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Abstract

The multi-media environmental behavior of dissolved organic matter (DOM) is closely
related to biogeochemistry and water quality. In this study, we characterized the multi-
media distribution patterns and sources of DOM in a human-intensive watershed based on
fluorescence measurements and fluorescence quotient (FQ) methods. Clay showed higher
proportions in urban areas compared with rural areas. The biological index decreased
with the increased similarity of DOM between sediment and a wastewater treatment plant
(WWTP) /domestic sewage. The similarity of DOM between sediment and aquaculture was
negatively related to coarse silt (Pearson, p < 0.05). In the water, C2 was more abundant
in urban areas than in rural areas; among all sources, the WWTP exhibited the highest
similarity (98.04%) of DOM with water, which was higher than that between sediment and
the WWTP. The fluorescence index decreased with the increased similarity of DOM between
waters and the WWTP/domestic sewage. The FQs for some amino acid-like materials
and microbial byproducts between sediment and water were negative, while those for
humic-like and fulvic-like materials between sediment and water were positive. Structure
equation model (SEM) results showed that sediment grain size exerted positive effects on
the distribution of C1 between sediment and water and negative effects on the distribution
of C3 between sediment and water. The results demonstrated that the distribution of DOM
between sediment and water, as well as the source contribution to DOM in sediment, was
related to the sediment grain size, revealing the impact of sediment on the multi-media
environmental behavior of DOM.
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1. Introduction

Dissolved organic matter (DOM) comprises organic mixtures originating from both
natural and anthropogenic sources. Natural organic matter mainly consists of amino acids,
proteins, and humic substances, and terrestrial inputs of soil particles and plant remains
can contribute to the occurrence of DOM in surface waters [1]. DOM could be related
to spatial-temporal variations in Chl-a concentrations [2]. Additionally, some pollutants
(e.g., tetracycline) from human sources could be linked to fluorescent DOM by emitting
fluorescence or enhancing fluorescence [3,4], while DOM could serve as the precursor of
contaminants, such as disinfection by-products [5]. Therefore, the fate and migration of
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DOM in the aquatic environment could be related to the environmental risk of pollutants.
Considering that DOM ubiquitously occurs in multiple environmental media, deciphering
the distribution and sources of DOM is beneficial not only for monitoring water quality but
also for illustrating anthropogenic impacts on the water environment.

Similar to the DOM in water, sediment DOM could also have biological origins and
anthropogenic signatures [6-8]. However, sediment DOM has a different composition from
the DOM in overlying surface water, with more abundant nitrogen- and sulfur-containing
compounds [9]. The distribution of variable DOM components between water and sediment
can exhibit different patterns. Sediment DOM can be related to multiple environmental
factors [10]. What is more, sediment particles can adsorb DOM, and sediment resuspension
can release organic matter into surface waters [11]. This would influence the environmen-
tal behavior of DOM between sediment and water [11]. Meanwhile, sediments contain
sand, clay, silt, and other materials that deposit in the aquatic environment. Dynamic
changes in the multi-media distribution of DOM can be influenced by environmental fac-
tors [12]. Deciphering the relationship of sediment grain size with the distribution of DOM
between water and sediment is key to revealing the environmental behavior of DOM in the
aquatic environment.

Mineralogical compositions could influence the geochemical compositions of sedi-
ment, and many studies have demonstrated that the abundance of sediment DOM is often
related to the sediment grain size distribution. The increasing surface area and available
complexing sites in the sediment can be related to a high content of organic matter [13].
Organic matter can be stored in silt and clay particles [14], and total organic carbon con-
tents are associated with the grain size fraction < 8 ym [13]. Large grain size fractions
can provide attachment points for bacteria [15], which might influence the biological pro-
duction of DOM. Resuspension will reduce the amount of organic carbon adsorbed on
fine-grained sediment [11,13]. Environmental factors can influence the similarity of DOM
and particulate organic matter [12]. However, limited information has been documented
regarding the impact of sediment grain size on the distribution of DOM between water and
sediment. Fluorescence spectroscopy could serve as a useful tool to detect the distribution
of DOM, and fluorescence spectroscopy coupled with parallel factor analysis (PARAFAC)
can be employed to track the anthropogenic signature between water and sediment [8,16].
Fluorescence measurement and PARAFAC techniques will be useful for deciphering the
multi-media distribution and sources of DOM in the aquatic environment.

In this study, the East Taihu Lake Basin, which is in the densely populated Yangtze
River Delta, was selected as the research area. Three-dimensional fluorescence spectroscopy
coupled with PARAFAC techniques was employed to (1) characterize the spatial-temporal
distribution and external sources of DOM between sediment and water in a human-intensive
watershed; (2) characterize the distribution patterns of DOM between sediment and water;
and (3) evaluate the impact of sediment grain size on the multi-media distribution of DOM.

2. Materials and Methods
2.1. Sample Collection

The research area (31°31'30” N, 120°27'40” E) is mainly located in Suzhou City
(130.48 million people in 2025), China. This area belongs to plain tidal river networks.
The water bodies studied included rivers and lakes (Figure 1). The main river (e.g., the
Grand Canal) exhibits water depth ranging from 3 to 5 m. The water depth of Caohu Lake
ranges from 1.5 to 2 m, while Yangchenghu Lake has an average depth of about 1.8 m. The
climate is subtropical monsoon. The annual temperature is approximately 17.9 °C, and
the annual precipitation is about 1086.3 mm, with the highest rainfall in summer (wet
season), followed by spring (flat season) and winter (dry season). Paired sediment and
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water samples (51-517) and water samples (S18-520) representative of the anthropogenic
sources (i.e., aquaculture, wastewater treatment plants (WWTPs), and domestic sewage)
were collected during winter, spring, and summer in 2018 and winter in 2021. Water and
sediment samples were collected using a water tank and grab dredger, respectively. All
samples were transported to the laboratory within 12 h. Water and sediment samples were
preserved at 4 °C and —20 °C, respectively. Relevant information about the sampling sites

is provided in Table S1.
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Figure 1. Sampling sites in the East Taihu Lake Basin.

2.2. Characterization of Sediment Grain Size Distribution

An 53500 laser particle size analyzer (Microtrac, Largo, FL, USA) was used to measure
the sediment grain size distribution following the general guideline [17]. Pretreatment
followed a previous study [18]. Briefly, sediment samples were first sieved through a
10-mesh sieve. Calgon (5% solution of sodium hexametaphosphate) was added to the
samples. All measurements were performed in triplicate, and the value (Ds;) that was
bigger than a half volume of the total particles was used as the representative sediment
grain size. Sediment was classified into clay (<3.9 ym), fine silt (3.9-15.6 ym), coarse silt
(15.6-63 pm), and sand (63-2000 ym) [19].

2.3. Characterization of DOM

Sediment samples were freeze-dried and passed through a 100-mesh sieve. Samples were
shaken in Milli-Q water (1:10) for 24 h, and supernatants were filtered through a 0.45 pm
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polyvinylidene fluoride filter. Water samples were filtered through a 0.45 yym membrane. Ab-
sorbance spectra (200-800 nm) were obtained with a Cary 60 UV-Vis spectrophotometer (Ag-
ilent Technologies, Santa Clara, CA, USA). Fluorescence measurements were performed on
an F-7000 fluorescence spectrometer (Hitachi, Tokyo, Japan) with a 150 W xenon arc lamp at
20 °C. Both excitation and emission scanning wavelengths ranged from 200 to 550 nm (5 nm
intervals) with a scanning speed of 2400 nm/min. Milli-Q water served as a blank control. The
inner-filter effect, disturbing effects of the 1st- and 2nd-order Raman scattering, and Rayleigh
scattering were corrected [5,20]. All fluorescence measurements were normalized to Raman
Units [21]. PARAFAC was conducted using the DOMFluor toolbox according to previous
methods [22,23]. The optimal model was determined via residual analysis, and the model
was validated through half splitting analysis and stochastic analyses. A (350) (m™') was
used to indicate the DOM quantity, defined as the absorbance equal to 2.303/r (r is the cu-
vette length (m)) [24]. The biological index (BIX) is the ratio of fluorescence intensity at
Excitation/Emission = 310/380 nm to that at Excitation/Emission = 310/430 nm [25]. The fluo-
rescence index (FI) is the ratio of fluorescence intensity at Excitation/Emission = 370/450 nm to
that at Excitation/Emission = 370/500 nm [26]. The humification index (HIX) is the ratio
of the integrated fluorescence intensities from 435 to 480 nm to the sum of the integrated
fluorescence intensities over 300-345 nm and 435-480 nm at an excitation wavelength of
254 nm [27]. The fluorescence excitation—emission matrix (EEM) was divided into five
regions named I to V [28].

2.4. Calculation of the Fluorescence Quotient (FQ)

The fluorescence quotient (FQ) was calculated to represent the fluorescence distribu-
tion between the sediment and water [29]. Briefly, the fluorescence intensity was normalized
using Equation (1):

(F - Fmin)

Fmax - Fmin

F' = 0.01 + 0.99 x (1)

where F and F' refer to the original and normalized fluorescence intensities, respectively.
F.a and F_;, represent the maximum and minimum value of the fluorescence EEM. The
quotient (FQqeqiment:water) Of the EEM between the sediment and water was calculated using
Equation (2):

F' sediment ) ( 2 )

FQsediment:water = 10g10< F

water
The distribution of FQ, giment-water il the fluorescence EEM indicates the distribution
pattern of DOM between the sediment and water.

2.5. Measurement of Similarities of DOM (Sp)

The similarity of DOM between water/sediment samples and potential sources was
calculated using Equation (3):

Z Sa _ SE
Sp = (1 - SA(“‘“)N () ) x 100% (3)

where s, denotes the fluorescence spectra in sediment or water samples; s, (max) denotes
the maximum of the fluorescence intensity in the sediment or water samples; s; denotes
the fluorescence spectra in the external sources; sg(max) denotes the maximum of the
fluorescence intensity in the external sources; and N denotes the number of wavelength
pairs in the fluorescence EEM.
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2.6. Statistical Analyses

Statistical analyses were conducted using R version 3.6.0. The effects of sediment grain
size on the distribution of DOM between the sediment and water were evaluated based
on structural equation model (SEM) analysis with AMOS 26.0 software (SPSS, Chicago,
IL, USA). SEMs were selected based on a non-significant chi-square test (p > 0.05), high
goodness-of-fit index (GFI > 0.90), and comparative fit index (CFI > 0.90).

3. Results and Discussions
3.1. Characterization of Sediment Grain Size and PARAFAC Components

The most abundant sediment fractions were coarse silt (47.31% on average) and fine
silt (30.55% on average), followed by sand (12.23% on average) and clay (9.91% on average)
(Figure 2). The proportion of clay was significantly higher in the urban area than in the
rural area (paired t-test, p < 0.05), which might be attributed to pollution sources in the
urban area, such as WWTPs. The proportion of sand was significantly higher in summer
than in winter (paired f-test, p < 0.05).

B 100 ¢ 100
75 75
c c
ie((i;iment % 50 ie(égment .% 50 :e(::iment
la la la
B Fnesit 8 H Fnosit & B Finé sit
B Coarse silt o B Coarse silt o & Coarse silt
Sand © sand & Sand
25 25
0 0
,,,,,, ©r 503885882 opz eer 5803885882 oz e
n n DnDDDnDDD D DhDnDnnnn

Figure 2. Sediment grain compositions in (A) winter, (B) spring, and (C) summer.

A three-component PARAFAC model was obtained (Figure 3A-C). Component 1 (C1)
showed two peaks at Excitation/Emission of 230 (290) /350 nm and was assigned to the
tryptophan-like component [30,31]. Component 2 (C2), with Excitation/Emission peaks at
275 (225)/320 nm, was characterized as the tyrosine-like component [31,32]. Component 3
(C3) with Excitation/Emission of 245/450 nm was characterized as the terrestrial humic-like
component [33,34]. C1 was the most abundant PARAFAC component, followed by C2
and C3 (paired t-test, p < 0.05) (Figure 3D). The results indicated that DOM was mainly
composed of tryptophan-like and tyrosine-like materials in the water environment.

3.2. Spatial-Temporal Distribution and Source of DOM in the Sediment

No significant differences in the sum of F ,, between rural and urban areas were ob-
served (Wilcoxon rank sum test, p > 0.05) (Figure 4A). A (350) ranged from 6.78 to 596.12
and did not significantly differ between rural and urban areas (Wilcoxon rank sum test,
p > 0.05). C1 and C3 were positively correlated with clay in winter (Pearson, p < 0.05)
(Table S2). C1 was positively correlated with coarse silt in spring (Pearson, p < 0.01)
(Table S2), suggesting that a higher F . value in spring could be related to the higher
proportion of coarse silt. BIX ranged from 0.71 to 1.33, with a mean value of 0.98, indicating
that DOM originated from multiple sources. FI ranged from 1.24 to 1.91, indicating that
DOM was derived from both terrestrial and microbial sources. BIX and FI were significantly
lower in spring than in summer and winter (paired t-test, p < 0.05). HIX ranged from 0.29
to 8.65 and did not show significant seasonal differences (Wilcoxon rank sum test, p > 0.05).
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Figure 3. PARAFAC components including (A) C1, (B) C2, and (C) C3 in the water environment.
(D) Comparison of PARAFAC components in the watershed. **** Wilcoxon rank sum test, p < 0.0001.
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Figure 4. Profiles of DOM in the sediment. (A) Spatial-temporal distribution of DOM. Correlations
of optical indices with the similarity of DOM between the sediment and (B) aquaculture/(C) WWTP/

(D) domestic sewage.

The fluorescence spectra of aquaculture, WWTPs, and domestic sewage are shown
in Figure S1. The average similarity of DOM between sediments and WWTPs was 94.49%
(highest), followed by 93.74% between sediments and domestic sewage and 91.39% between

sediments and aquaculture. The highest similarity of DOM between sediments and aqua-

culture occurred at S2 in summer (Figure 4B), while the highest similarity of DOM between

sediments and aquaculture/domestic sewage occurred at S4 in summer (Figure 4C,D).

Linear regression results indicated that aquaculture had little effect on the optical indices.

BIX decreased with an increasing similarity of DOM between the sediment and WWTPs or

domestic sewage, indicating that sediment could shield DOM from anthropogenic sources.

Consistent with the water, HIX was linearly correlated with the similarity of DOM between

sediments and WWTPs or domestic sewage. The results indicated that human activities

largely influenced the humification degree of DOM in the aquatic environment. Addition-

ally, the similarity of DOM between sediments and aquaculture was negatively correlated

with coarse silt (Pearson, p < 0.05). The coarse sediment grain with a large specific surface

area provides fewer adsorption sites for organic matter, therefore affecting the storage of

organic matter from external sources in the sediment.

3.3. Spatial-Temporal Distribution and Source of DOM in the Water

The sum of F,, did not show significant differences between rural and urban areas
(Figure 5A). A (350) ranged from 2.17 to 125.19. Consistent with the sediment, A (350) in
the water did not significantly differ between rural and urban areas (Wilcoxon rank sum test,

p > 0.05). In spring, C2 was significantly higher in urban areas than in rural areas (Wilcoxon

rank sum test, p < 0.05), indicating that human activities promoted the occurrence of the

tyrosine-like component. However, no significant seasonal variation in DOM was observed
in rural areas (paired f-test, p > 0.05). BIX ranged from 0.91 to 2.06, indicating that the
majority of DOM originated from autochthonous sources. BIX was significantly lower in

summer than in spring and winter (paired t-test, p < 0.05). The possible reason for this

could be that the wet season promoted terrestrial input and inhibited the autochthonous

origin. Fl ranged from 1.30 to 1.54, suggesting that DOM exhibited a terrestrial signature.

FI was significantly higher in winter than in spring and summer (paired t-test, p < 0.05),

suggesting that the wet season promoted terrestrial input of organic matter. HIX ranged

from 0.06 to 0.75 and was highest in summer, followed by spring and winter (paired t-test,

p < 0.05), indicating that terrestrial input increased the humification degree of DOM. The

spatial variations in BIX, FI, and HIX were not significant (Wilcoxon rank sum test, p > 0.05).

https://doi.org/10.3390/w18151851


https://doi.org/10.3390/w18151851

Water 2026, 18, 1851 8of 14
A B 3 c 3 D,
BIX R?=0.32 P<0.001 BIX R?=0.12 P<0.05 BIX R?=0.19 P<0.01
Winter ~Fl_ R#=0.06 P>0.05 ~Fl_ R:=0.14 P<0.01 ~Fl_ R=0.12 P<0.05
30 B Spring ~ HIX R?=0.73 P<0.001 ~ HIX R?=0.59 P<0.001 = HIX R#=0.67 P<0.001
B Summer
2 2 2
? ? ?
520 8 8 8
[ 2 . 2 . - : .
H T | et | e |5 e . R
' S cet” = 8 ’ e | 8 g T
s ' s s :
10 1 1 1
— e =
T NOTDON®BD T T oo e e .
nDununnnnon

90 94 92 94 92 96 9¢

92 96 94
Similarity (%) Similarity (%) Similarity (%)

Figure 5. Profiles of DOM in the water. (A) Spatial-temporal distribution of DOM. Correlations of
optical indices with the similarity of DOM between the water and (B) aquaculture/(C) WWTPs/
(D) domestic sewage.

The average similarity of DOM was highest between water and WWTPs (98.04%),
followed by between water and sewage wastewater (96.95%) and between water and
aquaculture (89.63%). The results indicated that WWTPs and domestic sewage could be
important sources of DOM in surface water. The highest similarity of DOM between water
and WWTPs was present in urban areas, while the highest similarity of DOM between
water and domestic sewage occurred in rural areas. The results demonstrated that WWTPs
and domestic sewage largely influenced the occurrence of DOM between urban and rural
areas, respectively. The similarity of DOM was significantly lower between water and
aquaculture than that between sediment and aquaculture (paired f-test, p < 0.01). Never-
theless, the highest similarity of DOM between water and aquaculture occurred in rural
areas, suggesting that aquaculture might exert noticeable impacts on DOM in rural areas.
Linear regression results indicated a strong relationship between optical indices and simi-
larity. BIX decreased with the increasing similarity of DOM between water and aquaculture
(Figure 5B), reflecting that aquaculture enhanced allochthonous origins of DOM in the
water. Conversely, BIX increased with the increasing similarity of DOM between water
and WWTPs or domestic sewage (Figure 5C,D), indicating that WWTPs and domestic
sewage promoted the recent autochthonous production of DOM in the waters. FI decreased
with the increasing similarity of DOM between water and WWTPs or domestic sewage,
indicating that WWTPs and domestic sewage promoted terrestrial origins of DOM in the
water. Additionally, HIX was linearly correlated with the similarity of DOM between water
and aquaculture/ WWTPs/domestic sewage.

3.4. The Multi-Media Distribution Patterns of DOM in the Water Environment

The results of the pairwise FQs between sediment and water are shown in Figure 6A.
The regions comprised positive and negative FQs, indicating that the distribution of DOM
between sediment and water had a corresponding fingerprint aligned with fluorescence
regions. The figure was mainly composed of positive FQ values, reflecting a tendency
for in situ enrichment in the sediment or migration behavior. This is consistent with the
higher abundance of DOM in the sediment than in the water (Figure S2). A negative
sediment:water value indicated a lower relative content of organic matter in the sediment
compared with the water. Negative sediment:water points concentrated in fluorescence
regions I, II, and IV, which were representative of amino-acid-like materials and microbial
byproducts [28]. Positive sediment:water FQ points concentrated in fluorescence regions
IIT and V, representing humic-like and fulvic-like materials [28].
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Figure 6. Multi-media distribution patterns of DOM in the water environment. (A) Spectra of the FQ
for DOM between the sediment and water. (B) Statistically significant regions for the FQs for DOM
between the sediment and water according to the paired t-test.

Paired t-test was employed to determine whether the FQ values were statistically
significant. The regions identified as significant (in yellow and blue) in Figure 6B generally
align with the positive and negative FQ regions in Figure 6A. Negative regions in Figure 6A
suggest that amino-acid-like materials and microbial byproducts could be reduced in the
sediment or enriched in the water. The in situ production of amino-acid-like materials was
supported by the relatively higher autochthonous DOM production in the water than in
the sediment (Figure S3A). In contrast, humic substances are more biologically recalcitrant
compared with protein-like materials, so the positive regions in Figure 6A could reflect the
deposition of humic-like and fulvic-like materials in the sediment. This is supported by the
higher humification degree of DOM in the sediment compared with the water (Figure S3B).

3.5. Impact of Sediment Grain Size on the Multi-Media Distribution of DOM

The ratios of DOM in the sediment to those in the water are shown in Figure 7A-C.
Consistent with the FQs, most ratios for C1 and C2 were below 1.0, while many ratios for C3
exceeded 1.0. In spring, the ratios of C1 were negatively related to clay (Pearson, p < 0.05)
and positively correlated with coarse silt (Pearson, p < 0.05). SEM analysis was performed
to assess the impact of the sediment grain size on the multi-media distribution patterns of
DOM (Figure S4A-C). The SEM assumptions posited that sediment grains and DOM could
exert potential effects on the multi-media distribution of DOM. The results showed that
DOM in the sediment was the major driver of the distribution of DOM between sediment
and water (Figure 7D). Ds, exerted positive effects on the distribution of C1 between
the sediment and water (Figure 7D). This was consistent with the negative relationships
between clay and the sediment-to-water ratios of C1 and the positive relationships between
coarse silt and these ratios in spring. Considering the positive correlations of clay with C1
in the sediment in winter, clay could be related to the enrichment of C1 in the water. This is
supported by the more pronounced microbial signature of DOM in the sediment relative
to the water (Figure S3C). The abundant coarse silt might influence the distribution of C1
between sediment and water by affecting the production of tryptophan-like materials in
the sediment. Meanwhile, D5, exerted negative effects on the distribution of C3 between
sediment and water (Figure 7D). Fine sediment grain could influence the distribution of
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C3 between sediment and water by affecting the multi-media environmental behavior of
humic-like and fulvic-like materials.
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Figure 7. Influence of sediment grain size on the multi-media distribution patterns of DOM in the
water environment. (A) Ratios of PARAFAC components in the sediment to the water in winter.
(B) Ratios of PARAFAC components in the sediment to the water in spring. (C) Ratios of PARAFAC
components in the sediment to the water in summer. (D) SEM showing the effects of sediment grain
size on the distribution of DOM between the sediment and water.

4. Discussion

The sediment composition in the East Taihu Lake Basin resembles that in the Tully
River and Yellowknife area lakes of other continents, in which sediment is dominated
by silt-sized grains [18,35]. Sediment grain showed clear spatial-temporal patterns. The
spatial variation in clay aligns with a previous study showing an increased clay fraction
in sediment under human disturbance [36]. The temporal variation in sand might reflect
hydraulic erosion during the wet season; clay and silt are easily transported, while sand
tends to deposit [37].

Sediment can promote the occurrence of DOM by providing adsorption points or
by enhancing biological sources, while external sources can directly input DOM into the
water. The DOM composition in the water environment is consistent with that in the Taihu
Lake [31], but different from that in the Altamaha River watershed [38]. In sediment,
the sum of F_,, was significantly higher in spring than in winter and summer (paired
t-test, p < 0.05), and the seasonal variation in DOM aligns with observation in Jinze water
sources [4]. Clay can adsorb organic matter, and organic carbon is preferentially associated
with fine-grained sediment [39]. Optical indices (i.e., HIX) of DOM are consistent with those
reported for inland sediment [9]. The occurrence of DOM in sediment can be influenced
by terrestrial organic matter [40]. In summer (i.e., wet season), the terrestrial inputs from
runoff can contribute to the spatial variations in the similarity of DOM between sediment
and human sources. Additionally, the abundance of DOM in the water is comparable to that
in the Taihu Lake [31]. The sum of F,, in the urban area was significantly higher in spring
and winter than in summer (paired ¢-test, p < 0.05), and seasonal variation in DOM may
be attributed to short water residence time during the wet season [41]. The optical index
(i.e., HIX) is lower than that reported for the Yichang River watershed and cold-temperate
forest ecosystems [42,43]. Moreover, water and WWTPs/domestic sewage exhibited a high
similarity of fluorescence spectra [44], which was even higher than that between sediment
and WWTPs/domestic sewage (paired t-test, p < 0.01). External sources directly influence
the occurrence of DOM in the water rather than in the sediment. Additionally, nutrient
input may promote the growth of aquatic organisms (e.g., phytoplankton), leading to in
situ production of DOM [45].

The occurrence and multi-media environmental behavior of DOM could be related to
the sediment grain size in the water environment. Coarse silt was the dominant sediment
fraction, while clay was the minority. Coarse silt could provide microorganisms with attach-
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ment sites [15], supporting microbial origins of organic matter and positive correlations of
coarse silt with C1 in the sediment in winter and spring. Fine-grained sediment (e.g., clay)
could adsorb humic substances [46], which is consistent with the significant correlations
of clay with C3 in the sediment in winter. Moreover, the sediment-to-water ratios of C1
were generally lower than those of C3, and Ds, exerted differential effects on the multi-
media distribution of C1 and C3. Therefore, the distribution patterns of DOM between
sediment and water are related to the sediment grain size. In addition to in situ changes
in DOM in sediment, the migration of DOM between sediment and overlying water can
alter the multi-media distribution patterns of DOM. Sediment resuspension can be driven
by hydrodynamic changes caused by wind-wave disturbance in shallow rivers and lakes,
while hydrodynamic variability across hydrological periods can enhance the migration of
DOM between sediment and water. The release of amino-acid-like materials from coarse
sediments may contribute to DOM in water, while adsorption of humic substances on clay
can facilitate the accumulation of DOM in sediment.

5. Conclusions

In this study, we evaluated the multi-media distribution patterns and sources of DOM
in a human-intensive watershed. Coarse silt was the main sediment grain in the rivers
and lakes. The tryptophan-like component could show significant correlations with clay
and coarse silt in the sediment. WWTP and domestic sewage enhance allochthonous
origins of sediment DOM. The negative correlation between the similarity of DOM between
sediments and aquaculture with coarse silt indicates that sediment grain could influence
the source contribution of sediment DOM. A significant difference in the tyrosine-like
component between rural and urban areas was observed in the water in spring, and WWTPs
and domestic sewage promoted terrestrial sources of DOM in the water. FQ patterns for
amino-acid-like and protein-like materials differed from those of humic-like and fulvic-like
materials, suggesting that humic-like and fulvic-like materials are more prone to enrichment
in sediment compared with amino-acid-like and protein-like materials. The ratios of the
tryptophan-like component in sediment relative to water were correlated with clay and
coarse silt. Sediment grain size exerted contrary effects on the multi-media distribution of
the tryptophan-like component and humic-like component. Hence, the distribution of DOM
between sediment and water could be influenced not only by DOM in the sediment but
also by sediment grain size, highlighting the impact of sediment grain size on the migration
behavior of DOM in the aquatic environment.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/w18151851/s1, Figure S1: Fluorescence spectra of typical pollution
sources (A: aquaculture; B: WWTP; C: domestic sewage) in the East Taihu Lake Basin; Figure S2:
A (350) in the East Taihu Lake Basin; Figure S3: Optical indices including (A) BIX, (B) HIX, and
(C) FI between the water and sediment in the East Taihu Lake Basin; Figure S4: Structural equation
model (SEM) analyses showing the effects of sediment grain size on the multi-media distribution of
(A) C1, (B) C2, and (C) C3. Size refers to Ds5y; C1, C2, and C3 refer to component 1, component 2,
and component 3, respectively. Ratio refers to the ratios of PARAFAC components in the sediment to
the water. (*: p < 0.05, **: p < 0.01, ***: p < 0.001); Table S1: Information about the sampling sites;
Table S2: Pearson correlations of sediment particles with PARAFAC components.
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Abbreviations

The following abbreviations are used in this manuscript:

DOM Dissolved organic matter
PARAFAC  Parallel factor analysis
WWTP Wastewater treatment plant
D5 Sediment grain size that is bigger than a half volume of the total particles
C1 Component 1
c2 Component 2
c3 Component 3
BIX Biological index
FI Fluorescence index
HIX Humification index
EEM Excitation—-emission matrix
FQ Fluorescence quotient
Sp Similarity of DOM
SEM Structural equation model
GFI High goodness-of-fit index
CFI Comparative fit index
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