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Abstract: Dissolved organic matter (DOM) plays a central role in the global carbon cycle. The Huma
River Basin (HRB) in China is affected by humic substances in its forests with high background
values. DOM in the HRB was studied using spectroscopic techniques combined with statistical
analysis in order to better understand its characteristics in natural waters affected by humic sub-
stances in forests. UV-visible parameters showed that the DOM predominantly consisted of aromatic
and high-molecular-weight natural organic matter. Fluorescence excitation-emission matrix (EEM)
spectroscopy-parallel factor analysis (PARAFAC) recognized four characteristic components, rep-
resenting humic-like substances (C1, C2, and C3) and protein-like substances (C4). Fluorescence
parameters showed that the allochthonous terrestrially-derived DOM had a humic character. Fourier
transform infrared (FI-IR) spectra characterized the structure of DOM, containing aromatic, aliphatic,
carbohydrate, and protein compounds. Principal component analysis (PCA) revealed that humic-like
components explained approximately 86.7% of the total variance, suggesting that terrestrial humic-
like substances were dominant in the HRB. Correlation coefficient matrix analysis indicated that
CODypn and DOC were mainly derived from humic-like substances. The results demonstrated that
the background value in the HRB was mainly attributed to terrestrial humic-like substances. Such
knowledge could assist in monitoring and managing rivers with high background values.

Keywords: Huma River Basin (HRB); dissolved organic matter (DOM); UV-visible absorption
spectroscopy; excitation-emission matrix (EEM) spectroscopy-parallel factor analysis (PARAFAC);
Fourier transform infrared (FI-IR) spectroscopy; statistical analysis

1. Introduction

Dissolved organic matter (DOM) is a complex and heterogeneous mixture, including
fulvic acid, humic acid, carbohydrate and amino acid [1,2]. As an important component
of river ecosystems, it plays a key role in the global carbon balance [3]. The characteri-
zation and sources of DOM in natural waters are closely related to seasonal and spatial
variations [4,5].

In recent years, optical measurements have been widely used to study DOM charac-
terization and sources in aquatic ecosystems. DOM optical properties are predominantly
studied using UV-visible absorption spectroscopy, fluorescence spectroscopy, Fourier trans-
form infrared (FI-IR) spectroscopy, nuclear magnetic resonance (NMR) spectroscopy, and
Fourier transform ion cyclotron resonance mass spectrometry (FI-ICR-MS) [6-9]. The
first three optical techniques are the most common methods, owing to their advantages
in cost and efficiency. UV-visible absorption and fluorescence spectroscopy can reveal
the amount, source and composition of DOM [10], and FT-IR spectroscopy can provide
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abundant molecular-level information [11]. In particular, fluorescence excitation-emission
matrix (EEM) spectroscopy is a highly sensitive, simple, and reliable spectroscopy technol-
ogy. In addition, parallel factor analysis (PARAFAC) is used to deconvolute complex EEM
into dominant fluorescent DOM components, which can perform semiquantitative analysis
of different components [12]. In addition to optical measurements, statistical methods such
as principal component analysis (PCA) and correlation coefficient matrix analysis have
been widely utilized to evaluate DOM sources and mutual relationships among multiple
parameters. PCA is a multivariate statistical tool using eigenvector decomposition of the
correlation matrix [13].

Although a number of studies have analyzed DOM characterization and sources in
rivers [14-16], few have analyzed the optical characteristics of DOM in rivers affected by
humic substances in forests [17-19]. Large amounts of natural organic matter in forests
flow into rivers through rainfall and runoff, which has a major impact on water quality.
Thus, a background value is formed, which reflects the chemical structure, community
composition, and content in natural waters. Specifically, the background value means water
color and dissolved organic carbon (DOC) concentration in natural waters. DOC is the
primary component of DOM. Previous studies have shown that DOM can absorb light in
the ultraviolet and short visible-light wavelengths, which gives a yellow-brown color to
DOM-rich waters [20]. Moreover, water browning or brownification refers to increasing
water color, often related to increasing DOM or DOC content in freshwaters [21].

The Huma River Basin (HRB) is located in northeast China and is a tributary of the
Heilongjiang River. The forest coverage of the HRB is 62%. The forest vegetation is mainly
coniferous forest, with a small amount of broad-leaved forest. There are abundant humic
substances in forests. Thus, the HRB is significantly affected by the background value,
which represents the natural properties of water bodies without anthropogenic and human
activities. The area affected by the background value is called the background area in
this study. As a consequence, understanding the source, amount, and composition of
DOM in the background area is critical for understanding how exported DOM may impact
downstream ecosystems.

In this study we analyzed seasonal and spatial variations in the optical characteristics
of DOM in the HRB using UV-visible absorption spectroscopy, EEM-PARAFAC, FI-IR
spectroscopy and statistical analysis. The objectives of this study were to (1) investigate the
optical characteristics of DOM in the HRB during the dry and wet seasons using optical
techniques; and (2) analyze DOM sources based on PCA and correlation coefficient matrix
analysis. This study could provide a reference from the perspective of DOM to manage
rivers with high background values.

2. Materials and Methods
2.1. Study Area and Sample Collection

The Huma River is a tributary of the Heilongjiang River, and it is also one of 26 head-
water protection areas in Heilongjiang Province, China (Figure 1). It is 542 km in length,
with a drainage area of 30,853 km?. The HRB (51°15/-52°45" N, 122°03/-126°43' E) is located
in a cold-temperate region, characterized by a continental monsoon climate with distinct
dry and wet seasons. Headwaters of the Huma River originate from the Greater Khingan
Mountains. Heilongjiang Huzhong National Nature Reserve is located in the Greater
Khingan Mountains, within the range of 51°17'42""-51°56/31" N, 122°42/14"-123°18/05" E.
The reserve covers an area of 1672.13 km?. The forest coverage of the reserve is as high as
96.2%. As the reserve is at the headstream of the Huma River, with fewer anthropogenic
activities, it could be used as the background area. Nineteen water samples were collected
from the upper, middle, and lower HRB in March 2022 (the dry season) and August 2022
(the wet season), respectively (Figure 1). Specifically, sampling sites H1-H3 were all located
in Huzhong National Nature Reserve. As the road to the reserve was blocked during the
dry season, the data of sites H1-H3 were missing.



Water 2023, 15, 1579

30f16

122°0'0"E 124°0'0"E 126°0'0"E
T T T

. N

: A

St

[34]

wvy

z

=g

&

o

v
Legend

® Sampling site

—— Huma River mainstem
—— Huma River tributary

g [] Huma River Basin

2t

% 0 40 Km

|
1 1 1

Figure 1. Study area with sampling sites in the Huma River Basin, China.

Surface water samples (depth = 0.5 m) were collected using acid-cleaned high-density
polyethylene (HDPE) bottles and stored in a cooler box at 4 °C while in the field. Simulta-
neously, a portable water quality meter (YSI Professional Plus, Yellow Springs, OH, USA)
was used in situ to determine environmental parameters, including water temperature (T),
pH, electrical conductivity (EC), and dissolved oxygen (DO). The collected water samples
were transported back to the laboratory as soon as possible. Water samples for general
water quality parameters were stored in a refrigerator at —20 °C. Water samples for DOC
concentrations and DOM spectroscopic properties were filtered through pre-combusted
GEF/F filters (Whatman 25 mm diameter, 0.7 um nominal pore size), and filtrates were
collected. The filtrated water samples for DOC concentrations and DOM spectroscopic
properties were stored in a refrigerator at —20 °C and 4 °C, respectively.

2.2. Measurements of Water Quality Parameters

The water samples were measured for general water quality parameters, including
potassium permanganate index (CODyyy,), five-day biochemical oxygen demand (BODs),
ammonia nitrogen (NH3-N), and total phosphorus (TP) concentrations. In addition, the
parameters were classified according to the China Environmental Quality Standards for
Surface Water (GB 3838-2002, http://www.sac.gov.cn/ (accessed on 24 March 2023)).

DOC concentrations were analyzed by a TOC/TN analyzer (TOC-L CPH, Shimadzu,
Japan), and were closely related to DOM contents [22].

2.3. UV-Visible Absorption Spectroscopy

UV-visible spectral analysis was conducted using a UV-visible spectrophotometer
(UV-1700, Shimadzu, Japan) from 200 to 700 nm with 0.5 nm intervals. The spectral
parameters were used to investigate DOM characteristics. The specific UV absorbance at
254 nm (SUVAjs54) was defined as the UV absorbance coefficient (m~!) at 254 nm divided
by the DOC concentration (mg/L) [23]. Oh and Choi [24] found that SUVA54 was high
when high-molecular-weight natural organic matter flowed into rivers through rainfall
and runoff. The spectral slopes for the wavelength intervals of 275-295 nm (Sy75_795) and
350-400 nm (S350-400) were obtained using linear regression of the natural log-transformed
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absorption spectra [25]. Then, the slope ratio (Sr) was obtained as the ratio of Sy75_p95 to
S350-400, being used as a proxy of the relative molecular weight and source of DOM [26].

2.4. EEM-PARAFAC Analysis

Fluorescence spectra were scanned on a fluorescence spectrophotometer (F-7000, Hi-
tachi, Japan), following the procedure described by Lu et al. [27]. Excitation (Ex) and emis-
sion (Em) wavelength ranges were set from 200 to 500 nm and from 250 to 600 nm, respec-
tively. Ex and Em increments were adjusted to 5 nm. Scan speed was set at 2400 nm/min.
In addition, Raman scatters and Rayleigh scatters were removed from the sample EEM
before PARAFAC.

The EEM data from the HRB were analyzed by PARAFAC, using MATLAB R2017b
software with the DOMFluor toolbox [28]. The obtained fluorescence intensities were
expressed in Raman units (R.U.) [29]. In addition, the absolute Fpnax value was used to
calculate the proportion of each fluorescent component.

2.5. Calculations of DOM Fluorescence Parameters

Fluorescence parameters are complementary tools to determine DOM origin. The
fluorescence index (FI) was calculated using the ratio of the Em intensity at 450 nm to that at
500 nm, with Ex at 370 nm [30]. FI can estimate the relative contribution of terrestrial versus
microbial sources [31]. The humification index (HIX), as an indicator of the humification
degree of source material, was defined using the 435-480 nm to 300-345 nm ratio of
the spectral region areas of the Em spectra at Ex 254 nm [32]. Generally speaking, the
allochthonous high-molecular-weight organic matter had higher HIX values than the
autochthonous low-molecular-weight organic matter [33]. The biological index (BIX) was
calculated by the ratio of the Em intensity at 380 nm to that at 430 nm at Ex 310 nm [34].
BIX can represent freshly produced autochthonous DOM.

2.6. FT-IR Spectroscopy

FT-IR spectral analysis of each freeze-dried sample was conducted on an FT-IR spec-
trometer (Nicolet iS 50, Thermo Scientific, Waltham, MA, USA) from 4000 cm ! to 400 cm !
with a 4 cm~! resolution. The samples were analyzed by the potassium bromide (KBr) disc
method. Each freeze-dried sample was mixed with pre-dried KBr at a mass ratio of about
1:100 [35]. Moreover, the mixture was ground into powder with an agate mortar and pestle
to reduce light scattering during scanning. Then, the homogeneously mixed powder was
pressed on a mold to form a KBr disc. Before the freeze-dried samples were analyzed, a
background blank was corrected using a pure KBr disc. Baseline shifts and smoothing were
performed for each FT-IR spectrum using OriginPro 2022b (OriginLab).

2.7. Statistical Analysis

As large amounts of natural organic matter forests flowed into rivers through rainfall
and runoff during the wet season, we took this season as an example. Before performing
PCA, Kaiser-Meyer—Olkin (KMO) measurement and Bartlett’s test of sphericity (P) were
carried out to evaluate the feasibility of PCA using IBM SPSS Statistics 22.0 software. For
this study, the KMO value was 0.714 (>0.5), and the p value was less than 0.05, suggesting
that the PARAFAC components data were suitable for PCA. PCA was performed using
the Principal Component Analysis (v1.50) in-app program of OriginPro 2022b (OriginLab)
to trace the variations of fluorescent components and identify dominated substances. In
addition, correlation coefficient matrix analysis was performed using the Correlation Plot
(v1.30) in-app program of OriginPro 2022b (OriginLab) to explore the intrinsic relationships
between environmental factors and DOM optical characteristics.
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3. Results and Discussion
3.1. Seasonal and Spatial Variations in Water Quality

Seasonal and spatial variations in water quality parameters in the HRB are shown in
Figure 2. Based on the data, the classifications of the parameters were evaluated. Overall,
DO and BODs concentrations as well as pH values during the dry and wet seasons met the
level I water standard; both NH3-N and TP concentrations during the dry and wet seasons
met the level Il water standard; and CODy, concentrations during the dry and wet seasons
met the level III and IV water standards, respectively. Notably, CODpyy, concentrations
during the wet season were unnaturally high and did not satisfy the level Il water standard
for potable water.

On the whole, the pH values during the dry and wet seasons were around 7.0. EC and
DO concentrations during the dry season were higher than those during the wet season,
while CODy, BODs, NH3-N, TP, and DOC concentrations during the dry season were
lower than those during the wet season. The results showed that water quality parameters
in the HRB displayed distinct seasonal variations. In addition, CODpy,, BODs, NH;3-N,
and DOC concentrations exhibited a fluctuating decreasing trend from the upstream to
the downstream, indicating that headwaters in the HRB presented a higher background
value. The leaching of humic substances (e.g., fresh plant litter and soils) in forests could
be an important allochthonous source of nutrients and DOC in river ecosystems [36,37].
Significantly, CODyr,, BODs, NH;3-N, DOC, and TP concentrations in the downstream
increased compared with those in the midstream, particularly the concentration of TP
(Figure 2g). Furthermore, EC exhibited an increasing trend from the upstream to the
downstream (Figure 2b). This could be attributed to agricultural activities in the lower HRB.
The upper and middle reaches are mountainous, whereas the lower reaches are low, hilly
areas with a small amount of cultivated land. DOM in agricultural soils can be transported
into the HRB through the leaching process.

3.2. UV-Visible Spectra

Figure 3 shows several UV-visible spectral parameters variations from the upstream to
the downstream. UV5s54 indicates the relative content of natural humic-like macromolecular
organic matter and aromatic organic matter containing C=C and C=0 [38]. UV;s54 values
during the wet season were higher than those during the dry season, which suggests that
the content of natural macromolecular organic matter during the wet season was higher
than that during the dry season. Moreover, UVjs54 values exhibited a decreasing trend
from the upstream to the downstream, indicating that headwaters contained more natural
macromolecular organic matter. SUVAj54 was positively correlated with the aromatic
carbon content in DOM [23]. The SUVA;s54 values during the dry and wet seasons were
above 3 L-mg-m~!, indicating that DOM in the HRB predominantly consisted of aromatic
and high-molecular-weight natural organic matter [39]. Significantly, the SUVAs54 values
during the wet season were much higher than those during the dry season, which showed
that DOM during the wet season contained more aromatic and high-molecular-weight
natural organic matter. We observed that Syy5_295 < Sss0-400 at each site in this study,
suggesting that DOM in the HRB was dominated by terrestrially derived substances.
Helms et al. [25] illustrated that lower Sg values were indicative of a growth in DOM
molecular weight. The Sg values during the dry season were higher than those during the
wet season, indicating that the DOM during the wet season had a higher molecular weight
than that during the dry season. The results were mainly attributed to the introduction of
natural organic matter into the HRB through rainfall and runoff during the wet season.
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Figure 2. Seasonal and spatial variations in water quality parameters. (a) pH; (b) EC; (c) DO;
(d) CODwn; (e) BODs; (f) NH3-N; (g) TP; (h) DOC.
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Figure 3. Seasonal and spatial variations of UV-visible spectral parameters. (a) UVjs4; (b) SUVA354;
(€) S275-295; (d) S350-400; (€) Sr-

3.3. Characteristics of EEM-PARAFAC Components

Four fluorescent components (C1-C4) in the HRB during the dry and wet seasons were
recognized using EEM-PARAFAC (Table 1), taking the wet season as an example (Figure 4).
Based on previous studies, a lot of peaks matching the selected fluorescent components
were also found. C1 corresponded to UVC-humic-like substances with high molecular
weights [40]. Prior studies showed that C1 is usually abundant in the allochthonous
terrestrially derived DOM [41]. While C2 resembled UVA-humic-like substances with
low molecular weight [42]. Furthermore, C3 resembled marine humic-like substances.
The fluorescence maxima of C3 were shifted towards lower excitation wavelengths (blue
shift) relative to the peak M. Parlanti et al. [43] demonstrated that biological activity was
closely related to the blue-shifted fluorescence phenomenon. Finally, C4 was similar to the
tryptophan-like fluorophore. Zhao et al. [44] found that C4 originating from autochthonous
sources is closely associated with microbial activities and autochthonous DOM production.
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In summary, C1, C2, and C3 were assigned as allochthonous humic-like substances, whereas
C4 was characterized as autochthonous protein-like substances.
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Figure 4. Spectral characteristics of four PARAFAC components during the wet season. Two lines in
the excitation and emission (right panels) show the results of split-half validation.
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Table 1. Spectral characteristics of excitation and emission maxima of four fluorescent components
identified by EEM-PARAFAC.

Component No. Type Tradition Peak [45] Peak Max Position Ex/Em Season
ci UVChumiclike  pl 00 40 265 mm (60 nmy/d60nm  Wet senson
C2 UVA humic-like Peak A: 260/380-460 240 rﬁ;iﬁﬁg‘gfio m ‘?\;e;; oSN
C3 Marine humic-like ~ Peak M: 312/380-420 o5 fio(rz‘;gﬁjﬁgo o afe}; O,
o Tpopnandie  pektzose  omm@omsSm Dy

To better research the variation in DOM in the HRB from the upstream to the down-
stream, percentages and fluorescence intensities of four fluorescent components in our
samples were evaluated. As shown in Figure 5, C1, C2, C3, and C4 during the dry season
accounted for 21.8%, 31.7%, 30.1%, and 16.4%, respectively. Whereas C1, C2, C3, and
C4 during the wet season accounted for 24.1%, 31.9%, 28.7%, and 15.3%, respectively. In
particular, the percentages of humic-like substances during the dry and wet seasons were
83.6% and 84.7%, respectively. The results showed that DOM in the HRB was dominated
by terrestrially derived humic-like substances, which was consistent with other studies
on DOM characteristics affected by humic substances in forests. Liu et al. [46] studied
the sources and characteristics of DOM in a drinking water reservoir located in a cold-
temperate forest, which showed that terrestrial-sourced humic-like substances were the
dominant DOM in the studied reservoir and inflowing rivers. Therefore, humic substances
in forests had an important impact on natural waters.
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Figure 5. Percentages of four fluorescent components: (a) Dry season; (b) Wet season.

The total fluorescence intensities of the four components (C1-C4) displayed a de-
creasing trend from the upstream to the downstream (Figure 6). The total fluorescence
intensity at each site during the wet season was significantly stronger than that during
the dry season. In addition, sites H1-H3 in the background area during the wet season
had stronger fluorescence intensities. This could be attributed to large amounts of humic
substances in forests being transported into the HRB during the wet season, especially in
the headwaters.
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3.4. Fluorescence Parameters

Table 2 presents the fluorescence parameters of DOM during the dry and wet seasons.
FI values were between 1.4 and 1.9, which implies that the DOM originated from terrestrial
and microbial sources [30]. HIX values were above 4, indicating that DOM in the HRB
displayed a humic character [34]. HIX values during the wet season were significantly
higher than those during the dry season, indicating that the humification degree of DOM
during the wet season was significantly higher than that during the dry season. Overall,
HIX values displayed a decreasing trend from the upstream to the downstream, suggesting
that the headwaters had a higher humification degree. The HIX values in the Huma River
mainstem were higher than those in the Huma River tributary. Thus, the humification
degree of DOM in the Huma River mainstem was higher than that in the Huma River
tributary. Moreover, BIX values were less than 1. This revealed that DOM in the HRB had
fewer authigenic components [34].

Table 2. Fluorescence indices of DOM during the dry and wet seasons.

Sampling Dry Season Wet Season
Sites FI HIX BIX FI HIX BIX
Hi1 - - - 1.44 11.22 0.52
H2 - - - 1.45 9.74 0.52
H3 - - - 1.45 9.4 0.55
H4 1.51 6.78 0.56 1.45 7.96 0.55
H5 1.52 5.59 0.64 1.48 7.6 0.56
He6 1.55 494 0.66 1.51 7.56 0.57
H7 1.55 4.78 0.65 1.51 7.37 0.61
HS8 1.60 5.08 0.63 1.48 7.31 0.59
H9 1.59 5.71 0.72 1.52 7.13 0.59
H10 1.52 4.31 0.68 1.52 4.31 0.59
H11 1.53 5.20 0.70 1.47 6.75 0.61
H12 1.51 4.57 0.69 1.44 8.65 0.56
H13 1.61 4.27 0.69 1.45 6.94 0.54
H14 1.54 4.19 0.73 1.47 5.22 0.59
H15 1.55 5.03 0.67 1.52 6.06 0.61
Hi16 1.67 5.35 0.74 1.44 6.38 0.61
H17 1.68 6.53 0.71 1.53 7.73 0.65
H18 1.66 6.11 0.78 1.58 8.99 0.63

H19 1.64 5.82 0.75 1.48 6.75 0.62
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3.5. FT-IR Spectra

The structure of DOM was characterized by comparing the absorption peaks of FT-IR
spectra. Due to the complexity of DOM, there will be an overlap among the absorption
bands. FI-IR spectra of samples during the dry and wet seasons showed a similar trend, tak-
ing the wet season as an example (Figure 7). The strong absorption band around 3421 cm !
could originate from the overlap of O-H stretching of alcohol, phenol, carbohydrate, and
carboxylic acid compounds [35]. The result showed that DOM contained lots of hydroxyl
and carboxyl groups. The band around 1743 cm~! because of C=0 stretching was a weak
peak or a shoulder peak [47]. The band around 1640 cm ! originated from the stretching of
C=C and C=0 in the amide I band, while the band near 1417 cm ! was associated with N-H
bending and C-N stretching of the amide II band [48]. The result indicated that DOM in
the HRB had protein-like substances. In addition, the band around 1501 cm~! represented
bonds with C-H bending in aliphatic alkane structures [49]. There was a strong absorption
band around 1104 cm !, which could result from the vibrational coupling of C-O stretching
of carbohydrate, ether and ester compounds. Hence, the functional groups showed that
DOM in the HRB contained aromatic, aliphatic, carbohydrate, and protein compounds.
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Figure 7. FT-IR spectra of freeze-dried DOM samples during the wet season.
3.6. PCA and Correlation Coefficient Matrix Analysis

Statistical analysis was performed to further study DOM characteristics. The data
matrix constructed in PCA was based on four PARAFAC components (C1-C4) from all
19 sampling sites during the wet season. According to our sampling design and fluorescence
intensities of 19 sampling sites (Figure 6b), the sampling sites were divided into two groups
in this study. Specifically, group A was the high-background-value area, and group B was
the low-background-value area. The first two principal components explained 97.8% of
the total variance. In detail, the first principal component (PC1) and the second principal
component (PC2) were 86.7% and 11.1%, respectively. The biplot, including loading values
and scores, is presented in Figure 8. The three humic-like components (C1-C3) had higher
PC1 loading values, while the protein-like component (C4) had higher PC2 loading value.
Notably, C1, C2, and C3 were clustered in the right quadrant, which had positive PC1
loadings and PC2 loadings. However, C4 was alone in the left quadrant, with negative
PC1 loadings and positive PC2 loadings. Previous studies found that the loading values of
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principal components could clearly distinguish samples originating from allochthonous
and autochthonous sources [50]. Hence, it was concluded that the DOM was mainly derived
from terrestrial humic-like substances represented by PC1, followed by autogenic protein-
like substances represented by PC2. Additionally, PC1 and PC2 scores from 19 sampling
sites displayed the spatial variations in the HRB. In the high-background-value area, except
for the H12, H13, and H17 sites, the PC1 scores of the others were greater than their PC2
scores. On the contrary, in the low-background-value area, except for the H16 and H19
sites, the PC1 scores of the others were lower than their PC2 scores. The distribution of
the PC1 and PC2 scores showed that the content of humic-like components in the high-
background-value area was greater than that in the low-background-value area, but the
content of the protein-like component exhibited an opposite phenomenon. Significantly,
PC2 was only responsible for an 11.1% variance. Thus, PC2 may be less valuable than PC1
with respect to assessing their contributions. Consequently, PC1 distributions revealed that
humic-like components were dominant in the HRB.

-0.5 0.0 0.5 1.0
T T T
6 C4 ® Sites in the high-background-value area 4 (.8
5L ® Sites in the low-background-value area
C2 o
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3F 404
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Figure 8. Biplot for four PARAFAC components and each sample as first two principal components.

The Pearson correlation coefficients (r) among selected parameters are presented in
Figure 9. There were clear positive relationships among the fluorescence intensities of C1,
C2, and C3 (r > 0.87, p < 0.05), suggesting that they might have a common source and a
similar transport process [51]. Meanwhile, the first three fluorescence intensities exhibited
strongly positive relationships with CODy, and DOC concentrations (r > 0.68, p < 0.05),
which suggested that CODyy, and DOC were mainly derived from humic-like substances.
The result revealed the reason why CODjy, concentrations during the wet season were
unnaturally high, particularly in the headwaters of the HRB. Moreover, the first three
fluorescence intensities were positively correlated with HIX values but negatively related
to BIX values. HIX values were also negatively related to BIX values (r = —0.50, p < 0.05).
Therefore, the humification degree was higher than the biodegradation degree in the HRB.
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Figure 9. Correlation coefficient matrix between selected parameters.

4. Conclusions

We studied seasonal and spatial variations in the optical characteristics of DOM in the
HRB affected by humic substances in forests using spectroscopic techniques combined with
statistical analysis. DOM in the HRB displayed obvious characteristics during the dry and
wet seasons. Water quality parameters analysis showed that CODyy, concentrations during
the wet season were unnaturally high, particularly in the headwaters of the HRB. UV-visible
parameters showed that DOM during the wet season had higher molecular weight than
that during the dry season. EEM-PARAFAC recognized four characteristic components,
representing humic-like substances (C1, C2, and C3) and protein-like substances (C4).
Terrestrially derived DOM mainly flowed into the HRB via rainfall and runoff during the
wet season. FI-IR spectra showed that DOM in the HRB contained aromatic, aliphatic,
carbohydrate, and protein compounds. PCA results revealed that humic-like components
explained approximately 86.7% of the total variance. Correlation coefficient matrix analysis
indicated that CODyy, and DOC were mainly derived from humic-like substances. Thus,
the background value in the HRB was mainly attributed to terrestrial humic-like substances.
Our results can help establish a scientific water quality evaluation standard for rivers with
high background values.
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