1.0 < Autochthonous and newly
generated sources [17]
T _ Higher HIX indicates increasin,
Y. Em 435 nm—480 nm g g
Humidification index (HIX) S Fm 300 nm =345 nm A Ex254 nm humidification [44]

3.4. Understanding of Pollutants Source using Fluorescence and Spectroschpic Characteristics

Among the fluorescence techniques, EEM is among the most convenient analysis
methods, and it can provide a different fluorescent matrix to classify various wastewaters
and pollutants [5,15]. To examine the fluorescence and spectroscopic indices of T1 in detail,
the EEM spectra were compared between T1 and effluent from a nearby swine manure
treatment plant in March. The characteristics of pollution sources could be identified best
due to a low flow rate, as shown in Figure 6. The EEM spectra were divided into five
regions: aromatic protein-likel (region 1), aromatic protein-like2 (region 2), fulvic acid-like
(region 3), soluble microbial by-product-like (SMP, region 4), and humic acid-like (region 5),
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Ex(nm)

Regiond
Soluble microbial by-
product-like

Region1
Aromatic
Protein

according to the method suggested by Chen et al. [45]. The EEM of T1 showed a similar
pattern to that of the effluent from the swine manure treatment plant, as the peaks were
concentrated in regions 3 and 5. Furthermore, the FI and HIX of T1 were 1.94 and 9.64,
respectively, and those of the effluent from the swine manure treatment plant were 1.93 and
12.64, respectively. Thus, both showed high FI and HIX values. It is considered that swine
manure wastewater still contains humic acids and SMP even after the treatment process in
an individual treatment plant [46], and these affect the fluorescence spectrum of the DOM
in effluent and downstream river water [47]. Both the FI and HIX exhibited high values
due to fluorescent EEM characteristics.

500

450

ion5
acid-like

Region5

Ex(nm)
g

'Humic acid-like

Regiond
Soluble microbial by-
product-like

250

Region1 Region2
Aromatic Aromatic
Protein Protein

Em(nm) Em(nm)

Figure 6. T1 area (a) and swine wastewater treatment effluent. (b) EEM results and the five regions
of EEM based on literature reports [45].

Furthermore, swine manure wastewater effluent displayed a higher SUVA value than
other streams because it may contain hydrophobic polymer organic carbon compounds,
which are difficult to treat. According to a previous study, the distributions of humic- and
fulvic-like components in the EEM of organic matter in cow and swine manure were similar
when the cow and swine manure were treated by anaerobic digestion [48]. In particular,
the livestock densities of pigs and cows in T1 were much higher than those in other regions
at 3039 and 384 heads/km?, respectively. This suggests that the organic matter in T1 could
be affected by cow and swine manure wastewater. These EEM characteristics can be used
to track the effects of livestock wastewater in streams.

As with the water quality characteristics, the fluorescence indices were compared
between the two clusters divided based on the farming season (Figure 7). Among the
fluorescence indices, FI and HIX were higher in C1 than in C2, and this could be attributed
to the presence of sampling site T1 in C1. Site T1 was an agricultural area in which
livestock farms were scattered with high FI and HIX values. Furthermore, FI and BIX
were highest in the pre-planting season and lowest during the planting season in both
clusters. This was in contrast to the HIX and SUVA,s4 trends and could be due to the
effect of rainfall during the planting season. During rainfall periods, FI tended to decrease,
while HIX increased. This may be due to the inflow of organic matter of terrestrial origin
carried by rainwater, which decreased the ratio of organic matter of algal or microbial
origin [48-50]. Sy75-p95 displayed an increasing trend during the planting season, followed
by a decrease in the post-harvesting season in C1 and C2. In a recent study, the Sy75_295
value was high in the spring and summer and low in the winter; this trend is similar to
that in our study, because it is periodically similar to the farming season classification
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used [51]. The Sy75 295 value increased during the planting season because organic matter
was decomposed to help with growing plants, resulting in DOM with a relatively low
molecular weight becoming dominant.
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Figure 7. Analysis results for fluorescence and spectroscopic indices according to the two clusters

and farming seasons.

3.5. Correlation Analysis between Water Quality Parameters and Spectroscopic Indices for
Different Groups According to Land Use and Farming Season

To compare the correlation between the spectroscopic indices of DOM and water
quality parameters according to farming season by land-use type, correlation analysis was
conducted by cluster and season (Figure 8). The results revealed that there were more
parameters with a high correlation between the fluorescence characteristics and water
quality parameters in C1 than in C2. C1 consisted of large agricultural areas, and the
above results indicated that there was a high correlation between the spectroscopic indices
and water quality parameters in such areas. That is, this suggests that dividing clusters
by LCLU increases the correlation between the spectroscopic indices and water quality
parameters. In C1, FI and HIX showed a high, negative (—0.641 to —0.971) correlation with
flow rate during the pre-planting, planting, and post-harvesting seasons. This was because
the higher flow rate reduced the effect of swine manure wastewater, which was a source of
anthropogenic pollution. However, even in C1, differences in correlations between seasons
were observed. For example, during the pre-planting season, the fluorescence indices, such
as BIX, FI, and HIX, were not highly correlated (r = 0.371-0.657) with the organic matter
concentrations, including BOD, TOC, and DOC, and nitrogenous factors. During the plant-
ing season, the correlations (r = 0.600-0.991) increased significantly (Figure 8c,e). Studies
in other watersheds, as with C2, did not have a high correlation between nitrogenous
factors and fluorescence indices [19,51-53]. This is likely because particulate nitrogen and
dissolved inorganic nitrogen contributed a significant portion of TN [53]. However, the
correlation with FI was high in large agricultural areas, which attributed to the dominance
of dissolved organic nitrogen. In particular, TN, DTN, and NO3;N showed considerably
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high correlations with FI in the planting and post-harvesting seasons (r = 0.99 and 0.97,
respectively; Figure 8g). Various methods have been used to predict and monitor water
quality using fluorescence data [18,19].
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Figure 8. Comparison of correlation coefficients among flow rates, water quality parameters, and
spectroscopic indices according to the classified clusters and different farming seasons (p < 0.01); all
periods, Cluster 1 (C1) (a), Cluster 2 (C2) (b); pre-planting season, C1 (c), C2 (d); planting season,
C1 (e), C2 (f); post-harvesting season, C1 (g), C2 (h).

Therefore, depending on land use, FI can be utilized as an indicator for estimating
the degree of nitrogenous organic matter pollution in regions with a large proportion
of agricultural area and agricultural activities. A high nitrogen concentration can cause
the proliferation of algae and plants, biological diversity reduction, and bad odor [54].
Therefore, estimating the degree of nitrogenous pollution using FI is expected to greatly
contribute to determining and predicting aquatic health, as well as water quality monitoring.
It was observed that the molecular weight of organic matter increased with increasing DOM
concentration in other agricultural watersheds [55,56]. Sp75_295 exhibited high negative
correlations (r = —0.657 to —0.991) with BOD, TOC, DOC, EC, and nitrogenous organic
pollutants during the pre-planting season in C1 (Figure 8c), but high positive correlations
in other seasons (r = 0.714-0.991; Figure 8e,g). This indicates that the molecular weight
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of DOM in C1 was proportional to the BOD, TOC, and nitrogenous pollutant contents,
and EC during the planting season, but this relationship subsequently became inversely
proportional. It appears that DOM with a high molecular weight was decomposed, and its
molecular weight decreased in the pre-planting and planting seasons; this was reflected in
the concentrations of organic carbon and nitrogenous organic pollutants. This is consistent
with the results of Sy75 295, which decreased after agricultural activities, as shown in Figure 7.
In C2, where fewer agricultural activities occur, SUVAjs4 was negatively correlated with
organic matter parameters, such as BOD, TOC, and DOC, both in the pre- and post-
harvesting seasons (Figure 8d,h), suggesting that, as the amount of organic matter in the
water decreased, the ratio of non-biodegradable aromatic-carbon-structure organic matter
increased. In other words, natural organic matter with a small number of anthropogenic
pollutants contains a large amount of non-aromatic biodegradable organic matter.

3.6. Principal Component Analysis Results of the Two Clusters

PCA was conducted to gain a better understanding of the characteristics and meanings
of the individual clusters (Figure 9). The PCA results showed that the eigenvalue until
the tertiary principal component was 1 or higher in each cluster. In Cl1, the first and
second components accounted for 46.7, 20.3%, respectively, explaining 70% of the total
variance (Figure 9a). In C2, the first and second components accounted for 35.9, 24.7%,
respectively, explaining 60% of the total variance (Figure 9b). For the first component
of C1, the over 0.8 weight factor (EC, TN, DTN, NO3N, TOC, DOC, FI) can explain the
effect on the pollution sources that occur in agricultural and livestock. The second main
components of C1 and the first main components of C2, TP, DTP and PO4P, were shown
with a high weight factor of 0.8 or more. This is thought to be due to the characteristics
of phosphorus, which is adsorbed or accumulated in soil, unlike nitrogen nutrients and
organic matter [57]. In addition, it was derived as the main component due to the effect of
sufficient accumulation of phosphorus by cause of manure effluent and fertilizer [58]. It is
also judged that phosphorus has been sufficiently accumulated in these watersheds due to
livestock manure and fertilizer [58]. FI and HIX, fluorescence indices in C1, were included
in the first component’s loading as 0.88 and 0.74, respectively, which was consistent with
the results of analysis of fluorescence patterns and characterization analysis that watersheds
scattered in livestock farms affect FI and HIX.

(a) C1 PCA of Variables (b) C2 PCA of Variables
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Figure 9. PCA variables of Cluster 1 (a) and Cluster 2 sites (b).



Water 2022, 14, 2459

14 of 17

References

4. Conclusions

It is crucial to identify organic pollutants and analyze the water pollutant concentra-
tions in watersheds where agricultural and livestock industries and industrial complexes
are located. Here, we investigated the land uses and pollutant characteristics of stream wa-
tersheds using spectroscopic indices that can be determined rapidly and their correlations
with the origins of pollutants. The following conclusions were obtained, along with the re-
sults that the correlation between water quality and DOM fluorescence characteristics were
high in watersheds with a high ratio of livestock farming and agricultural activities areas.

(1) The stream (T1) where both FI and HIX were high, unlike general streams, was
identified, and its EEM fluorescence patterns were analyzed. The fluorescence pattern
of T1 was similar to that of the swine manure wastewater treatment plant. The method
used in this study can be used in other watersheds to explore the effects of streams
polluted by livestock effluent.

(2) Onland when using clustering analysis, the Miho upstream watershed was largely
divided into watersheds (C1) with much livestock and many agricultural activities and
other watersheds (C2). Furthermore, water quality data analysis by the agricultural
activity period in each cluster revealed that most water pollution indices were high
in areas where livestock farms were located, and the proportion of agricultural area
was high.

(3) Analysis of the correlations between fluorescence characteristics and general water
quality parameters according to land use clustering revealed that the cluster with
a large proportion of agricultural area showed high correlations of fluorescence
characteristics and organic matter indices with nitrate ions. This suggests that the
degree of nitrogenous and organic matter pollution can be determined using the
fluorescence characteristics of watersheds with a large agricultural area proportion
(over 40%, in this study). Therefore, it is possible to monitor water quality in various
watersheds using clustering and correlation analysis.

(4) The PCA results for C1 and C2 showed that C1 was greatly affected by pollutants
due to livestock farming and agricultural activities (the first component). The PCA
results for C2 showed that there was less influence of anthropogenic sources than in
C1. In addition, the first component of C1, FI and HIX occupied a high weight which
confirms that the influence of FDOM was greater in watersheds with a great deal of
livestock farming and agricultural activities.
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