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Abstract: One of the main sources of microplastics inside surface waters is represented by combined
sewer overflows (CSOs), involving severe risks for the environment. The entry of microplastics
into water bodies also depends on the characteristics of sewer diversion structures used as flow
control devices. In this work, an experimental investigation was carried out to evaluate the outflow
of microplastic particles, consisting of different types of nylon fibers, from a side weir located on a
channel with a rectangular section. A specific methodology was developed for the fiber sampling
and outflow assessment after the tests were performed. For the tested configurations, an increase in
fibers discharged up to 196.15% was measured as the water flow rate increased by 62.75%, combined
with an increase in the side weir length up to 40% and a decrease in the crest height up to 20%. The
size and weight of the different fibers showed a low impact due to their low inertia, and their motion
was governed by the water flow. An empirical equation to evaluate the fiber outflow as a function
of water flow rate and side weir geometric characteristics was also proposed and calibrated for the
experimentally tested ranges of the dimensionless lateral water outflow Q* = 0.51–0.83 and of the
dimensionless geometric parameter S* = 0.114–0.200. These first experimental results make it possible
to carry out a preliminary assessment of the impact of CSOs in terms of microplastics spilled into
water bodies.

Keywords: microplastics; environmental pollution; water bodies; combined sewer overflows; side
weir; experimental methods

1. Introduction

Synthetic polymers, usually referred to as “plastics”, are manmade polymers synthe-
sized from petroleum with a wide range of applications. One of the main reasons for the
great versatility and use of synthetic polymers is related to the high resistance to environ-
mental factors. However, this results in extremely long degradation times when released
into the environment, leading to a far-ranging environmental impact. The degradation
may occur as a combination of both physical [1] and biological [2,3] processes, leading
first to the formation of small plastic particles, usually referred to as “microplastics”, and
gradually to even smaller particles called “nanoplastics” [4].

Despite the several studies in the literature aimed at providing information on the
size and shape of plastic particles, there is not a universally acknowledged range of sizes
for nanoplastics and microplastics [5]. Nanoplastics are usually defined as particles with a
size lower than 0.1 µm [6,7] while microplastics are usually defined as particles with a size
between 0.1 µm and 5000 µm [8,9]. Furthermore, for the shape of the microplastics, there
are different classifications in literature, which basically divide them as follows: sheet, film,
fiber, fragment, granule, and foam [10–12]. This information can be used to understand the
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origins of the microplastic particles. For example, it was observed that, in surface waters in
densely populated areas, fibers occur to a greater extent than other forms [13].

Microplastics may enter into superficial water bodies in different ways. One of the
main sources is represented by combined sewer overflows (CSOs) [14–16], defined as the
discharge from a combined sewer systems (CSS) at a point prior to the treatment plant [17],
as a consequence of heavy rain events, allowing the entry of untreated raw sewage into
superficial water bodies [18]. The outflow volume depends on the sewer diversion structure
type, such as relief siphons, orifices, and side weirs, used as flow control devices.

CSOs can have a high impact on the environment. For example, CSO discharges in
the Paris sewage system are about 21 million m3/year, which corresponds to a potential
introduction into freshwater of about 4 − 5 × 1012 fibers/year [19]. Polanco et al. (2020)
also evaluated high concentrations of plastic particles in the Lower Hudson River Estuary
(Manhattan), close to a network of 30 CSO pipes, equal to a median of 198,000 particles/km2

computed for a period of 4 years [20]. Furthermore, Rowley et al. (2020) found a strong
relationship between the mean number of microplastic particles with diameter in the range
32 µm–5 mm and the sewage discharged into the water column from the Hammersmith
pumping station CSO (Thames River) [21]. Chen et al. (2020) reported even more severe
values for the Megacity of Shanghai, with 8.50 × 1014 particles/year discharged by the
drainage system overflow, which was about six times higher than that discharged via
effluent from the wastewater treatment plant, equal to 1.43 × 1014 particles/year [22].
Wagner et al. (2019) showed the difference from the rural to the urban subcatchment, in
terms of plastic particle concentration, with an increase of 0.8 g every 1000 m3 of water [23].
Different values were provided by Baresel and Olshammar (2019) which estimated, for the
Baltic Sea basin, a microplastic discharge of about 120 tons/year (particles with diameter
>20 µm), according to reported data which considered the microplastic discharge as a
relevant fraction of the total wastewater inflow to the treatment plant [24]. Schernewski et al.
(2021a) reported that 6.7 × 1013 microplastic particles per year enter from urban pathways
into the Baltic Sea. Of these, a higher percentage was related to stormwater runoff including
sewer overflow, equal to 62%, while wastewater treatment plants (WWTPs) and untreated
wastewater featured a lower contribution, equal to 25% and 13%, respectively [25]. These
results are in agreement with Chen et al. (2020) [22], confirming the great impact of
the CSOs in comparison with the wastewater treatment plants. They also performed
3D model simulations, in order to evaluate the transport, behavior, and deposition of
microplastics in the Baltic Sea, using the modeling approach proposed by Osinsky et al.
(2020) and Osinski and Radtke (2020) [26,27]. Further developments were reported in
Schernewski et al. (2021b) where the monitoring of estuaries, which represent hotspots
for plastic accumulation, was integrated into the 3D modeling [28]. Bollmann et al. (2019)
provided measurements of microplastic concentration for urban areas with 63% coming
from untreated wastewater, 1% coming from WWTPs, and 36% coming from stormwater
runoff and CSOs [29]. These results, although obtained in different scenarios, were at
odds with those reported by Schernewski et al. (2021a) [25]. Moreover, focusing only on
the amount of microplastics discharged from WWTPs, a wide range of several orders of
magnitude was observed from previous studies. In particular, from 19 studies performed
from 2016 to 2020, the microplastic concentrations in 79 WWTP effluents ranged between
4 × 100 and 4.5 × 105 items/m3 [30].

Overall, these studies clearly show how providing an accurate estimation of the
quantity of fibers discharged in freshwater bodies is a challenging task.

Moreover, despite the high impact of the CSOs in terms of microplastic pollution, the
microplastic dynamics along sewer side weirs is a topic not yet discussed in the literature,
while the hydraulics of side weirs were also widely investigated in recent years [31–36].

In this study, an experimental investigation was performed to evaluate the microplastic
particle outflow, consisting of different types of nylon fibers, along a side weir located on a
channel with a rectangular section. So far, it is not possible to find any experimental study
in the literature that addresses the microplastic discharge problem in CSOs. A specific
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procedure was developed for the collection of the microplastics and the measurement
of the fiber outflow. The reliability of the measurements was validated by means of the
attenuated total reflection Fourier-transform infrared spectroscopy (ATR-FTIR), which
allowed detecting any impurities that could affect the quality of the measurements. A
dimensional analysis was performed to evaluate the dimensionless parameters that affect
the microplastic discharge in a side weir. This led to the introduction of parameters related
to the size and weight of the microplastic particles, in addition to the geometric and
hydraulic parameters usually considered for the weir analysis.

The main objective of the study is to provide initial empirical evidence on the con-
centration of particles discharged through the side weir, in relation to the different water
flows and geometric characteristics of the side weir, in order to provide a tool to assess
the impact caused by these devices on water bodies in terms of microplastic pollution.
Furthermore, the efficiency of the side weir in terms of microplastic discharge was assessed
for the investigated range of discharges and geometry of the side weir.

From a practical point of view, the developed methodology can be used in future
studies to optimize the design of side weirs in CSOs, with the implementation of solutions
aimed at ensuring maximum efficiency while reducing the introduction of microplastic
particles into the bodies receiving water.

2. Materials and Methods
2.1. Experimental Setup

Experimental tests were carried out at the Laboratorio di Ingegneria delle Acque
(LIA) of the University of Cassino and Southern Lazio. The experimental setup (Figure 1a)
consisted of a rectangular channel of width B = 200 mm and length of 15B (3000 mm),
with a side weir of variable dimensions. It was made of Plexiglas® for optical access (wall
thickness equal to 10 mm) and supplied by a recirculation system. The water used for the
tests was suitably filtered by means of a four-stage reverse osmosis deionization (RODI)
filtration system (produced by Aquatic Life). The first stage was represented by the filter
(aperture 5 µm) for the removal of coarser sediments. The second consisted of an activated
carbon filter (aperture 2 µm), able to remove chlorine and/or chloramines. The third was
represented by a reverse osmosis membrane (aperture 2 µm), able to remove organic and
inorganic compounds and reduce total dissolved solids (TDS) from the water down to
1/10,000 of a micron. The fourth stage consisted of a resin deionization filter (aperture
2 µm), used to remove the remaining total dissolved solids (TDS) from membrane filtered
water. Therefore, the filtration system allowed removing the impurities which, with their
weight and motion, could, on the one hand, lead to weighing errors and, on the other
hand, disturb the dynamics of the microplastics discharged along the side weir. However,
measurements were validated by means of the ATR-FTIR analysis described in Section 3.
The recirculation system included a supply tank, in which a submerged centrifugal pump
(produced by Caprari, model KCM100HL+002241N1, flow rate of 30 L/s with head of
4.5 m) was located, along with two collecting tanks, one for the lateral outflows and the
other one for the downstream flows. The downstream flow depth was set by means of a
rectangular weir with height of 0.5B. An electromagnetic flowmeter (produced by ISOIL,
model ISOMAG® MS2500, range of the water flow measurement 0–280 m3/h) was used to
measure the incoming water flow rate, while the lateral outflow was measured by means
of a V-notch weir located inside the corresponding collecting tank.

Three different incoming water flow rates Qupstream were tested: 2.5 L/s, 3.0 L/s,
and 3.5 L/s. Nine different configurations of the side weir were investigated, with three
different lengths Lsideweir, equal to 500 mm, 600 mm, and 700 mm, and three different
heights of the weir crest w, equal to 80 mm, 90 mm, and 100 mm.
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Figure 1. Laboratory model (a); sketch of the fiber collecting system (b); sampling and weighing of
the nylon fibers (c); oven-drying process (d).

Microplastic particles consisted of white nylon fibers (polyamide 6.6, density 1.14 g/cm3,
produced by Swissflock AG) of three different sizes and weights: length 2 mm, diameter
around 0.1 mm, and weight 22 decitex (2–22); length 4 mm, diameter around 0.1 mm, and
weight 22 decitex (4–22); length 4 mm, diameter around 0.15 mm, and weight 40 decitex
(4–40), with 1 decitex equal to 1 g every 10 km of yarn.

2.2. Measurement Methodology

The fiber collecting system consisted of two rectangular boxes, placed above the two
collecting tanks. Each box had a central hole under which a PVC pipe, with length 100 mm
and diameter 63 mm, was placed. Filters were placed on the bottom of the PVC pipes and
clamped by means of drilled PVC caps, allowing water flow (Figure 1b). Filters consisted of
polypropylene blankets with weight equal to 17 g/m2 and a 20 µm mesh, able to intercept
the different tested nylon fibers. The test procedure was as follows:

1. First, 3 g of nylon fibers were collected inside transparent plastic samplers and
weighed (Wtot) with a laboratory balance (XS Balance model BL224, with weight
range 0.1 mg–220 g, repeatability 0.1 mg, Figure 1c). In addition, for each sample of
nylon fibers, two filters were weighed, one for the side weir box and the other for the
downstream box;

2. The fibers were then mixed in a plastic graduated cup containing 350 mL of water,
in order to separate them and allow them to follow the water flow without affecting
each other;

3. The water–fiber mix was introduced at a distance of 5B upstream of the dropshaft
(“entry point” in Figure 1a). The presence of the dropshaft allowed a better dispersion
of the fibers in the water flow. Then, the fibers followed the water flow and were
collected by means of the two filters after the outflows;

4. The wet filters containing the fibers were placed in the plastic samplers and dried for
72 h at 50 ◦C in a laboratory oven (Argo Lab model TCF 50 Pro, with temperature
range 10–300 ◦C and temperature uniformity in the space at 150 ◦C ± 2%, Figure 1d);

5. The dried samples were then weighed allowing an evaluation of the weights of the
fibers discharged from the side weir Wsideweir and of the fibers that followed the flow
downstream.
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3. Results and Discussion

According to the Buckingham theorem, nondimensional parameters were introduced
to develop an empirical relationship for the prediction of the fibers outflow. In particular,
the weight of fibers discharged from the side weir Wsideweir can be expressed as a function of

Wsideweir = f (Qsideweir, Qupstream, Wtot, Lsideweir, w, B, ρwater, µwater, ρfiber, lfiber, dfiber, g), (1)

where Qsideweir is the lateral water outflow, Qupstream is the incoming water flow rate, Wtot
is the total weight of fibers introduced upstream of the dropshaft, Lsideweir is the length of
the side weir, w is the height of the weir crest, B is the channel width, ρwater and µwater are
the water density and viscosity, and ρfiber, lfiber, and dfiber are the fiber density, length, and
diameter, respectively. From the combination of the parameters reported in Equation (1),
the following dimensionless parameters were obtained:

W* = f (Q*, S*, D*, ρ*, w*, L*, Re, Fr, St), (2)

where Re, Fr, and St are respectively the Reynolds, Froude, and Stokes numbers, W*
indicates the dimensionless weight of outflowing fibers, Q* indicates the dimensionless
lateral water outflow, S* is the dimensionless geometric parameter, D* is the dimensionless
fiber size, and ρ* is the dimensionless density. More precisely, the dimensionless parameters
were expressed as follows:

W* = Wsideweir/Wtot, (3)

Q* = Qsideweir/Qupstream, (4)

S* = w/Lsideweir, (5)

D* = dfiber/lfiber, (6)

ρ* = ρfiber/ρwater, (7)

w* = w/B, (8)

L* = Lsideweir/B. (9)

With water and fiber density being constant for all tested configurations, ρ* was
neglected from the dimensional analysis. In order to select the parameters that had a
greater impact on the weight of fibers discharged from the side weir, a correlation matrix
was evaluated taking into account all dimensionless parameters (Figure 2). In particular,
W*D* = 0.0250, W*D* = 0.0375, and W*D* = 0.0500 were the dimensionless weights of outflowing
fibers of type 4–22, 4–40, and 2–22, respectively. The dimensionless parameters that showed
a higher correlation with W* were Q*, which showed a positive correlation between 0.8
and 0.9 (W* increased with Q*), and S*, with a negative correlation between −0.8 and −0.9
(W* decreased with S*).

The parameters w* and L* showed a lower correlation with W* in comparison with
Q* and S*. Furthermore, both w* and L* took into account the channel width B, which
was constant in the present experimental investigation. The Reynolds, Froude, and Stokes
numbers highlighted correlations with W* in line with w* and L* and lower than both
Q* and S*. In particular, the Stokes number, which was computed for the different types
of fibers and configurations tested, showed a negative correlation with W*, with values
always lower than 1, highlighting that the fibers faithfully followed the flow. In addition,
Re, Fr, and St all presented a short range of variability for the tested configurations. Details
on the Stokes number evaluation were reported in Di Nunno et al. (2019) [37].

On the basis of these results, in order to simplify the analysis of the fibers outflow
process, Equation (2) was rewritten as

W* = f (Q*, S*). (10)
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It should be noted that, although w* and L* were neglected, both w and Lsideweir were
included in the dimensionless geometric parameter S*.

A review of the dimensional analysis and stage–discharge relationship for weirs was
provided by Bijankhan and Ferro (2017) [38]. However, the dimensional analysis performed
for the present study differs from that in the literature due to the inclusion of parameters
relating to the microplastic particles.
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Detailed results, including standard deviations (σ D* = 0.0250, σ D* = 0.0375, σ D* = 0.0500),
are provided in Table 1. Furthermore, Figure 3 reports the dimensionless weight of out-
flowing fibers W* versus the dimensionless lateral water outflow Q* and the dimensionless
geometric parameter S*.

Table 1. Mean and standard deviation of the dimensionless weight.

S* Q* W*D* = 0.0250 ± σ D* = 0.0250 W*D* = 0.0375 ± σ D* = 0.0375 W*D* = 0.0500 ± σ D* = 0.0500

0.114
0.79 0.67 ± 0.01 0.60 ± 0.01 0.66 ± 0.01
0.8 0.75 ± 0.02 0.73 ± 0.01 0.72 ± 0.02

0.83 0.78 ± 0.03 0.75 ± 0.02 0.77 ± 0.03

0.129
0.73 0.59 ± 0.01 0.57 ± 0.01 0.60 ± 0.02
0.75 0.67 ± 0.03 0.69 ± 0.02 0.64 ± 0.04
0.78 0.74 ± 0.05 0.72 ± 0.04 0.70 ± 0.06

0.133
0.63 0.49 ± 0.02 0.58 ± 0.01 0.59 ± 0.02
0.65 0.53 ± 0.05 0.64 ± 0.01 0.65 ± 0.02
0.68 0.69 ± 0.07 0.70 ± 0.02 0.70 ± 0.03

0.143
0.64 0.46 ± 0.04 0.45 ± 0.03 0.39 ± 0.01
0.66 0.53 ± 0.05 0.50 ± 0.04 0.53 ± 0.04
0.68 0.61 ± 0.06 0.68 ± 0.06 0.60 ± 0.05

0.150
0.59 0.46 ± 0.01 0.50 ± 0.03 0.44 ± 0.03
0.61 0.51 ± 0.03 0.55 ± 0.02 0.58 ± 0.08
0.64 0.62 ± 0.05 0.70 ± 0.08 0.61 ± 0.10

0.160
0.6 0.46 ± 0.02 0.49 ± 0.03 0.42 ± 0.02

0.62 0.57 ± 0.04 0.57 ± 0.05 0.62 ± 0.05
0.65 0.67 ± 0.06 0.64 ± 0.10 0.64 ± 0.07

0.167
0.53 0.35 ± 0.04 0.34 ± 0.04 0.37 ± 0.02
0.55 0.50 ± 0.05 0.49 ± 0.07 0.51 ± 0.03
0.57 0.58 ± 0.08 0.61 ± 0.11 0.59 ± 0.06

0.180
0.57 0.42 ± 0.05 0.47 ± 0.08 0.40 ± 0.08
0.58 0.51 ± 0.10 0.52 ± 0.07 0.51 ± 0.11
0.61 0.61 ± 0.05 0.62 ± 0.11 0.59 ± 0.12

0.200
0.51 0.31 ± 0.06 0.30 ± 0.05 0.26 ± 0.08
0.53 0.45 ± 0.10 0.38 ± 0.08 0.36 ± 0.06
0.54 0.51 ± 0.07 0.42 ± 0.11 0.45 ± 0.13
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Figure 3. Dimensionless weight of outflowing fibers W* versus dimensionless lateral water outflow Q* (a), and dimensionless
geometric parameter S* (b).

As the incoming water flow rate Qupstream increased, an increase in Q* was obviously
measured; as a consequence, W* also increased with Qupstream. The evaluation of W* as a
function of the water outflow Q* is an essential task. For each assigned value of S*, an
increase in W* with Q* was observed. It should be noted that the increase in S* was related
to an increase in the weir height or to a decrease in the weir length; both factors affect the
flow field on the weir so as to hinder the fiber outflow [39,40], since a backwater profile
with a flow depth slightly higher than the weir crest is established on the side weir. For a
lower value of S*, equal to 0.114, passing from Q* = 0.79 to Q* = 0.83, increases in W* equal
to 25.42%, 26.32%, and 16.67% were observed for the fibers with D* equal to 0.0250, 0.0375,
and 0.500, respectively. For an intermediate S*, equal to 0.143, passing from Q* = 0.64 to
Q* = 0.68, greater increases in W* were computed, equal to 51.11%, 32.61%, and 53.85%,
respectively, for the same fiber type. Overall, passing from Q* = 0.51 (with S* = 0.200)
to Q* = 0.83 (with S* = 0.114), increases in W* equal to 151.61%, 150.00%, and 196.15%
were computed for the fibers with D* equal to 0.0250, 0.0375, and 0.500, respectively.
Furthermore, with the same Q*, a reduction in W* with S* was observed. For example,
passing from S* = 0.150 to S* = 0.143, reductions in W* equal to 25.81, 35.71%, and 36.07%
were observed for the fibers with D* equal to 0.0250, 0.0375, and 0.500, respectively. The
dimensionless weight standard deviations σ (Table 1) also showed an increasing trend with
the reduction in Q*, with values passing from a range of 0.01–0.03 for Q* = 0.83 to a range
of 0.05–0.13 for Q* = 0.51, without being particularly affected by the fiber type. The low
impact of the different fiber sizes and weights can be explained by the low inertia of the
fibers (Stokes number <1), whose motion was consequently governed by the water flow.

Results were also in line with those reported by Schernewski et al. (2021a) for the
Baltic Sea region [25], which revealed that 62% of microplastic particles discharged in
rivers were linked to stormwater runoff and sewer overflow. In the present study, a mean
value W*, computed for all S* values and fiber types, equal to 0.56 (56% in percentage) was
computed. Moreover, passing from S* = 0.200 to S* = 0.114, mean W* increased from 38%
to 71%. Therefore, for S* = 0.200 (Lsideweir = 500 mm, w = 100 mm), results were close to
those obtained by Bollmann et al. (2019) for urban areas [29], which revealed a microplastic
concentration equal to 36% related to stormwater runoff and CSOs. In addition, a mean
W* = 62% was obtained, equal to that measured by Schernewski et al. (2021a) [25], for
S* = 0.133 (Lsideweir = 600 mm, w = 80 mm).

Overall, the efficiency of the side weir in terms of microplastic discharge was quanti-
fied on the basis of the dimensionless weight of outflowing fibers W*. Since the efficiency
reduced as the number of fibers discharged by the side weir increased, across all types
of fibers, there was a reduction in the efficiency of the side weir as the dimensionless
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lateral water outflow Q* increased (Figure 3a). Furthermore, an increase in efficiency as the
dimensionless geometric parameter S* (Figure 3b) increased was observed. These results
show a greater efficiency of side weirs with high crest and short length.

In order to validate the experimental results represented in Figure 3 and reported
in Table 1, an ATR-FTIR analysis of the fibers, prior to and after the experimental tests,
was performed in the 4000–550 cm−1 wavenumber range (64 scans, resolution 4 cm−1),
using a Varian 4100 Excalibur spectrometer equipped with a diamond ATR crystal. FTIR
spectra of nylon fibers prior to and after the runs are reported in Figure 4. The characteristic
vibration modes of the nylon samples can be found at 3290 (N–H stretching), 2930 (CH2
stretching), 1630 (C = O stretching), 1530 (N–H bending), and 680 cm−1 (N–H bending) [41].
No remarkable qualitative differences between the spectra recorded on samples prior to
and after the experimental runs were evident. These results indicate that no significant
variations of the chemical composition of the fibers or adsorption of organic impurities
were detected during the runs, indicating a change in the reliability of the measured W*.
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On the basis of the experimental results, an empirical equation that allows evaluating
the dimensionless weight of the fiber outflow W* as a function of the dimensionless water
discharge Q* and side weir geometry S* was also obtained. It is expressed as follows
(Figure 5):

W* = a − (b × S*) − (c/Q*), (11)

where the coefficients a, b, and c are equal to 1.4, 1.5, and 0.4, respectively, evaluated for the
experimentally tested ranges of Q* = 0.51–0.83 and S* = 0.114–0.200. It should be noted that
Equation (11) is an original regression-based equation [42], with the aim of providing the
best fit with a simple and an easy-to-apply equation. Furthermore, equation coefficients
can be easily recalibrated for side weir analyses characterized by different geometries and
water discharges and/or for different plastic particles.

As a consequence, Equation (11) highlights a greater influence of the side weir geomet-
ric parameters, in comparison with the water discharge, on the number of fibers discharged.
The reduction in W* as S* increases is well represented by the contour curves in Figure 5,
with the lower number of fibers discharged from the side weir represented by the curve
with S* = 0.200 (red dashed curve) and a higher number for the curve with S* = 0.114 (red
solid curve). The goodness of fit was evaluated by means of the coefficient of determination
R2, which assess how well the model replicates observed outcomes and predicts future
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outcomes, and the root-mean-squared error (RMSE), which provides the square root of the
average squared errors for the predicted values [43]. They are defined as follows:

R2 = 1 − ∑m
i=1( fi − yi)

2

∑m
i=1(ya − yi)

2 , (12)

RMSE =

√
∑m

i=1( fi − yi)
2

m
, (13)

where m is the total number of measured data, fi is the predicted value for the i-th data, yi
is the experimental value for the i-th data, and ya is the averaged value of the measured
data. The fitting of Equation (11) to the measured data provides R2 = 0.712, which is higher
than 0.7, usually considered as the minimum value for a proper prediction [44], and RMSE
= 0.065.

Overall, investigating the microplastic discharge along the side weirs using an ex-
perimental approach allowed measurements to be conducted on reduced-scale models
under controlled conditions. In particular, a large-scale evaluation of the concentration of
microplastic particles in receiving water bodies may present a high degree of uncertainty,
as stated in the literature [19–30], linked to the several factors related to, among others, the
sewer network, the environment, and the rate of industrialization of the investigated area.

Therefore, the measurement methodology developed in this study can lead to simple
and more accurate relationships between the geometric and hydraulic parameters that
affect the dynamics of the microplastic particles. This may simplify future sewer side weir
design, in order to reduce the introduction of microplastic particles into receiving water
bodies while ensuring a high efficiency.
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4. Conclusions

This experimental study evaluated the concentration of microplastic particles, consist-
ing of different types of nylon fibers, discharged along a side weir in a rectangular channel,
in order to address the microplastic discharge problem in the CSOs. A specific methodology
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was proposed for the fiber sampling and weighing, including a validation of the results
based on the ATR-FTIR analysis of the fibers, prior to and after the experimental tests.

The performed dimensional analysis led to the introduction of parameters related to
the size and weight of the microplastic particles, in addition to the geometric and hydraulic
parameters usually considered for the weir analysis. This allowed evaluating the efficiency
of the side weir in terms of microplastic discharge.

Overall, the increase in water flow, combined with the increase in side weir length
and/or the decrease in crest height, has a great impact on the fiber outflow process,
without being particularly affected by the different fiber size. Moreover, the percentages of
microplastics discharged from the side weir were in line with literature studies reporting
large-scale measurements, further validating the reliability of the results.

An empirical equation to evaluate the dimensionless weight of the fibers discharged as
a function of a dimensionless water flow rate and side weir size was established, showing
good agreement between measured and predicted values. The empirical equation also
highlights the greater influence of the water flow rate, in comparison with the side weir
geometric parameters, on the quantity of fibers discharged.

The originality of the experimental study enables only comparisons with measure-
ments made on large scales. However, significant improvements are possible by carrying
out further tests in the future on side weirs with different sizes and for different fibers.
Future experiments may investigate the implementation of devices designed, on the one
hand, to prevent microplastic particles from reaching water bodies and, on the other hand,
to maximize the efficiency of side weirs in CSOs.
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