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ABSTRACT

Stormwater runoff acts as a vital intermediate between wet precipitation, terrestrial, and
aquatic ecosystems, in which chromophoric dissolved organic matter (CDOM) plays an
important role in influencing the transport, toxicity, bioavailability, and ultimate fate of
many pollutants. It is important and necessary to characterize the CDOM in stormwater
runoff, which is useful to clarify the relationship between CDOM with the other coexisting
organic and/or inorganic components. In this study, 30 stormwater runoff samples were
collected from three different stormwater events in a typical residential area in Beijing, and
CDOM in the samples was characterized by UV–visible spectroscopy, excitation–emission
matrix fluorescence and proton nuclear magnetic resonance (1H NMR) spectroscopy to
investigate its compositions, structures, and sources. Being compared to the previous stud-
ies on wet precipitation, average molecular weight of CDOM in this study was much larger,
implying the presence of more aromatic components with carbonyl, carboxyl, hydroxyl and
unsaturated carbon atoms functional groups. Furthermore, both allochthonous and
autochthonous sources contributed to the local CDOM, and their chemical properties were
influenced by anthropogenic and biogenic factors. Thus, the CDOM in stormwater runoff is
a compositionally different matrix than that discovered in wet precipitation.

Keywords: Stormwater runoff; CDOM; Chemical composition; Structure; Source

1. Introduction

Chromophoric dissolved organic matter (CDOM) is
an active component of total dissolved organic matter
(DOM), which is ubiquitous in aquatic systems and can
absorb both visible and UV light [1–4]. It has been
widely investigated in aquatic systems during last dec-

ades [3–5]. Previous studies have demonstrated that
CDOM is the dominant chromophore in wet precipita-
tion, being involved in a variety of photomediated
processes in the atmosphere [2]. Additionally, some
CDOM constituents are surface-active, leading to pro-
duce a significant impact on droplet population and
consequently cloud albedo via lowering the surface ten-
sion of atmospheric waters [6–8]. Being compared to
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the wet precipitation, stormwater runoff possesses
more complicated pollutants because it can not only
flush a large amount of suspended materials [9], but
also dissolve a significant proportion of nutrients and
organic compounds [10,11], like total nitrogen (TN),
total phosphorus (TP) and CDOM [12–14]. CDOM can
also strongly bind organic and inorganic pollutants,
and further heavily influence the transport, transforma-
tion, bioavailability, toxicity, and ultimate fate of
above-stated pollutants [15,16]. Therefore, CDOM play
vital role in various biochemical and physical pro-
cesses. Up to now, little is known regarding the chemi-
cal characteristics and sources of CDOM in stormwater
runoff, although McElmurry et al. explored the differ-
ent compositions of DOM exported as stormwater from
suburban and urban sources to investigate the influence
of land cover and environmental factors on the DOM
[17]. It is important and necessary to investigate the
chemical properties of CDOM in stormwater runoff, as
it acts as intermediate between atmospheric water and
terrestrial and aquatic ecosystems [18].

In this study, UV–visible spectroscopy was used to
evaluate the CDOM compositions and structures
[2,3,5,17,19,20]. Excitation–emission matrix (EEM) fluo-
rescence spectroscopy was applied to distinguish the
CDOM types and to gain insight into their chro-
mophoric nature [1,5,19–22]. Finally, 1H NMR spec-
troscopy was introduced to provide information
regarding hydrogen distributions and major functional
groups presented in CDOM and their relative abun-
dances, confirming the relative aliphatic and aromatic
characteristics of CDOM [19,20,23].

2. Materials and methods

2.1. Stormwater runoff sampling and sample preparation

Stormwater runoff samples were collected on 29
July, 28 August, and 2 September of 2014, respectively,
at a fixed sampling station of Dongluoyuan residential
area (39˚51´N, 116˚24´E), which is a typical residential
area close to the southern third ring road of Beijing,
capital of China. This residential area has a population
of around 6,500, with an annual mean temperature of
11–14˚C (the coldest, January: −4.6˚C; the hottest, July:
25.8˚C on average) [24]. The annual mean rainfall is
585 mm (the rainy season, between June and
September, concentrating 85% of the annual rainfall),
and the annual mean evaporation is 467 mm for land
surfaces [24]. The underlying surface material is asphalt
concrete pavement. Stormwater event of 29 July, 28
August and 2 September were labeled as event A, event
B, and event C, respectively. Meteorological data,
including rain amounts, rain duration, surface tempera-

ture, relative humidity, pressure and watershed area,
were also recorded as described in Table 1.

Glass bottles (600 mL) were used to collect
stormwater runoff samples. At each stormwater event,
10 samples were collected at the time of 0, 3, 6, 9, 14,
19, 24, 34, 44, and 59 min, after the start of runoff
(t = 0 min) [17]. Each sample was labeled by the sam-
pling sequence of the corresponding stormwater event
(A#, B#, and C#), where A, B, and C represented event
A, event B, and event C, respectively, and #
corresponded to the sample number.

Prior to use, all glass wares used were soaked in a
solution of NaOH (0.1 M) for 30 min, then washed with
distilled water, followed by another immersion in a
solution of HNO3 (4 M) for 24 h, and finally washed
with ultra-pure water with a resistivity of 18 megaohm
cm−1 (Milli-Q). After collection, all stormwater runoff
samples were transported to the laboratory within a
few hours (<6 h) and stored in glass bottles in the dark
at 4˚C for a maximum of 4 d, which was proved to be
adequate for keeping the optical properties of the sam-
ples unchanged [5,19,20,23].

2.2. Dissolved organic carbon

The concentrations of total carbon (TC) and total
inorganic carbon (TIC) of each stormwater runoff sam-
ple were determined by a Jena multi N/C 3100 ana-
lyzer. The DOC contents of the samples were
theoretically calculated as the difference TC − TIC. For
TC quantification, standards were prepared from
reagent grade potassium hydrogen phthalate plus
reagents grade sodium hydrogen carbonate and
sodium carbonate in ultrapure water in the range of
1–100 mg C L−1. For TIC measurements, standards
were performed from reagents grade sodium hydro-
gen carbonate plus sodium carbonate in ultrapure
water in the range of 1–50 mg C L−1. Control stan-
dards were generally within 5% agreement in terms of
TC and TIC content. For each sample, three replicates
were analyzed for determining the DOC content
[19,20].

2.3. UV–visible spectroscopy

UV–visible spectra of stormwater runoff samples
were recorded on a PerkinElmer lambda 650S spec-
trophotometer in the range of 200–600 nm. Due to the
CDOM concentration of stormwater runoff in this
study is much higher than in wet precipitation, 1 cm
quartz cell rather than 10 cm quartz cell was selected
to perform the UV–visible analysis [19,20]. Ultrapure
water (Milli-Q) was used as a blank.
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2.4. EEM fluorescence spectroscopy

Fluorescence characteristics of the stormwater run-
off samples were investigated by a Hitachi F-7000 Flu-
orescence spectrophotometer equipped with a Xenon
flash lamp, using 1 cm quartz cell. Fluorescence mea-
surements were conducted by making emission scans
from 200 to 550 nm, at excitation wavelengths from
200 to 550 nm every 5 nm, with operating parameters
of a 10 nm slit width, a PMT voltage of 700 V and
scanning speed at 1,200 nm min−1. Quinine sulfate in
0.05 mol L−1 H2SO4 was introduced as the reference
standard with its minimum detection limit of 0.4 ppb
in this fluorescence spectrophotometer. The relative
fluorescent intensities of the samples were expressed
in terms of standard quinine sulfate units (QSU),
where 55.5, 58.3, and 56.7 intensity unit are equivalent
to one QSU (1 QSU = 1 μg L−1 = 1 ppb in 0.05 mol L−1

H2SO4) for event A, event B, and event C, respectively
[25,26]. As fluorescence data are often plagued by scat-
tering effects, mainly Rayleigh and Raman scatter,
which can overlap some useful fluorescent informa-
tion. In this study, Rayleigh scatter effects were
removed from the data-set by adding zero to the
EEMs in the two triangle regions (Em ≤ Ex + 20 nm
and ≥ 2Ex − 10 nm) [27], and Raman scatters were
eliminated from all spectra by subtracting the ultra-
pure water blank spectra [19]. The resulting map rep-
resented the specific fingerprints for the stormwater
runoff samples.

In order to assess the sources, the degree of matu-
ration and influence by autochthonous biological
activity of CDOM, three fluorescence indices, namely
the fluorescence index (FI), the humification index
(HIX), and the biological index (BIX) were calculated
using the Eqs. (1)−(3):

FI ¼ f450=f500 (1)

HIX ¼ H=L (2)

BIX ¼ f380=f430 (3)

where f450 and f500 are the fluorescence intensity at the
emission wavelength 450 and 500 nm at the excitation
wavelength 370 nm, respectively [28–30]. H and L are
the integral values from 435 to 480 nm and 300 to
345 nm at the excitation wavelength 254 nm, respec-
tively [1,31,32]. And f380 and f430 are the fluorescence
intensity at the emission wavelength 380 and 430 nm
at the excitation wavelength 310 nm, respectively
[1,30,32].

2.5. 1H NMR spectroscopy

Prior to the 1H NMR spectroscopy analysis,
CDOM was isolated and extracted from 100 mL
runoff samples filtered through hydrophilic PVDF
Millipore membrane filters (0.45 μm) with a flow rate
of 2 mL min−1 using Agilent Vac Elut SPS 24 solid-
phase extraction equipment with Bond Elut C-18 sor-
bent. Two 5 mL aliquots of ultrapure water were
passed through the cartridges after the stormwater
runoff sample to remove residual salts. The samples
were then eluted off the C-18 cartridges with 6 mL
aliquots of 10% water in methanol. Following elution,
solvent was removed under reduced pressure for
30 min [23]. The samples were transferred to 15-mL
glass vials and dried under nitrogen atmosphere by
Termovap Sample Concentrator (YGC-1217, Bao Jing
Company) [33]. For NMR analysis, the solid extracts
of the samples were dissolved in D2O (Jin Ouxiang
Company).

The 1H NMR spectra were recorded on an Agilent
500 M DD2 NMR spectrometer with an operating fre-
quency of 499.898 MHz. The acquisition of spectra
was performed with a contact time of 2.045 s and with
the standard s2pul pulse sequence. The recycle delay
was 1 s and the length of the proton 90˚ pulses was
10.8 μs. About 256 scans were collected for each spec-
trum. A 1.0 Hz line broadening weighting function
and baseline correction was applied. The identification
of functional groups in the NMR spectra was based
on their chemical shift (δH) relative to that of the water
(4.7 ppm) [20].

Table 1
The meteorological data of the three events

Events

Rain
amounts
(mm)

Rain
duration
(min)

Relative
humidity
(%)

Pressure
(in Hg)

Watershed
area
(m2)

Surface
temperature
(˚C)

Event A 32.4 178.0 92.0 29.35 855 22
Event B 20.6 165.0 95.5 29.71 855 21
Event C 25.4 156.0 94.4 29.61 855 20
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3. Results and discussion

3.1. UV–visible spectroscopy

UV–visible spectroscopy is an important tool to
evaluate the composition and structure of CDOM
[19,20]. The UV–visible spectra of the stormwater run-
off samples collected from three stormwater events
were shown in Fig. 1. For all samples, the decrease in
absorbance with increasing wavelength follows a
trend similar to that already observed for wet precipi-
tation samples [5,19,34], aerosol samples [35], and
other samples of natural humic substances [36]. Com-
pared with the other two events, the spectra of CDOM
in the event C exhibited some additional visible small
shoulders in the region of 250–300 nm, which can be
attributed to phenolic, aromatic carboxylic and poly-
cyclic aromatic compounds (π → π* transition) [37,38].
Generally, the composition of stormwater runoff is
extremely random and fluctuant due to the influence
of traffic conditions [39], atmospheric wet precipitation

[25] and human factors [40], which was affirmed by
the UV–visible absorbance of CDOM in the samples
collected from three events in this study.

In order to investigate the nature of the CDOM
chromophores and to get information about the molec-
ular weight of CDOM, the spectral slope coefficients
(S), a parameter inferred from the obtained UV–visible
spectra, was used to show how efficiently CDOM
absorbs light as a function of the wavelength. Gener-
ally, the S values possessed a strongly negative corre-
lation with molecular weight of CDOM [19,20,41].
However, the S values varied with the wavelength
range over which it was calculated. For example,
Jamieson et al. calculated S values within the spectra
275–295 nm to characterize the biochar-derived CDOM
isolated from soil [41], and Stedmon et al. calculated S
values within the spectra 300–650 nm to explore the
molecular weight of CDOM in Danish coastal waters
[42]. The S values (μm−1) were calculated from
nonlinear least-square regressions of the absorption

Fig. 1. UV–visible spectra of the three events samples: (a) event A, (b) event B, and (c) event C.
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coefficients aλ versus wavelength ranging from 240 to
400 nm following Eqs. (4) and (5):

ak ¼ ak0e
Sðk0�kÞ þ K (4)

ak ¼ 2:303Ak=l (5)

where aλ is absorption coefficients, Aλ is the absorbance
reading at wavelength λ (nm), l (m) is the optical path
length (0.01 m in this study), ak0 is the absorption coeffi-
cients at reference wavelength, λ0 is the reference wave-
length (300 nm was selected in this study), λ is the
selected wavelength (ranging 240–400 nm), and K is a
background parameter to improve the goodness of fit-
ting. The median of S values determined for the CDOM
in stormwater runoff samples of three events (event A,
event B, and event C) were 17.34, 16.66, and 14.61 μm−1,
respectively. The S values in this study were much
lower than those reported for wet precipitation
[2,5,19,20], suggesting that the CDOM in the stormwa-
ter runoff samples collected from three events had
higher molecular weight [5].

To further compare the molecular weight of the
three events samples, M (the average molecular
weight) were introduced as listed in Eq. (6):

M ¼ a250=a365 (6)

where a250 and a365 are the absorption coefficients at
250 and 365 nm, respectively. As molecular size
increases, the M value decreases because of stronger
light absorption by high-molecular-weight CDOM at
longer wavelengths [43]. As shown in Table 2, the
median values of M were 7.72, 6.63, and 5.27 for event
A, event B, and event C, respectively, suggesting the
average molecular weight of CDOM followed the
order of event C > event B > event A, which were also
consistent with the S values, as listed in Table 2.

The aromaticity of CDOM in the three events was
also evaluated via SUVA280 (L mg C−1 m−1), which can
be calculated using the Eq. (7):

SUVA280 ¼ a280=DOC (7)

where a280 is the absorbance coefficient measured at
280 nm (m−1) [17]. In this study, the value of SUVA280

was used to investigate the aromaticity rather than
SUVA254 [44], considering the facts of (i) for conju-
gated systems like those in aromatic molecules and
other humic such as organic substances, the electrons
can transfer from an overlapping π-orbital to the other
one at 280 nm, (ii) some dissolved species (like nitrate,

iron ions), which are ubiquitous in natural waters,
achieved few absorption of UV light at 280 nm, and
(iii) SUVA280 was shown to linearly increase with aro-
matic carbon content in previous studies [17,44,45].

The median values of SUVA280 (5.63, 7.06, and
14.35 L mg C−1 m−1 for event A, event B, and event C,
respectively) were higher than those of DOM in
stormwater runoff with different land covers reported
by McElmurry et al. [17], implying that the CDOM in
our study contained a greater amount of aromatic
structure. The CDOM’s SUVA280 values of the three
storm events were depicted in Fig. 2, which demon-
strated more aromatic structures arose along with the
stormwater runoff. Previous studies proposed that dif-
ferent landscapes were likely to produce different
types of CDOM [17,46], therefore, being compared
with more natural surface in suburban, farmland, and
forest [47], our results could roughly demonstrate that
asphalt concrete pavement was more prone to pro-
duce the aromatic substances. Furthermore, the vehicle
exhaust [48], landfill leachate [49], atmospheric poly-
cyclic aromatic hydrocarbons [50–52] washed by the
wet precipitation and so on could also be the possible
sources of aromatic substances of stormwater runoff.
However, the values of SUVA280 of event C were
much higher than the other two events, suggesting
there were more aromatic substances produced in
event C. In order to obtain more detailed information
about the types and structures of CDOM in the three
events, further research should be carry out in the
subsequent studies.

3.2. EEM fluorescence spectroscopy

Up to now, EEM fluorescence spectroscopy is a
powerful technique to provide information about
molecular size, chemical composition and aromacity
or aliphatic properties of CDOM [22,27,53]. EEM fluo-
rescence spectra of all three events samples were
depicted in Figs. 3–5. Two major peaks could be
identified from the three events fluorescence spectra.
The first major peaks were located at Ex/Em of
245–267 nm/389–398 nm, 242–265 nm/383–394 nm,
and 261–267 nm/373–386 nm (peak A) in event A,
event B, and event C, respectively, suggesting that UV
humic-like substances were the major fluorophores
components in the CDOM of runoff samples [53]. The
second obvious peaks were observed at Ex/Em of
224–227 nm/337–335 nm (peak T) only in event C,
which could be attributed to tryptophan protein-like
components [53]. The presence of tryptophan protein-
like substances further confirmed that much more
CDOM with larger molecular weight presented in
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event C [54,55]. Moreover, the fluorescence intensities
of peak A in three events (event A, event B, and event
C) varied from 483 to 3,533 QSU, 313 to 2,072 QSU
and 140 to 368 QSU, respectively. The peak T fluores-
cence intensities of event C samples varied from 120
to 295 QSU. The values of QSU of samples in this
study were much higher than those in previous

studies about wet precipitation [1], because more
chromophoric molecules were present in these
stormwater runoff samples.

The FI, HIX and BIX values of the stormwater
runoff samples in three events were listed in Table 3.
The FI values of three events samples were 1.24–1.65,
1.32–1.78, and 1.44–1.89 for event A, event B, and

Table 2
The values of S and M of the three events

Sample S (μm−1) M Sample S (μm−1) M Sample S (μm−1) M

A1 18.15 9.39 B1 17.23 7.28 C1 15.25 6.09
A2 19.68 12.22 B2 17.77 7.69 C2 14.02 4.47
A3 19.24 10.44 B3 17.37 6.93 C3 17.83 10.20
A4 17.46 8.31 B4 15.56 5.47 C4 13.82 4.54
A5 15.65 5.92 B5 13.99 4.35 C5 14.98 5.71
A6 16.46 6.33 B6 14.28 4.55 C6 16.06 6.38
A7 15.43 6.34 B7 14.60 4.74 C7 14.24 4.82
A8 17.31 7.54 B8 16.32 6.33 C8 16.57 8.72
A9 17.36 7.90 B9 16.99 7.00 C9 13.61 4.58
A10 16.71 7.24 B10 17.44 7.46 C10 12.16 3.68

Fig. 2. Development of SUVA280 values during storm event of three regions: (a) event A, (b) event B, and (c) event C.
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event C, respectively, suggesting that the sources of
CDOM in the runoff samples were consistent with
both terrestrial and microbial sources [28,29]. The
values of HIX (10–16) had been the indicator of the

strongly humic organic substances (terrestrial origin),
whereas low values (<4) represented autochthonous
organic components [1,30,32]. In our study, the HIX
values were in the range of 3.49–22.86 and 2.33–10.50

Fig. 3. EEM fluorescence contour profiles of the samples of event A: (a)–(j) corresponded to the sample numbers 1–10.
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for event A and event B, respectively, implying that
the CDOM in event A and B contained both allochtho-
nous and autochthonous organic materials. While the

CDOM in event C was assumed to be composed of
autochthonous organic materials with lower HIX
values ranging from 1.18 to 4.05.

Fig. 4. EEM fluorescence contour profiles of the samples of event B: (a)–(j) corresponded to the sample numbers 1–10.
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Previous study reported that the allochthonous
organic matter sources are products of incomplete
decomposition of plant and animal residues, while the

autochthonous organic components may originate
from the photosynthesis, which can be assessed by
BIX values [1]. High BIX values (>1) corresponded to

Fig. 5. EEM fluorescence contour profiles of the samples of event C: (a)–(j) corresponded to the sample numbers 1–10.
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autochthonous sources, and low BIX values (<1)
implied low abundance of organic matter of biological
origin [1,30,32]. The BIX values of three events
samples in this study were 0.57–0.88, 0.73–1.02, and
1.11–1.41 for event A, event B, and event C,
respectively, suggesting the event C contained much
more organic compounds from autochthonous and
biological origin, which were consistent with its lower
HIX values.

3.3. 1H NMR spectroscopy

Proton NMR spectroscopy (1H NMR) has become
the most powerful analytical tools to characterize the
water-soluble organic carbon (WSOC) composition of
atmospheric aerosols [56–58] and the wet precipitation
CDOM [2,5,19,20,23]. Much different from UV–visible
and EEM fluorescence spectroscopy, 1H NMR can pro-
vide the structural information via the corresponding
integrated areas and the chemical shifts (δH) [19,20]. In

this study, the samples of A1, B1, and C1 were
selected as the representatives to carry out 1H NMR
analysis, and the results were demonstrated in
Fig. 6(a). The spectra exhibited some distinct peaks
overlaying much broader bands, implying the exis-
tence of complex mixtures of structures in the DOM.
Although there were large varieties of overlapping
resonances, each 1H NMR spectrum was investigated
on the basis of the chemical shift assignments
described in the literature for aerosols and wet precip-
itation DOM [6,57]. Overall, integrated regions in the
1H NMR spectra were: δH = 0.6–1.8 ppm (aliphatic
protons, H–C); δH = 1.8–2.6, and 2.8–3.2 ppm (aliphatic
protons in α position to carbonyl groups or unsatu-
rated carbon atoms, H–C–C=); δH = 3.2–4.1 ppm
(aliphatic protons on carbon atoms singly bound to
oxygen atoms, H–C–O); and δH = 6.5–8.5 ppm
(aromatic protons) [20].

The distribution of the different types of protons
estimated from the partial integrals of the observed 1H
NMR regions for each sample was illustrated in
Fig. 6(b). Being compared to the previous studies
about wet precipitation, the results of the three sam-
ples exhibited similar patterns in terms of functional
group composition, revealing predominance of
aliphatic structures [5,18–20].

Firstly, the saturated aliphatic structures were
found to be the major moieties (31–48%) in the three
samples. Signals assigned to CH3-terminal methyls
(0.5–1.1 ppm) and CH2 in alkyl chains (1.1–1.9 ppm)
were also found in all the spectra. Apparently, the
content of saturated aliphatic substances was slightly
higher in sample B1 (48%) than the other two samples
(40 and 31% for sample A1 and C1, respectively),
which were consistent with the previous studies on
wet precipitation [19,20].

Secondly, in the regions of δH = 1.8–2.6 and
2.8–3.2 ppm, the most prominent signals in the spectra
of Fig. 6(a) arose from aliphatic protons linked to car-
bon atoms adjacent to C=C (including aromatic rings)
or C=O double bonds [19,20], which accounts for 24–
27% of the total integrated area of the spectra. How-
ever, as the sample B1 contained lower content of aro-
matic structures as illustrated in Fig. 6(b), along with
the absence of the signal assigned to the vinylic pro-
tons in the δH = 5.0–6.5 ppm region, it was suggested
that the compounds with the hydrogen atoms in α
position to carbonyls and carboxyls groups were the
dominant compositions. On the contrary, being com-
pared with sample B1, the sample A1 and C1 had
more hydrogen atoms in aromatic rings. And
δH = 3.2–4.1 ppm region accounted for 16–21% of the
total integral of the spectra, indicating the presence of
the functional groups of hydroxyl groups of polyols

Table 3
Fluorescence indices for runoff samples in the three events

Event Sample FI HIX BIX

Event A A1 1.65 3.49 0.88
A2 1.52 3.75 0.86
A3 1.54 4.05 0.81
A4 1.55 3.85 0.83
A5 1.57 3.52 0.84
A6 1.29 8.29 0.62
A7 1.24 12.29 0.63
A8 1.26 16.10 0.60
A9 1.25 22.86 0.57
A10 1.24 19.51 0.63

Event B B1 1.75 2.63 0.96
B2 1.63 2.54 0.99
B3 1.78 2.33 1.02
B4 1.61 2.48 0.98
B5 1.44 3.65 0.85
B6 1.35 4.29 0.87
B7 1.46 4.40 0.80
B8 1.32 7.30 0.78
B9 1.39 10.12 0.74
B10 1.36 10.50 0.73

Event C C1 1.89 1.18 1.14
C2 1.76 1.24 1.11
C3 1.60 1.67 1.23
C4 1.59 1.66 1.18
C5 1.53 1.87 1.20
C6 1.68 1.78 1.29
C7 1.55 1.75 1.38
C8 1.55 2.11 1.41
C9 1.44 4.05 1.35
C10 1.66 1.71 1.31
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[19,20]. Previous studies demonstrated the presence of
similar structures (aliphatic carbons singly bonded to
one oxygen) in the water-soluble organic carbon
(WSOC) isolated from atmospheric aerosols collected
in a rural local near Averiro, Portugal [59] and in the
organic fraction of aerosols collected during the wet
season at Rondônia, Brazil [60].

Finally, the integration for the region of δH = 6.5–
8.5 ppm demonstrated that samples A1 and C1 con-
tained much higher aromatic substances (20 and 26%,
respectively) than the sample B1 (4%), which were
also supported by their corresponding SUVA280 val-
ues. Particularly, it was roughly estimated that the
content of the aromatic protons in this study were
higher than other researchers found through the
SUVA280 values [5,19,20]. Furthermore, the distinct
signals at δH = 7.2–7.3 and 7.6–7.8 ppm implied that
the presence of aromatic rings contained both electron
donor (e.g. phenolic groups) and electron acceptor
(e.g. carbonyl and carboxyl) substituent [19].

4. Conclusions

This study presented a preliminary evaluation of
the concentrations, compositions, and sources of
CDOM collected from a typical residential area in
Beijing, capital of China, using DOC, UV–visible spec-
troscopy, EEM fluorescence spectroscopy and 1H
NMR spectroscopy. (1) The CDOM in the stormwater
runoff samples collected from three events possessed
higher molecular weight, and the average molecular
weight of CDOM followed the order of event
C > event B > event A. (2) The higher SUVA280 values
of event C suggested more aromatic substances in
event C than event A and B. (3) The results of EEM
fluorescence spectroscopy demonstrated that UV
humic-like substances were the major fluorophores
components in the CDOM of runoff samples. The
tryptophan protein-like components were also found
in event C, which further confirmed that much larger
molecular weight CDOM existed in event C. The fluo-
rescence indices, like FI, HIX, BIX, were calculated to
explore the sources of CDOM, suggesting both
allochthonous and autochthonous sources contributed
to the local CDOM, and their chemical properties were
influenced by both anthropogenic and biogenic fac-
tors. (4) The results of 1H NMR revealed that the
CDOM in stormwater runoff samples mainly consisted
of aliphatic chains and aromatic components with car-
bonyl, carboxyl and hydroxyl groups, CH3-terminal
methyls and CH2 in alkyl chains. Considering that
DOM could interact with various contaminants and
even influence their transport and bioavailability,
increasing efforts will be devoted to exploring the
interactions between CDOM and coexisting contami-
nants (heavy metals and another organic substances)
in stormwater runoff. And further investigations
should be conducted to study the influences of CDOM
in stormwater runoff to aquatic system, to guarantee
the sustainability of city ecosystems.

Fig. 6. (a) 1H NMR spectra of CDOM in the extracted
samples of A1, B1, and C1. The peak at 4.7 ppm indicates
the water signal and (b) relative abundance of each type of
protons, estimated as the partial integrals of the spectra
reported in Fig. 6(a).
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[29] R. Jaffé, J. Boyer, X. Lu, N. Maie, C. Yang, N. Scully, S.
Mock, Source characterization of dissolved organic
matter in a subtropical mangrove-dominated estuary
by fluorescence analysis, Mar. Chem. 84 (2004) 195–210.

[30] A. Huguet, L. Vacher, S. Saubusse, H. Etcheber, G.
Abril, S. Relexans, F. Ibalot, E. Parlanti, New insights
into the size distribution of fluorescent dissolved
organic matter in estuarine waters, Org. Geochem. 41
(2010) 595–610.

[31] A. Zsolnay, E. Baigar, M. Jimenez, B. Steinweg,
F. Saccomandi, Differentiating with fluorescence spec-
troscopy the sources of dissolved organic matter in
soils subjected to drying, Chemosphere 38 (1999)
45–50.

[32] A. Huguet, L. Vacher, S. Relexans, S. Saubusse, J.M.
Froidefond, E. Parlanti, Properties of fluorescent
dissolved organic matter in the Gironde Estuary, Org.
Geochem. 40 (2009) 706–719.

[33] J. Amador, P.J. Milne, C.A. Moore, R.G. Zika, Extrac-
tion of chromophoric humic substances from seawa-
ter, Mar. Chem. 29 (1990) 1–17.

[34] P.S.M. Santos, R.M.B.O. Duarte, A.C. Duarte, Absorp-
tion and fluorescence properties of rainwater during
the cold season at a town in Western Portugal, J.
Atmos. Chem. 62 (2009) 45–57.

[35] R.M.B.O. Duarte, A.C. Duarte, Application of non-
ionic solid sorbents (XAD Resins) for the isolation and
fractionation of water-soluble organic compounds
from atmospheric aerosols, J. Atmos. Chem. 51 (2005)
79–93.

[36] N. Senesi, T. Miano, M. Provenzano, G. Brunetti, Spec-
troscopic and compositional comparative characteriza-
tion of I.H.S.S. reference and standard fulvic and
humic acids of various origin, Sci. Total Environ.
81–82 (1989) 143–156.

[37] J. Peuravuori, K. Pihlaja, Molecular size distribution
and spectroscopic properties of aquatic humic sub-
stances, Anal. Chim. Acta 337 (1997) 133–149.

[38] X.S. He, B.D. Xi, Y.H. Jiang, L.S. He, D. Li, H.W. Pan,
S.G. Bai, Structural transformation study of water-ex-
tractable organic matter during the industrial com-
posting of cattle manure, Microchem. J. 106 (2013)
160–166.

[39] J.N. Brown, B.M. Peake, Sources of heavy metals and
polycyclic aromatic hydrocarbons in urban stormwater
runoff, Sci. Total Environ. 359 (2006) 145–155.

[40] M.E. Tuccillo, Size fractionation of metals in runoff
from residential and highway storm sewers, Sci. Total
Environ. 355 (2006) 288–300.

[41] T. Jamieson, E. Sager, C. Guéguen, Characterization of
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