& Desalination and Water Treatment 57 (2016) 20199-20209

¢ www.deswater.com September
(
Taylor & Francis
doi: 10.1080/19443994.2015.1112978 Taylor & Francis Group

Finding sources and sinks of fluorescent dissolved organic matter in a
riverine system using parallel factor model

Aamir Alaud Din? Yongeun Park?, Seung Won Lee®, Sung Min Cha“,
Kyung Hwa Cho®, Joon Ha Kim**

“School of Environmental Science and Engineering, Gwangju Institute of Science and Technology (GIST), 261 Cheomdan-gwagiro,
Buk-gu, Gwangju 500-712, Korea, email: joonkim@gist.ac.kr (J.H. Kim)

YEnvironmental Microbial and Food Safety Laboratory, United States Department of Agriculture-Agricultural Research Service,
10300 Baltimore Avenue, Belstville, MD 20705, USA

“Environmental and Plant Engineering Research Institute, Korea Institute of Civil Engineering and Building Technology (KICT),
283, Goyangdae-Ro Ilsanseo-Gu, Goyang-Si, Gyeonggi-Do 10223, Korea

d]eollumzm—do Environmental Industries Promotion Institute, Gangjin-gun, Jeollanam-do 527-811, Korea

“School of Urban and Environmental Engineering, Ulsan National Institute of Science and Technology (UNIST), 100 Banyeon-ri,
Eonyang-eup, Ulju-gun, Ulsan 698-805, Korea

Received 15 August 2015; Accepted 10 October 2015

ABSTRACT

To characterize fluorescent dissolved organic matter (FDOM) in Yeongsan River in Korea,
110 water samples were acquired from March 2008 to November 2009 around the water-
shed. Excitation emission matrix data of fluorescence was obtained using spectrophotomet-
ric analysis and parallel factor (PARAFAC) model was used to characterize FDOM. The
spatiotemporal variation and effect on FDOM were studied using an exploratory analysis
and analysis of variance (ANOVA). According to the spatial and seasonal characteristics,
we used post hoc analysis to identify significantly different sites and season. The PARAFAC
results identified three most important PARAFAC components explaining 95.32% of total
variance of original data-set. Seasons and sites had a significant effect on PARAFAC Com-
ponents I and II (p <0.05), whereas season had a significant effect on Component III
(p £0.05). There was no significant interaction between seasons and sites for all the three
PARAFAC components (p > 0.05). For Components I and II, summer season was signifi-
cantly different from other seasons (p < 0.05), whereas for Component III, the fall season
was significantly different from winter and summer seasons (p <0.05). These results
indicate that ANOVA and post hoc analysis in our study not only confirmed the results of
previous studies, but also revealed differences in seasons and sites for identified FDOMs as
a new information. The methodology proposed in this paper can be a useful tool for finding
sources and sinks of FDOMs in a riverine system influenced by natural organic matter
impairment.
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1. Introduction

The Yeongsan River (YSR), one of the largest rivers
in Korea, is a source of water for about two million
people residing around the river. The YSR is also a
source of water for irrigation, recreation, industrial
use, and ecosystems in the South Jeolla Province [1,2].
As the primary function of the YSR is cropland irriga-
tion [3], it has thus been the focus of studies investi-
gating trace metal concentration profiles [1],
relationships between land use type and fecal indica-
tor bacteria and heavy metals [2], and a decline in fish
diversity [3].

The major land use around the Yeongsan Water-
shed (YSW) is agriculture and forestation, which are
the primary sources of fluorescent dissolved organic
matter (FDOM). The degradation of agricultural, for-
est, and animal organic matter results in humus,
which forms a significant fraction of the total organic
matter; the two most important soluble fractions of
humus are humic and fulvic acids, which are both flu-
orescent in nature. The dominant fractions of humus
are humic acids [4,5], an ubiquitous constituent of
every riverine environment, which constitutes between
40 and 60% of natural organic matter (NOM) [4]. As
FDOM is light absorbing, it is also known as chro-
mophoric-dissolved organic matter (CDOM) and can
significantly influence the underwater light field. It
absorbs ultraviolet light, thereby strongly restricting
the penetration depth of UV-B radiation, which is
harmful to living organisms [6]. Therefore, FDOM is
an important area of focus for further investigation.

In recent decades, fluorescence spectroscopy has
been widely used to analyze and characterize FDOM
[7]. In this field, potential applications include drink-
ing water quality monitoring [8], analysis of food
products such as yogurt and fish [9,10], and studies of
marine and aquatic environments [11,12].

Measurement of autofluorescence at numerous
emission wavelengths for different excitation wave-
lengths has been carried out to obtain excitation emis-
sion matrices (EEMs). The analysis of these EEMs can
be facilitated by the models such as the parallel factor
analysis (PARAFAC), Tucker, and N-way partial least
square regression (N-PLS) [9]. Among these models, if
the data is trilinear, PARAFAC has been a powerful
model for extracting information from EEM data
obtained through fluorescence spectroscopy [13]. PAR-
AFAC decomposes the fluorescent signal of the fluo-
rophore mixture into individual fluorescent analytes
and provides estimates of spectra with concentration
profiles of fluorophores [9,14].

Based on our literature survey on YSW, FDOM has
not been characterized in the YSW and its surround-
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ing region, containing mainly croplands, small forests,
wetlands, and urbanized areas. In this study, we con-
centrate on sites at which a tributary merges into the
YSR and thereby contributes FDOM to the YSR. A
total of 110 samples were collected over a duration of
16 months (from March 2008 to November 2009) from
eight sites around the YSR (Fig. 1). The EEM data
from these samples enabled us to study the spatiotem-
poral variability of the identified fluorophores. Com-
pared to the other PARAFAC modeling studies of
riverine and marine systems, this study is unique
because we utilize the concentrations of identified
chemical analytes (fluorophores) to determine major
sites that contribute each identified FDOM to the
YSW. We also used a simultaneous spatial and tempo-
ral bubble plot which gives more clear and additional
information about FDOM fluorophores. Previous stud-
ies on FDOM characterization had been limited to spa-
tial and temporal variation of FDOM fluorophores
employing the spatial and temporal plots. In this
study, we used analysis of variance (ANOVA) to
determine the effect of seasons and sites on the identi-
fied FDOM fluorophores. ANOVA provided hidden
information that could not be caught by simple spatial
and temporal plots. We also used post hoc analysis to
find out significantly different sites and seasons.

2. Materials and methods
2.1. Field sites description

The study area YSR, is the main stream of YSW
system. Its flow length is 136 km and has an area of
3,445 km®. Fig. 1 shows the eight sampling sites
around the YSR where the tributaries merge with the
river. The upland region consists of the Ohrye (S1)
and Gwangju (S2) tributaries. The Ohrye tributary is
located in an agricultural area while the Gwangju
tributary is surrounded by the city of Gwangju—a
highly urbanized region known as one of the largest
metropolitan cities in Korea. Gwangju is also one of
the most polluted areas in the YSW. The Hwangryong
tributary (S3) consists of a mixed region of urbanized
and agricultural areas while the Jangseong tributary
(54) is comprised of agricultural land—the largest
among the eight sites. The four remaining sites, Man-
bong (S5), Gomakwon (56), Sampo (57), and Yeongam
(S8) tributaries are also agricultural sites. Past the
Yeongam tributary, the YSR is connected into the West
Sea. The YSW system also includes four upstream
dams and one estuarine dam in the basin for agricul-
tural purposes. The eight sites mentioned comprise all
of the diversity in the YSW and were thus selected as
sampling sites. The samples collected from these sites
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Fig. 1. (A) Map of Yeongsan Watershed (YSW) showing the eight sampling sites (red circles; from S1 to S8). Blue arrows
indicate flow direction. The sampling sites are tributary end points discharging into the YSW mainstream and (B)
Legends used for identifying the eight sampling stations in (A).

were analyzed to determine the sources and sinks of
FDOM as well as turbidity in the YSW system [1].

2.2. Data acquisition

To study the spatiotemporal variation of FDOM,
110 water samples were collected from the eight sam-
pling sites. The samples were collected in 500 mL
polyethylene bottles over the 16-month period from
March 2008 to November 2009. The turbidity of the
water samples were analyzed in situ using multi-pa-
rameter water quality monitor YSI 6600 EDS (YSI Inc.,
USA). In situ measurement was performed in order to
ensure data accuracy which would have otherwise
been affected by the coagulation and flocculation of
particles if done ex sifu. The samples were tightly
capped, stored in insulated boxes containing ice packs
and were placed in the laboratory refrigerator.

Excitation emission matrix (EEM) data were then
obtained through spectrophotometric analysis. For
accuracy, spectrophotometric measurements were per-
formed on the day of sampling itself to prevent photo-
chemical decomposition of FDOM caused by
prolonged storage [5]. Pre-spectrophotometric analysis
steps include agitation (shaking) and filtration of the
water samples through 0.45 um pore size DISMIC®-
25CS cellulose acetate filter. A 1.0 cm quartz cuvette
was used to hold the sample filtrate. The cuvette was

cleaned by rinsing with acetone and ethanol once and
then drying, followed by rinsing thrice with triple dis-
tilled water and then drying. A computer-controlled
F-2500 fluorescence spectrophotometer (HITACHI
High-Technologies Corporation, Japan) was used to
measure the spectra of the filtered samples. Excitation
and emission wavelengths ranging from 220 nm to
600 nm in 5 nm intervals were used. The scan speed
was adjusted to 1,500 nm/min with excitation and
emission slits of 5 nm.

2.3. Fluorescence data analysis

Initial fluorescence EEM data have arbitrary units
(A.U.). Pretreatment (a step required to remove instru-
mental biases) changes these units into quinine sulfate
(Q.S.) units. This pretreatment step also allows the
data to be used in PARAFAC modeling. The pretreat-
ment of raw EEM data, PARAFAC model, and its
application to the EEM data are described in detail in
sections SM-1, SM-2, and SM-3 of supplementary
materials, respectively.

2.4. Statistical analyses

Statistical analysis, ANOVA, and post hoc were run
using statistical package for the social sciences (SPSS
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17.0, SPSS Inc., USA). A p-value of 0.05 was used to
determine the level of significance for ANOVA and
post hoc analysis.

3. Results and discussion
3.1. Fluorescence characterization

Using the PARAFAC model, three components
were found to be optimum for the EEM data (Sec-
tion SM-3 in supplementary materials). To characterize
the FDOM in the 110 samples, pairs of excitation emis-
sion maxima were used for all of the three PARAFAC
components. The ranges of pairs of excitation emission
maxima, shown in Table SM-1 (supplementary materi-
als), are specific to different fluorophores [7,15-21].
Component-I demonstrated an excitation maximum at
355 nm and emission maximum at 450 nm. Compo-
nent-II had an excitation maximum at 320 nm, with an
emission maximum at 405 nm. Component-III was
characterized by an excitation maximum at 280 nm
with emission peak at 410 nm. These values are listed
in Table 1. Component-I was identified as humic C, a
humic substance found in natural waters [18]. Compo-
nent-II was identified as humic C3 [19] and Compo-
nent-III was found to be marine humic M [22]. Marine
humic M was previously thought to have a marine
source, though it can also be observed in natural
water impacted by agricultural activities [22-24].

3.2. Spatial variation of FDOM fluorophores

To determine the spatial variation of the identified
FDOM fluorophores, concentrations were plotted
against each sampling month (Fig. 2). Components I
and II display similar concentration profiles, indicating
the possibility that the components might have origi-
nated from a common source. The concentration pro-
file of Component III on the other hand is clearly
different, showing a nearly flat trend throughout the
study period except for three events (2008/04, 2009/
10, and 2009/11). This suggests that Component III
originated from a different source and that all sites
contribute this component nearly equally.

Table 1
Identification of FDOM based on excitation emission
maxima

Component Ex/Em (nm/nm) Fluorophore
Component I 355/450 Humic C3
Component II 320/405 Humic C
Component IIT 280/410 Marine Humic M
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From Fig. 2, it is evident that the concentrations of
Components I and II are generally higher than Com-
ponent III. It can be inferred that since Components I
and II are terrestrial humic-like fluorophores, and the
study sites are mostly agricultural sites (on average,
the ratio of agricultural area for monitored catchments
is 48.61%), the said fluorophores are dominant in ter-
restrial and agricultural environments. This inference
is in agreement with results from previous studies. In
the study of the Horsens Estuary, Denmark, the aver-
age FDOM was highest in forest streams and lowest
in marine end member. It was also found that the for-
est stream was dominated by humic-like fluorophores
[23]. In another study of the Florida Coastal Ever-
glades, the spatial variation of CDOM in three sub
regions (Florida Bay (FB), Ten Thousand Islands (TTI),
and Whitewater Bay (WWB)) was investigated. The
mean fluorescence intensity of CDOM was higher in
TTI and WWB than FB; and the DOM in TTI and
WWB was reported to be from a terrestrial source
[25].

From Fig. 2, the concentration of Component I is
higher than the concentration of Component II
throughout the study period. Only the three events
mentioned above show that the concentration of Com-
ponent-IIl is higher than for Components I and II
Except for the three events, the concentration of Com-
ponent-III remains below 0.5 throughout the study
period. These three events might be the result of activ-
ities that are currently unknown to us, and thus
require further investigation.

Based on observation, Site 4 appears as the major
contributor of Components I and II in the spatial dis-
tribution plots (Fig. 2). In most of the events (2008/03,
2008/05, 2008/06, 2008/09, 2008/11, and 2009/01), the
concentrations of these two components are one order
of magnitude higher compared to the other sites. In
the majority of events (2008/08, 2009/02, 2009/04,
2009/07, 2009/08, 2009/10, and 2009/11), the concen-
trations of the two components at Site 4 are compara-
ble to the other sites. The concentrations of these two
humic-like components are unavailable for two events:
April and December 2008. In contrast, during the
event of June 2009, the concentration of Component I
at site 4 is one order of magnitude lower than at Sites
1, 2, 3, and 8. During the same event, the concentra-
tion of Component II at Site 4 is one order of magni-
tude lower than at site 1. From this comparison of Site
4 with the remaining sites, we see that in majority of
events Site 4 has a comparable contribution of the two
humic-like components. In most of the events, its con-
tribution is one order of magnitude higher than the
remaining sties. From these results, we posit that Site
4 is the major contributor of Components I and IL In
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Fig. 2. Spatial variation of PARAFAC components during the study period. Horizontal and vertical axes represent the
sampling sites (Site 1 through 8) and fluorescence intensity (QS) respectively. The following nomenclature: YY.MM was
used to write the sampling date (e.g. 08.03 is March 2008). Solid lines with square, circular, and triangular markers repre-
sent the fluorescence intensities (QS) of Components I, II, and III, respectively.

our study, Site 4 is the largest agricultural area and as
such its contribution as the major source of Compo-
nents I and II becomes more clear. Indeed, this result
is in agreement with the studies of Stedmon and
Markager [23] and Maie et al. [25].

3.3. Temporal variation of FDOM fluorophores

To study the seasonal variation of FDOM fluo-
rophores, the concentrations of identified PARAFAC
components were plotted against time for each site.
Fig. 3 shows the temporal variation of FDOM fluo-
rophores. Components I and II clearly show similar
trends throughout the study period at each site. South
Korea has four distinct seasons of snowfall (December
to February), spring (March to May), rainfall (June to
August), and fall (September to November). The rain-
fall season in South Korea is considered the monsoon
season, characterized by higher precipitation than
other seasons. Except for Site 4, the concentrations of
Components I and II in spring and summer are higher

than in other seasons. These high concentrations can
be attributed to snow melting and monsoon rainfall
respectively. Also, the concentrations of Components I
and II in the rainfall season are higher compared to
the remaining three seasons. Heavy rainfall during the
monsoon is responsible for the high concentrations of
Components I and II in the summer season.

The concentrations of Components I and II in the
spring and summer seasons are higher in 2009 than in
2008. The average precipitation in 2008 was recorded
to be 173.02 mm, whereas, it was 330.26 mm in 2009.
This almost double precipitation in 2009 was a major
cause of the high concentrations of Components I and
II. An increase in the concentration of humic-like com-
ponents in FDOM during the wet season has also been
observed by other researchers [23,25-27].

Component III shows no seasonal variation at any
site. Except for Site 4, the concentration of Component
III is notably higher in April 2008 and October and
November 2009. Aside from these three months, the
concentration of Component III is less than 0.5
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Fig. 3. Temporal variations of PARAFAC components for the eight sites. Horizontal and vertical axes represent the time
(Year/Month) and fluorescence intensity (QS), respectively. Solid lines with square, circular, and triangular markers
denote the fluorescence intensities (QS) of Components I, II, and III.

throughout the study period on all the sites. This find-
ing is consistent with the study of interannual varia-
tion of FDOM in the South Atlantic Bight, where no
temporal variation was observed for the marine
humic-like component [28]. Based on this result and its
agreement with previous studies, we conclude that the
marine humic-like component is a constant part of the
DOM pool. We therefore suggest that Component III
might have some variation in marine environments.

3.4. Spatiotemporal variation of FDOM fluorophores

To determine the spatiotemporal variation of
FDOM fluorophores, spatiotemporal bubble plots were
used (Fig. 4). The bubble plot simultaneously displays

spatial and temporal variation. A color gradient is
used as a visual aid for ease in viewing the trends.
The plot is divided into three panels: the top, middle,
and bottom panels representing Components I, II, and
III, respectively. The horizontal and vertical axes of
each panel represent the time (Year/Month) and sites.
Each panel is divided into two parts by a dotted line.
The left and right sides of the dotted line represent
the FDOM fluorophore concentrations in 2008 and
2009, respectively.

The top two panels of Fig. 4 indicate that Site 4 is
the major contributor of Components I and II. In the
figure, it is clear that the concentrations of FDOM flu-
orophores increase during the snow melting and rain-
fall seasons, suggesting that during these events,
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Fig. 4. Spatiotemporal bubble plot of identified PARAFAC components. Horizontal and vertical axes represent the time
(Year/Month) and sites, respectively. The bubble colors represent fluorescence intensity (QS) that can be read from the
color bar at right side of the plot. The top, middle, and bottom panels of the plot represent the spatiotemporal intensities
of PARAFAC Components I, II, and III, respectively. Each panel is divided into halves by a dotted line; the left and right
panels represent the fluorescence intensities (QS) in 2008 and 2009.

humus is extracted from the soil and then transferred
to into the YSW system through runoff. In addition,
the concentrations of Components I and II which were
higher in 2009 compared to 2008, can be explained by
heavier rainfall that occurred in 2009. The variation of
Components I and II with rainfall can be seen in
Fig. 5. Panels I, II, II, and IV consist of the average
(solid black lines), upper standard deviation (solid red
lines), and lower standard deviation (solid blue lines)
values for rainfall and the concentrations of the three
PARAFAC components. In the figure, Panels II and III
(Components I and II) display trends similar to that of
Panel I (Rainfall). This indicates that both components

originate from the same source and are correlated
with rainfall.

The bottom panel of Fig. 5 shows that all eight
sites contribute Component III equally to the YSW sys-
tem. All concentrations are less than 0.2 with the
exception of three events: April 2008 and October and
November 2009, where there were observed increases
in the concentration of Component III. Component III
is a mandatory part of marine systems, though it can
also be found in riverine systems [22-24]. As such,
this marine-like component needs separate attention
in riverine systems. Lastly, note also that Component-
III has no relation with rainfall (Fig. 5).
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3.5. Effect of season and site on identified FDOM
fluorophores

To investigate the effect of season, site, and their
combined effect on identified FDOM fluorophores,
two-way ANOVA was used. Post hoc analysis was also
carried out to identify significantly different sites and
seasons. A significance level of 0.05 was set for both
statistical analyses. Table 2A shows the F-test statistics
and p-values while Table 2B displays the results from
the post hoc analysis. The upper right diagonal on each
panel consists of p-values from the post hoc analysis of
sites, while the bottom left diagonal consists of
p-values for the seasons.

From Table 2A, it can be seen that the site and
season have an effect on Components I and II
(F=3.16 and 8.13 for site and season, respectively,
and p < 0.05). It is also clear that no combined effect of
site and season on Component I was be observed
(F=0.97 and p > 0.05). Similarly, the site and season
affect Component II (F=297 and 5.31 for site and
season, respectively, and p <0.05), though the com-
bined interaction of site and season again does not
have a significant effect on Component II (F=0.99
and p > 0.05). The YSW is surrounded by sites with
varying characteristics and the monsoon season in
Korea is deemed to be responsible for this effect.
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Table 2A
Effect of season, site, and their interaction on identified
FDOM fluorophores

Dependent variable Independent variable F p-value
Component I
Site 3.16 0.01
Season 8.13 0.00
Site and season 097 0.51
Component II
Site 297 0.01
Season 5.31 0.00
Site and season 0.99 0.48
Component III
Site 0.22 0.98
Season 8.18 0.00
Site and season 0.18 1.00

Table 2B

20207

The post hoc analysis for Component I shows that
Site 4 is significantly different from Sites 3, 6, and 7
(p < 0.05). The summer season is found to be different
from all other seasons (p < 0.05). As for the Compo-
nent II, again Site 4 is significantly different from Sites
3 and 6 (p < 0.05). The summer season with monsoon
rainfall is again different from other seasons (p < 0.05).
In the YSW system, Site 4 is the largest agricultural
area. Site 2 is the Gwangju tributary, whereas
Gwangju city is located near Site 3 (compared to Site
2). Gwangju, being a highly urbanized area, has a high
volume of sewer flow in the direction of Site 3. This
could be the cause of why Site 3 is significantly differ-
ent from Site 4. Site 6 on the other hand, is sur-
rounded by mountains, and this site receives runoff
from the mountains in the monsoon season, the reason
for its significant difference compared to Site 4. As for
Site 7, dilution effect caused by its location near

p-values for the comparison of sites (upper right shaded diagonal) and seasons (bottom left diagonal) from post hoc analy-

sis in two-way ANOVA

(a) Component I

Site 2 Site 3 Site 4
1.00 1.00 0.48
Winter 1.00 1.00 0.23
0.02
Spring 1.00 1.00
Summer 0.00 0.00 0.00
Fall Winter Spring
(b) Component 11
Site 2 Site 3 Site 4
1.00 1.00 0.68
Winter 1.00 1.00 1.00
0.03
Spring 1.00 1.00
Summer 0.01 0.01 0.03
Fall Winter Spring
(c) Component III
Site 2 Site 3 Site 4
1.00 1.00 1.00
Winter 0.00 1.00 1.00
1.00
Spring 0.27 0.20
Summer 0.00 1.00 0.16
Fall Winter Spring

Site 5 Site 6 Site 7 Site 8
1.00 1.00 1.00 1.00 Site 1
1.00 1.00 1.00 1.00 Site 2
1.00 1.00 1.00 1.00 Site 3
0.16 0.01 0.06 0.19 Site 4
1.00 1.00 1.00 Site 5
1.00 1.00 Site 6
1.00 Site 7

Site 5 Site 6 Site 7 Site 8
1.00 1.00 1.00 1.00 Site 1
1.00 1.00 1.00 1.00 Site 2
1.00 1.00 1.00 1.00 Site 3
0.21 0.02 0.17 0.59 Site 4
1.00 1.00 1.00 Site 5
1.00 1.00 Site 6
1.00 Site 7

Site 5 Site 6 Site 7 Site 8
1.00 1.00 1.00 1.00 Site 1
1.00 1.00 1.00 1.00 Site 2
1.00 1.00 1.00 1.00 Site 3
1.00 1.00 1.00 1.00 Site 4
1.00 1.00 1.00 Site 5
1.00 1.00 Site 6
1.00 Site 7
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downstream of the YSR brings about the difference. In
the Midwestern Bay of Bengal, humic C has been
reported to be affected by the wet season, during
which the concentration of humic C is reported
[28,29]. Evidences of high concentration of humic C in
terrestrial and forest streams have already been
published [23,28].

Component III (see Table 2A) is not significantly
affected by site (F = 0.22, p > 0.05), though it is affected
by season (F=8.18, p <0.05). The site and season in
combination have no effect on Component III
(F=0.18, p>0.05). Post hoc analysis also shows that
the fall season is significantly different from winter
and summer (Table 2B). Since Component III is a mar-
ine humic component, its behavior can be understood
better from a marine environment. Unlike our results,
no interannual variation of marine humic M was
observed in the South Atlantic Bight [28]. This differ-
ence is due to the fact that spatiotemporal plots pre-
sent only a visualization analysis where the results
can be misleading. We posit that the ANOVA used
here has provided information that might be more
reliable.

4. Conclusion

This study provides a detailed discussion on
FDOM fluorophore characterization and spatiotempo-
ral variation at the eight sampling sites surrounding
the YSR; which is then followed by investigation of
the sources and sinks of the identified FDOM fluo-
rophores. The main conclusions of the study are given
below.

(1) Three PARAFAC components were identified
through PARAFAC modeling of spectrophoto-
metric EEM data. These three components,
labeled as Components I, II, and III, were char-
acterized by humic C3 (355/450), humic C
(320/405), and marine humic M (280/410) like
fluorescence, respectively. The PARAFAC
model used in this study explained 95.32% of
the variation in data, indicating that it is robust
and suitable for three-way data (like spec-
trophotometric EEM data). PARAFAC is more
powerful than two way principal component
analysis (PCA), Tucker model, etc. when it
comes to the analysis of EEMs. Therefore, we
suggest the use of PARAFAC model for the
characterization of FDOM fluorophores in
three-way spectrophotometric EEM data.

(2) Of the eight sampling sites, Site 4 was the big-
gest agricultural area around the YSW. Higher
concentrations of Components I and II were
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found at this site, suggesting that agricultural
soil could be the main source of these compo-
nents. Of the four seasons, higher concentration
of Components I and II were found in the
summer and spring seasons, indicating that
rainfall and snow melting events bring FDOMs
into the YSW mainstream. Based on these find-
ings, we suggest that best management prac-
tices be considered during rainfall and snow
melting event to mitigate river impaction by
FDOM fluorophores. Note that a spatiotempo-
ral analysis of Component III showed that it
remained invariant.

(3) The analysis of FDOM fluorophore concentra-
tion data by ANOVA showed that Components
I and II were affected by site and season
(p <0.05). We also found that Component III
was affected by season only (p < 0.05). The
analysis of FDOM fluorophore concentration
data by ANOVA provided a new information
about Component IlI—it is affected by season.
From these results, we recommend the further
use of ANOVA and similar higher order statis-
tical models during investigations of FDOM
fluorophore concentration data.

(4) Post hoc analysis revealed that Site 4 was signifi-
cantly different from Sites 3 and 6 for Compo-
nents I and II (p < 0.05). We also found that the
summer season was significantly different from
all other seasons (p <0.05) for Components I
and II, and that the fall season was significantly
different from winter and summer seasons for
Component III (p < 0.05). These findings of sig-
nificantly different sites and seasons could be a
new contribution to this research field and thus
further investigation of different environments
is needed. We therefore recommend the use of
post hoc analysis on other FDOM fluorophore
concentration data to determine significantly
different sites and seasons.
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The supplementary material for this paper is
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