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Abstract 

Background: Spatio-temporal variations of structural components of the POM–DOM fractions exhibit in urban rivers, 
which is valuable information to reveal dynamic migration and transformation within and between the organic mat-
ter pools, also provide important support for river water quality improvement and management measures. Second 
derivative UV–visible spectroscopy (SDUVS) was applied to simultaneously characterize structural components and 
spatial variations of dissolved (DOM: Diameter < 0.2 μm) and particulate (POM1: 0.2 < diameter < 0.7 μm; POM2: diam-
eter > 0.7 μm) organic matters in an urbanized river of northeast China.

Results: Thirty-six water samples were collected from mainstream and tributaries along a human impact gradient, 
i.e., rural, town and urban regions. The DOM was a representative fraction for the natural organic matter pool, which 
was mostly derived from allochthonous and terrestrial sources. Four components C1 to C4 were identified from the 
POM–DOM fractions by the SDUVS. The C1 associated with phenolic groups and the C2 related to carboxylic groups 
were dominant for the organic matter pool. The C3 was composed of the primary humificated materials, and the %C3 
was kept relatively consistent in the organic matter pool. The C4 presented deeply humificated organic matter with 
the increase of aromatic and alkyl structures. The average %C4 of the POM pool was higher than that of the DOM 
pool, indicating that the humification degree of the POM fractions was higher than that of the DOM fraction.

Conclusions: Moreover, the tributaries had a higher average %C4 within the DOM than the mainstream, and trends 
of the POM pool were similar to the DOM pool. The trophic level of the river water decreased in the order of urban 
region > town region > rural region, while the molecular sizes of the POM–DOM decreased in the order of rural 
region > town region > urban region.
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Introduction
Urban rivers, as rivers or river sections that originate 
in or flow through urban areas, are more closely con-
nected to humans than natural rivers [37]. Urban 
black-odor water bodies are usually formed by domes-
tic sewage, industrial wastewater and other long-term 
pollution that causes serious pollution of urban riv-
ers [5, 54]. The river DOM is both a source of mineral 
and organic nutrients for aquatic plants and an energy 
source for heterotrophic microorganisms, as well as an 
important component in the formation of organic mat-
ter in the aquatic environment [10]. Natural organic 
matter is an intricate entity with diverse functional 
groups and molecular sizes and usually occurs in pris-
tine and engineered environmental systems [14, 21, 
48]. It can affect species evolution, nutrient cycle and 
pollutant transport in the aquatic system [4, 24], which 
mainly responds to regional changes in land use [15, 
18]. The natural organic matter pools can be generally 
divided into particulate (POM) and dissolved (DOM) 
organic matter by filtration [18, 43, 53]. The POM pool 
is dominated by fresher materials, whereas the DOM 
pool is composed of more degraded and recalcitrant 

material [41, 63]. River sediments and POM provide 
sufficient carbon sources for algae, bacteria, etc. [61]. 
Structural components of the POM–DOM fractions 
exhibit conspicuously spatio-temporal variations in a 
stream-dominated system, into which insight can con-
duce to reveal dynamic migration and transformation 
within and between the organic matter pools [18, 19]. 
The functional group characteristics of conversion 
products often provide us with information on the ori-
gin of substances and are an important entry point for 
environmental management and detection [6, 56].

Diverse spectrophotometric techniques have been 
successfully applied for characterization of the struc-
tural components of the natural organic matter, such as 
UV–visible, Fourier-transformed infrared, fluorescence 
and nuclear magnetic resonance spectra [2, 18, 26, 56]. 
The UV–visible spectroscopy can be widely used to 
characterize the POM–DOM fractions extracted from 
the natural and engineering systems due to its simple-
ness, promptness, low cost and high sensitivity [36]. 
However, it is featureless and decreases monotonically 
with increasing acquisition wavelengths, thus a variety 
of analytic methods such as integration, deconvolution 
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and derivation, have been applied to the spectral data 
for obtaining much useful information [1, 20, 56]. Sec-
ond derivative UV–visible spectrophotometry (SDUVS) 
involves the differentiating of the instrumental spec-
trum by calculating and plotting the spectrum curve 
into a second derivative, which can enhance resolution 
bands, reduce background and matrix interference, and 
provide qualitative and quantitative information from 
overlapping bands of the mixtures containing organic 
compounds [30, 44]. Moreover, the SDUVS combined 
with Savitzky–Golay, adjacent-averaging, percentile 
filter, or Fourier transform filter data-processing tech-
nique, has received an increasing focus on in single and 
multi-component quantitative analyses, especially in 
the UV–visible matrices [45]. The SDUVS has been uti-
lized as a tool for quantitative analysis, indication and 
quality control in agricultural, industrial, pharmaceuti-
cal and biogeochemical fields [8, 16, 52, 56]. Principal 
component analysis (PCA) is utilized for splitting over-
lapping fluorescent signals into independent compo-
nents, and then reveals the variation in a given study 
area [58,  66]. However, PCA could only identify UV–
visible spectroscopic characteristics of POM–DOM 
and cluster cases by all spectral data, while it cannot 
analyze each sample, respectively. The second derivative 
in spectral technology was a useful tool as PARAFAC to 
monitor the removal efficiency of DOM fractions from 
wastewater in the wastewater treatment plant [29, 57]. 
However few studies have examined structural compo-
nents of the POM–DOM fractions extracted from an 
urbanized river using the SDUVS technique.

The study of DOM structural characteristics and 
influencing factors of small watershed rivers in the 
complex urban environment is characterized by vari-
ous land types, complex hydrological conditions and 
serious human interference in the watershed [2, 35, 
54]. The aims of this study were (i) to characterize the 
structural components of the POM–DOM fractions in 
an urbanized river located in the northeast of China, 
implementing the SDUVS technique; (ii) to explore the 
component variations within and between the POM 
and DOM pools in the water column, and the spatial 
dynamics in the whole river; (iii) and to track cor-
relations between the POM–DOM fractions and the 
water quality. A systematic study on the composition, 
spatial and temporal distribution and sources of dis-
solved organic matter in rivers is of scientific signifi-
cance to reveal the carbon cycle process of the aquatic 
ecosystem and the migration and transformation law 
of organic matter [37,  60]. It also provides a scientific 
basis for the improvement of water quality and ecologi-
cal environment restoration in urban rivers [5, 54].

Material and methods
Study area and sample collection
Hunhe River, the main branch of Liaohe River, is located 
in the central of Liaoning Province, China (Fig. 1a). The 
river stretches 415 km with a basin of 11,400  km2, where 
a heavy-industry complex has been developed. There are 
more than 30 tributary rivers on the left of Hunhe River 
(Fig. 1b), among which Baitapuhe River with the length 
of 51.51  km, an urbanized river, flows through Shen-
yang City. There are 12 tributary streams in the upper 
reaches, and three streams in the middle reach (Fig. 1c). 
The runoff volume reaches 6.92 ×  104   m3   d−1 in the 
medium-flow period, in the low-flow period, about 1.31 
times more than that in the low-flow period, and about 
1.31 times less than that in the high-low period. Its basin 
covering182   km2 experiences a temperate monsoon cli-
mate with an average annual rainfall of 680.43  mm and 
an average annual temperature of 8.11  °C. The monthly 
average temperature of − 11.64 °C in January is the low-
est, while 24.62 °C in July was the highest. The dominant 
wind directions are south-east in summer and north-
west in winter. The continuous expansion of urbanization 
can lead to large quantities of pollutants loading into the 
river, which may result in threats to the water quality and 
river ecosystem.

Based on hydrological characteristics and effects of 
human activities, 17 sampling sites were in the main-
stream and 19 sampling sites were in the tributaries 
(Fig.  1c). The sites M1 to M7 were located in the rural 
region, the sites M12 to M17 were located in the urban 
region, and the sites M8 to M11 were located in the town 
region (rural-to-city transitional zone) [59]. The sites T1 
to T14 were located in the tributaries, and only one sam-
pling site was in a given tributary stream. The sites T15 to 
T19 were in Shangshenghe Stream. At each sampling site, 
three water samples were collected along the left, middle 
and right channels of the section, which were completely 
mixed with an equal volume. The water samples were 
obtained in mid-depth of the river using a 10-L Van Dorn 
water sampler, which was stored and shipped to the lab 
in a cooled container. Temperature, pH, dissolved oxygen 
(DO) and electrical conductivity (EC) of each water sam-
ple were measured on-site with a YSI 600 multi-probe.

Physico‑chemical analysis and POM–DOM extraction
In the laboratory, the water samples filtered through a 
0.45-μm membrane were used to determine ammonia 
 (NH3-N), while non-filtered samples were used to deter-
mine total nitrogen (TN), total phosphorus (TP), chemi-
cal oxygen demand (COD) and chlorophyll a (Chl-a) [38, 
51]. TP was determined by the harmonized and validated 
SMT method developed by European Committee for 
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Standardization. TN was determined by the potassium 
persulfate oxidation method. COD was evaluated by the 
potassium dichromate method. Chl-a was gained with 
ultraviolet spectrophotometry. These parameters were 
measured following the environmental quality standards 
for surface water [49]. Details of analytical methods were 
described by previous publications [11, 23].

The POM was separately extracted from the water sam-
ple using the 0.7 μm and 0.2 μm porosity, precombusted 
glass fiber filters (25-mm diameter; Whatman GF/F) in 
succession, and the filtrate was used for the DOM solu-
tion (diameter < 0.2  μm). The organic matter on the 
0.2 μm separate filter defined as the POM1 (0.2 < Diame-
ter < 0.7 μm) was extracted into 10 mL of 0.1 M NaOH for 
24 h in the dark. After adjustment for the pH 8.0 ± 0.05 
near that of the original sample, the resultant solution 
was filtered through 0.2 μm polyethersulfone filters (Mil-
lipore Sterivex). The organic matter on the 0.7 μm sepa-
rate filter referred to as the POM2 (diameter > 0.7  μm) 
was also extracted using the method described for the 
POM1. After correction for the volume of the base-
extracts of the POM1 and the POM2 with the corre-
sponding DOM, the particulate and dissolved organic 

carbon concentrations were measured separately using 
a TOC analyzer (analytic jena multi N/C 3100 TOC, 
Germany).

UV–visible spectrum determination
The UV–visible spectra of the DOM, POM1 and POM2 
in the corrected solutions were measured from 200 to 
700  nm on a Shimadzu UV-1700 spectrophotometer in 
a 1-cm quartz cuvette for preventing air. The Milli-Q 
water and 0.1 M NaOH extraction solution for the POM 
were measured, respectively, and utilized as the blanks. 
The absorption values were converted to the Napierian 
absorption coefficients, α(λ), in units of  m−1, after all UV–
visible spectra were blank-subtracted and corrected [56].

The absorption ratio at 250 to 365 nm (E2/E3) is used 
to track variations in the relative sizes of organic matter 
molecules. The E2/E3 values decrease with the increas-
ing of the molecular sizes, for stronger light absorption 
by the large molecular sizes of the organic matter at the 
longer wavebands. The absorption ratio at 240 to 420 nm 
(E2/E4) is used as an indicator of the humification degree 
of the organic matter, for the ratio has been verified to be 
better correlated with the molecular size, C:N atom ratio, 

Fig. 1 The study area and sampling sites: a Liaohe River system, b Hunhe River system, and c Baitapuhe River with the composition of river waters. 
M mainstream, T tributary
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carboxyl content and total acidity than to aromaticity 
[22].

Derivative UV–visible spectroscopy and principal 
component analysis
The SDUVS was determined numerically using Oring-
inPro 8.0 Software (OringLab Corporation) program 
for the spectroscopic acquisition and subsequent calcu-
lation of the derivative data. The interval of 1  nm was 
used in the processes. The SDUVS was then subjected 
to smoothing using a fast Fourier transform algorithm 
with a 4 cut-off percentage to remove excess noise and 
improve resolution [27, 30].

Principal component analysis (PCA) was applied to 
track the correlations between the UV–visible compo-
nents and the physico-chemical parameters using SPSS 
16.0. The loading plots could track factors of the POM–
DOM and water quality, while the score plots for the 36 
sampling sites could explore their spatial variations.

Results and discussion
Organic matter analysis
OM characteristics of Hunhe River
The average DOM concentration of 
13.65 ± 3.42 mg C   L−1 in the rural region was the high-
est, followed by the town region (11.10 ± 1.57 mg C  L−1) 
and rural region (10.21 ± 0.71  mg  C   L−1) (Fig.  2a). The 
decreasing order of the average POM1 concentra-
tions was town region (1.76 ± 0.30  mg  C   L−1) > rural 
region (1.67 ± 0.63  mg  C   L−1) > urban region 
(1.42 ± 0.28  mg  C   L−1) (Fig.  2b). The average 
POM2 concentration of 3.39 ± 0.60  mg  C   L−1 in 
the town region was higher than those in the rural 
region (3.03 ± 1.26  mg  C   L−1) and urban region 
(3.02 ± 1.14  C  mg   L−1) (Fig.  2c). The spatial variations 
of the organic matter concentrations are linked to the 
combination of the socio-economic development and 
land use in the basin, which has a marked effect on the 
organic matter contents of the river system [12, 28, 55]. 
Baitapuhe River could mainly receive the farmland return 
water, “grey water” from the household appliances, and 
the livestock wastewater in the rural region, received the 
domestic sewage, livestock wastewater, and wastewa-
ter effluent from the industrial parks in the town region; 
and received the treated domestic sewage and industrial 
wastewater in the urban region. This could deeply influ-
ence the allochthonous and terrestrial organic matter 
contents [18]. Moreover, the autochthonous organic mat-
ter could be generated or transformed from the terres-
trial sources resulting from the enhanced microbial and 
biochemical activities [55, 63]. Therefore the hydrologi-
cal and biogeochemical processes, which could dominate 
the spatial variations of the POM–DOM concentrations 

in the mainstream and tributaries, were worthy of further 
investigation.

Relations of DOM to water quality
Eutrophication has been a lingering problem in the 
urbanized rivers, into which excess anthropogenic-
derived nutrients are being loaded with rapidly increas-
ing urbanization [41, 42]. The TEMP, pH, DO, EC, 
COD,  NH3-N, TN, TP and Chl-a were determined and 
analyzed in the previous studies on the same samples, 
and the trophic level of the river was the highest in the 
urban region, followed by the town and rural regions 
[58, 59]. The noticeably different  NH3-N and Chl-a 
occurred among the mainstream as well as the tributar-
ies. The average  NH3-N concentration in the mainstream 
(2.09 ± 2.07 mg  L−1) was less than that in the tributaries 
(3.04 ± 4.71  mg   L−1), which suggested that the  NH3-N 
should be partially derived from the tributaries. The 
mainstream exhibited the average  NH3-N concentration 
of 4.26 ± 1.87  mg   L−1 across the urban region, approxi-
mately 2.71 times more than that across the town region, 
and 7.99 times more than that across the rural region. The 
average  NH3-N concentration of the tributaries in the 
town region was 3.32 ± 3.10 mg  L−1 more than that in the 
rural region (2.84 ± 5.76 mg  L−1). The average Chl-a con-
centration in the mainstream was 24.99 ± 27.14 mg   L−1, 
about 2.16 times more than that in the tributaries. The 
increasing order of the Chl-a means in the mainstream 
was urban region (59.02 ± 13.32  mg   L−1) > town region 
(11.93 ± 3.32 mg  L−1) > rural region (4.39 ± 1.58 mg  L−1), 
indirectly indicating that the river in the urban region 
showed higher eutrophication levels than those in the 
town and rural regions. The average Chl-a concentra-
tion of tributaries was 20.72 ± 19.98 mg  L−1 in the town 
region, about 4.24 times more than that in the rural 
region.

The DOM showed the positive correlations with 
the  NH3-N (r = 0.34, p < 0.05, n = 36) and TP (r = 0.41, 
p < 0.05, n = 36), while the negative correlations with the 
Chl-a (r = 0.39, p < 0.05, N = 36) and  CODCr (r = − 0.29, 
p > 0.05, n = 36). This proved that the DOM might have 
mainly originated from the domestic sewage accounting 
for 70.12% runoff of the River (Fig.  1c), for the  NH3-N 
and TP are considered as the representative compounds 
for the domestic sewage [18, 47].

Variation characteristics of POM–DOM
In the whole river system, the average DOM concentra-
tion was 12.24 ± 3.07 mg C  L−1, roughly 7.65 times more 
than the average POM1 concentration, and 3.99 times 
more than the average POM2 concentration. It indicated 
that the DOM could be considered as a representative 
fraction for the natural organic matter pool, which was 
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Fig. 2 The spatial concentration variations of the POM–DOM fractions (mg C  L−1) in Baitapuhe River
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similar to many rivers and estuaries [31, 41, 43]. Thus 
the DOM had an allochthonous source from the domes-
tic sewage instead of an autochthonous (and fresher) 
source from phytoplankton cultures subjected to micro-
bial degradation. Interestingly, the average DOM con-
centration in the mainstream was similar to that in the 
tributaries, so were the means of the POM1 and POM2 
concentrations.

UV–visible spectroscopic characteristics of POM–DOM
The UV–visible absorption corrected spectra for all sam-
pling sites exhibited the familiar monotonous decrease 
with the increasing wavelengths between 200 and 700 nm 
(Fig.  3a, b, only sites M3 and T3 were shown). Accord-
ing to Domeizel et al. [13] and Rosa et al. [46] studies, the 
presence of shoulders in the range of 240–400 nm can be 
associated with aromatic or unsaturated compounds that 
have conjugated double bonds (C=C, N=N and C=O). 
The shoulder increasing and widening highlights the high 
concentration of the aromatic compounds, as well as the 
modification of the organic function groups [1, 46]. The 
wavelengths lower than 240 nm are well known to pro-
duce a prominent UV–visible absorption by inorganic 
ions such as bromide and nitrate [9, 39]. The absorption 
intensities can be determined by the solution pH, organic 
carbon content, and molecule structure and size [14, 22, 

33]. The absorption intensities of the spectroscopy nor-
malized with the organic carbon were mainly affected 
by the molecular structure and size in this study, for the 
pH could be almost similar in all water samples. At site 
M3, the spectroscopy of the POM1 showed the strong-
est absorption between 240 and 700 nm, followed by the 
POM2 and DOM (Fig.  3c). Fascinatingly at site T3, the 
absorption of the DOM was the strongest in the range of 
240–300  nm, followed by the POM1 and POM2, while 
the decreasing order of absorptions from 340 to 700 nm 
was similar to that at the site M3 (Fig. 3d).

In the whole river system, the average E2/E3 value of 
the DOM (E2/E3d = 3.78 ± 0.77) was highest, decreas-
ing to 1.81 ± 0.22 of the POM2 (E2/E3p2) and 1.23 ± 0.19 
of POM1 (E2/E3p1), verifying that the molecular size 
of POM1 or POM2 was larger than that of the DOM. 
The E2/E3d values increased in the order of rural region 
(3.56 ± 0.71) < town region (3.77 ± 1.33) < urban region 
(4.20 ± 0.33) (Fig. 4a), revealing that the decreasing order 
of the DOM molecular sizes was rural region > town 
region > urban region. This may be related to a large 
amount of industrial wastewater discharged into the 
town section and urban section [64]. However, the 
E2/E3p1 values exhibited a non-regular variation in the 
three regions, so was the E2/E3p2. In the whole river, 
the mean E2/E4 value of the DOM (E2/E4d) (6.89 ± 1.85) 

Fig. 3 Napierian absorption coefficient spectra of the POM–DOM fractions at site M3 (a) and site T3 (b). Absorption coefficients normalized with 
the DOM–POM at the site M3 (c) and the site T3 (d)
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was obviously higher than that of the POM1 (E2/E4p1) 
(1.45 ± 0.31) or POM2 (E2/E4p2) (2.25 ± 0.30), illustrat-
ing that humification degree of the POM1 or POM2 was 
higher than that of the DOM. The E2/E4d values increased 
in the order of rural region (6.36 ± 1.75) < town region 
(6.91 ± 3.04) < urban region (7.84 ± 0.96) (Fig.  4d), indi-
cating that humification degree of the DOM decreased 
in the order of rural region > town region > urban region. 
DOM originated from endogenous metabolites produced 
by microbial decomposition are mainly distributed in the 
river of the rural region [65]. The trends of the E2/E4p1 
and E2/E4p2 values were similar to the E2/E3p1 and 
E2/E3p2.

A high trophic level of the river water with a low DO 
concentration exhibits a strong microbial heterotrophic 
processing of DOM, which may conduce to the strong 
degradation of the large organic molecular sizes into 

the small molecular sizes [12]. Since the trophic level 
in the Baitapuhe River decreased in the order of urban 
region > town region > rural region, the molecular sizes of 
the DOM decreased in the order of rural region > town 
region > urban region. This was consistent with the result 
of the E2/E3d.

Analysis of POM–DOM derivative components
Four relatively meaningful absorption bands are defined 
as the first band: 245–270  nm, the second band: 270–
320  nm, the third band: 320–400, and the fourth band: 
400–560 nm [1, 17]. The first band is mainly relative to 
phenolic groups (lignin and quinine moieties), defined 
as the component 1 (C1), and the second band presents 
major carboxylic groups (carboxylic acid), referred to as 
the component 2 (C2) [1, 14, 56]. The third band reflects 
the organic matter at the beginning of humification, 

Fig. 4 The spatial variations of the E2/E3d (a), E2/E3p1 (b) and E2/E3p2 (c), and E2/E4d (d), E2/E4p1 (e) and E2/E4p2 (f) in Baitapuhe River
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which contains microbial products (primary humified 
organic materials), considered as the component 3 (C3) 
[17, 50]. The fourth band is concerned with deeply humi-
fied organic materials with a high degree of aromatic and 
alkyl groups, regarded as the component 4 (C4) [1, 62].

The C1, C2 and C3 exhibited a single broad shoulder 
in the UV–visible spectroscopy of the DOM for the site 
M3, while the C4 represented a broad and low absorp-
tion platform. This could be attributed to the strong 
overlaps between the four bands (Fig. 5a). After the sec-
ond derivative transformation of the spectroscopy, the 
shoulder was clearly separated into four peaks: the first 
peak at around 260  nm corresponding to the C1, the 
second peak at around 300  nm corresponding to the 
C2, and the third/fourth peaks at 340 nm and 380 nm 
with corresponding to the C3 (Fig. 5b, c). Additionally, 
the platform was separated into several weak shoulders 
corresponding to the C4. There were several peaks at 
560–700 nm which were attributed to the random noise 
effect on the smoothing arrays of the Fourier transform 
[32, 40]. Similar to the DOM, the derivative spectra of 
the POM1 and POM2 for the site M3 showed distinctly 

four peaks (Fig.  5d). However, these peaks were red-
shifted to longer wavelengths compared to those peaks 
of the DOM. This resulted from the larger molecular 
sizes of the POM1 and POM2 than those of the DOM 
[41], which was consistent with the above analysis of 
the E2/E3.

The absolute peak-area integral was performed using 
the OringinPro 8.0 Software (OringLab Corporation) 
program, which could be considered to be proportional 
to the true concentration of the corresponding com-
ponent [7, 25]. Hence the peak area could indicate the 
molecular structure and size of the component. Positive 
relationships occurred between the DOM components 
(r ≥ 0.36, p < 0.05, N = 36), so was the POM1 (r ≥ 0.45, 
p < 0.01, N = 36) or POM2 components (r ≥ 0.75, p < 0.01, 
N = 36). Negative relationship existed between the C2d 
and the C2p1 (r = − 0.37, p < 0.05, N = 36) or between 
the C3d and the C3p1 (r = − 0.40, p > 0.01, N = 36). This 
indicated that the carboxylic acid and primary humified 
materials in the DOM could sorb onto the POM1, for 
these compounds could aggregate in the large molecular 

Fig. 5 The UV–visible spectroscopy (a), SDUVS (b), normalized SDUVS (c) of the DOM, and normalized the SDUVS (d) of the POM–DOM fractions at 
the site M3. Unit:  cm−1  mg−1 L
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size DOM and particles in rivers, potential through the 
formation of Schiff base derivatives [3, 41].

In the whole river system, the decreasing order of 
the average C1d was urban (0.042 ± 0.021) > rural 
(0.039 ± 0.022) > town (0.034 ± 0.017) (Fig.  6a). 
The trends of the C2d and C3d were similar to 
the C1d, while the trend of the C4d was oppo-
site to the C2d (Fig.  6b–d). The decreasing order of 
the average C1p1 was urban (0.022 ± 0.005) > rural 
(0.016 ± 0.005) > town (0.015 ± 0.003), so was the C2p1 
(Fig.  6e, f ). The decreasing order of the average C3p1 
was rural (0.009 ± 0.006) > urban (0.007 ± 0.002) > town 
(0.006 ± 0.001), while the decreasing order of the 
average C4p1 was rural (0.008 ± 0.003) > town 
(0.007 ± 0.002) > urban (0.006 ± 0.002) (Fig.  6g, 
h). The decreasing order of the average C1p2 was 
rural (0.021 ± 0.021) > town (0.020 ± 0.015) > urban 
(0.014 ± 0.007), so were the C2p2 and C4p2 (Fig.  6i, j, 
l). Hence the decreasing order of the average C3p2 was 
town (0.009 ± 0.008) > rural (0.008 ± 0.007) > urban 
(0.006 ± 0.003) (Fig.  6k). Interestingly, the urban region 

had the lower C4 of the POM–DOM fractions than the 
rural and town regions, indicating that the deeply humifi-
cated organic materials in the urban region were much 
less than those in the rural and town regions.

The amount of each component, measured as % of the 
total peak areas for the four components (%C) varied 
substantially among the POM–DOM fractions. The %C1 
ranged from 36.06 to 45.29%, and the %C2 ranged from 
27.11 to 30.06% in the POM–DOM fractions. The %C3 
stayed relatively consistent (15.17–18.38), while the %C4 
largely varied (6.89–20.69). Obviously the C1 and the C2 
have dominated the POM–DOM fractions. The aver-
age %C4 in the POM was higher than that in the DOM. 
This proved that the humification degree of the POM was 
higher than that of the DOM, which was consistent with 
the above analysis of the E2/E4. Interestingly, the average 
%C4d in the tributaries was higher than that in the main-
stream, so were the C4p1 and C4p2. This suggested that 
the relative content of the deeply humificated organic 
materials in the tributaries should be much more than 
that in the mainstream.

Fig. 6 The spatial component variations of the POM–DOM fractions in Baitapuhe River
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Relations of SDUVS components to water quality
Primary productions were dominated by phytoplank-
ton in the Baitapuhe River, which lacked substantial 
marshes that could supply the autochthonous organic 
matter [29]. Principal component analysis (PCA) was 
conducted on the peak areas of the components and 
water quality parameter data across the river, and pro-
duced four PCs for the 36 water samples. The rela-
tionship between the components and water quality 
parameters was explored using the clustering of load-
ings plots for the four PCs, where the variable with 
the absolute value of more than 0.6 could be much 
highlighted.

The PC1 accounting for 34.37% of the total variance 
had the strong positive loadings on the TP,  NH3-N 
and DOM (Fig. 7a), indirectly explained that the DOM 
could be partially originated from the domestic sew-
age, apart from partially autochthonous production 
decomposition, sorption/desorption reactions, and/or 
adverse release from surface sediment pore water. The 
DOM components (except for the C4d) had strong neg-
ative loadings and contributed roughly equally to the 
PC1, elaborating that these components were becom-
ing prominent during river transport. Moreover the 
C1p2 and C4p2 had the positive loadings on the PC1, 
and they also had the correlations with the TP (r > 0.36, 
p < 0.05, N = 36). This suggested that C1p2 or C4p2 
should be used as a surrogate for the TP concentration. 
Site T8 had a higher positive score on the PC1 (Fig. 8), 
indicating its relatively higher  NH3-N and TP concen-
trations compared to other sites in the river. This was 
attributed to the wastewater from a feed mill at site T8 
which might discharge directly into the tributary. The 

site M1 in the source of the river had the lower negative 
score on the PC1, proving its relatively lower  NH3-N 
and TP concentrations.

The PC2 (17.36% of the total variance) exhibited strong 
positive loadings on the C3p2, C2p2 and DO, whereas 
the negative loadings on the POM2 and  CODCr (Fig. 7a). 
Moreover, the DO had negative correlations with the 
 CODCr, TN, NH3-N and TP (r > 0.511, p < 0.01, n = 36), 
suggesting that these pollutants should be degraded 
under the aerobic condition. The PC3 (12.47% of the total 
variance) exhibited the strong positive loading on the 
EC and the strong negative loading on the C3p1, and the 
PC4 (11.21% of the total variance) had the strong posi-
tive loading on the C1p1 and the strong negative loading 
on the POM1 (Fig. 7b). Moreover, only the C1p1 among 
the POM–DOM fractions had the negative correlations 
with the POM1 and DO (r < − 0.39, p < 0.05, N = 36), and 
positive correlations with the  NH3-N and Chl-a (r > 0.35, 
p < 0.05, N = 36). This indicated that the POM–DOM 
fractions in the river system showed the strong mixing 
of the autochthonous sources with the allochthonous/
terrestrial sources during the low discharge, for the river 
system was ubiquitous sensitive to the nutrients [34, 41].

All the sampling sites were projected onto the plane 
PC1 × PC2 scores (Fig.  8). The points of the sites T1 to 
T19 showed a larger dispersion than those of sites M1 
to M17 in the plane, especially the sites T8 and T14 
being far away from other sample sites. This indicated 
that the variations of the POM–DOM and water qual-
ity in the tributaries were much larger than those in the 
mainstream, which resulted from one or several types of 
wastewater flown into a given tributary, apart from rain-
fall. Three expected clusters were presented in the scores 

Fig. 7 Loadings plot for PC1 and PC2 (a), PC3 and PC4 (b) of the SDUVS components and water quality parameters
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plot of the mainstream sampling sites with the 70% con-
fidence level for each confidence ellipse, which corre-
sponded to the rural (M1 to M8), town (M9 to M11) and 
urban (M12 to M17) regions. The decreasing order of 
the water quality was rural region > town region > urban 
region, which the trend of the humification degree of the 
POM–DOM fraction was opposite to the water quality. 
The ellipse of the town region was located between the 
ellipses of the rural and urban, indirectly suggesting that 
the town region was the transitional zone of the rural and 
town regions. Moreover, the sites T1 to T12 (except for 
the sites T3, T6 and T8) were located in the rural ellip-
ses, and the sites T13 to T17 (except for the sites T14 and 
T17) were located in the town ellipses. This indirectly 
proved that the tributaries had an important impact on 
the POM–DOM and water quality of the mainstream.

Conclusions
The DOM was dominated in the organic carbon pool, 
which could be mainly derived from the allochthonous 
and terrestrial sources, especially the domestic sewage. 
The trophic level of the river water decreased in the order 
of urban region > town region > rural region, while the 
trend of the molecular sizes of the DOM was opposite 
to the trophic level. The phenolic and carboxylic groups 

were dominant for the POM–DOM fractions. The per-
centage contents of the primary humified materials 
stayed relatively stable in the POM–DOM, while the per-
centage contents of the deeply humified organic matter 
varied extensively. Moreover, the average relative content 
of the strongly humified materials in the tributaries was 
much more than that in the mainstream. The humifica-
tion degree of the POM pool was higher than that of the 
DOM pool. The peak area of the phenolic groups could 
be utilized to estimate the contributions of the TP to the 
river system. Base-extraction of the UV–visible POM 
is a rapid method to simultaneously evaluate DOM–
POM fractions and water quality in rivers and could be 
transferred to other water environments. The principal 
component analysis provided a classification of the vari-
ations of DOM fractions, which might aid in designing a 
monitoring plan of DOM–POM with an adjustment of 
the sampling sites. Derivative UV–visible spectroscopy 
could be an effective approach for insight into the struc-
tural components of the POM–DOM fractions exhibited 
in urban rivers, which could present support to quality 
improvement and management measures for urbanized 
rivers.
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