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Understanding dissolved organic matters in stormwater from
different urban land uses: implications for reuse safety
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* Dissolved organic matters (DOM) in stormwater
from different land uses were compared.
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Does DOM have
different characteristics?

ABSTRACT: Chlorination plays a vital role in guaranteeing the safety of reused stormwater, but it
must be carefully managed due to its potential to react with dissolved organic matter (DOM) in water,
forming disinfection by-products (DBPs). This study investigated DOM characteristics in stormwater
from different land uses. The results showed that surrounding environments significantly impacted DOM
characteristics in stormwater. Commercial stormwater and highway stormwater showed higher DOM
concentrations with higher aromaticity than urban village and residential areas. DOM in commercial
stormwater and highway stormwater had a high humification while residential stormwater and urban
village stormwater had a higher fraction of recently microbially-generated DOM. When compared to
other water sources in China, stormwater (rainwater that reaches the ground and washes off
pollutants)/rainwater (rainwater without reaching ground surfaces) exhibited higher humification and
fewer extracellular substances produced by microorganisms. Stormwater/rainwater was also more
hydrophilic, with percentages ranging from 50.77% to 93.73%. However, all water sources contained a
significant fraction of low molecular weight DOM, such as < 1 kDa, with stormwater in this study
containing 36.45% to 66.39% of DOM < 1 kDa. These findings provide valuable insights into the DOM
characteristics of stormwater.
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1 Introduction

Stormwater reuse has received much attention since it is
one of the most important alternative water sources
(Wijesiri et al., 2020; Hong etal., 2022). To ensure
stormwater reuse safety, proper treatment should be
undertaken prior to their reuse (Furlong etal., 2017;
Feng etal., 2022). One of the important treatment
processes is disinfection. This is because stormwater
generally contains pathogenic microorganisms. For
example, Saifur and Gardner (2021) have found that
stormwater significantly contributed fecal indicator
bacteria into fresh and marine waters. Paule-Mercado
etal. (2016) noted that stormwater runoff from urban
land uses and land covers contained 3.33—7.39
log;,(MPN/100 mL E. coli and 3.30-7.36
log,,MPN/100 mL Fecal streptococci. Hamilton et al.
(2019) reported that more than 20 types of pathogens
were found in stormwater reuse systems. Sidhu et al.
(2012) noted that urban stormwater runoff in Australia
contained a diversity of pathogenic microorganisms.
The number of E. coli and Enterococcus spp. had
reached 4.3 x 10% and 3 x 105 L7!, respectively (Sidhu
et al., 2012). Zhan et al. (2020) investigated urban road
stormwater quality in Shenzhen, China and found that
the number of E. coli and total bacteria reached 2200
and 7000 L™, individually. These observations implied
that stormwater disinfection is essential before any
purposes of reuse.

Chlorination disinfection is one of the most
commonly used disinfection approaches during water

and wastewater treatment processes. Although
chlorination showed a good performance on
disinfection efficiency and cost-effectiveness, a

negative point is disinfection by-products (DBPs)
formation (Zhu et al., 2024). A number of past studies
have found that chlorine disinfectants can react with
dissolved organic matters (DOM) present in water and
form many types of DBPs such as trihalomethane and
haloacetic acid (Yuan etal., 2019; Brinkmann et al.,
2024; Czarnecki et al., 2024; Yang et al., 2024). For
example, Chen et al. (2024) investigated source water
in Tibetan Plateau, China and found a strong positive
correlation between DBPs generation and DOM
amounts. Huang et al. (2023) DOM characteristics had
an important influence on DBPs formation and DBPs
removal using UV irradiation and O; oxidation
advanced treatment processes. Shakhawat et al. (2024)
found that after continues rainfall, drinking water
sources showed a higher DBPs formation potential.
This was because rainfall input DOM into drinking
water sources. They suggested that drinking water

treatment should re-assess chlorine dosages during wet
seasons. Muni-Morgan et al. (2023) reported that urban
stormwater pond is a DOM pool, particularly including
high concentrations of dissolved organic nitrogen
(DON). This might lead to high nitrogenous DBPs
formation. Therefore, DOM is a key precursor of DBPs
formation. These DBPs had high toxicity such as
ecological toxicity (Wang et al., 2022), reproductive
toxicity (Zhang et al., 2023b), cytotoxicity (Qiu et al.,
2024) and genotoxicity (Zhang etal., 2017). For
instance, it is noted that when zebrafish were exposed
to nitrogenous DBPs, a significant reduction in
hatchability and an increase in mortality happened. This
was because zebrafish heart function and neuronal
function were inhibited (Lin etal., 2016). These
seriously threaten stormwater reuse safety after
chlorination disinfection is conducted to stormwater.
DBPs formation is significantly influenced by DOM
characteristics. These characteristics generally include
concentrations, aromaticity, = molecular  weight
distribution, hydrophilicity/hydrophobicity and
substances compositions. Different water sources might
have different DOM characteristics. For example, Lin
et al. (2022) noted that DOM in urban road stormwater
is more hydrophilic while reclaimed water is more
hydrophobic. He et al. (2020) noted that DOM present
in atmospheric wet deposition primarily included
proteins-like substances and soluble microbial products
(SMPs), which are important precursors of halogenated
acetamide (HAMs, one of highly toxic DBPs). Hu et al.
(2016) compared DOM characteristics in drinking
water and reclaimed water and found that DOM
amounts in reclaimed water were higher than drinking
water. This might lead to higher DBPs formation
potential in reclaimed water than drinking water. Yuan
et al. (2024) noted that DOM in rainwater had the most
hydrophilic fraction, followed by hydrophobic acidic,
hydrophobic bases and hydrophobic neutral fractions.
Both hydrophobic acidic and hydrophobic neutral

fractions were the primary precursors  of
trihalomethanes (THMs).
Stormwater has different water quality from

traditional water sources because of different sources.
For example, drinking water is primarily from
reservoirs (Zhang etal., 2024); reclaimed water is
recycled wastewater (Mancuso et al., 2023). However,
stormwater is generated due to rainwater reaching and
washing-off ground surfaces. In this context, pollutants
present in the stormwater might come from the
atmosphere and ground surfaces, where atmospheric
environment and catchment characteristics such as land
use significantly influence stormwater quality (Liu
etal., 2018; Yan et al., 2024). This means that DOM
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characteristics of stormwater might differ from other
water sources. Although past studies have investigated
DOM characteristics in many water sources such as
drinking water (Awad etal., 2018), reclaimed water
(Zhang et al., 2022) and surface water (He et al., 2022),
how DOM characteristics vary with stormwater from
different land uses has not been fully understood, which
is a knowledge gap. This has constrained effective
stormwater reuse implementation and undermined reuse
safety.

In this context, this study collected stormwater
samples from wurban roads in typical land uses,
including highway, residential area, commercial area
and urban village. A comprehensive investigation was

undertaken to analyze DOM  characteristics
(concentrations,  aromaticity, molecular  weight
distribution, hydrophilicity/hydrophobicity and

substances compositions) among these stormwater
samples. Additionally, a comparison analysis was also
conducted to compare DOM characteristics in different
water sources in China (stormwater/rainwater, drinking
water, reclaimed water, wastewater, surface water and
groundwater) by a comprehensive literature review.
The novelty of this study was to investigate how DOM
characteristics vary with stormwater from different land
uses while past studies mainly focused on drinking
water, reclaimed water and surface water. The research
outcomes were expected to contribute a good
understanding of DOM characteristics in urban
stormwater and hence provide useful guidance to
effective stormwater reuse strategy implementation.

2 Methods and materials
2.1 Study sites

The stormwater samples for this study were collected in
Guangzhou, a highly developed city in China that
serves as the capital of Guangdong province. With a
population exceeding 18 million, Guangzhou is
characterized by its warm climate, with an annual
average temperature of around 22.2 °C and an annual
average rainfall depth of approximately 1800 mm
(sourced from baidu.com). To investigate DOM in
stormwater from different land uses, four study sites
were selected in Guangzhou. Each site represented a
distinct land use type, providing a comprehensive data
set for analysis. They were a highway (E113.358°,
N23.133°), a commercial area (E113.358°, N23.013°),
an urban village (E113.353°, N22.973°) and a
residential area (E113.338°, N23.145°). The highway
carried a very high traffic volume. Vehicles run on this

highway at a very high speed. The commercial area is
surrounded by shopping malls and office buildings. The
traffic volume was also high. The urban village is a
type of settlement that emerges when a former village,
once surrounded by fertile land, becomes enveloped by
urban development due to construction during urban
expansion (Li et al., 2024). The majority of streets and
roads within the wurban village are narrow,
accommodating a mix of vehicles, bicycles, and
motorbikes, creating a challenging traffic environment.
The residential area was quiet and clean, with many
trees and plants. The traffic volume was low in this
residential site. Figure 1 shows study sites.

2.2 Stormwater sampling

Stormwater sampling was conducted in September
2022 under specific meteorological conditions: a
rainfall depth of 5.5 mm, with antecedent dry days
totaling 12 d, and a rainfall duration of approximately
3.5 h. Road stormwater was chosen for sampling due to
its potential for reuse in non-potable applications such
as landscaping and cleaning. To collect the samples, a
manual method was employed using acid-washed and
deionized water-washed glass bottles (500 mL) placed
at the drainage outlet on the road.

The importance of road stormwater as a resource for
reuse is evident from the construction of underground
stormwater storage tanks in many places, designed to
collect runoff from roads and streets (Zhang et al.,
2023a). By analyzing the collected stormwater samples,
insights can be gained into the quality and
characteristics of this resource, which can inform
decisions on its appropriate reuse and management.

Prior to the collection of stormwater samples, any
large rubbish and stones were manually removed from
the drainage outlet to ensure the integrity and
representativeness of the samples. Sampling began once
runoff was generated and continued until sufficient
volumes of stormwater, typically 3-5 L, were collected
from each sampling point. Each sampling bottle was
carefully labeled with the sampling time, location, and
number to maintain accurate record-keeping. After the
samples were collected, they were promptly transported
to the laboratory and stored at 4 °C to preserve their
quality for further testing. The study focused on a single
rainfall event to minimize the influence of varying
rainfall characteristics and to clearly demonstrate the
impact of land uses on stormwater quality. By isolating
the effects of a single rainfall event, the study aimed to
provide a clearer understanding of how land uses
influence DOM characteristics in stormwater. This
approach allowed for more accurate insights into the
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A: Highway
E113.358°, N23.133°

C: Urban village road
E113.353°, N22.973°

B: Commercial road
E113.358°, N23.013°

D: Residential road
E113.338°, N23.145°

Fig.1 Locations and photos of sampling sites.

relationship between land use and stormwater quality,
facilitating  informed decisions on stormwater
management and reuse.

2.3 Sample testing

This study conducted a comprehensive investigation of
DOM characteristics in stormwater from various land
uses, focusing on parameters such as concentration,
aromaticity, molecular weight distribution,
hydrophilicity/hydrophobicity, and substance
compositions. The following section discusses the
testing methods employed to measure these parameters.

2.3.1 Basic water quality parameters

Before analyzing the stormwater samples, a
preprocessing step was conducted where the samples
were filtered through glass filter papers with a pore size
of 0.45 pm to eliminate any larger particles. This
ensured that the subsequent water quality tests were not
influenced by these particles. The basic water quality
parameters measured included total nitrogen (TN), total
phosphorus (TP), dissolved organic carbon (DOC), UV
absorbance at 254 nm (UV,s,), and SUVA,,, (specific
UV absorbance at 254 nm). TN and TP were tested

according to the standards GB11894-89 and GB11893-
89, respectively. DOC was analyzed using a TOC
analyzer manufactured by Analytik Jena AG in
Germany. UV,;, was measured using a UV-vis
spectrophotometer from Thermo Fisher Scientific in the
United States. SUVA,, was calculated by dividing the
UV,s, values by the DOC concentrations for all
samples. Namely, SUVA,,, can yield an estimate for
the quantitative aromatic content per unit concentration
of organic carbon (Karanfil etal., 2005). Both UV,s,
and SUVA,,, are indicators of the amount of aromatic
organic content in the water, as noted by Karanfil et al.
(2005). For quality control purposes, each test was
conducted in triplicate to ensure accuracy.

2.3.2 Molecular weights distribution testing

To obtain four distinct fractions based on molecular
weight, a series of ultrafiltration membranes sourced
from Amicon in Billerica, Massachusetts, were
employed. These membranes allowed for the isolation
of four molecular weight fractions: less than 1 kDa,
from 1 to 3 kDa, from 3 to 10 kDa, and from 10 to100
kDa. The separation of stormwater samples into these
fractions involved a methodical approach. Initially, a
5-L sample was filtered through the membranes in a
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specific order, beginning with the membrane possessing
the largest pore size and progressively moving to the
one with the smallest pore size. This sequential
filtration process guaranteed that each fraction
comprised molecules strictly within its designated
molecular weight range. For a comprehensive
understanding of the testing methodologies employed,
Hua and Reckhow (2007) is recommended.

2.3.3 Hydrophobic/hydrophilic fraction testing

Prior to filtration through the ultrafiltration membranes,
the stormwater samples underwent a preliminary
treatment. They were first acidified to achieve a pH
level of 2 using sulfuric acid. Following acidification,
the samples were sequentially passed through two types
of resin: XAD-8 and then XAD-4. The effluent that
successfully passed through the XAD-4 resin was
designated as the hydrophilic fraction (HPI).
Conversely, the fraction that adhered to the XAD-8
resin was subsequently eluted using a sodium
hydroxide solution maintained at a pH of 11. This
eluted component was termed the hydrophobic fraction
(HPO). Meanwhile, the organic compounds that were
retained by the XAD-4 resin were classified as the
transphilic fraction (TPI). These compounds were
eluted using the same sodium hydroxide solution but in
a reverse direction. For more detailed information on
this separation method, it can refer to Hua and
Reckhow (2007).

2.3.4 3D excitation-emission matrix fluorescence testing

A 3D  excitation-emission matrix (3D-EEM)
fluorescence test is a powerful analytical tool used to
examine the composition of dissolved organic matter
(DOM) in stormwater samples. This test was executed
utilizing a fluorescence spectrophotometer
manufactured by Thermo Scientific Lumina in the
United States. The results of the 3D-EEM test typically
reveal five distinct regions, each characterized by
specific ~excitation (EX) and emission (EM)
wavelengths. These regions are as follows:

* Region I (Tyrosine-like): Typically located with
excitation wavelengths around 220-250 nm and
emission wavelengths around 280-330 nm. This region
is associated with aromatic amino acids such as tyrosine
and tryptophan, which are common components of
proteins;

* Region II (Tryptophan-like): Found with excitation
wavelengths around 250-280 nm and emission
wavelengths centered at around 330-380 nm. This
region is also linked to tryptophan, another aromatic

amino acid found in proteins;

* Region III (Fulvic acid-like): Characterized by
excitation wavelengths spanning 250-400 nm and
emission wavelengths ranging from 380 to 500 nm.
This region is indicative of fulvic acids, which are low-
molecular-weight components of natural organic matter
(NOM) often found in surface waters;

* Region IV (Soluble microbial byproduct-like):
Identified by excitation wavelengths around 250-
290 nm and emission wavelengths centered at around
420480 nm. This region is associated with soluble
microbial byproducts (SMPs), which are organic
compounds released by microbial activity in aquatic
environments;

* Region V (Humic acid-like): Located with
excitation wavelengths spanning 290-450 nm and
emission wavelengths centered at around 420-600 nm.
This region is indicative of humic acids, which are
high-molecular-weight components of NOM typically
derived from the decomposition of plant and animal.

In addition to the qualitative analysis, this study also
performed regional integration calculations for each
region in the 3D-EEM to obtain quantitative results.
The region classification and integration calculation
methods used in this study are based on the work of
Chen et al. (2003).

Based on the 3D-EEM results, three indices were
calculated for each sample: the fluorescence index (FI),
humification index (HIX), and biological index (BIX).
These indices provide additional insights into the
characteristics of the dissolved organic matter (DOM)
in the stormwater samples. The FI is used to identify
the sources of DOM, distinguishing between terrestrial
and microbial sources. Specifically, FI values between
1.7 and 2.0 suggest that microbial activities are the
primary source of DOM, while FI values less than 1.4
indicate that terrestrial sources might be the main
contributor (McKnight etal., 2001; Wickland et al.,
2007). The HIX is used to assess the degree of
humification of the DOM. A HIX value less than 4 is
associated with autochthonous fresh DOM, while a HIX
value greater than 4 is related to humified organic
materials (Birdwell and Engel, 2010). The BIX is used
to evaluate autotrophic productivity. When BIX values
range from 0.8 to 1.0, it indicates freshly produced
DOM of biological/microbial origin. Conversely, BIX
values less than 0.6 suggest a limited amount of organic
matter from autochthonous origin (Birdwell and Engel,
2010).

FI index was calculated as the ratio of the emission
intensity at 450 nm to the emission intensity at 500 nm,
both measured at an excitation wavelength of 370 nm.
HIX index was calculated by dividing the sum of the
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emission intensities between 435 and 480 nm by the
sum of the emission intensities between 300 and 345
nm, both measured at an excitation wavelength of 254
nm. BIX index was calculated as the ratio of the
emission intensity at 380 nm to the emission intensity at
430 nm, both measured at an excitation wavelength of
310 nm. The calculation methods for these indices were
based on the work of Zhang et al. (2019).

3 Results and discussion

3.1 Comparison of basic water quality

Table 1 shows basic water quality of stormwater runoff
from different land uses. It was found that highway
stormwater had the highest concentration of TN (11.667
+ 0.689 mg/L) and TP (0.144 + 0.003 mg/L) while
commercial ~ stormwater = showed the  highest
concentration of DOC (88.6 = 0.680 mg/L) and UV,
value (1.78 + 0.003 cm ™). In terms of SUVA,, values,
the highway (2.324 + 0.141 L/(mg'm)) and commercial
(2.009 £+ 0.012 L/(mg'm)) stormwater samples were
relatively higher than urban village (0.971 + 0.021 L/
(mg-'m)) and residential areas (0.966 + 0.007 L/
(mg-m)). These observations suggested that stormwater
from highway and commercial areas contained more
nutrients such as nitrogen, phosphorus and organic
carbon. The significant difference of these parameters
among different land uses can be also supported by P-
values, which are less than 0.05 (P-value of TN, TP,
DOC, UV,,, and SUVA,,, were 6.8 x 1075, 1.1 x 107,
7.2 x 1078, 1.5 x 10711, and 8.9 x 1073, respectively).
This can be attributed to land use characteristics. The
highway carries very high traffic volume, which leads
to much vehicle emission, trye wear and road surface
wear. This could generate many pollutants deposited on
road surfaces during dry periods. Additionally, plants
and trees such as green belts along the highway might
also contribute to a high nutrient concentration as
shown in Table 1. Vehicle emission generally contains
many oxynitrides, which might contribute to nitrogen
amounts in stormwater runoff. Bartlett et al. (2012)

Table 1 Basic water quality parameters

noted that nutrients of sediments and water in a
stormwater management pond caused toxicity to
Hyalella Azteca. They found that the stormwater
management pond received stormwater runoff from a
highway. This means that the highway can contribute a
high nutrient level to stormwater runoff. Commercial
areas generally have complex environments, including
high population density, traffic volume, commercial
shops and office buildings. These human activities can
significantly contribute pollutants into stormwater
runoff. Behrouz et al. (2024) also noted that high-
density population areas such as commercial areas have
higher pollutant concentrations such as suspended
solids in stormwater. They attributed this to frequent
human activities. These lead to high pollutant
concentrations in commercial areas, especially DOC
(Table 1). High DOC concentrations generally mean a
high potential of forming DBPs after chlorination. This
suggests a potential risk of reusing commercial road
stormwater runoff. However, urban village and
residential areas have relatively better daily
maintenance such as frequent sweeping, even though
there are also many human activities. This could mean
that not many pollutants enter stormwater runoff
because most of them are removed during daily
maintenance.

It can be noted that the commercial area had the
highest UV,s, value, followed by highway, urban
village and residential area. This means that
commercial stormwater runoff could contain a high
amount of aromatic organic substances with C—C
double bonds and C—-O double bonds as well as humic
macromolecule organic substances. This implies that
commercial stormwater might have higher DBPs
formation potential than other land use stormwater
samples since these unsaturated organic substances are
one of the most important precursors of DBPs
formation. In terms of SUVA,,, values, both highway
and commercial stormwater samples were larger than
2 L/(mg-m). This further confirms that highway and
commercial stormwater could include a high quantity of
aromatic/humic macromolecule organic substances.
However, the SUVA,., values of urban village and
residential area were less than 2 L/(mg-m). This means

Land use TN (mg/L) TP (mg/L) DOC (mg/L) UV,s4 (em™) SUVA,s, L/(mg-m)
Highway 11.667 = 0.689 0.144 £ 0.003 13.923 + 0.847 0.323 + 0.000 2324 +0.141
Commercial area 6.259 +0.199 0.121 £ 0.000 88.6+ 0.680 1.78 £ 0.003 2.009 £ 0.012
Urban village 2.877 £ 0.054 0.085 = 0.000 32.15 +0.544 0.312 +0.001 0.971 +0.021
Residential area 4740 £ 0.076 0.072 +0.003 12.947 + 0.095 0.125 + 0.000 0.966 + 0.007
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that urban village and residential areas stormwater had
low humification and aromatization and included many
organic matters with low molecular weight and low
hydrophobicity. These organic matters are relatively
difficult to remove by the traditional coagulation-
sedimentation treatment approach (Matilainen et al.,
2010). Therefore, urban village and residential areas
stormwater treatment for reuse needs to combine other
approaches to enhance organic matter removal
efficiency.

3.2 Comparison of molecular weight distribution

Figure 2 provides the comparison of molecular weight
compositions of DOM in stormwater from different
land uses, indicated by DOC. It is noted that < 1 kDa
DOM accounted for the highest percentages for all land
use stormwater samples, namely 52.28% for highway,
36.45% for commercial area, 66.39% for urban village
and 60.10% for residential area, respectively. Except
for commercial area, other three land use stormwater
samples contained more than 50% of organic matters
with < 1 kDa. This means that commercial stormwater
contained organic matters with higher molecular weight
than other three land uses. This result agrees with
previous studies. Lin etal. (2022v found that both
urban road stormwater and reclaimed water included
the highest fraction of organic matters with < 1 kDa
(43.0%-77.5%). Hu etal. (2016) investigated 234
reclaimed water samples and 117 drinking water source
samples and found the average fractions of organic
matters with < 1 kDa of these two water types were
45% and 57%, individually. Shi et al. (2020) reported
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20 +

Molecular weight distribution (%)

0

T T T T
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[CJ10-100 kDa []3-10kDa [J]1-3kDa []<IkDa|

Fig.2 Molecular weight distribution of DOM in stormwater
samples.

that low molecular weight DOM such as < 1 kDa
accounted for the highest percentage in both influent
and secondary effluent of wastewater treatment plants.
The lower molecular weight the organic matters had,
the more difficult the organic matters were removed.
He etal. (2023) also noted a high percentage of low
molecular weight DOM in rivers. They attributed this to
human input of wastewater DOM with low molecular
weight and condensation degree.

These outcomes imply that DOM in urban
stormwater was primarily small molecular organic
matters such as < 1 kDa and this was regardless of land
use types. However, these small molecular DOM is
generally difficult to be removed by traditional water
treatment  approaches such as  coagulation-
sedimentation and sand filtration (Matilainen et al.,
2010). These small molecular DOM is also easy to be
absorbed by microorganisms, leading to their growth.
In addition, advanced oxidation processes do not have a
good performance on removing these small molecular
DOM from water (Siddique etal.,, 2022). This is
because advanced oxidation processes treat organic
matters by breaking-down large molecular substances
into small molecular substances (Siddique et al., 2022).
In this context, a large amount of low molecular weight
DOM present in urban stormwater as shown in Fig. 2
could lead to DBPs formation during chlorination.

3.3 Comparison of hydrophilicity/hydrophobicity

Figure 3 shows DOM fractions of hydrophilic/
hydrophobic compositions. It can be noted that
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Fig.3 DOM fractions of hydrophilic/hydrophobic compositions in
stormwater samples (HPO: hydrophobic composition; TPI:
transphilic composition; HPI: hydrophilic composition).
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regardless of land use types, all urban stormwater
samples contained the highest percentages of
hydrophilic DOM, 86.45% for highway, 50.77% for
commercial area, 70.72% for urban village and 93.73%
for residential area, respectively. Especially, DOM in
residential stormwater had a very high fraction of
hydrophilic DOM (more than 90%). Since hydrophilic
DOM primarily included aliphatic hydrocarbons such
as amino acid and carbohydrate, these substances might
be sourced from human life in residential area. In terms
of hydrophobic DOM, commercial stormwater showed
the highest fraction, 35.33%. This means that
commercial stormwater could include a higher amount
of humic acid and fulvic acid related organic matters.
These observations agree with past studies. Lin et al.
(2022) investigated DOM characteristics in both urban
road stormwater and reclaimed water. They found that
there were higher fractions of hydrophilic compositions
in urban road stormwater samples (70.4%—88.2%) than
reclaimed water (30.9%-76.2%). He etal. (2020)
analyzed DOM hydrophilic/hydrophobic compositions
in artificial rainwater (mixing atmospheric dry
deposition and ultrapure water) and noted a 47.9% of
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hydrophilic composition. These past outcomes further
confirm that DOM in stormwater might tend to be
hydrophilic. However, this means that DOM in
stormwater is hard to be treated by traditional water
treatment methods such as coagulation-sedimentation
because of low octanol-water partition coefficient.
Therefore, these hydrophilic DOM present in
stormwater might lead to DBPs formation during
chlorination.

3.4 Comparison of DOM substance compositions

Substance compositions of DOM were investigated by
undertaking 3D-EEM spectra analysis. Figure 4 shows
the 3D-EEM spectra of DOM in stormwater samples. It
can be observed that main peaks of 3D-EEM spectra
were in Region V for all stormwater samples while
there were not obvious peaks in Region I, II and III.
This means that all stormwater samples included a large
quantity of humus related organic substances while
aromatic proteins related substances and fluvic acid
related substances were less. This can be also supported
by spectra volumetric integration results (Fig. 5). All
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Fig.4 3D-EEM of stormwater samples from different land uses: (a) highway, (b) commercial area, (c) urban village,

(d) residential area
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stormwater samples showed the highest volumetric
integration percentages of Region V. They were
45.45% for highway, 53.55% for commercial area,
44.68% for urban village and 43.37% for residential
area, respectively. In terms of fluorescence intensity,
commercial stormwater was significantly higher than
other three land uses. The order of fluorescence
intensity followed commercial area > highway > urban
village > residential area. These outcomes confirmed a
high fraction of humus related organic substances in
urban stormwater, particularly for commercial
stormwater. This can be attributed to complex human
activities, which emit many organic pollutants. These
organic pollutants mixed with urban soil such as green
belts and become humus related organic substances.
Table 2 shows FI index, HIX index and BIX index of
all stormwater samples. For FI index, all stormwater
samples were around 1.9. The order followed urban
village (1.96) > residential area (1.83) > highway (1.82)
= commercial area (1.82). This suggested that DOM in
urban stormwater was primarily related to microorganic
activities. The order of HIX index showed commercial
area (6.34) > highway (4.02) > urban village (3.19) >
residential area (2.67). This means that commercial
stormwater contained a large amount of humus related
organic substances, which mainly came from terrestrial
sources. This result is similar to 3D-EEM analysis.
Although highway stormwater also contained much
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Fig.5 Volumetric integration percentages of 3D-EEM.

Table 2 FI, HIX, and BIX values

Index Highway Commercial area Urban village Residential area
HIX 4.02 6.34 3.19 2.67
BIX 0.96 0.80 0.98 1.05
FI 1.82 1.82 1.96 1.83

humus related organic substances, they could be
generated from authigenic sources. However, both
urban village and residential stormwater had lower
humification degrees than commercial and highway
stormwater. In the case of BIX index, the order was
residential area (1.05) > urban village (0.98) > highway
(0.96) > commercial area (0.80). This suggested that
these stormwater samples contained a higher fraction of
DOM recently generated by microorganisms.

These observations implied that DOM in stormwater
from different land uses had different compositions.
Commercial and highway stormwater samples included
more humus related organic substances. Urban village
and residential stormwater samples had lower
humidification degrees and primarily included DOM
from recent microorganism activities. This means that
commercial stormwater and highway stormwater could
have higher DBPs formation potential since humus
related organic substances are one of the most
important precursors. This observation is similar to a
past study (Nguyen etal., 2013), which showed a
strong correlation between humic-like DOM and DBPs
formation potential for both large and small rainfall
events. Therefore, collecting commercial stormwater
and highway stormwater for reuse should be with a
particular care after chlorination disinfection.

3.5 Comparison with other water sources in China

Figures 6 and 7 shows DOC, UV,s, and SUVA,,,
values as well as FI, HIX, and BIX values of different
water  sources, including  stormwater/rainwater
(including data in this study), drinking water, reclaimed
water, wastewater, surface water and groundwater in
the past studies (Supplementary Materials). These water
sources were all located in China. Supporting
Information also showed DOM molecular weights,
hydrophobicity/hydrophilicity and compositions of
these water sources. These data were collected by a
comprehensive literature review, using keywords,
“dissolved  organic matters,” “water  sources,”
“stormwater,” “rainwater,” “reclaimed water,” “surface
water,” “drinking water” and ‘“groundwater.” For
surface water, it included river water, lake water,
coastal water and seawater. Two important criteria were
used during literature review. One was that the water
source is in China. Another one was that at least one
parameter indicating DOM characteristics (DOC,
UV,s4, SUVA,.,, FI, HIX, BIX, molecular weights,
hydrophobicity/hydrophilicity = and  compositions)
should be present in the literature. Eventually, 18
literature was identified (see Supplementary material).
In terms of DOC concentrations (Fig. 6(a)), surface
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Fig. 6 DOC (a), UV,s, (b) and SUVA,;, (c) values of different water sources (SR: stormwater/rainwater; DW: drinking water;
RW: reclaimed water; WW: wastewater; SW: surface water; GW: groundwater).

water (mean value was 28.41 mg/L) and wastewater
(mean value was 28.17 mg/L) had higher values,
followed by stormwater/rainwater (mean value was
22.37 mg/L). However, reclaimed water (mean value
was 8.76 mg/L), groundwater (mean value was
430 mg/L) and drinking water (mean value was
3.96 mg/L) showed much lower DOC concentrations.
Additionally, compared to other water sources,
stormwater/rainwater, wastewater and surface water
had a higher variation of DOC concentrations since
their DOC concentration ranges were wider than other
water sources. This means that stormwater/rainwater,
wastewater and surface water could be highly
influenced by other factors such as human activities,
climate and surrounding environments.

For UV,,, values (Fig. 6(b)), although no data was
found in past studies for wastewater and groundwater, it
can be noted that stormwater/rainwater (mean value
was 0.38 ecm™!) had the highest UV,s, value, followed

by surface water (mean value was 0.17 cm™!) while
drinking water (mean value was 0.04 cm™') and
reclaimed water (mean value was 0.09 cm™!) showed
lower UV, values. Additionally, stormwater/rainwater
and surface water also showed higher variability of
UV,s, values than drinking water and reclaimed water.
This means that compared to drinking water and
reclaimed water, stormwater/rainwater and surface
water could contain a high amount of aromatic organic
substances with C-C double bonds and C-O double
bonds as well as humic macromolecule organic
substances.

In the case of SUVA,,, values (Fig. 6(c)), surface
water (mean value was 3.37 L/(mg'm)) and
groundwater (2.32 L/(mg-m)) showed higher SUVA,,
values while stormwater/rainwater, drinking water,
reclaimed water and wastewater had a mean value of <
2 L/(mg'm). Generally, when SUVA,, values are less
than 2 L/(mg-m), DOM primarily included non-humics,
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high hydrophilicity, and low molecular weight
compounds (Hu etal., 2016). This means that DOC
removal by traditional approaches such as coagulation
could be very difficult. Therefore, surface water and
groundwater might be easy to remove DOC during
traditional water treatment while stormwater/rainwater,
drinking water, reclaimed water and wastewater could
be hard.

According to the collected data in past studies (see
Supporting Information), it is also found that most of
water sources had a high fraction of low molecular
weight DOM, such as < 1 kDa. Stormwater/rainwater
tended to be more hydrophilic while reclaimed water
and drinking water tended to be more hydrophobic.
Surface water might be hydrophilic (such as Pearl River
in Guangdong, China) (Zheng etal, 2016) or
hydrophobic (such as Ganjiang River in Jiangxi, China)

4.0

. (a)

(Feng etal.,, 2021) according to water source
characteristics. In terms of DOM compositions, most of
stormwater/rainwater primarily contained humic acid-
like substances while other water sources’ DOM
compositions were relatively complex. For example,
Shen etal. (2016) found that drinking water in
Shanghai, China contained much SMP-like DOM while
Lin etal. (2022) noted that reclaimed water in
Shenzhen, China had much SMP-like and humic acid-
like substances. River water (Maozhou River,
Shenzhen, China) included high abundances for
tyrosine-like and tryptophan-like substances (Ye et al.,
2019) while Pearl River, China contained much more
humic-like, fulvic-like and protein-like DOM (Zheng
et al., 2016).

Figure 7 compared FI, HIX and BIX index among
different water sources. In terms of FI index (Fig. 7(a)),
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Fig.7 FI (a), HIX (b) and BIX (c) values of different water sources (SR: stormwater/rainwater; DW: drinking water; RW:
reclaimed water; WW: wastewater; SW: surface water; GW: groundwater).
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stormwater/rainwater (mean value was 1.63) and
drinking water (mean value was 1.39) showed relatively
lower FI values than other water sources. Since Yuan
et al. (2023) have noted, an FI value close to 1.4 means
that the DOM primarily derives from terrestrial sources
while an FI value close to 1.9 indicates autochthonous
sources. This means that compared to other water
sources, DOM in stormwater/rainwater and drinking
water tended to be terrestrial sources. In terms of HIX
index (Fig. 7(b)), stormwater/rainwater (mean value
was 4.82) showed relatively higher values than other
water sources. The mean HIX values of drinking water,
reclaimed water, surface water, wastewater and
groundwater were 0.44, 1.66, 2.30, 2.98, and 1.97,
respectively. Huguet et al. (2009) reported that a HIX
value larger than 4 indicates DOM with a relatively
strong humification degree. This implies that compared
to other water sources, DOM in stormwater/rainwater
tended to be humic-like substances. For BIX index
(Fig. 7(c)), stormwater/rainwater and drinking water
showed a mean value of around 0.80 while other water
sources had higher BIX values. This means that other
water sources might include more extracellular
substances  excreted by  microorganisms than
stormwater/rainwater and drinking water (Birdwell and
Engel, 2010).

3.6 Implications for stormwater reuse, limitations
and future research

According to data analysis results, it is noted that
surrounding environments can significantly influence
DOM characteristics in stormwater. Commercial
stormwater and highway stormwater showed higher
DOC concentrations with higher aromaticity than urban
village and residential areas. Additionally, commercial
stormwater and highway stormwater contained a large
amount of humus related organic substances, which
means they had a high humification while residential
stormwater and urban village stormwater had a higher
fraction of DOM  recently  generated by
microorganisms. The results also indicated that
although stormwater was sourced from different land
uses, they all had the highest percentage of DOM less
than 1 kDa and tended to be hydrophilic. These
characteristics mean that DOM in stormwater is hard to
be treated by traditional water treatment methods such
as coagulation-sedimentation because of low molecular
weight and low octanol-water partition coefficient. This
would lead to a high DBPs formation potential after
chlorination disinfection during stormwater reuse.
These outcomes implied that carefully selecting
stormwater is highly needed to ensure reuse safety since

DOM characteristics in stormwater are highly
influenced by surrounding environments such as land
uses, traffic characteristics and population density.
Land uses with high traffic volume and population
density could generate stormwater which contained
high DOC concentrations with high aromaticity and
hence could lead to high DBPs formation potential.

Furthermore, as shown in this study, DOM is widely
present in the stormwater. To ensure its reuse safety, it
is necessary to properly treat stormwater before its
reuse, particularly effectively removing DOM and
hence reduce DBPs formation potential. For example,
low impact development systems (LID)/Sponge City
facilities (commonly used in China) such as raingarden,
swales, bioretention basins and constructed wetlands
can be used to remove DOM in the stormwater. LID
and Sponge City facilities are nature-based solutions,
capable of removing various organic pollutants by soil
infiltration and plant intake (Jia etal., 2017). This
would benefit to reduce DOM amounts in stormwater
runoff. When the stormwater enters drinking water
sources and experiences following chlorination
disinfection, DBPs formation would decrease.

Compared with other water sources in China,
stormwater/rainwater ~ showed  different = DOM
characteristics such as higher humification and less
extracellular substances generated by microorganisms.
Stormwater/rainwater also showed higher
hydrophilicity, compared to other water sources.
However, all water sources investigated in this study
had a high fraction of low molecular weight DOM, such
as < 1 kDa. This means that most organic matter
present in water sources are small molecular. These
implied that appropriate treatment approach selection
should consider DOM characteristics in these water
sources. A “one-size-fits-all” treatment strategy could
lead to failure and hence undermine water source
utilization safety.

It is noteworthy that this study only focused on four
different land uses and one rainfall event. Future
research may look at more types of land uses and
monitor more rainfall events with different
characteristics such as various rainfall intensities and
rainfall durations. Other influential factors such as
temperature and vegetations are also recommended to
consider in future research. This will provide a more
comprehensive understanding of DOM characteristics
of stormwater. Additionally, this study only focused on
DOM characteristics of stormwater and has not
investigated how these DOM characteristics influence
DBPs formation. Therefore, chlorination disinfection is
recommended to undertake for stormwater from
different land uses and rainfall events in the future and
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DBPs formation should be investigated as well. This
can further provide useful insight to stormwater reuse
strategy implementation. This study did not analyze the
influence of DOM characteristics on their treatment
efficiency, either. This can be one of future research
directions since the relevant research results can guide
an effective DOM removal and hence limit DBPs
formation. Furthermore, this study focused on urban
road stormwater. In fact, roof stormwater is also one of
the most important alternative water sources. Roof
stormwater primarily includes pollutants from the
atmosphere and roof surfaces. This could lead to
difference in DOM characteristics, compared to road
stormwater. Therefore, investigating DOM
characteristics in roof stormwater is also recommended
for future research.

4 Conclusions

This study investigated DOM characteristics in
stormwater from different urban land uses, namely
highway, commercial area, urban village and residential
area. DOM characteristics including concentrations,
aromaticity, molecular weight distribution,
hydrophilicity/hydrophobicity and substances
compositions were investigated. The outcomes showed
that stormwater from different land uses had different
DOM characteristics. Commercial stormwater and
highway  stormwater = showed  higher = DOC
concentrations with higher aromaticity than urban
village and residential areas. Additionally, commercial
stormwater and highway stormwater contained a large
amount of humus related organic substances while
residential stormwater and urban village stormwater
had a higher fraction of DOM recently generated by
microorganisms. However, all stormwater samples
showed the highest percentage of low molecular weight
DOM (< 1 kDa) as well as tended to be hydrophilic.
These DOM characteristics can influence DBPs
formation after chlorination disinfection during
stormwater reuse. Compared with other water sources
in China, DOM in stormwater /rainwater showed higher
humification and less extracellular substances generated
by microorganisms. Stormwater/rainwater also tended
to be more hydrophilic (hydrophilic percentages were
50.77%-93.73%) than other water sources. However,
all water sources included a very high fraction of low
molecular weight DOM. The research outcomes filled a
knowledge gap on DOM characteristics of stormwater
from different land uses, which is the novelty of this
study. Results were expected to contribute a good
understanding of DOM characteristics in urban

stormwater and hence ensure stormwater reuse safety. It
is also noteworthy that to minimize other influential
factors’ distraction, this study only collected
stormwater runoff samples from one rainfall event. This
might create a certain uncertainty of understanding this
study’s outcomes. Therefore, future research should
focus on various rainfall characteristics to provide more
comprehensive results.

Conflict of Interests The authors declare that the research was
conducted in the absence of any commercial or financial relationships
that could be construed as a potential conflict of interest.

Acknowledgements This work was supported by the National Natural
Science Foundation of China (No. U21A2036 and 52170100),
Guangdong Basic and Applied Basic Research Foundation (No.
2024A1515010371) and Shenzhen Science and Technology Program
(No. JCYJ20240813141507010).

Electronic Supplementary Material Supplementary material is
available in the online version of this article at https://doi.org/10.1007/
s11783-025-1969-8 and is accessible for authorized users.

References

Awad J, Fisk C A, Cox J W, Anderson S J, van Leeuwen J (2018).
Modelling of THM formation potential and DOM removal based
on drinking water catchment characteristics. Science of the Total
Environment, 635: 761-768

Bartlett A J, Rochfort Q, Brown L R, Marsalek J (2012). Causes of
toxicity to Hyalella azteca in a stormwater management facility
receiving highway runoff and snowmelt. Part II: salts, nutrients,
and water quality. Science of the Total Environment, 414:
238-247

Behrouz M S, Sample D J, Kisila O B, Harrison M, Nayeb Yazdi M,
Garna R K (2024). Parameterization of nutrients and sediment
build-up/wash-off processes for simulating stormwater quality
from specific land uses. Journal of Environmental Management,
358: 120768

Birdwell J E, Engel A S (2010). Characterization of dissolved
organic matter in cave and spring waters using UV-Vis
absorbance  and  fluorescence
Geochemistry, 41(3): 270-280

Brinkmann M T, Rong K X, Xie Y F, Yan T (2024). Formation
potential of disinfection byproducts during chlorination of

spectroscopy.  Organic

petroleum hydrocarbon-contaminated water.
Chemosphere, 357: 142057
Chen R, Chen T, Zhou Y, Li L, Li L, Zhu N, Li Z, Wang Y, Jiang G

(2024). Characteristics of disinfection byproducts from dissolved

drinking

organic matter during chlor(am)ination of source water in Tibetan
Plateau, China. Science of the Total Environment, 947: 174628
Chen W, Westerhoff P, Leenheer J A, Booksh K (2003).
Fluorescence excitation-emission matrix regional integration to
quantify spectra for dissolved organic matter. Environmental

https://journal.hep.com.cn/fese | https://link.springer.com/journal/11783

13


https://doi.org/10.1007/s11783-025-1969-8
https://doi.org/10.1007/s11783-025-1969-8
https://doi.org/10.1007/s11783-025-1969-8
https://doi.org/10.1007/s11783-025-1969-8
https://doi.org/10.1007/s11783-025-1969-8
https://doi.org/10.1007/s11783-025-1969-8
https://doi.org/10.1007/s11783-025-1969-8

Min Ding et al., Front. Environ. Sci. Eng. 2025, 19(4): 49

https://doi.org/10.1007/s11783-025-1969-8

Science & Technology, 37(24): 5701-5710

Czarnecki J C, Manoli B, Fuad N, Vadas T M (2024). Disinfection
byproduct formation from chlorination of agricultural reuse water
sources. Environmental Advances, 15: 100488

Feng G Z, Huang L, Yang Y (2021). Characteristics of dissolved
organic matter in surface water and fouling mechanisms during
the ultrafiltration. Desalination and Water Treatment, 238: 53-66

Feng W J, Liu Y, Gao L (2022). Stormwater treatment for reuse:
current practice and future development: a review. Journal of
Environmental Management, 301: 113830

Furlong C, De Silva S, Gan K, Guthrie L, Considine R (2017). Risk
management, financial evaluation and funding for wastewater
and stormwater reuse projects.
Management, 191: 83-95

Hamilton K, Reyneke B, Waso M, Clements T, Ndlovu T, Khan W,
Digiovanni K, Rakestraw E, Montalto F, Haas C N, et al. (2019).
A global review of the microbiological quality and potential

Journal of Environmental

health risks associated with roof-harvested rainwater tanks. NPJ
Clean Water, 2(1): 7-18

He C, Yi Y, He D, Cai R, Chen C, Shi Q (2023). Molecular
composition of dissolved organic matter across diverse
ecosystems: preliminary implications for biogeochemical cycling.
Journal of Environmental Management, 344: 118559

He J, Wu X, Zhi G P, Yang Y, Wu L F, Zhang Y, Zheng B H,
Qadeer A, Zheng J L, Deng W M, etal. (2022). Fluorescence
characteristics of DOM and its influence on water quality of
rivers and lakes in the Dianchi Lake basin. Ecological Indicators,
142: 109088

He J J, Wang F F, Zhao T T, Liu S G, Chu W H (2020).
Characterization of dissolved organic matter derived from
atmospheric dry deposition and its DBP formation. Water
Research, 171: 115368

Hong N, Li Y Q, LiuJ C, Yang M T, Liu A (2022). A snapshot on
trihalomethanes formation in urban stormwater: implications for
its adequacy as an alternative water resource. Journal of
Environmental Chemical Engineering, 10(2): 107180

Hu HY, DuY, Wu Q Y, Zhao X, Tang X, Chen Z (2016).
Differences in dissolved organic matter between reclaimed water
source and drinking water source. Science of the Total
Environment, 551-552: 133142

Hua G H, Reckhow D A (2007). Characterization of disinfection
byproduct precursors based on hydrophobicity and molecular
size. Environmental Science & Technology, 41(9): 3309-3315

Huang X, Ren X, Zhang Z, Gu P, Yang K, Miao H (2023).
Characteristics in dissolved organic matter and disinfection by-
product formation during advanced treatment processes of
municipal secondary effluent with Orbitrap mass spectrometry.
Chemosphere, 339: 139725

Huguet A, Vacher L, Relexans S, Saubusse S, Froidefond J M,
Parlanti E (2009). Properties of fluorescent dissolved organic
matter in the Gironde estuary. Organic Geochemistry, 40(6):
706-719

Jia H, Yu S L, Qin H (2017). Low impact development and sponge
city construction for urban stormwater management. Frontiers of

Environmental Science & Engineering, 11(4): 20

Karanfil T, Erdogan I, Schlautman M (2005). The impact of filtrate
turbidity on UV,s, and SUVA,,, determinations. Journal -
American Water Works Association, 97(5): 125-136

Li X, Wang Z, Yu L, Xie B (2024). Exploring the gap in people’s
travel behavior between urban villages and commercial housing:
the role of built environment. Travel Behaviour & Society, 36:
100794

Lin S F, Chu W H, Liu A (2022). Characteristics of dissolved
organic matter in two alternative water sources: a comparative
study between reclaimed water and stormwater. Science of the
Total Environment, 851: 158235

Lin T, Zhou D, Dong J, Jiang F, Chen W (2016). Acute toxicity of
dichloroacetonitrile (DCAN), a typical nitrogenous disinfection
by-product (N-DBP), on zebrafish (Danio rerio). Ecotoxicology
and Environmental Safety, 133: 97-104

Liu A, Ma Y K, Gunawardena ] M A, Egodawatta P, Ayoko G A,
Goonetilleke A (2018). Heavy metals transport pathways: the
importance of atmospheric pollution contributing to stormwater
pollution. Safety, 164:
696703

Mancuso G, Lavrnic S, Canet-Marti A, Zaheer A, Avolio F,
Langergraber G, Toscano A (2023). Performance of lagoon and

Ecotoxicology and Environmental

constructed wetland systems for tertiary wastewater treatment
and potential of reclaimed water in agricultural irrigation. Journal
of Environmental Management, 348: 119278

Matilainen A, Vepsalainen M, Sillanpaa M (2010). Natural organic
matter removal by coagulation during drinking water treatment: a
review. Advances in Colloid and Interface Science, 159(2):
189-197

McKnight D M, Boyer E W, Westerhoff P K, Doran P T, Kulbe T,
Andersen D T (2001). Spectrofluorometric characterization of
dissolved organic matter for indication of precursor organic
material and aromaticity. Limnology and Oceanography, 46(1):
38-48

Muni-Morgan A, Lusk M G, Heil C, Goeckner A H, Chen H,
McKenna A M, Holland P S (2023). Molecular characterization
of dissolved organic matter in urban stormwater pond and
municipal wastewater discharges transformed by the Florida red
tide dinoflagellate Karenia brevis. Total
Environment, 904: 166291

Nguyen H V M, Lee M H, Hur J, Schlautman M A (2013).
Variations in spectroscopic characteristics and disinfection

Science of the

byproduct formation potentials of dissolved organic matter for
two contrasting storm events. Journal of Hydrology, 481:
132-142

Paule-Mercado M A, Ventura J S, Memon S A, Jahng D, Kang J H,
Lee C H (2016). Monitoring and predicting the fecal indicator
bacteria concentrations from agricultural, mixed land use and
urban stormwater runoff. Science of the Total Environment, 550:
1171-1181

Qiu T, Shi W S, Chen J S, Li J F (2024). Haloketones: a class of
unregulated priority DBPs with high contribution to drinking
water cytotoxicity. Water Research, 259: 121866

14 https://journal.hep.com.cn/fese | https://link.springer.com/journal/11783


https://doi.org/10.1007/s11783-025-1969-8
https://doi.org/10.1007/s11783-025-1969-8
https://doi.org/10.1007/s11783-025-1969-8
https://doi.org/10.1007/s11783-025-1969-8
https://doi.org/10.1007/s11783-025-1969-8
https://doi.org/10.1007/s11783-025-1969-8
https://doi.org/10.1007/s11783-025-1969-8

Min Ding et al., Front. Environ. Sci. Eng. 2025, 19(4): 49

https://doi.org/10.1007/s11783-025-1969-8

Saifur S, Gardner C M (2021). Loading, transport, and treatment of
emerging chemical and biological contaminants of concern in
stormwater. Water Science and Technology, 83(12): 2863-2885

Shakhawat M K, Gelda R K, Moore K E, Mukundan R, Lanzarini-
Lopes M, McBeath S T, Guzman C D, Reckhow D (2024).
Impact of storm events on disinfection byproduct precursors in a
drinking water source in the Northeastern United States. Water
Research, 255: 121445

Shen H, Chen X, Zhang D, Chen H B (2016). Generation of soluble
microbial products by bio-activated carbon filter during drinking
water advanced treatment and its influence on spectral
characteristics. Science of the Total Environment, 569-570:
1289-1298

Shi Y F,Li SN, Wang L Y, LiJ C, Shen G C, Wu G, Xu K, Ren H
Q, Geng J J (2020). Characteristics of DOM in 14 AAO
processes of municipal wastewater treatment plants. Science of
the Total Environment, 742: 140654

Siddique M S, Xiong X J, Yang H K, Magbool T, Graham N, Yu W
Z (2022). Dynamic variations in DOM and DBPs formation
potential during surface water treatment by ozonation-
nanofiltration: using spectroscopic indices approach. Chemical
Engineering Journal, 427: 132010

Sidhu J P S, Hodgers L, Ahmed W, Chong M N, Toze S (2012).
Prevalence of human pathogens and indicators in stormwater
runoff in Brisbane, Australia. Water Research, 46(20):
6652-6660

Wang Y Q, Liu H H, Yang X H, Wang L J (2022). Aquatic toxicity
and aquatic ecological risk assessment of wastewater-derived
halogenated phenolic disinfection byproducts. Science of the
Total Environment, 809: 151089

Wickland K P, Neff J C, Aiken G R (2007). Dissolved organic

carbon in Alaskan boreal forest: sources, chemical
characteristics, and biodegradability. Ecosystems, 10(8):
1323-1340

Wijesiri B, Liu A, Goonetilleke A (2020). Impact of global warming
on urban stormwater quality: from the perspective of an
alternative water resource. Journal of Cleaner Production, 262:
121330

Yan H, Zhu D Z, Loewen M R, Zhang W, Zhao S, van Duin B, Chen
L, Mahmood K (2024). Effects of mixed land use on urban
stormwater quality under different rainfall event types. Science of
the Total Environment, 950: 175124

Yang H, Li Y, Liu H, Graham N J D, Wu X, Hou J, Liu M, Wang
W, Yu W (2024) The variation of DOM during long distance
water transport by the China South to North Water Diversion
Scheme and impact on drinking water treatment. Frontiers of
Environmental Science & Engineering, 18(5): 59

Ye Q H, Zhang Z T, Liu Y C, Wang Y H, Zhang S, He C, Shi Q,
Zeng H X, Wang J J (2019). Spectroscopic and molecular-level
characteristics of dissolved organic matter in a highly polluted
urban river in South China. ACS Earth & Space Chemistry, 3(9):
2033-2044

Yuan DH, An Y C, Wang J Z, Chu S X, Lim B S, Chen B, Xiong Y,
Kou Y Y, LiJ Q (2019). Dissolved organic matter characteristics

of urban stormwater runoff from different functional regions

during grassy swale treatment. Ecological Indicators, 107:
105667

Yuan K, Wan Q, Chai B, Lei X H, Kang A Q, Chen J H, Chen X,
Shi H W, He L X, Li M (2023). Characterizing the effects of
stormwater runoff on dissolved organic matter in an urban river
(Jiujiang, Jiangxi Province, China) using spectral analysis.
Environmental Science and Pollution Research International,
30(17): 50649-50660

Yuan Y, Li Q, Deng J, Ma X, Liao X, Liao X, Zou J, Li G, Chen G,
Dai H (2024). Rainwater extracting characteristics and its
potential impact on DBPs generation: a case study. Science of the
Total Environment, 906: 167282

ZhanY T, Hong N, Yang B, DuY, Wu Q Y, Liu A (2020). Toxicity
variability of urban road stormwater during storage processes in
Shenzhen, China: identification of primary toxicity contributors
and implications for reuse safety. Science of the Total
Environment, 745: 140964

Zhang B B, Xian Q M, Gong T T, Li Y, Li A M, Feng J F (2017).
DBPs
pyrimidines and purines bases. Chemical Engineering Journal,
307: 884-890

Zhang B L, Shan C, Hao Z N, Liu J F, Wu B, Pan B C (2019).
Transformation of dissolved organic matter during full-scale

formation and genotoxicity during chlorination of

treatment of integrated chemical wastewater: molecular
composition correlated with spectral indexes and acute toxicity.
Water Research, 157: 472-482

Zhang H, Xu Y, Liu X, Ma B, Huang T, Kosolapov D B, Liu H, Guo
H, Liu T, Ni T, Zhang X (2024). Different seasonal dynamics,
ecological drivers, and assembly mechanisms of algae in
southern and northern drinking water reservoirs. Science of the
Total Environment, 922: 171285

Zhang HF, Zheng Y C, Wang X C, Wang Y K, Dzakpasu M (2022).
Solar irradiation-induced photochemical processing of dissolved
organic matter in reclaimed water. Journal of Water Process
Engineering, 46: 102544

Zhang J, Gao X, Zhang P, Wang Y, Huang S, Lin G (2023a). Field
tests on Fiber-Reinforced Plastic (FRP) stormwater storage tank
under road pavements for “Sponge City” development. Case
Studies in Construction Materials, 18: €02097

Zhang M, Deng Y L, Liu C, Lu W Q, Zeng Q (2023b). Impacts of
disinfection byproduct exposures on male reproductive health:
current evidence, possible mechanisms and future needs.
Chemosphere, 331: 138808

Zheng L C, Song Z F, Meng P P, Fang Z Q (2016). Seasonal
characterization and identification of dissolved organic matter
(DOM) in the Pearl River, China. Environmental Science and
Pollution Research International, 23(8): 7462—7469

Zhu L, Wang T, Tang Q, Wang Q, Deng L, Hu J, Tan C, Singh R P
(2024). Impact factors and pathways of halonitromethanes
formation from aspartic acid during LED-UV,c/chlorine
disinfection. Frontiers of Environmental Science & Engineering,

18(1): 10

https://journal.hep.com.cn/fese | https://link.springer.com/journal/11783


https://doi.org/10.1007/s11783-025-1969-8
https://doi.org/10.1007/s11783-025-1969-8
https://doi.org/10.1007/s11783-025-1969-8
https://doi.org/10.1007/s11783-025-1969-8
https://doi.org/10.1007/s11783-025-1969-8
https://doi.org/10.1007/s11783-025-1969-8
https://doi.org/10.1007/s11783-025-1969-8

	1 Introduction
	2 Methods and materials
	2.1 Study sites
	2.2 Stormwater sampling
	2.3 Sample testing
	2.3.1 Basic water quality parameters
	2.3.2 Molecular weights distribution testing
	2.3.3 Hydrophobic/hydrophilic fraction testing
	2.3.4 3D excitation-emission matrix fluorescence testing


	3 Results and discussion
	3.1 Comparison of basic water quality
	3.2 Comparison of molecular weight distribution
	3.3 Comparison of hydrophilicity/hydrophobicity
	3.4 Comparison of DOM substance compositions
	3.5 Comparison with other water sources in China
	3.6 Implications for stormwater reuse, limitations and future research

	4 Conclusions
	Conflict of Interests
	Acknowledgements
	Electronic Supplementary Material
	References

