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Urban drainage system is an important channel for terrigenous microplastics (<5 mm in size) to migrate to urban
water bodies, especially the input load caused by overflow pollution in wet weather. Investigating how they
transport and discharge is essential to better understand the occurrence and variability of microplastics in
different water ecosystems. This study evaluated the abundance and distribution characteristics of microplastics
in the drainage systems of typical coastal cities in China. The impacts of meteorological conditions and land use
were explored. In particular, the prominent contribution of drainage sewer overflow pollution during storm
events were investigated. The results showed that the microplastics abundance in daily sewage discharge from
different drainage plots ranged between 13.6 and 30.8 items/L, with fibers as the dominant type of microplastics.
Sewer overflow discharge can greatly aggravate microplastic abundance to 83.1 + 40.2 items/L. Road runoff and
sewer sediment scouring were the main pollution sources. Systematic estimates based on detailed data showed
that the average microplastics emitted per capita per day in household wastewater was 3461.5 items. A quan-
titative estimation method was proposed to show that the annual emissions load of microplastics via urban
drainage system in this research area was 5.83x10'° items/km?, of which the proportion of emissions in wet
weather accounted for about 60%. This research provides the first full-process of assessment and source
apportionment of the microplastic distribution characteristics in old drainage system. The occurrence of storm
events is an important marker of increased microplastic abundance in urban rivers, with a view to urgent need
for interception of surface runoff and purification of sewer overflow pollution.

1. Introduction

Microplastics, a type of plastics generally accepted as measuring
smaller than 5 mm in size, are widely distributed in the water envi-
ronment (Rochman, 2018). Microplastics have posed a threat to most
parts of ecological system and even transport through the food chain
into human bodies (Ross et al., 2021; Wright and Kelly, 2017). Re-
searchers have found microplastic particles in human blood samples,
and deep in the lungs of living humans (Jenner et al., 2022; Leslie et al.,
2022). Annual global plastic production is estimated to reach 500
million tons in 2025 (Plastics Europe, 2019). 80% of marine micro-
plastics originate from terrestrial systems (Andrady, 2011; Yonkos et al.,
2014). Fluvial system are an essential pathway for land-based inputs
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(Huang et al., 2021; Niu et al., 2021; Xu et al., 2021). Due to the high
correlation with human activities, urban areas may be considered of an
integral source for microplastics emissions into rivers (Wagner et al.,
2019).

The major sources of microplastics in urban agglomerations include
sewage discharge, atmospheric deposition, and surface runoff. These
sources are all related to the collection and discharge of drainage sys-
tems, which are the important channels for pollution transfer between
land and water bodies (Browne et al., 2011; Eriksen et al., 2013; Mak
et al., 2020). In general, generated microplastics are transported via
sewers to the wastewater treatment plants (WWTPs). The removal rates
is influenced by a combination of service area characteristics and
treatment processes (Blair et al., 2019; Carr et al., 2016; Long et al.,
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2019). Although appreciable removal can be achieved depending on the
WWTP types, due to the continuous discharge of treated effluent, high
concentrations of microplastics are still detected in both the water col-
umn and sediment downstream of the WWTP (Conley et al., 2019;
Murphy et al., 2016). Also, rapid and dense urbanization has contributed
to increased abundance of microplastic in urban rivers (Esquinas et al.,
2020). The sources and pathways of microplastics are closely related to
land use and population density. Microplastics are generated from the
use of personal care products, washing, illegal waste dumping, etc.
(Choi et al., 2021; O Briain et al., 2020; Piehl et al., 2018). There is great
spatial heterogeneity in microplastic emissions due to differences in
production patterns (Jang et al., 2020; Su et al., 2020). However, most
previous studies revealed the influence of land use types through the
variation of microplastic abundance in water environment in different
regions (Dikareva and Simon, 2019; Wagner et al., 2019). While few
have reported the abundance of microplastics in directly generated
wastewater from drainage plots. Understanding microplastics produced
by different drainage plots is critical for identifying sources and man-
aging wastewater treatment facilities.

Another key source of impact to pollution discharge from urban
drainage systems is sewer overflow pollution during wet weather. High
pollution load caused by sewer overflow has been widely demonstrated,
such as COD, nutrients, heavy metals, persistent organic compounds,
etc. (Launay et al., 2016; Pilotti et al., 2021; Zhang et al., 2022). During
storms or intense rainfall, surface scouring causes microplastics to
transport into sewers with runoff and eventually discharge into rivers
(Lange et al., 2021; Liu et al., 2019a). The major sources include the
form of tire wear particles, road paint plastic waste, etc. Large amounts
of runoff cause the water volume to exceed the operational load in the
drainage sewers, resulting in overflow pollution. Direct input of un-
treated wastewater containing high microplastic abundance might
occur, which have been detected in overflow effluent in Paris, Italy, and
Shanghai (Chen et al., 2020; Di Nunno et al., 2021; Dris et al., 2015;
Treilles et al., 2020). In addition, the continuous transport of wastewater
in sewers during dry weather results in the settlement or adsorption of
large amounts of microplastic particles into the sediments (Sang et al.,
2021; Shahsavari et al., 2017). While the increased flow during storm or
intense rainfall continuously flushes the sediments at the bottom of the
sewers to the receiving water. Sewer sediments may be considered a
prominent source of overflow pollution.

Microplastic abundance in rivers and estuaries can surge several or
even tens of times following intense rainfall and storm events (Chen
et al., 2020). Given accelerated urbanization process and progressively
larger paved areas, the risk of microplastic generation and emission is
likely to rise (Dalu et al., 2021; Esquinas et al., 2020). Meanwhile, in
China, as well as other countries or regions, there are numerous prob-
lems with drainage systems, such as broken, blockages, and separation
of rainwater and sewage drains (Schilperoort et al., 2013; Ellis and
Butler, 2015; Tan et al., 2019; Xu et al., 2020, 2019). These exacerbate
the leakage or overflow of untreated wastewater and sediment trans-
mitted, which also meant that more land-based microplastics would
migrate into the nearby water bodies. There is consensus that the most
effective way to reduce microplastics is to control the sources and
migration pathways (Woodward et al., 2021). However, this micro-
plastic migration pathway has not attracted enough attention.

The aim of this study was to determine the migration and emission of
microplastics in urban drainage systems during normal and storm flows.
The urbanized catchments of typical coastal cities in southern China are
selected. Representative microplastic samples were collected from sur-
face runoff, overflow effluent, sewer sediment, and receiving river
during multiple rainfall events. The objectives of this study were to (1)
determine the microplastics abundance in the daily sewage discharge
from drainage plots of different land use types; (2) evaluate the micro-
plastics abundance of sewer overflows, and investigate the migration
characteristics of microplastic in receiving river after storm events; (3)
propose a quantitative evaluation method for microplastics emission
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load in normal and wet weather. Understanding the sources of micro-
plastics in these catchments is crucial for deciding priorities for man-
agement interventions and reducing inputs load to waterways.

2. Materials and methods
2.1. Study areas

We selected the drainage system of the built-up area of Nanning to
determine the characteristics of microplastic distribution in a typical
coastal city (Fig. 1). Nanning located in Southern China, a typical sub-
tropical region with annual average rainfall of about 1300 mm. In
normal weather, samples were collected from the influent and effluent
of three WWTPs. The collection area of the WWTPs was mainly domi-
nated by the separated drainage system (more than 80% of the area),
which mainly collected domestic wastewater (more than 90%) and a
small amount of industrial wastewater. Five pumping stations within the
service area of the largest WWTP were selected to collect wastewater
samples (two wastewater pumping stations and three stormwater
pumping stations). Specific information on WWTPs and pumping sta-
tions is provided in Table S1. Meanwhile, wastewater samples were
collected from 17 different functional area drainage plots (including 4
residential areas, 4 industrial areas, 4 commercial areas, 3 administra-
tive areas and 2 urban villages, Table S2 for details). All samples were
collected in the summer of 2021 and on dry days (at least three days
after rain).

During wet weather, a separated drainage catchment A was selected
for the collection of surface runoff, overflow discharge, and sediments at
the bottom of sewers. The catchment A was in the service area of the
same WWTP collected in dry weather. Catchment A covered an area of
about 14.6 ha and was predominantly residential, with a population
density of 335 p/ha. The sewer overflow from catchment A is discharged
into an urban river that eventually flows into Yongjiang River. In order
to ensure that the untreated wastewater was not directly discharged into
the river in dry weather, intercepted sewers were set up along the river
to transport the misconnected wastewater to the WWTP. When it rains, a
large amount of runoff is mixed in, exceeding the load of the intercepted
sewer, thus causing overflow discharge. Water and sediment samples
were collected simultaneously from four river cross-sections during and
after rainfall. Rainfall information was provided in the Table S3.

2.2. Sample collection

Before sampling, all sampling tools were rinsed with ultrapure water.
Water samples were collected using 10 L stainless-steel bucket. WWTPs
samples were collected at the collection wells and effluent outlets.
Pumping station samples were collected at the collection pond. Drainage
plots were collected in the manholes before connected to the municipal
sewer network. All samples were collected 15-20 min and volume of 5 L.
On rainy days, samples from runoff and overflow were collected every
30 min of the first hour, and every hour thereafter until runoff and
overflow ended. River samples were collected three times simulta-
neously, taking 10 L of mixed water samples at 30 cm below the water
surface. After collection, the water samples were passed through a 30 um
stainless-steel meshes repeatedly rinsed 3-5 times, and all residual
material on the meshes was transferred to a clean glass bottle using
ultrapure water. Sewer sediment samples were collected using a
stainless-steel grabber prior to rainfall and approximately 1 kg was
collected into a glass container. We collected water samples simulta-
neously to perform the other chemical analysis. Upon completing the
sample collection, all the samples were kept in 500 mL polyethylene
bottles, immediately transported to the laboratory, refrigerated at 4°C,
and analyzed within 12 h.
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Fig. 1. Water and sediment sampling sites in the studied urban drainage system during dry and wet weather.

2.3. Microplastic identification

Water samples were pretreated to digest using 60 ml of HoO; to
remove organic matters and the digestion process was carried out in a
thermostat with a stable temperature of 60 °C for 24 h reaction. After
digestion, the solution was filtered through a 5-pm polycarbonate filter
membrane with a vacuum pump, and the membranes were stored in
covered glass dishes and dried in an oven at 40 °C. Sediment samples
were sieved (5 mm mesh) and freeze dried for 3 d to a constant weight.
20 g of samples were weighed and then separated using a saturated
ZnCl, solution (1.6 g/cms) for 8 h, repeated 3~4 times. The obtained
sediment supernatant was then passed through a 30 pm stainless-steel
mesh. The subsequent operation was the same as the above water
sample treatment process.

The obtained microplastic samples were observed using a stereomi-
croscope (PXS6555T-J3, Shanghai Cewei Photoelectric Technology Co.,
Ltd.) and TCapture software, including the quantitative and morpho-
logical analysis. The shape can be classified as fiber, particle, fragment,
film, etc. The size is divided into five categories, 0.03-0.1 mm, 0.1-0.5
mm, 0.5-1 mm, 1-3 mm, 3-5 mm. After quantitative analysis, 5-10% of
typical microplastics samples in each sampling site are selected for
micro infrared spectroscopy (Nicolet iN 10, Thermo Scientific). The
polymer type of the samples was determined by matching the measured
spectra with the standard spectral database at least 80% (OMNIC spec-
tral library) In this research, approximately 43.4% of the suspected
plastic items in daily wastewater samples, 38.5% in the surface runoff
samples, 55.6% in the overflow samples, 59.1% in the sediment samples,
and 58.3% in the receiving river samples were verified as microplastics.
Typical microplastic morphology and spectra were described in the
Figs. S1 and S2.

To minimize potential plastic use and dust contamination during the
experiment, quality control measures were taken with reference to
previous studies (Su et al., 2020). All contaminated plastics in the
experimental blank samples were fibers with an average concentration
of about 6.5 items/L, subtracting the background values from the
results.

2.4. Physicochemical analysis

Rainfall characteristics were recorded by a tilting bucket rainfall
sensor. The flow rate of wastewater in sewers was monitored by doppler
ultrasonic flowmeters (DX-LSX-2). Temperature, DO, conductivity and
pH were monitored by portable YSI detector in the field. Turbidity was

detected by turbidity meter (HJ041-3, Shanghai Xinrui Instrument Co.,
Ltd.). Indicators of COD, ammonia nitrogen (NH3—N), total nitrogen
(TN), and SS in water samples were analyzed. The detection methods
were all based on China’s national standard guidelines. Particle volume
concentration was analyzed using the LISST-200X, a field-portable laser
particle size analyzer. To ensure precision and accuracy, three identical
water samples were collected during each sampling.

2.5. Estimation of microplastics emission via urban drainage systems

Based on the existing research (Bollmann et al., 2019; Wang et al.,
2021), a quantitative evaluation method was proposed considering per
capita discharge, wastewater treatment rates, sewer system layout, and
local precipitation. Randomly selected residential plots and overflow
discharge data were analyzed directly to estimate microplastic emission
during normal and storm weather from urban drainage catchments.
Quantification of microplastics discharge into the aquatic environment
from a particular separated drainage system were calculated by the
following equations. The detailed description was presented in Table S4.

(1) Microplastics discharged during normal weather (Wyp) can be
termed as direct discharge of untreated wastewater (Wyy) and effluent
discharge of wastewater treatment plant (Wyg).

Wap = Wyw + Wi 1)
Wow = (F% P = Vyr * Cyr) % (1 = %rvr—y) 2
F = (Ve * Cyw x @) /P ©)
Wwe = Vwr * Cwy % (1 — Rwwrp) C)]

Where F is per capita microplastic discharge (items/p-d), P is the pop-
ulation of the survey area, Vi is the treatment capacity of WWTP (m3/
d), Cyy is the microplastic abundance of influent in WWTP (items/L),
%nr_n is the proportion of terminal interception volume in normal
weather, Vi is per capita daily domestic water usage m3/d), Cyw is
the microplastic abundance of daily wastewater (items/L), ¢ is the
pollution production coefficient (Usually 0.8-0.9, 0.85 for this study
area), Rywrp is the microplastic removal rates in WWTP (%).

(2) Microplastics discharged during wet weather (Wyp) can be
termed as direct discharge of stormwater runoff (Wgg) and sewer over-
flow (Wso).

Wywp = Wsg + Wso )
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Where Vg is the volume of stormwater runoff collected into the sewers
(m3), VR is the rainfall (mm), A is the area of research catchment (ha),
is the runoff coefficient of each surface (0.7 for this study), %sc is the
proportion of produced stormwater runoff collected into the sewers, %gs
is the proportion of sewer system separation, EMC is the event mean
concentration of stormwater runoff and sewer overflow (items/L), Vyw
is the volume of misconnected or confluent wastewater into the storm-
water sewer (rng), %nr—w is the proportion of terminal interception
volume in wet weather, C, is the microplastic abundance at time t
(items/L); Q; is the discharge flow rate at time t (rn3); n is the sampling
number of a single overflow event; At is the interval time between two
samples (min).

The treatment capacity, influent abundance, and removal rates of the
WWTPs used in this research were all average values. Studied WWTP is
the largest in Nanning City, and its treatment capacity for about 50% of
the total wastewater volume (diurnal treatment capacity is 0.7 million
m?, official data in 2021). Its removal rates (AAO process) can typically
represent the general level here. Per capita emissions were measured
based on the actual flow and abundance of household drainage sewers.
The event mean concentration of stormwater runoff and sewer overflow
was the average of multiple sampling. Annual rainfall used official data
for 2021.
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2.6. Data analysis

Quantitative expression of the similarities and differences of micro-
plastic discharge using multiple statistical analysis methods. Principal
component analysis (PCA) was used to determine the correlation
structure between microplastics and other water quality indicators.
Regression analysis and Pearson correlation analysis were used to
elucidate the correlation between microplastic and physicochemical
indicators related to particulate matter. All statistical and data analyses
were carried out with the help of the Origin 2018 and IBM SPSS 23.0.

3. Results

3.1. Microplastics abundance in wastewater generation — transport —
treatment processes

Fig. 2arevealed the microplastics abundance collected from different
drainage plots and pumping stations (1, 2 and 3 are stormwater
pumping stations, 4 and 5 are wastewater pumping stations). Micro-
plastics in wastewater discharged from drainage plots generally showed
urban villages (30.8 + 1.3 items/L) > residential areas (28.4 + 4.0
items/L) > administrative areas (25.5 &+ 4.9 items/L) > industrial areas
(19.1 £ 6.5 items/L) > commercial areas (13.6 + 4.5 items/L). Fibers
were the dominant microplastic shape, accounting for more than 70%.
The microplastics abundance in wastewater pumping stations was larger
than the stormwater pumping stations, with concentrations of 32.3 +
5.1 items/L and 20.7 + 6.2 items/L, respectively. Particles and films
accounted for a larger proportion in the stormwater pumping stations
than in the wastewater pumping stations. Fig. 2b showed the mean value
of microplastic abundance in WWTP influent was 42.3 + 9.2 items/L
and the effluent was 15.8 & 5.1 items/L. The removal rates of WWTPs
were about 53.6~70.8%. Fibers were the main type of microplastics in

Size: From outer to inner-circle:
R ial, Industrial, C

Size (mm): [ 0.03-0.1 [ 0.1-0.5 [J0.5-1 []1-3 -3

Fig. 2. Microplastics concentration and shape in daily wastewater from (a) drainage plots of different land use types and pumping stations of different drainage
systems, (b) influent and effluent of the WWTPs. (c) Size and polymer types of microplastics in drainage plots, pumping stations and WWTPs, respectively.
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the influent (26.1-40.2 items/L) and effluent (10.2-16.8 items/L).

Fig. 2c revealed that microplastics in daily wastewater were mainly
0.03-1 mm in size, accounting for more than 85% of the total. There was
no significant difference in the size distribution of microplastics from
different drainage plots. The average proportion of less than 0.5 mm was
about 62.0%. Polyethylene terephthalate (PET) and Polyethylene (PE)
were the main types, accounting for more than 65%, followed by
Polyamide (PA) and Polystyrene (PS). The types of microplastics in
wastewater transport process have slight differences, mainly because
microplastics in wastewater were mainly affected by human activities,
and there were time-varying characteristics.

3.2. Microplastics discharged from drainage sewer overflow

The sources of urban drainage sewer overflow pollution in wet
weather mainly included rainfall runoff, combined or misconnected
wastewater and sewer sediments (Gasperi et al., 2010; Li et al., 2022).
The microplastic abundance in runoff and sewer overflow from different
storm events were presented in Fig. 3a. Microplastic abundance in
overflow (83.1 + 40.2 items/L) was significantly higher than that in
runoff (34.2 + 33.5 items/L). The highest concentration was found in
road runoff (49.1 + 21.4 items/L), followed by sidewalk (26.9 + 14.7
items/L) and roof (24.9 £+ 12.1 items/L). The runoff samples were much
higher than stormwater (8.8 + 2.9 items/L). Microplastic abundance in
overflow pollution differed under different rainfall conditions. The
highest average overflow effluent concentration of 71.1 to 122.2
items/L on July 21 and the lowest average overflow effluent

(a) Microplastics in rainfall runoff and overflow events
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concentration of 59.0 to 82.3 items/L on September 14. The concen-
trations of single overflow event showed a trend of high in the early
stage and low in the late stage (Fig. S3). The overall microplastic
abundance in the sewer sediment of the stormwater sewers showed that
the residential area (6982.5 + 3049.5 items/kg) > administrative area
(4161.0 + 711.0 items/kg) > commercial area (3705.0 + 285.0
items/kg) > industrial area (2964.0 + 1824.0 items/kg) (Fig. 3b).

The shapes, sizes, and polymer of microplastics in sewer overflow
during wet weather shown in Fig. 3c. Fibers were the most dominant
type, accounting for 56.1% in runoff, 85.7% in misconnected waste-
water, and 72.6% in sewer sediment, respectively, and a total of 69.2%
in the overflow effluent. Particles accounted for a higher proportion in
runoff and sewer sediment, 22.6% and 18.7%, respectively, and a total
of 17.6% of the overflow effluent. In comparison, the size of micro-
plastics in runoff and daily wastewater was small, with the particle size
(0.03-0.5 mm) accounted for 76.8% and 69.5%, respectively. It is
noteworthy that the distribution of large size microplastics (>1 mm) in
sewer sediments was significantly higher than that of runoff and daily
wastewater, which was about 21.2%. PET (38.5%), followed by PE
(21.5%) and PS (18.4%) were the most abundant, and other polymers
were Polyvinyl chloride (PVC), Polypropylene (PP) and Cellophane.

3.3. Microplastics pollution in the receiving urban river after sewer
overflow

The variation process of microplastics abundance in an urban river
during and after the sewer overflow pollution was observed. The

(b) Microplastics in sewer sediment
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Fig. 3. Abundance of microplastic emissions from urban drainage system overflow pollution during wet weather and microplastic characteristics in rainfall runoff,

daily wastewater, and sewer sediment.
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samples were collected when the overflow occurred, and 10 h, 24 h, 72 h
after. From Fig. 4, the highest microplastics abundance in receiving river
occurred during the overflow, which was much higher than the average
abundance in runoff and daily wastewater. Then gradually decreased,
with the peak abundance lasting about 10-24 h. And it returned to
normal level after 2-3 days. The microplastics abundance in the up-
stream river was larger than downstream. Section 1 and Section 2 were
46.4~68.44 items/L and 33.6-77.7 items/L at the time of overflow,
which may relate to the reason that the overflow outlets were mostly
located upstream.
Consistent with the sewer overflow characteristics, microplastics
abundance in the river was generally higher on July 21 (61.5 items/L),
and the lowest was on August 15 (40.8 items/L). The morphological
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characteristics of microplastics in the river were mainly fibers (31.6%
~91.7%) and particles (4.6%~35.3%), with lower content of films and
fragments. In addition, sediment samples from each river cross-section
were synchronously collected. Overall, microplastics abundance in the
sediment was higher in Section 1 (6270.0 + 1779.5 items/kg) and
Section 4 (6384.0 £+ 1595.9 items/kg) than in Section 2 (4845.0 + 403.1
items/kg) and Section 3 (4190.0 + 809.2 items/kg). The reason might
be mainly due to the installation of rubber dams at the sampling Sec-
tions 1 and 4, which intercepted the particles. The rain-sourced urban
rivers have slow velocity (about 0.13-0.26 m/s) in dry weather.
Microplastics would be deposited in the riverbed by the movement of
aggregation and sedimentation, which makes microplastics accumulate
in the sediment (Alimi et al., 2018). Consistent with the surface water,
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Fig. 4. The variation process of microplastics concentration in an urban river during and after the overflow discharge (when overflow occurred, after 10 h, 24 h and
3 days) via three rainfall events. Microplastics characteristics in the river sediments of the monitoring sections were shown in the lower left corner, all sampled three
days after the rainfall.
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the morphological distribution generally showed fiber (71.9%) > par-
ticle (15.0%) > film (8.4%) > fragments (4.7%).

3.4. Correlation analysis of microplastics and water quality

PAC was used to determine the correlation between the microplastics
and conventional water quality indexes (COD, NHs-N, TN, TSS, turbidity
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and particle volume concentration) in wastewater, runoff/overflow, and
surface water. The results showed that two principal components (PC1:
49.5%; PC2: 26.2%) comprised the majority variance. Fig. 5a, Tables S5
and S6 demonstrated that the variables of wastewater, runoff/overflow
and surface water formed more distinct independent clusters. Waste-
water had a more distinct positive correlation with PC1, while runoff/
overflow had a more distinct positive correlation with PC2. In terms of
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Fig. 5. Statistical analyses of microplastics and conventional water quality indexes discharged via urban drainage system. (a) Principal Component Analysis of the

pollution characteristics in the wastewater, runoff/overflow, and surface water. (b)

Correlation between microplastic abundance and COD and TN. (c) Correlation

between microplastic abundance and the TSS, turbidity, and particle volume concentration.
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different indicators, positive PC1 correlated with COD, TN, and NH3-N,
whereas positive PC2 correlated with microplastics concentration and
particle volume concentration (due to the instrument range, the particle
volume concentration was below 0.495 mm).

Fig. 5b further revealed the variation of microplastics with COD and
TN in wastewater, runoff/overflow, and surface water. There was no
consistent trend of increasing microplastic abundance with increasing
concentrations of conventional indicators. The variation trend of COD
and TN in wastewater was synchronized. However, the microplastics did
not change with the variation of COD and TN. The microplastics abun-
dance in runoff and overflow was significantly higher than that in
wastewater and surface water. And the microplastics abundance in
surface water after storms was mostly even higher than the untreated
wastewater, despite the low concentrations of COD and TN.

From Fig. 5c, there are significant differences between microplastic
abundance in wastewater, runoff/overflow, and surface water in rela-
tion to these variable indicators. For wastewater, there was no signifi-
cant correlation between microplastics and TSS, turbidity and particle
volume concentration. The correlation between microplastic abundance
and particle volume concentration was more significant in both runoff/
overflow and surface water. Compared with microplastics, particle
volume concentration was easier to obtain. By monitoring particle vol-
ume concentrations, the following formula were derived for predicting
microplastic abundance in runoff and overflow under different rainfall
events (Fig. S4).

y = 0.086x + 26.622 R* = 0.7321(p < 0.01) (6)

Where y is the microplastic abundance (items/L), x is the particle vol-
ume concentration (below 0.495 mm, pL/L). The formula was applicable
to the rainfall depth of 2.4~21.0 mm/d or the rainfall intensity of
0.041~0.331 mm/min. And might be more suitable for the calculation
of overflow load discharge from the sewer with sediment deposition,
especially in the urban built-up areas.

4. Discussion

4.1. Distribution characteristics of microplastics in the generation-
transport-treatment process of urban wastewater system

Residential activities, industrial production, and agriculture were all
important output sources of terrigenous microplastic (Su et al., 2020).
High microplastic emissions were concentrated in many industrial and
commercial areas (Chen et al., 2020; Jang et al., 2020). In the West River
downstream, in the south of China, the microplastics abundance was
observed in commercial/public/recreational > residential > industrial
> natural areas (Huang et al., 2021). Microplastics (5.85 + 3.28
items/L) had even been found in rivers in slum areas (Alam et al., 2019).
In addition, there were also studies revealing higher microplastics con-
centrations in waste from agricultural land, such as the Ofanto river in
southeast Italy (Campanale et al., 2020), Swiss Seeland (Bigalke et al.,
2022), a farmland in southeast Germany (Piehl et al., 2018), and coastal
areas in Xiamen, China (Tang et al., 2018). This study provided direct
evidence for the microplastic abundance in effluent discharging from
drainage plots of different land use types. Microplastic abundance were
found to be higher in direct discharges from residential areas (28.4 + 4.0
items/L) and urban villages (30.8 + 1.3 items/L) than other plots. And
some temporal variability was found for residential wastewater, with
higher microplastic discharge concentrations at 10 pm than at 6 pm and
1 pm (Table S7). Previous studies had similarly reported obvious vari-
ability in microplastic abundance between different times of the day
(Blair et al., 2019; Cao et al., 2020). Fiber was the most predominant
form in all land use types especially residential area. With polyester
production dominated by synthetic fibers, the polymer was mainly PET
and PE, similar to other studies (Baldwin et al., 2016; Dris et al., 2015;
Ross et al., 2021). Fibers mainly originated from textile clothing, care
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products, cosmetics, etc. Higher microplastic abundance in the evening
also provided direct evidence that laundry and washing processes were
the main source of household fibers (Choi et al., 2021; Hernandez et al.,
2017; Zhang et al., 2019).

The microplastics characteristics (composition, shape and size, etc.),
physicochemical properties of the water column (pH, salinity, ionic
species and strength, etc.), sediment properties (particle size distribu-
tion, composition and organic matter content, etc.), disturbance time
and intensity are all the key influencing factors on the migration of
microplastics in the water column (Kooi et al., 2017; Jin et al., 2018;
Wagner et al., 2019; Gao et al., 2023). Because of the significant dif-
ferences in shape, size, and density of microplastics, microplastics
differed significantly from particulate matter in its behavior
(Waldschlager and Schiittrumpf, 2019; Cowger et al., 2021). In general,
the surface area of a microplastic particle and its texture were practically
important parameters, since they might affect the time of fouling up
(Chubarenko et al., 2016). The fibers appeared to have the largest sur-
face area for the given mass, immediately followed by films (Zhang and
Choi, 2022). The settling velocity of fibers and films in still water is
generally lower than that of particles and debris (Khatmullina and Isa-
chenko, 2017; Wang et al., 2021). Meanwhile, daily wastewater was
mainly fibers, which should sink due to bio-fouling by the bio-films
attached to the sewer walls (Chubarenko et al., 2016). In this study,
the direct discharge wastewater from the drainage plots was mainly PET
(1.38 g/cm®), PE (0.92-0.97 g/cm®), and PS (0.96- 1.05 g/cm>). Except
for PET, the densities of the other two polymers were smaller or
approximate to that of daily wastewater (0.9988-1.0041 g/cm®) (Zhang
et al., 2019). However, when the velocity in the sewers increased, the
shear stress exceeded the critical value. Microplastics might re-suspend
into the wastewater, similar to the composite effect of sediment and
epiphytes at the riverbed (Hurley et al., 2018). As a corollary, in addi-
tion to being directly influenced by land use types, microplastic abun-
dance in sewage sewers might have physical sedimentation, biosorption,
and erosion characteristics as conventional organic matters and nutri-
ents (Shi et al., 2018). While few studies have yet revealed the physical
and dynamical properties of microplastics in sewage sewers.

Compared with previous studies of WWTPs in different countries, the
microplastic abundance measured in the influent and effluent herein
was at a moderate level (Table 1). The removal rates of WWTPs
(53.6~70.8%) in this study was much lower than the above studies
(basically above 85%). Previous studies have shown that the removal of
microplastics closely related to the treatment process, physicochemical
properties of microplastics, etc. The removal rates varied widely among
different WWTPs (Carr et al., 2016; Long et al., 2019). The microplastic
removal rates of tertiary treatment in the three wastewater plants in this
study was higher than that of secondary treatment (Schernewski et al.,
2021; Talvitie et al., 2017). The treated effluent in this study consisted
mainly of fibers, in agreement with previous studies (Gies et al., 2018).
Capturing all polyester fibers in WWTPs was a major technical challenge
requiring urgent attention (Hurley et al., 2018; Ziajahromi et al., 2021),
especially in densely populated older urban areas just like the present
study area. In addition, it had been claimed that as the operating load of
the WWTP increased, the microplastic abundance subsequently
increased while the removal rates decreased significantly (Long et al.,
2019). Combined drainage systems remained in some regions and
stormwater and wastewater misconnection was difficult to avoid. The
operational control of WWTPs during the wet weather needed sufficient
attention.

4.2. Contribution of sewer overflow to microplastics pollution in urban
receiving rivers

Overflow pollution is an important factor that exacerbated micro-
plastic load in the aquatic environment under high flow rates and
dispersed inputs (Li et al., 2015)(Hitchcock, 2020). In this study,
microplastic discharge characteristics from sewer outlets in urban
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Table 1
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Overview of previous studies of microplastic abundance from WWTP in different countries for comparison to this study.

Country Mesh sizes Major polymer Average concentration of MPs (items/L) Proportion of Removalrates  Refs.
(mm) types Influent Effluent fibers
USA >0.043 / 136.73+£48.8 13.65+8.80 >60% 85.2%—97.6% Conley et al. (2019)
Finland >0.250 PET 57.6 +12.4 0.4 +0.1 62.0% 99.4% Lares et al. (2018)
Australia >0.025 PET/PE/PP 92.0 0.18 83.7% 99.8% Ziajahromi et al. (2021)
Canada >0.001 PET/PS 31.1+6.7 0.5+ 0.2 60.0% 98.3% Gies et al. (2018)
Ttaly >0.063 PET/PA 2.5+ 0.3 0.4+ 0.1 / 84.0% Magni et al. (2019)
Spain >0.025 PET/PE/PP / 10.7 £ 5.2 28.0% 93.7% Edo et al. (2020)
Morocco >0.063 PE/PP/PS 188.0 50.0 70.0% 73.4% Hajji et al. (2023)
Thailand >0.050 PET/PE/PP 77+7.21 10.67+3.51 >60% 86.1% Tadsuwan and Babel
(2022)
Korea >0.100 PP/PE/PET 10-470 0.004-0.51 31.8% 98.7%— Park et al. (2020)
99.99%
China >0.025 PP/PE/PET 0.70-8.72 0.07-0.78 86.5% 89.2%—-93.6% Zhang et al. (2021)
China >0.095 PET/PU/PE 65.0 + 4.3-105.0 + 3.0 + 1.6-6.0 + 76.7%-90.0% 83.7%- 96.3% Jiang et al. (2022)
5.3 2.8
China >0.125 Cellulose/PET/PP 117.0 52.0 74.4% 55.6% Bai et al. (2018)
Thisstudy  >0.030 PET/PE/PS 42.3+9.2 158 £ 5.1 >75% 53.6%—-70.8%

catchments were investigated for the first time. The results showed that
the highest peak abundance being about 10 times higher than that in
treated effluent from WWTP. The microplastic abundance from overflow
outlets obtained in this study (83.1 + 40.2 items/L) were significantly
higher than those of stormwater sewers in Hong Kong (1.4 to 6.8
items/L) (Mak et al., 2020) and in Wuhan 2.75 + 0.76 to 19.04 + 2.96
items/L (Sang et al., 2021). The main reason might be the presence of
misconnected wastewater in the drainage area of this study. However,
the results of the study were lower than that in the combined system
overflow in Shanghai (130430 to 8500+1241 items\/L) (Chen et al.,
2020) and Paris (190-1046 fibers/L) (Dris et al., 2015). The possible
reason might be attributed to a combination of urbanization, population
density, or sampling and analytical methods. The high percentage of
polymer that appeared were PET, PE and PS, and toxic plastics further
harmed the ecology of the receiving urban water bodies.

The first flush effect was an important indicator to characterize the
pollution process of overflow pollution (Peng et al., 2016; Peter et al.,
2020). In this study, microplastic abundance in a single overflow event
also showed first flush effect (Supplementary Material), and was similar
to COD and TSS. In the early stage of rainfall, the scouring effect of
surface runoff and wastewater in sewers carried the microplastic parti-
cles accumulated in dry weather to the receiving water bodies. However,
the dilution effect of rainwater increased in the later stage of rainfall,
resulting in a decrease of microplastics concentration. The overflow
effluent in this study was dominated by fibers, which tend to settle on
the surface (Sutton et al., 2016). Also, they could be resuspended and
discharged during heavy rainfall (Chen et al., 2020). Numerous studies
had revealed the significant effects of rainfall, intensity, and antecedent
dry period on the concentration of pollutants such as organic matter,
nutrients, and heavy metals in the overflow (Yu et al., 2022; Zhang et al.,
2018). The significant differences in microplastic abundance among the
four overflow events revealed that the response of microplastic abun-
dance to rainfall conditions was basically consistent with other pollut-
ants. The results suggested that prolonged antecedent dry period would
cause pollutants on the surface and sediment in the sewer to accumulate,
increasing the concentration of effluent when rainfall started (Barone
et al., 2019). While the rainfall depth and intensity increased, the
dilution effect became more noticeable. In addition, heavy rainfall
would increase the scouring on the surface, increasing the microplastics
concentration of runoff, and enhance the erosion of sediment in the
sewer (Semadeni-Davies et al., 2008; Sandoval et al., 2013).

In this study, for the first time, simultaneous sampling of surface
runoff, misconnected wastewater in stormwater sewer, sewer sediment
and final overflow discharge in a specific catchment area. The highest
microplastic abundance were found in road runoff, which was consistent
with previous study (Chen et al., 2022b). Granular and film plastics

found in road runoff were different with wastewater in this study, which
might be tire and road wear particles, vehicle wear, etc. (Yukioka et al.,
2020). Fibers were still the dominant microplastic form in surface
runoff, which might originate from synthetic clothing, plastic waste,
paper towels, packaging materials, etc. The higher proportion of PET, PE
and PS confirmed this speculation (Talbot et al., 2022; Wang et al.,
2019; Yan et al., 2019). Studies have also revealed that cigarette butts
composed of cellulose were one of the most common microplastics in the
environment (Shen et al., 2021). The large number of masks were also
used during the COVID-19 (Dissanayake et al., 2021). Meanwhile, at-
mospheric deposition was also an important source of microplastics. The
microplastic abundance in the rainwater background monitored in this
study was 8.8 & 2.9 items/L, mainly fibers (Liu et al., 2019b). Through
previous studies and the results of our research group’s existing studies,
sewer sediments had been proved to be a key source of overflow pol-
lutants, such as COD, nutrients, and heavy metals (Gasperi et al., 2010;
Li et al., 2022).

Storm and flood events were the primary periods when microplastic
entered water bodies (Hitchcock, 2020). Microplastic abundance
increased seven times after rainfall along the California coast of the
United States (Moore et al., 2011). And microplastic load in the Clack-
amas River and the Johnson Creek in Poland was significantly higher in
August than in February (Talbot et al., 2022). The same results also
occurred in the Brisbane River, Australia (He et al., 2020), Nakdong
River, Korea (Fo et al., 2019), Baltic Sea (Schernewski et al., 2021), and
in northwest England (Hurley et al., 2018). In this study, the overflow
effluent and the dense distribution of outlets directly influenced
microplastic abundance in the water column. High microplastic abun-
dance lasted for nearly 1 day after the storm. Low-density microplastics
(PE and PP) were more likely to float on the water surface or be sus-
pended in the water column (Kooi et al.,, 2017). The tendency of
microplastics to accumulate in the sediment also because urban rivers
were mostly rich in humic substances and microbial communities (Eo
et al., 2019) Meanwhile, rubber dams or interception measures in urban
streams might exacerbate microplastic abundance in the substrate.
During the wet weather, increased river flows could cause microplastics
deposited in river substrates to resuspend in the water column, trans-
forming temporarily from a microplastic sink to a source of pollution
(Woodward et al., 2021). In this study, microbeads or regular particles
were only considered. Also, particles below 0.03 mm were not consid-
ered due to the limitations of the detection method. The amount of
microplastics reported in this study might be underestimated. Therefore,
rainfall and storm occurrence were critical periods for riverine input of
microplastics to the ocean, which were possibly more harmful than
direct discharges from WWTP or other point sources pollution.
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4.3. Microplastics emission in the urban drainage systems: characteristic
pollutants and total amount control

Many urban drainage systems currently suffer from breakage,
blockage, and misconnection due to a variety of factors such as un-
qualified construction and improper maintenance and management
(Sun, 2020; Xing et al., 2020). In areas where the sewer invert lies below
the ground water table, sewer infiltration commonly occurs through
sewer cracks and joints, increased hydraulic loading and reduced
wastewater treatment efficiency. Marker species approach was a
commonly method to account for the infiltration in the sewer, which
mainly utilized the difference in concentration of characteristic factors
and was more appropriate to use conservative substances (Zhao et al.,
2020). Some studies claimed that microplastics had also been detected
in groundwater (0-7 X 1072 items/L) (Mintenig et al., 2019), but at
much lower concentrations than in daily wastewater (13.6-30.8
items/L). Similarly, microplastic characteristics in surface runoff also
differ significantly from those of daily wastewater, especially charac-
teristic plastics such as rubber particles from tire wear and road coat-
ings. Subsequent studies could explore the operability of microplastics
as a marker specie for groundwater infiltration or rainwater inflow in
sewage Ssewers.

The total annual discharge load of microplastics have been directly
accounted in different regions using the effluent from WWTPs or the
discharge from pumping stations (Bollmann et al., 2019; Chen et al.,
2022a). Qi et al. (2022) stated that the average microplastic discharge
load in personal care and cosmetics was 2.18 million particles per capita
per year. Kole et al. (2017) estimated per capita emission ranged from
0.23 to 4.7 kg/year, with a global average of 0.81 kg/year from wear
and tear tyres. However, there was a lack of microplastic production
coefficient that correspond to the actual level of social development in
each region. This study aimed to account for the first time the per capita
generation equivalents of microplastics in drainage plots, combined
with population and actual water usage. The results showed that the
average microplastics per day emitted per capita in household waste-
water was 3461.5 items. The per capita production coefficient closely
related to the level of urbanization and water consumption habits of the
region. It was an important basic index for statistical calculation and
evaluation of the effectiveness of the wastewater treatment industry.

The average microplastic discharge from the four overflow events in
catchment A monitored in this study was about 1.85x107 items. Based
on the per capita production coefficient and the removal rates of the
WWTP (70.8%), the microplastic emissions in the catchment A was
about 4.40x10° items/day. Microplastic emissions from the single
overflow event in wet weather was about 4-5 times higher than treated
effluent discharge in dry weather. A quantitative estimation method was
proposed to show that the annual emissions load of microplastics via
urban drainage system in this research area was 5.83x10'° items/km?,
of which the proportion of emissions in wet weather accounted for about
60%. This study confirmed the non-negligible microplastic emissions
during rainfall or storm events. At present, similar with other particulate
pollutants, the increase of rainfall and intensity would intensify the
microplastics emissions. However, there was a lack of research on the
microplastic discharge load under different rainfall conditions, which
also made the operational design of interception and precipitation fa-
cilities more difficult.

Turbulent flow in the sewers might exacerbate the secondary
movement of microplastic fibers (Choi et al., 2022). The scientific
definition of microplastic morphology in wastewater might provide a
basis for reasonable prediction of resistance models (Zhang and Choi,
2022). In addition, a range of other anthropogenic stressors in the
sewers interact with microplastics, such as sediments, nutrients, path-
ogens, and anoxic or anaerobic environment, which might pose a higher
risk after storms and floods (Eckert et al., 2018; McCormick et al., 2014).
The results of this study might provide additional data to support the
establishment of a database on microplastic abundance in overflow
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pollution. Meanwhile, the importance of implementing measures to
reduce the output of microplastics in wet weather was emphasized. The
hydraulic and dynamical properties of specific microplastics should also
be considered when selecting and operating facilities such as overflow
registers, stormwater retention ponds, and constructed wetlands. The
effective capture of microplastics along with the effective removal of
traditional pollutants should also considered.

5. Conclusion

This study determined the migration and emission of microplastics in
urban drainage systems during normal and storm flows. The impacts of
meteorological conditions and land use were explored. Microplastics
were detected at the sewage discharge from drainage plots with different
land use types. The highest and lowest abundance were residential and
commercial areas, respectively. The average microplastics per day
emitted per capita in household wastewater was 3461.5 items. The main
microplastic forms in the wastewater were fibers, with particle size less
than 1 mm. PET and PE were the two main microplastic polymers. The
microplastic removal rates of the three WWTPs in the study area ranged
from 53.6 to 70.8%, and the treatment facilities had limited removal of
fibers.

Sewer overflow pollution in wet weather was an important source of
microplastics in urban receiving river. Sewer overflow discharge can
greatly aggravate microplastic abundance to 83.1 + 40.2 items/L. This
study confirmed the major contribution of road runoff and sewer sedi-
ments scouring to microplastic emission load. In addition, microplastic
abundance in runoff/overflow and surface water showed a more sig-
nificant positive correlation with particle volume concentrations. A
quantitative estimation method was proposed to show that the annual
emissions load of microplastics via urban drainage system in this
research area was 5.83x10'° items/km?, of which the proportion of
emissions in wet weather accounted for about 60%. More attention
needs to be paid to control and reduce the microplastics discharge from
urban drainage systems to waterways during wet weather.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability

Data will be made available on request.

Acknowledgments

This work was jointly supported by National Natural Science Foun-
dation of China (Grant No.: 52039003), the Fundamental Research
Funds for the Central Universities, and the World-Class Universities
(Disciplines), and the Characteristic Development Guidance Funds for
the Central Universities, the Fundamental Research Funds for the Cen-
tral Universities (Grant No.: B200204014). Authors are especially
grateful to Nanning Exploration & Survey Geoinformation Institute for
their assistance during the field experiment.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.watres.2023.119976.


https://doi.org/10.1016/j.watres.2023.119976

Y. Zhou et al.
References

Alam, F.C., Sembiring, E., Muntalif, B.S., Suendo, V., 2019. Microplastic distribution in
surface water and sediment river around slum and industrial area (case study:
Ciwalengke River, Majalaya district, Indonesia). Chemosphere 224, 637-645.
https://doi.org/10.1016/j.chemosphere.2019.02.188.

Alimi, O.S., Farner Budarz, J., Hernandez, L.M., Tufenkji, N., 2018. Microplastics and
nanoplastics in aquatic environments: aggregation, deposition, and enhanced
contaminant transport. Environ. Sci. Technol. 52, 1704-1724. https://doi.org/
10.1021/acs.est.7b05559.

Andrady, A.L., 2011. Microplastics in the marine environment. Mar. Pollut. Bull. 62,
1596-1605. https://doi.org/10.1016/j.marpolbul.2011.05.030.

Bai, M.Y., Zhao, S.Y., Peng, G.Y., Gao, L., Li, D.J., 2018. Occurrence, characteristics of
microplastic during urban sewage treatment process. China Environ. Sci. 38,
1734-1743. https://doi.org/10.19674/j.cnki.issn1000-6923.2018.0202.

Baldwin, A.K., Corsi, S.R., Mason, S.A., 2016. Plastic Debris in 29 Great Lakes tributaries:
relations to watershed attributes and hydrology. Environ. Sci. Technol. 50,
10377-10385. https://doi.org/10.1021/acs.est.6b02917.

Barone, L., Pilotti, M., Valerio, G., Balistrocchi, M., Milanesi, L., Chapra, S.C., Nizzoli, D.,
2019. Analysis of the residual nutrient load from a combined sewer system in a
watershed of a deep Italian lake. J. Hydrol. 571, 202-213.

Bigalke, M., Fieber, M., Foetisch, A., Reynes, J., Tollan, P., 2022. Microplastics in
agricultural drainage water: a link between terrestrial and aquatic microplastic
pollution. Sci. Total Environ. 806, 150709 https://doi.org/10.1016/j.
scitotenv.2021.150709.

Blair, R.M., Waldron, S., Gauchotte-Lindsay, C., 2019. Average daily flow of
microplastics through a tertiary wastewater treatment plant over a ten-month
period. Water Res. 163, 114909 https://doi.org/10.1016/j.watres.2019.114909.

Bollmann, U.E., Simon, M., Vollertsen, J., Bester, K., 2019. Assessment of input of
organic micropollutants and microplastics into the Baltic Sea by urban waters. Mar.
Pollut. Bull. 148, 149-155. https://doi.org/10.1016/j.marpolbul.2019.07.014.

Browne, M.A., Crump, P., Niven, S.J., Teuten, E., Tonkin, A., Galloway, T., Thompson, R.,
2011. Accumulation of microplastic on shorelines woldwide: sources and sinks.
Environ. Sci. Technol. 45, 9175-9179. https://doi.org/10.1021/es201811s.

Campanale, C., Stock, F., Massarelli, C., Kochleus, C., Bagnuolo, G., Reifferscheid, G.,
Uricchio, V.F., 2020. Microplastics and their possible sources: the example of Ofanto
river in southeast Italy. Environ. Pollut. 258, 113284 https://doi.org/10.1016/j.
envpol.2019.113284.

Cao, Y., Wang, Q., Ruan, Y., Wu, R., Chen, L., Zhang, K., Lam, P.K.S., 2020. Intra-day
microplastic variations in wastewater: a case study of a sewage treatment plant in
Hong Kong. Mar. Pollut. Bull. 160, 111535 https://doi.org/10.1016/j.
marpolbul.2020.111535.

Carr, S.A., Liu, J., Tesoro, A.G., 2016. Transport and fate of microplastic particles in
wastewater treatment plants. Water Res. 91, 174-182. https://doi.org/10.1016/j.
watres.2016.01.002.

Chen, H., Jia, Q., Sun, X., Zhou, X., Zhy, Y., Guo, Y., Ye, J., 2022a. Quantifying
microplastic stocks and flows in the urban agglomeration based on the mass balance
model and source-pathway-receptor framework: revealing the role of pollution
sources, weather patterns, and environmental management practices. Water Res.
224, 119045 https://doi.org/10.1016/j.watres.2022.119045.

Chen, H., Jia, Q., Zhao, X., Li, L., Nie, Y., Liu, H., Ye, J., 2020. The occurrence of
microplastics in water bodies in urban agglomerations: impacts of drainage system
overflow in wet weather, catchment land-uses, and environmental management
practices. Water Res. 183, 116073 https://doi.org/10.1016/j.watres.2020.116073.

Chen, H.L., Selvam, S.B., Ting, K.N., Tshai, K.Y., Gibbins, C.N., 2022b. Relative
contributions of different local sources to riverborne microplastic in a mixed landuse
area within a tropical catchment. Environ. Res. 210, 112972 https://doi.org/
10.1016/j.envres.2022.112972.

Choi, C.E., Zhang, J., Liang, Z., 2022. Towards realistic predictions of microplastic fiber
transport in aquatic environments: secondary motions. Water Res. 218, 118476
https://doi.org/10.1016/j.watres.2022.118476.

Choi, S., Kwon, M., Park, M.J., Kim, J., 2021. Characterization of microplastics released
based on polyester fabric construction during washing and drying. Polymers 13,
4277. https://doi.org/10.3390/polym13244277.

Chubarenko, 1., Bagaev, A., Zobkov, M., Esiukova, E., 2016. On some physical and
dynamical properties of microplastic particles in marine environment. Mar. Pollut.
Bull. 108, 105-112. https://doi.org/10.1016/j.marpolbul.2016.04.048.

Conley, K., Clum, A., Deepe, J., Lane, H., Beckingham, B., 2019. Wastewater treatment
plants as a source of microplastics to an urban estuary: removal efficiencies and
loading per capita over one year. Water Res. X 3, 100030. https://doi.org/10.1016/
j-wroa.2019.100030.

Cowger, W., Gray, A.B., Guilinger, J.J., Fong, B., Waldschléger, K., 2021. Concentration
depth profiles of microplastic particles in river flow and implications for surface
sampling. Environ. Sci. Technol. 55, 6032-6041. https://doi.org/10.1021/acs.
est.1c01768.

Dalu, T., Banda, T., Mutshekwa, T., Munyai, L.F., Cuthbert, R.N., 2021. Effects of
urbanisation and a wastewater treatment plant on microplastic densities along a
subtropical river system. Environ. Sci. Pollut. Res. 28, 36102-36111. https://doi.
org/10.1007/s11356-021-13185-1.

Di Nunno, F., Granata, F., Parrino, F., Gargano, R., de Marinis, G., 2021. Microplastics in
combined sewer overflows: an experimental study. JMSE 9, 1415. https://doi.org/
10.3390/jmse9121415.

Dikareva, N., Simon, K.S., 2019. Microplastic pollution in streams spanning an
urbanisation gradient. Environ. Pollut. 250, 292-299. https://doi.org/10.1016/j.
envpol.2019.03.105.

11

Water Research 236 (2023) 119976

Dissanayake, J., Torres-Quiroz, C., Mahato, J., Park, J., 2021. Facemasks: a looming
microplastic crisis. IJERPH 18, 7068. https://doi.org/10.3390/ijerph18137068.

Dris, R., Gasperi, J., Rocher, V., Saad, M., Renault, N., Tassin, B., 2015. Microplastic
contamination in an urban area: a case study in Greater Paris. Environ. Chem. 12,
592. https://doi.org/10.1071/EN14167.

Eckert, E.M., Di Cesare, A., Kettner, M.T., Arias-Andres, M., Fontaneto, D., Grossart, H.P.,
Corno, G., 2018. Microplastics increase impact of treated wastewater on freshwater
microbial community. Environ. Pollut. 234, 495-502. https://doi.org/10.1016/j.
envpol.2017.11.070.

Ellis, J.B., Butler, D., 2015. Surface water sewer misconnections in England and Wales:
pollution sources and impacts. Sci. Total Environ. 526, 98-109.

Edo, C., Gonzalez-Pleiter, M., Leganés, F., Fernandez-Pinas, F., Rosal, R., 2020. Fate of
microplastics in wastewater treatment plants and their environmental dispersion
with effluent and sludge. Environ. Pollut. 259, 113837 https://doi.org/10.1016/j.
envpol.2019.113837.

Eo, S., Hong, S.H., Song, Y.K., Han, G.M., Shim, W.J., 2019. Spatiotemporal distribution
and annual load of microplastics in the Nakdong River, South Korea. Water Res. 160,
228-237. https://doi.org/10.1016/j.watres.2019.05.053.

Eriksen, M., Mason, S., Wilson, S., Box, C., Zellers, A., Edwards, W., Farley, H., Amato, S.,
2013. Microplastic pollution in the surface waters of the Laurentian Great Lakes.
Mar. Pollut. Bull. 77, 177-182. https://doi.org/10.1016/j.marpolbul.2013.10.007.

Esquinas, G.G.M.S., Mantala, A.P., Atilano, M.G., Apugan, R.P., Galarpe, V.R.K.R., 2020.
Physical characterization of litter and microplastic along the urban coast of Cagayan
de Oro in Macajalar Bay, Philippines. Mar. Pollut. Bull. 154, 111083 https://doi.org/
10.1016/j.marpolbul.2020.111083.

Gao, Y., Shi, X., Jin, X., Wang, X.C., Jin, P., 2023. A critical review of wastewater quality
variation and in-sewer processes during conveyance in sewer systems. Water Res.
228, 119398 https://doi.org/10.1016/j.watres.2022.119398.

Gasperi, J., Gromaire, M.C., Kafi, M., Moilleron, R., Chebbo, G., 2010. Contributions of
wastewater, runoff and sewer deposit erosion to wet weather pollutant loads in
combined sewer systems. Water Res. 44, 5875-5886. https://doi.org/10.1016/].
watres.2010.07.008.

Gies, E.A., LeNoble, J.L., Noél, M., Etemadifar, A., Bishay, F., Hall, E.R., Ross, P.S., 2018.
Retention of microplastics in a major secondary wastewater treatment plant in
Vancouver, Canada. Mar. Pollut. Bull. 133, 553-561. https://doi.org/10.1016/j.
marpolbul.2018.06.006.

Hajji, S., Ben-Haddad, M., Abelouah, M.R., De-la-Torre, G.E., Alla, A.A., 2023.
Occurrence, characteristics, and removal of microplastics in wastewater treatment
plants located on the Moroccan Atlantic: the case of Agadir metropolis. Sci. Total
Environ. 862, 160815 https://doi.org/10.1016/j.scitotenv.2022.160815.

He, B., Goonetilleke, A., Ayoko, G.A., Rintoul, L., 2020. Abundance, distribution
patterns, and identification of microplastics in Brisbane River sediments, Australia.
Sci. Total Environ. 700, 134467 https://doi.org/10.1016/j.scitotenv.2019.134467.

Hernandez, E., Nowack, B., Mitrano, D.M., 2017. Polyester textiles as a source of
microplastics from households: a mechanistic study to understand microfiber release
during washing. Environ. Sci. Technol. 51, 7036-7046. https://doi.org/10.1021/
acs.est.7b01750.

Hitchcock, J.N., 2020. Storm events as key moments of microplastic contamination in
aquatic ecosystems. Sci. Total Environ. 734, 139436 https://doi.org/10.1016/j.
scitotenv.2020.139436.

Huang, D, Li, X., Ouyang, Z., Zhao, X., Wu, R., Zhang, C., Lin, C,, Li, Y., Guo, X., 2021.
The occurrence and abundance of microplastics in surface water and sediment of the
West River downstream, in the south of China. Sci. Total Environ. 756, 143857
https://doi.org/10.1016/j.scitotenv.2020.143857.

Hurley, R., Woodward, J., Rothwell, J.J., 2018. Microplastic contamination of river beds
significantly reduced by catchment-wide flooding. Nat. Geosci. 11, 251-257.
https://doi.org/10.1038/541561-018-0080-1.

Jang, M., Shim, W.J., Cho, Y., Han, G.M., Song, Y.K., Hong, S.H., 2020. A close
relationship between microplastic contamination and coastal area use pattern. Water
Res. 171, 115400 https://doi.org/10.1016/j.watres.2019.115400.

Jenner, L.C., Rotchell, J.M., Bennett, R.T., Cowen, M., Tentzeris, V., Sadofsky, L.R., 2022.
Detection of microplastics in human lung tissue using pFTIR spectroscopy. Sci. Total
Environ. 831, 154907 https://doi.org/10.1016/j.scitotenv.2022.154907.

Jiang, L., Chen, M., Huang, Y., Peng, J., Zhao, J., Chan, F., Yu, X., 2022. Effects of
different treatment processes in four municipal wastewater treatment plants on the
transport and fate of microplastics. Sci. Total Environ. 831, 154946 https://doi.org/
10.1016/j.scitotenv.2022.154946.

Jin, P., Shi, X., Sun, G., Yang, L., Cai, Y., Wang, X.C., 2018. Co-variation between
distribution of microbial communities and biological metabolization of organics in
urban sewer systems. Environ. Sci. Technol. 52 (3), 1270-1279.

Khatmullina, L., Isachenko, I., 2017. Settling velocity of microplastic particles of regular
shapes. Mar. Pollut. Bull. 114, 871-880.

Kole, P.J., Lohr, A.J., Van Belleghem, F., Ragas, A., 2017. Wear and tear of tyres: a
stealthy source of microplastics in the environment. IJERPH 14, 1265. https://doi.
org/10.3390/ijerph14101265.

Kooi, M., Nes, E.H.van, Scheffer, M., Koelmans, A.A., 2017. Ups and downs in the ocean:
effects of biofouling on vertical transport of microplastics. Environ. Sci. Technol. 51,
7963-7971. https://doi.org/10.1021/acs.est.6b04702.

Lange, K., Magnusson, K., Viklander, M., Blecken, G.T., 2021. Removal of rubber,
bitumen and other microplastic particles from stormwater by a gross pollutant trap -
bioretention treatment train. Water Res. 202, 117457 https://doi.org/10.1016/j.
watres.2021.117457.

Lares, M., Ncibi, M.C., Sillanpaa, M., Sillanpd4, M., 2018. Occurrence, identification and
removal of microplastic particles and fibers in conventional activated sludge process
and advanced MBR technology. Water Res. 133, 236-246. https://doi.org/10.1016/
j-watres.2018.01.049.


https://doi.org/10.1016/j.chemosphere.2019.02.188
https://doi.org/10.1021/acs.est.7b05559
https://doi.org/10.1021/acs.est.7b05559
https://doi.org/10.1016/j.marpolbul.2011.05.030
https://doi.org/10.19674/j.cnki.issn1000-6923.2018.0202
https://doi.org/10.1021/acs.est.6b02917
http://refhub.elsevier.com/S0043-1354(23)00412-8/sbref0006
http://refhub.elsevier.com/S0043-1354(23)00412-8/sbref0006
http://refhub.elsevier.com/S0043-1354(23)00412-8/sbref0006
https://doi.org/10.1016/j.scitotenv.2021.150709
https://doi.org/10.1016/j.scitotenv.2021.150709
https://doi.org/10.1016/j.watres.2019.114909
https://doi.org/10.1016/j.marpolbul.2019.07.014
https://doi.org/10.1021/es201811s
https://doi.org/10.1016/j.envpol.2019.113284
https://doi.org/10.1016/j.envpol.2019.113284
https://doi.org/10.1016/j.marpolbul.2020.111535
https://doi.org/10.1016/j.marpolbul.2020.111535
https://doi.org/10.1016/j.watres.2016.01.002
https://doi.org/10.1016/j.watres.2016.01.002
https://doi.org/10.1016/j.watres.2022.119045
https://doi.org/10.1016/j.watres.2020.116073
https://doi.org/10.1016/j.envres.2022.112972
https://doi.org/10.1016/j.envres.2022.112972
https://doi.org/10.1016/j.watres.2022.118476
https://doi.org/10.3390/polym13244277
https://doi.org/10.1016/j.marpolbul.2016.04.048
https://doi.org/10.1016/j.wroa.2019.100030
https://doi.org/10.1016/j.wroa.2019.100030
https://doi.org/10.1021/acs.est.1c01768
https://doi.org/10.1021/acs.est.1c01768
https://doi.org/10.1007/s11356-021-13185-1
https://doi.org/10.1007/s11356-021-13185-1
https://doi.org/10.3390/jmse9121415
https://doi.org/10.3390/jmse9121415
https://doi.org/10.1016/j.envpol.2019.03.105
https://doi.org/10.1016/j.envpol.2019.03.105
https://doi.org/10.3390/ijerph18137068
https://doi.org/10.1071/EN14167
https://doi.org/10.1016/j.envpol.2017.11.070
https://doi.org/10.1016/j.envpol.2017.11.070
http://refhub.elsevier.com/S0043-1354(23)00412-8/sbref0028
http://refhub.elsevier.com/S0043-1354(23)00412-8/sbref0028
https://doi.org/10.1016/j.envpol.2019.113837
https://doi.org/10.1016/j.envpol.2019.113837
https://doi.org/10.1016/j.watres.2019.05.053
https://doi.org/10.1016/j.marpolbul.2013.10.007
https://doi.org/10.1016/j.marpolbul.2020.111083
https://doi.org/10.1016/j.marpolbul.2020.111083
https://doi.org/10.1016/j.watres.2022.119398
https://doi.org/10.1016/j.watres.2010.07.008
https://doi.org/10.1016/j.watres.2010.07.008
https://doi.org/10.1016/j.marpolbul.2018.06.006
https://doi.org/10.1016/j.marpolbul.2018.06.006
https://doi.org/10.1016/j.scitotenv.2022.160815
https://doi.org/10.1016/j.scitotenv.2019.134467
https://doi.org/10.1021/acs.est.7b01750
https://doi.org/10.1021/acs.est.7b01750
https://doi.org/10.1016/j.scitotenv.2020.139436
https://doi.org/10.1016/j.scitotenv.2020.139436
https://doi.org/10.1016/j.scitotenv.2020.143857
https://doi.org/10.1038/s41561-018-0080-1
https://doi.org/10.1016/j.watres.2019.115400
https://doi.org/10.1016/j.scitotenv.2022.154907
https://doi.org/10.1016/j.scitotenv.2022.154946
https://doi.org/10.1016/j.scitotenv.2022.154946
http://refhub.elsevier.com/S0043-1354(23)00412-8/sbref0045
http://refhub.elsevier.com/S0043-1354(23)00412-8/sbref0045
http://refhub.elsevier.com/S0043-1354(23)00412-8/sbref0045
http://refhub.elsevier.com/S0043-1354(23)00412-8/sbref0046
http://refhub.elsevier.com/S0043-1354(23)00412-8/sbref0046
https://doi.org/10.3390/ijerph14101265
https://doi.org/10.3390/ijerph14101265
https://doi.org/10.1021/acs.est.6b04702
https://doi.org/10.1016/j.watres.2021.117457
https://doi.org/10.1016/j.watres.2021.117457
https://doi.org/10.1016/j.watres.2018.01.049
https://doi.org/10.1016/j.watres.2018.01.049

Y. Zhou et al.

Launay, M.A., Dittmer, U., Steinmetz, H., 2016. Organic micropollutants discharged by
combined sewer overflows — characterisation of pollutant sources and stormwater-
related processes. Water Res. 104, 82-92. https://doi.org/10.1016/j.
watres.2016.07.068.

Leslie, H.A., van Velzen, M.J.M., Brandsma, S.H., Vethaak, A.D., Garcia-Vallejo, J.J.,
Lamoree, M.H., 2022. Discovery and quantification of plastic particle pollution in
human blood. Environ. Int. 163, 107199 https://doi.org/10.1016/j.
envint.2022.107199.

Li, S.Y., Guan, Y.T., Chen, J., Liu, A., Li, D.Z., Yang, Y.A., 2015. Water quality
characteristics of combined sewer overflows in southern of China. Water Wastewater
Eng. 41, 344-348.

Li, Y., Zhou, Y., Wang, H., Jiang, H., Yue, Z., Zheng, K., Wu, B., Banahene, P., 2022.
Characterization and sources apportionment of overflow pollution in urban separate
stormwater systems inappropriately connected with sewage. J. Environ. Manag. 303,
114231 https://doi.org/10.1016/j.jenvman.2021.114231.

Liu, F., Olesen, K.B., Borregaard, A.R., Vollertsen, J., 2019a. Microplastics in urban and
highway stormwater retention ponds. Sci. Total Environ. 671, 992-1000. https://
doi.org/10.1016/j.scitotenv.2019.03.416.

Liu, K., Wang, X., Fang, T., Xu, P., Zhu, L., Li, D., 2019b. Source and potential risk
assessment of suspended atmospheric microplastics in Shanghai. Sci. Total Environ.
675, 462-471. https://doi.org/10.1016/j.scitotenv.2019.04.110.

Long, Z., Pan, Z., Wang, W., Ren, J., Yu, X,, Lin, L., Lin, H., Chen, H., Jin, X., 2019.
Microplastic abundance, characteristics, and removal in wastewater treatment plants
in a coastal city of China. Water Res. 155, 255-265. https://doi.org/10.1016/j.
watres.2019.02.028.

Magni, S., Binelli, A., Pittura, L., Avio, C.G., Della Torre, C., Parenti, C.C., Gorbi, S.,
Regoli, F., 2019. The fate of microplastics in an Italian Wastewater Treatment Plant.
Sci. Total Environ. 652, 602-610. https://doi.org/10.1016/j.scitotenv.2018.10.269.

Mak, C.W., Tsang, Y.Y., Leung, M.M.L., Fang, J.K.H., Chan, K.M., 2020. Microplastics
from effluents of sewage treatment works and stormwater discharging into the
Victoria Harbor, Hong Kong. Mar. Pollut. Bull. 157, 111181 https://doi.org/
10.1016/j.marpolbul.2020.111181.

McCormick, A., Hoellein, T.J., Mason, S.A., Schluep, J., Kelly, J.J., 2014. Microplastic is
an abundant and distinct microbial habitat in an urban river. Environ. Sci. Technol.
48, 11863-11871. https://doi.org/10.1021/es503610r.

Mintenig, S.M., Loder, M.G.J., Primpke, S., Gerdts, G., 2019. Low numbers of
microplastics detected in drinking water from ground water sources. Sci. Total
Environ. 648, 631-635. https://doi.org/10.1016/j.scitotenv.2018.08.178.

Moore, C.J., Lattin, G.L., Zellers, A.F., 2011. Quantity and type of plastic debris flowing
from two urban rivers to coastal waters and beaches of Southern California. RGCI 11,
65-73. https://doi.org/10.5894/rgci194.

Murphy, F., Ewins, C., Carbonnier, F., Quinn, B., 2016. Wastewater Treatment Works
(WwTW) as a source of microplastics in the aquatic environment. Environ. Sci.
Technol. 50, 5800-5808. https://doi.org/10.1021/acs.est.5b05416.

Niu, L., Li, Yuanyuan, Li, Yi, Hu, Q., Wang, C., Hu, J., Zhang, W., Wang, L., Zhang, C.,
Zhang, H., 2021. New insights into the vertical distribution and microbial
degradation of microplastics in urban river sediments. Water Res. 188, 116449
https://doi.org/10.1016/j.watres.2020.116449.

O Briain, O., Marques Mendes, A.R., McCarron, S., Healy, M.G., Morrison, L., 2020. The
role of wet wipes and sanitary towels as a source of white microplastic fibres in the
marine environment. Water Res. 182, 116021 https://doi.org/10.1016/j.
watres.2020.116021.

Park, H.J., Oh, M.J,, Kim, P.G., Kim, G., Jeong, D.H., Ju, B.K,, Lee, W.S., Chung, H.M.,
Kang, H.J., Kwon, J.H., 2020. National reconnaissance survey of microplastics in
municipal wastewater treatment plants in Korea. Environ. Sci. Technol. 54,
1503-1512. https://doi.org/10.1021/acs.est.9b04929.

Peng, H.Q., Liu, Y., Wang, H.W., Gao, X.L., Ma, L.M., 2016. Event mean concentration
and first flush effect from different drainage systems and functional areas during
storms. Environ. Sci. Pollut. Res. 23, 5390-5398. https://doi.org/10.1007/511356-
015-5657-2.

Peter, K.T., Hou, F., Tian, Z., Wu, C., Goehring, M., Liu, F., Kolodziej, E.P., 2020. More
than a first flush: urban creek storm hydrographs demonstrate broad contaminant
pollutographs. Environ. Sci. Technol. 54, 6152-6165. https://doi.org/10.1021/acs.
est.0c00872.

Piehl, S., Leibner, A., Loder, M.G.J., Dris, R., Bogner, C., Laforsch, C., 2018. Identification
and quantification of macro- and microplastics on an agricultural farmland. Sci. Rep.
8, 17950. https://doi.org/10.1038/s41598-018-36172-y.

Pilotti, M., Barone, L., Balistrocchi, M., Valerio, G., Milanesi, L., Nizzoli, D., 2021.
Nutrient delivery efficiency of a combined sewer along a lake challenged by
incipient eutrophication. Water Res. 190, 116727 https://doi.org/10.1016/j.
watres.2020.116727.

Plastics Europe, 2019. Plastics-the Facts 2019. An Analysis of European Plastics
Production, Demand and Waste Data.

Qi, H., Zeng, S., Wang, Y., Dong, X., 2022. Exploring the discharge characteristics of
personal care behaviors for high precision estimation of microplastic emission.

J. Environ. Manag. 312, 114917 https://doi.org/10.1016/j.jenvman.2022.114917.

Rochman, C.M., 2018. Microplastics research-from sink to source. Science 360, 28-29.
https://doi.org/10.1126/science.aar7734.

Ross, P.S., Chastain, S., Vassilenko, E., Etemadifar, A., Zimmermann, S., Quesnel, S.A.,
Eert, J., Solomon, E., Patankar, S., Posacka, A.M., Williams, B., 2021. Pervasive
distribution of polyester fibres in the Arctic Ocean is driven by Atlantic inputs. Nat.
Commun. 12, 106. https://doi.org/10.1038/s41467-020-20347-1.

Sandoval, S., Torres, A., Pawlowsky-Reusing, E., Riechel, M., Caradot, N., 2013. The
evaluation of rainfall influence on combined sewer overflows characteristics: the
Berlin case study. Water Sci. Technol. 68 (12), 2683-2690.

12

Water Research 236 (2023) 119976

Sang, W., Chen, Z., Mei, L., Hao, S., Zhan, C., Zhang, W.B., Li, M., Liu, J., 2021. The
abundance and characteristics of microplastics in rainwater pipelines in Wuhan,
China. Sci. Total Environ. 755, 142606 https://doi.org/10.1016/j.
scitotenv.2020.142606.

Schernewski, G., Radtke, H., Hauk, R., Baresel, C., Olshammar, M., Oberbeckmann, S.,
2021. Urban microplastics emissions: effectiveness of retention measures and
consequences for the Baltic Sea. Front. Mar. Sci. 8, 594415 https://doi.org/10.3389/
fmars.2021.594415.

Schilperoort, R., Hoppe, H., Haan, C.D., Langeveld, J., 2013. Searching for storm water
inflows in foul sewers using fibre-optic distributed temperature sensing. Water Sci.
Technol. 68 (8), 1723-1730.

Semadeni-Davies, A., Hernebring, C., Svensson, G., Gustafsson, L.-G., 2008. The impacts
of climate change and urbanisation on drainage in Helsingborg, Sweden: Combined
sewer system. J. Hydrol. 350, 100-113. https://doi.org/10.1016/j.
jhydrol.2007.05.028.

Shahsavari, G., Arnaud-Fassetta, G., Campisano, A., 2017. A field experiment to evaluate
the cleaning performance of sewer flushing on non-uniform sediment deposits.
Water Res. 118, 59-69. https://doi.org/10.1016/j.watres.2017.04.026.

Shen, M., Li, Y., Song, B., Zhou, C., Gong, J., Zeng, G., 2021. Smoked cigarette butts:
unignorable source for environmental microplastic fibers. Sci. Total Environ. 791,
148384 https://doi.org/10.1016/j.scitotenv.2021.148384.

Shi, X., Sang, L., Wang, X.C., Jin, P., 2018. Pollutant exchange between sewage and
sediment in urban sewer systems. Chem. Eng. J. 351, 240-247. https://doi.org/
10.1016/j.cej.2018.06.096.

Su, L., Sharp, S.M., Pettigrove, V.J., Craig, N.J., Nan, B., Du, F., Shi, H., 2020.
Superimposed microplastic pollution in a coastal metropolis. Water Res. 168,
115140 https://doi.org/10.1016/j.watres.2019.115140.

Sutton, R., Mason, S.A., Stanek, S.K., Willis-Norton, E., Wren, LF., Box, C., 2016.
Microplastic contamination in the San Francisco Bay, California, USA. Mar. Pollut.
Bull. 109, 230-235. https://doi.org/10.1016/j.marpolbul.2016.05.077.

Tadsuwan, K., Babel, S., 2022. Microplastic abundance and removal via an ultrafiltration
system coupled to a conventional municipal wastewater treatment plant in Thailand.
J. Environ. Chem. Eng. 10, 107142 https://doi.org/10.1016/j.jece.2022.107142.

Talbot, R., Granek, E., Chang, H., Wood, R., Brander, S., 2022. Spatial and temporal
variations of microplastic abundances in Portland’s freshwater ecosystems. Sci. Total
Environ. 833, 155143 https://doi.org/10.1016/j.scitotenv.2022.155143.

Talvitie, J., Mikola, A., Setala, O., Heinonen, M., Koistinen, A., 2017. How well is
microlitter purified from wastewater? — A detailed study on the stepwise removal of
microlitter in a tertiary level wastewater treatment plant. Water Res. 109, 164-172.
https://doi.org/10.1016/j.watres.2016.11.046.

Tan, P.Y., Zhou, Y.C., Zhang, Y.P., Zhu, D.Z., Zhang, T.Q., 2019. Assessment and pathway
determination for rainfall-derived inflow and infiltration in sanitary systems: a case
study. Urban Water J. 16 (8), 600-607.

Tang, G., Liu, M., Zhou, Q., He, H., Chen, K., Zhang, H., Hu, J., Huang, Q., Luo, Y., Ke, H.,
Chen, B., Xu, X., Cai, M., 2018. Microplastics and polycyclic aromatic hydrocarbons
(PAHs) in Xiamen coastal areas: implications for anthropogenic impacts. Sci. Total
Environ. 634, 811-820. https://doi.org/10.1016/j.scitotenv.2018.03.336.

Treilles, R., Gasperi, J., Saad, M., Rabier, A., Breton, J., Rocher, V., Guérin, S., Tassin, B.,
2020. Macro and microplastics in stormwater and combined sewer overflows in Paris
megacity. In: Cocca, M., Di Pace, E., Errico, M.E., Gentile, G., Montarsolo, A.,
Mossotti, R., Avella, M. (Eds.), Proceedings of the 2nd International Conference on
Microplastic Pollution in the Mediterranean Sea. Springer International Publishing,
Cham, pp. 145-151. https://doi.org/10.1007/978-3-030-45909-3_23.

Wagner, S., Klockner, P., Stier, B., Rémer, M., Seiwert, B., Reemtsma, T., Schmidt, C.,
2019. Relationship between discharge and river plastic concentrations in a rural and
an urban catchment. Environ. Sci. Technol. 53, 10082-10091. https://doi.org/
10.1021/acs.est.9b03048.

Waldschléger, K., Schiittrumpf, H., 2019. Effects of particle properties on the settling and
rise velocities of microplastics in freshwater under laboratory conditions. Environ.
Sci. Technol. 53, 1958-1966. https://doi.org/10.1021/acs.est.8b06794.

Wang, T., Li, B., Zou, X., Wang, Y., Li, Y., Xu, Y., Mao, L., Zhang, C., Yu, W., 2019.
Emission of primary microplastics in mainland China: invisible but not negligible.
Water Res. 162, 214-224. https://doi.org/10.1016/j.watres.2019.06.042.

Wang, Z., Dou, M., Ren, P.J., Wang, S., Li, G.Q., 2021. Fitting of static water settlement
formula of microplastics based on settlement experiment. Eng. J. Wuhan Univ. 54,
687-693.

Woodward, J., Li, J., Rothwell, J., Hurley, R., 2021. Acute riverine microplastic
contamination due to avoidable releases of untreated wastewater. Nat. Sustain. 4,
793-802. https://doi.org/10.1038/s41893-021-00718-2.

Wright, S.L., Kelly, F.J., 2017. Plastic and human health: a micro issue? Environ. Sci.
Technol. 51, 6634-6647. https://doi.org/10.1021/acs.est.7b00423.

Xu, Y., Chan, F.K.S., Stanton, T., Johnson, M.F., Kay, P., He, J., Wang, J., Kong, C.,
Wang, Z., Liu, D., Xu, Y., 2021. Synthesis of dominant plastic microfibre prevalence
and pollution control feasibility in Chinese freshwater environments. Sci. Total
Environ. 783, 146863 https://doi.org/10.1016/j.scitotenv.2021.146863.

Xu, Z., Hua, W., Xiong, L., He, Z., 2020. Novel design of volume of detention tanks
assisted by a multi-source pollution overflow model towards pollution control in
urban drainage basins. Environ. Sci. Pollut. Res. 27, 12781-12791. https://doi.org/
10.1007/511356-020-07842-0.

Xu, Z., Xu, J., Yin, H., Jin, W., Li, H., He, Z., 2019. Urban river pollution control in
developing countries. Nat. Sustain. 2, 158-160. https://doi.org/10.1038/541893-
019-0249-7.

Yan, M., Nie, H., Xu, K., He, Y., Huy, Y., Huang, Y., Wang, J., 2019. Microplastic
abundance, distribution and composition in the Pearl River along Guangzhou city
and Pearl River estuary, China. Chemosphere 217, 879-886. https://doi.org/
10.1016/j.chemosphere.2018.11.093.


https://doi.org/10.1016/j.watres.2016.07.068
https://doi.org/10.1016/j.watres.2016.07.068
https://doi.org/10.1016/j.envint.2022.107199
https://doi.org/10.1016/j.envint.2022.107199
http://refhub.elsevier.com/S0043-1354(23)00412-8/sbref0053
http://refhub.elsevier.com/S0043-1354(23)00412-8/sbref0053
http://refhub.elsevier.com/S0043-1354(23)00412-8/sbref0053
https://doi.org/10.1016/j.jenvman.2021.114231
https://doi.org/10.1016/j.scitotenv.2019.03.416
https://doi.org/10.1016/j.scitotenv.2019.03.416
https://doi.org/10.1016/j.scitotenv.2019.04.110
https://doi.org/10.1016/j.watres.2019.02.028
https://doi.org/10.1016/j.watres.2019.02.028
https://doi.org/10.1016/j.scitotenv.2018.10.269
https://doi.org/10.1016/j.marpolbul.2020.111181
https://doi.org/10.1016/j.marpolbul.2020.111181
https://doi.org/10.1021/es503610r
https://doi.org/10.1016/j.scitotenv.2018.08.178
https://doi.org/10.5894/rgci194
https://doi.org/10.1021/acs.est.5b05416
https://doi.org/10.1016/j.watres.2020.116449
https://doi.org/10.1016/j.watres.2020.116021
https://doi.org/10.1016/j.watres.2020.116021
https://doi.org/10.1021/acs.est.9b04929
https://doi.org/10.1007/s11356-015-5657-2
https://doi.org/10.1007/s11356-015-5657-2
https://doi.org/10.1021/acs.est.0c00872
https://doi.org/10.1021/acs.est.0c00872
https://doi.org/10.1038/s41598-018-36172-y
https://doi.org/10.1016/j.watres.2020.116727
https://doi.org/10.1016/j.watres.2020.116727
https://doi.org/10.1016/j.jenvman.2022.114917
https://doi.org/10.1126/science.aar7734
https://doi.org/10.1038/s41467-020-20347-1
http://refhub.elsevier.com/S0043-1354(23)00412-8/sbref0076
http://refhub.elsevier.com/S0043-1354(23)00412-8/sbref0076
http://refhub.elsevier.com/S0043-1354(23)00412-8/sbref0076
https://doi.org/10.1016/j.scitotenv.2020.142606
https://doi.org/10.1016/j.scitotenv.2020.142606
https://doi.org/10.3389/fmars.2021.594415
https://doi.org/10.3389/fmars.2021.594415
http://refhub.elsevier.com/S0043-1354(23)00412-8/sbref0079
http://refhub.elsevier.com/S0043-1354(23)00412-8/sbref0079
http://refhub.elsevier.com/S0043-1354(23)00412-8/sbref0079
https://doi.org/10.1016/j.jhydrol.2007.05.028
https://doi.org/10.1016/j.jhydrol.2007.05.028
https://doi.org/10.1016/j.watres.2017.04.026
https://doi.org/10.1016/j.scitotenv.2021.148384
https://doi.org/10.1016/j.cej.2018.06.096
https://doi.org/10.1016/j.cej.2018.06.096
https://doi.org/10.1016/j.watres.2019.115140
https://doi.org/10.1016/j.marpolbul.2016.05.077
https://doi.org/10.1016/j.jece.2022.107142
https://doi.org/10.1016/j.scitotenv.2022.155143
https://doi.org/10.1016/j.watres.2016.11.046
http://refhub.elsevier.com/S0043-1354(23)00412-8/optmOVnmVXuuq
http://refhub.elsevier.com/S0043-1354(23)00412-8/optmOVnmVXuuq
http://refhub.elsevier.com/S0043-1354(23)00412-8/optmOVnmVXuuq
https://doi.org/10.1016/j.scitotenv.2018.03.336
https://doi.org/10.1007/978-3-030-45909-3_23
https://doi.org/10.1021/acs.est.9b03048
https://doi.org/10.1021/acs.est.9b03048
https://doi.org/10.1021/acs.est.8b06794
https://doi.org/10.1016/j.watres.2019.06.042
http://refhub.elsevier.com/S0043-1354(23)00412-8/sbref0093
http://refhub.elsevier.com/S0043-1354(23)00412-8/sbref0093
http://refhub.elsevier.com/S0043-1354(23)00412-8/sbref0093
https://doi.org/10.1038/s41893-021-00718-2
https://doi.org/10.1021/acs.est.7b00423
https://doi.org/10.1016/j.scitotenv.2021.146863
https://doi.org/10.1007/s11356-020-07842-0
https://doi.org/10.1007/s11356-020-07842-0
https://doi.org/10.1038/s41893-019-0249-7
https://doi.org/10.1038/s41893-019-0249-7
https://doi.org/10.1016/j.chemosphere.2018.11.093
https://doi.org/10.1016/j.chemosphere.2018.11.093

Y. Zhou et al.

Yonkos, L.T., Friedel, E.A., Perez-Reyes, A.C., Ghosal, S., Arthur, C.D., 2014.
Microplastics in four estuarine rivers in the Chesapeake Bay, USA. Environ. Sci.
Technol. 48, 14195-14202. https://doi.org/10.1021/es5036317.

Yu, D., Dian, L., Hai, Y., Randall, M.T., Liu, L., Liu, J., Zhang, J., Zheng, X., Wei, Y., 2022.
Effect of rainfall characteristics on the sewer sediment, hydrograph, and pollutant
discharge of combined sewer overflow. J. Environ. Manag. 303, 114268 https://doi.
org/10.1016/j.jenvman.2021.114268.

Yukioka, S., Tanaka, S., Nabetani, Y., Suzuki, Y., Ushijima, T., Fujii, S., Takada, H., Van
Tran, Q., Singh, S., 2020. Occurrence and characteristics of microplastics in surface
road dust in Kusatsu (Japan), Da Nang (Vietnam), and Kathmandu (Nepal). Environ.
Pollut. 256, 113447 https://doi.org/10.1016/j.envpol.2019.113447.

Zhao, Z., Yin, H., Xu, Z., Peng, J., Yu, Z., 2020. Pin-pointing groundwater infiltration into
urban sewers using chemical tracer in conjunction with physically based
optimization model. Water Res. 175, 115689 https://doi.org/10.1016/j.
watres.2020.115689.

Zhang, B., Wu, D., Yang, X., Teng, J., Liu, Y., Zhang, C., Zhao, J., Yin, X., You, L., Liu, Y.,
Wang, Q., 2019. Microplastic pollution in the surface sediments collected from
Sishili Bay, North Yellow Sea, China. Mar. Pollut. Bull. 141, 9-15. https://doi.org/
10.1016/j.marpolbul.2019.02.021.

13

Water Research 236 (2023) 119976

Zhang, J., Choi, C.E., 2022. Improved settling velocity for microplastic fibers: a new
shape-dependent drag model. Environ. Sci. Technol. 56, 962-973. https://doi.org/
10.1021/acs.est.1c06188.

Zhang, J., Yu, D., Dian, L., Hai, Y., Xin, Y., Wei, Y., 2022. Metagenomics insights into the
profiles of antibiotic resistome in combined sewage overflows from reads to
metagenome assembly genomes. J. Hazard. Mater. 429, 128277 https://doi.org/
10.1016/j.jhazmat.2022.128277.

Zhang, L., Liu, J., Xie, Y., Zhong, S., Gao, P., 2021. Occurrence and removal of
microplastics from wastewater treatment plants in a typical tourist city in China.
J. Clean. Prod. 291, 125968 https://doi.org/10.1016/].jclepro.2021.125968.

Zhang, L., Zhao, B., Xu, G., Guan, Y., 2018. Characterizing fluvial heavy metal pollutions
under different rainfall conditions: implication for aquatic environment protection.
Sci. Total Environ. 635, 1495-1506. https://doi.org/10.1016/j.
scitotenv.2018.04.211.

Ziajahromi, S., Neale, P.A., Telles Silveira, I., Chua, A., Leusch, F.D.L., 2021. An audit of
microplastic abundance throughout three Australian wastewater treatment plants.
Chemosphere 263, 128294. https://doi.org/10.1016/j.chemosphere.2020.128294.


https://doi.org/10.1021/es5036317
https://doi.org/10.1016/j.jenvman.2021.114268
https://doi.org/10.1016/j.jenvman.2021.114268
https://doi.org/10.1016/j.envpol.2019.113447
https://doi.org/10.1016/j.watres.2020.115689
https://doi.org/10.1016/j.watres.2020.115689
https://doi.org/10.1016/j.marpolbul.2019.02.021
https://doi.org/10.1016/j.marpolbul.2019.02.021
https://doi.org/10.1021/acs.est.1c06188
https://doi.org/10.1021/acs.est.1c06188
https://doi.org/10.1016/j.jhazmat.2022.128277
https://doi.org/10.1016/j.jhazmat.2022.128277
https://doi.org/10.1016/j.jclepro.2021.125968
https://doi.org/10.1016/j.scitotenv.2018.04.211
https://doi.org/10.1016/j.scitotenv.2018.04.211
https://doi.org/10.1016/j.chemosphere.2020.128294

	Microplastics discharged from urban drainage system: Prominent contribution of sewer overflow pollution
	1 Introduction
	2 Materials and methods
	2.1 Study areas
	2.2 Sample collection
	2.3 Microplastic identification
	2.4 Physicochemical analysis
	2.5 Estimation of microplastics emission via urban drainage systems
	2.6 Data analysis

	3 Results
	3.1 Microplastics abundance in wastewater generation – transport – treatment processes
	3.2 Microplastics discharged from drainage sewer overflow
	3.3 Microplastics pollution in the receiving urban river after sewer overflow
	3.4 Correlation analysis of microplastics and water quality

	4 Discussion
	4.1 Distribution characteristics of microplastics in the generation-transport-treatment process of urban wastewater system
	4.2 Contribution of sewer overflow to microplastics pollution in urban receiving rivers
	4.3 Microplastics emission in the urban drainage systems: characteristic pollutants and total amount control

	5 Conclusion
	Declaration of Competing Interest
	Data availability
	Acknowledgments
	Supplementary materials
	References


