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Abstract: In recent years, microplastic pollution has been a hot topic as these compounds have been
used in various production contexts such as health, food or technology due to their chemical and
physical properties and “shelf-life,” making them almost indispensable products in daily life. On
the other hand, they have a negative impact on the environment and, consequently, on biota and
human health. It is therefore necessary to assess the actual presence of microplastics in drinking
water by analysing real samples in order to estimate the possible exposure through drinking water
consumption. In this pilot study, drinking water from different aqueous matrices was examined for
the presence of microplastics and characterized in terms of shape, size, abundance and polymer type
by Raman microspectroscopy analysis. Not all samples analysed were found to be contaminated
with microplastics, indeed, some, as in the case of water kiosk samples, were found to be free of
such contaminants. The results for the various matrices showed that the microplastics content
ranged from less than 2 particles/L to a maximum of 5 + 1.5 particles/L, with sizes ranging from
30 to 100 µm and consisted of the most common polymers such as polyethylene, polypropylene or
polyethylene terephthalate.

Keywords: microplastics; water; microplastics detection; Raman microspectroscopy; drinking water;
groundwater; tap water; public fountain; water kiosk

1. Introduction

Microplastic pollution has become a focus of public and research attention as microplas-
tics are considered a contaminant of emerging concern (CEC) [1] due to their ubiquity
in the natural and urban environment by identifying them in different environmental
matrices. Confirming this, the presence of microplastics (MPs) has been documented in
almost all terrestrial and marine environments studied, including urban areas, marine
and freshwater ecosystems, coastlines of remote uninhabited islands, lakes and alpine
mountains, rivers, the marine water column, deep seabed, and trenches [2–5]. In particular,
water bodies may act as a reservoir of such contaminants as microplastics from different
sources continuously flow into them; it is hypothesised that drinking water sources and
treated drinking water are highly susceptible to MPs contamination, in fact representing an
important risk factor [6,7].

The potential for drinking water contamination is very high considering the prevalence
of MPs, their pervasiveness and inherent characteristics along with the vastness of products
and activities that produce them. The presence of microplastics in freshwater, groundwater
or wastewater has highlighted the possible contamination of drinking water [8,9]. Various
researches have highlighted the need to study the various sources of microplastics reaching
humans through water: microplastics of various sizes, shapes and types have been found
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in different sources of drinking water, such as raw water that reaches drinking water
treatment plants (DWTPs) [10–12], groundwater [11], bottled water [13–15], tap water [16]
and public drinking water fountains [17–19] and water kiosks [20,21]. In fact, in addition to
contamination of the aquifer from which the water is drawn, components of pipes, filters
used in drinking water plants, water supply systems, or packaging could also contribute to
the contamination of this matrix [11,22]

This impact also represents a real water emergency since microplastics are ubiquitous,
emerging contaminants with an as yet unclear toxicological profile, as, despite the media
interest in the topic, there is still no complete and comprehensive picture of the toxicity of
microplastics for humans [23]. In recent years, the routes of exposure to these contaminants
and the effects possibly related to their intake were studied [24]. The main routes of expo-
sure can be attributed to their inhalation or ingestion, which can result from different routes
such as, food and water. In particular, their ingestion would result in their bioaccumulation
in the gastro-intestinal tract if such particles are digested in tissues or organs by the process
of phagocytosis by M cells of Peyer’s patches or dendritic cells [25,26] and could be a
cause of inflammation of stomach cells [22] or intestinal barrier [27]. In fact, microplastics
would be found to be resistant to gastric juices and, therefore, they do not decompose in
the human gastrointestinal tract [28], going into long-term retention in the body or direct
excretion depending on polymer characteristics such as size, type and surface properties.
To confirm this, traces of microplastics have been observed in biological matrices such as
faeces [29], blood [30], as well as in organs such as lungs [31] and placenta [32].

Therefore, as drinking water is consumed daily, long-term human exposure is consid-
ered inevitable, with negative consequences for human health based on the physicochemical
properties of microplastics [19]. In addition, due to their hydrophobicity, MPs can act as
carriers by adsorbing heavy metals, organic pollutants [33], virus, and bacteria [34–36].

The prospect of being able to develop a monitoring strategy for these contaminants
is therefore important for reducing potential exposure and preventing possible adverse
health effects.

In this perspective, the European Commission has set itself the goal of regulating the
monitoring of these emerging contaminants by 2024 in drinking water, and identifying
a method for their determination and characterisation, to enable their inclusion in the
Watch List and reducing potential exposure to these substances through drinking water.
According to the provisions of the Directive (EU) 2020/2184, it is fundamental to develop
monitoring and prevention strategies based on site-specific risk analysis in accordance
with the provisions of the Water Safety Plans, in order to guarantee the quality of water
resources and, therefore, prevent this state of emergency caused by parameters that are not
currently provided for by the law [37,38].

The prospect of being able to develop microplastic monitoring and perhaps also
prevention strategies, perhaps, is important for assessing potential exposure and preventing
and/or reducing any confirmed risk of potential exposure to this type of contaminant.

To this end, the Joint Research Center (JRC), on behalf of the European Commission,
initiated a project with the Member States with the aim of identifying a harmonized
analytical method for the analysis of microplastics in drinking water, soliciting the support
of scientific representatives, industry experts and stakeholders through a survey and
dedicated workshops [39].

Within this context, the purpose of this pilot study was to test the method developed
for determining and characterising microplastics in water for human consumption by
analysing of real samples of different aqueous matrices by Raman Microspectroscopy.

2. Materials and Methods

This study examined water samples from different sampling points along the drinking
water chain. The sampling campaign took place in the summer of 2022 in an area of
central Italy (the Lazio region), taking advantage of sunny days, without any atmospheric
disturbance. The type of matrices under investigation was chosen in accordance with the
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provisions of Directive 2020/2184 in order to develop monitoring and prevention strategies
based on site-specific risks by devising a method for analysing water samples for human
consumption taken at different points in the drinking water supply chain. The purpose
of this is to be able to evaluate the possible presence and quantity of microplastics within
the supply chain, from collection to the tap, and observe whether there can be variations
dependent upon environmental factors, anthropogenic pressures or the type of material
and processes used along the supply network. More specifically, analyses were carried out
on raw and treated water samples to study the level of contamination of the raw matrix and
whether and how it was abated at the plant and, subsequently, on drinking water sampled
from drinking fountains, household taps, water kiosks and glass and plastic bottles, in order
to also assess actual consumer exposure to these contaminants from different supply points.

2.1. Sample Pre-Treatment

The analysed drinking water samples were collected using 1 L dark glass bottles. The
decision to use dark glass bottles was due to the fact that it preserves any microplastic
particles present as a result of exposure to the sun or use of plastic materials during
transportation and storage. In this context, in order to optimise the efficiency and time
of analysis by micro-Raman spectroscopy (µ-Raman), the drinking water samples were
pre-treated with hydrochloric acid (37%, manufactured by Carlo Erba) to reduce the high
background noise due to inorganic substances and other solids and, consequently, facilitate
µ-Raman analysis. More specifically, each sample was pre-treated at room temperature
with HCl (pH = 3), digested for 15 min and then filtered through the vacuum filtration
system. The filtration process was carried out using a special filtration system, supplied by
Thermo Fisher Scientific, consisting of a porous septum into which the silicon filter is placed
(pore size 1 µm and 10 × 10 mm laser cut) and closed by a black gasket to prevent sample
leakage and a flushing apparatus; filtration volume varied between 250 and 500 mL.

Any microplastic attached to the sampler or glass filter holders was recovered using
Milli-Q water. The filter was placed under a µ-Raman’s microscope for subsequent analysis.

2.2. Sample Quali-Quantitative Sample Characterization by Micro-Raman Spectroscopy

In order to assess the possible exposure of consumers to these contaminants, the
quality of drinking water sampled at various points in the drinking water supply chain
was monitored using Raman spectroscopy analysis.

The confocal Raman imaging technique combines Raman spectroscopy with a confocal
microscope, capturing the information of a complete Raman spectrum in each pixel of the
image. In this way, the spatial distribution of the particles of interest within the sample is
detected and photographed.

For Raman imaging analysis, in particular, a confocal Raman microscope scans the
sample point by point and line by line, capturing a complete Raman spectrum in each pixel
of the image (hyperspectral imaging).

In this study, particle counting and identification was performed with a µ-Raman
spectroscope (Thermo Fisher Scientific) fitted with three lenses, specifically 10×, 20× and
50×, and a 532 nm Raman laser (0.1–10 mW; spectral resolution of 2 cm−1) with adjustable
laser power to investigate microplastic particle sizes greater than 20 µm.

In order to enhance and optimise the contrast between the substrate and the particles to
facilitate their identification, it was decided to work in the dark field at 10-fold magnification
to obtain an overall image of the sample under investigation. Using this approach, the
particles under examination can be clearly distinguished from the dark background, i.e.,
the silicon filter, thus avoiding the loss of the particles of interest.

Therefore, once the filter under analysis has been placed under the µ-Raman micro-
scope, a single microscope image is acquired to obtain a total mapping of the particles
present over the entire filter area and to obtain the information of interest for the determi-
nation and characterisation of microplastics in drinking water samples.
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The spectra, containing chemical information, are analysed using Omnic Spectra Atlus
software (OMNIC Atlus 9.11.734) to generate an image visualizing the spatial distribution
of the particles of interest. This makes it possible to locate, count and characterise morpho-
logically (size, area, length, width) the particles present on the filter quickly and easily.

In this paper, in particular, the number, size and morphology of the particles in the
size range of interest, i.e., greater than 20 µm, were evaluated.

After particle localisation and morphological characterisation, automated Raman
analysis was performed: the spectrum was acquired at the centre of each particle using
optimised parameters in order to obtain a good compromise between the quality of the
spectra and the time required for analysis.

Chemical identification was performed by comparing the spectrum of each par-
ticle with reference libraries, appropriately chosen for the identification of microplas-
tics including a wide range of the most common polymers and commercial materials
(e.g., HR FT-Raman Polymer Library, Polymers&Additives_Packaging) and home libraries
obtained from materials specifically used for this type of analysis or commonly available in
the laboratory.

Matches above 70% were accepted, while library matches between 60% and 70% were
analysed and interpreted individually by overlaying the spectra.

2.3. Contamination Control

In order to mitigate sample contamination, appropriate precautions were taken
such as: (i) working in a clean working environment, (ii) only using plastic-free equip-
ment, (iii) wearing pure cotton gowns and not using gloves during sample preparation,
(iv) preparing the sample in laminar flow hoods regularly cleaned with 50% EtOH, and
(v) developing an appropriate cleaning protocol for the materials. Reagent and procedural
blanks were prepared: reagent blanks were performed for ultrapure water, hydrochloric
acid and ethanol solution, used for cleaning materials, which, did not reveal the presence
of microplastics. The procedural blanks were performed by simulating the optimised
analytical protocol but using ultrapure water instead of drinking water. As suggested by
Schymanski et al., a single process blank was prepared daily as fewer than ten real samples
were processed in one day [40].

The microplastics identified in the blanks were characterised in order to subtract
them from the MPs content found in the real samples: PET was the most common polymer
identified in the size range between 50 and 200 µm. The mean abundance of microplastics in
the blanks was 3 particles/L for Groundwater-Inlet (G-I); 1.5 particles/L for Groundwater-
Outlet (G-O), 2 particles/L for public drinking fountains, 1 particles/L for tap water and
0 particles/L for water kiosks and bottled water. The final results were corrected to the
blank samples.

3. Results

In this pilot study, 34 samples of water for human consumption collected at different
points in the drinking water chain in central Italy (Lazio) were analysed. Five different
drinking water matrices were investigated: 14 groundwater samples, sampled both before
and after purifier treatment, 8 drinking water samples taken from water kiosks, 8 taken
from public drinking fountains and domestic taps and a final batch of samples from glass
and plastic bottles. All results were normalised to a sample volume of 1 L.

3.1. Abundance of MPs in Water Samples

The abundance of microplastics identified in the samples varied according to the
type of aqueous matrix under investigation. The batch of groundwater samples consisted
of 4 samples taken at the inlet of the drinking water treatment plant (Groundwater-I)
and 10 post-treatment (Groundwater-O) samples: on average, the inlet water contained
5 ± 1.5 particles/L, subtracted of the blank value, as shown in Figure 1.
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Figure 1. Average microplastic content, subtracted of the blank value, in different aqueous matrices;
blank value is reported for each matrix.

The situation is different for water samples taken at the drinking water outlet: on aver-
age, these samples contain less than 1 particle/L of these contaminants, as many samples
were free of microplastics, i.e., no particles attributable to plastic materials were identified.

A similar situation to that of the samples taken at the inlet to the drinking water plant,
however, was found in the fountain water samples: an average of 5 ± 1.5 particles/L were
identified. It must be specified that not all the samples analysed contained particles of these
contaminants, in fact, several aliquots were devoid of them.

The 12 kiosk and tap water samples showed very different concentrations of microplas-
tics, presenting a lower content: more specifically, the water from the kiosk was completely
free of these pollutants, showing, in terms of number of particles/L, a better filtering profile
than the laboratory blank as reported in Section 2.3. On the contrary, the water taken from
the domestic tap showed an average value of 2 ± 1 particles/L; as with the water samples
from the drinking water outlet and public drinking fountain, not all the aliquots were
found to be contaminated, indeed, some of them were free of these contaminants.

Finally, water in both plastic and glass bottles, was found to be free of these contami-
nants but contained particles of a different nature: after the reuse of these bottles and their
exposure to the sun, there was an increase in the total number of particles identified but
none of them were microplastic and all of them were completely microplastic-free as shown
in Table 1.
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Table 1. MPs Abundance in various aqueous matrices.

Matrices Sample
Number

Filtered
Volume Blank Value Abundance

(Particle/L)

Drinking Water
Treatment Plant Inlet

(Groundwater-I)
4 4 L 3 particles/L 5 ± 1.5 particles/L

Drinking Water
Treatment Plant Outlet

(Groundwater-O)
10 10 L 1.5 particles/L <1 particle/L

Public Fountain 4 4 L 2 particles/L 5 ± 1.5 particles/L
Tap Water 4 4 L 1 particles/L 2 ± 1 particles/L

Water Kiosk 12 12 L / /
Glass Bottles 2 2 L / /
Plastic Bottles 2 2 L / /

All samples were acquired in triplicate and the final results were corrected to the blank
samples, as indicated in paragraph Section 2.3.

If the classical definition of limit of identification and quantification (LOD and LOQ)
was used for method validation, which is equal to 5 and 11 particle/L for Groundwater-I,
4 and 11 particle/L for groundwater-O, 6 and 16 particle/L for fountains, 3 and 8 particle/L
for tap water and = particle/L for other matrices, the results, obtained from the real samples
analysis, shows that the amount of MPs detected in several samples is lower than the LOQ;
this is an indication that the samples analysed are devoid of significant MP content.

3.2. Polymer and Size Distribution

The variability of microplastics in the samples analysed is not only attributable to the
type of matrix and number of particles detected, but also to the type of polymer and size
range identified.

In the samples taken at the inlet of the drinking water treatment plant (Groundwater-
I), which on average contained 5 ± 1.5 particles/L, chemical identification by Raman
analysis revealed that 60% of these particles were Polyethylene Terephthalate (PET) and
40% were Polytetrafluoroethylene (PTFE), as shown in Figure 2. All samples consisted of
suspended particles not identifiable as polymeric materials but due to materials such as
inorganic or other solid compounds. The number of other particles present, on average, was
within a range of between 100 and 745 particles depending on the aqueous matrix under
investigation with size range between 20 and 200 µm. In particular, Groundwater-inlet
samples have an average of 100 particles/L of which, on average, only 5 particles/L turn
out to be MPs, in an average size of 68 µm, after µ-Raman analysis and the latter have a
polymeric distribution as shown in Figure 2. Similarly, groundwater-outlet has an average
of 271 particle/L of which less than 1 particle/L was MPs with average size of 102 µm.
In contrast, for the drinking public fountain samples out of an average of 642 particles/L
only 5 particles/L on average were MPs in an average size 80 µm; finally, for tap water of
390 particles/L on average only 2 particles/L are MPs with average size 74 µm.

A different trend was observed for the samples taken at the DWTP outlet, where the
most commonly present polymer is Polypropylene (PP) (100%), while no PET and PTFE
particles were identified: the percentage of these types of polymers is reduced by the plant
compared to their input content.

Conversely, similar polymer type identification was observed for both drinking foun-
tain water samples, where 80% of microplastics detected were PET, and tap water, where
100% of the particles identified consisted of this polymer. Furthermore, in the drinking foun-
tain water samples, on average, the analysis showed that pure Low Density Polyethylene
(LDPE) (20%) is present in this matrix, albeit with a low concentration.
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In terms of shape, the microplastics investigated were found to be fragmented: in all
matrices investigated, more than 93% were fragmented, 2% fibers, and the remaining 5%
presents pseudo-spherical shape.

In these samples, it is also possible to observe a trend in terms of the size range of
the identified microplastic particles present as shown in Figure 3. Particles sizes greater
than 20 µm were found in several samples, which is the detection limit of the method,
returning, in this way, an overall picture of potential microplastics taken up by consumers.
This trend may be is due to the need to have fielded appropriate sampling protocols for
small Microplastic MPs [38] and this allowed frequency observation of small particles,
which could have more relevant health effects [41] as particles of increasingly smaller
diameter (<30 µm) assume an important role in the body, the effects of which are still poorly
understood [25,42]. Regardless of the type of matrices investigated, the largest proportion
of microplastics identified was within the size range 30–90 µm.

A different distribution can be observed in the water samples collected at the outlet
from the drinking water plant, where 75% of the plastic particles were larger than 100 µm
and only 25% were smaller, unlike the other matrices, which had a higher percentage of
microplastics in the 30 to 90 µm range and less than 20% were larger.

Finally, microplastics smaller than 30 µm were detected in 20% of samples collected at
the inlet to the drinking water treatment plant and in 5% of the tap water samples; these
particles were within the size range of 30–20 µm, which is currently the limit of detection
of the optimised method.
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Figure 3. MP size distribution in water samples.

4. Discussion

Great variability was observed in the number of microplastic particles identified in the
different drinking water samples. This depended on (i) both the type of analytical protocol
and instrumental analysis optimised for their analysis and (ii) different types of water and
their origin, which played an important role in their presence in drinking water, together
with factors such as seasonality and characteristics of the catchment point.

The analytical protocol and method used play an important role in the MPs determina-
tion in the samples examined representing a criticality for this type of analysis. The study
conducted by Maurizi et al. [43] has observed how the amount of microplastics detected
had varied depending on the protocol and instrumental analysis: from the analysis of
the same set of water samples, taken at the inlet and outlet of the drinking water treat-
ment plant, through µ-FTIR and µ-Raman, a different number of MPs can be observed.
In particular, µ-FTIR obtained values of MPs lower (~150 times) than µ-Raman, which,
instead, gave high values (input: 2500 ± 2000 N/m3, output: 1400 ± 1300 N/m3) [44]; this
could be caused by the limit of quantification in dimensional terms that for µ-FTIR was
50 µm, making, below this value, the µ-Raman the method of choice for MPs analysis in
drinking water. Conversely, the time of analysis with µ-Raman could be much longer than
µ-FTIR (~332 times shorter) so it may be necessary to resort to semi-quantitative strategies.
In addition, the final performance of the methods could also be affected by the protocol
adopted for the samples prior to analysis and data processing step. This shows that this
type of analysis is influenced not only by the nature of the contaminant, the type of matrix
investigated, but also by the sampling, pre-treatment, analysis and data processing protocol
optimised since it is necessary to reach a compromise between accuracy, time of analysis
and requests from the state of the art [43].
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For the second point, there are several papers in the literature showing how the level
of microplastics in the samples is related to the type of matrix.

Treated drinking water is obtained from different raw water sources, e.g., from ground-
water or surface water. The latter may be contaminated with varying amounts of microplas-
tics (MPs): groundwater, due to the filtering action of the soil [7,45], may contain less MPs
than groundwater. Conversely, raw water from surface water may have a higher MPs
content because it is directly exposed to the environment. In addition, it is necessary to
bear in mind that, before being supplied as tap water, groundwater undergoes different
treatment stages, depending on its initial conditions, such as coagulation/flocculation,
sedimentation, filtration, and disinfection, and that removal efficiency also depends on
the size of the MPs analysed. In addition to decreasing the MPs content, drinking water
treatment steps can also increase the number of MPs, as the polymeric membranes used in
filtration processes may leach MPs and act as a source of contamination. Finally, in addition
to treatment processes, it must be considered that drinking water is usually delivered
through a pipe system consisting of different materials, including plastic, which could lead
to (re)contamination [10].

As shown in Section 3.1, the water samples collected at the inlet to the drinking water
treatment plant contained an average of 5 particles/L with a particle size >20 µm, while
the samples collected at the outlet of the plant on average contained less than 1 particle/L
as many of them were not found to be contaminated in the summer period. It is important
to evaluate the period and weather conditions under which sampling was carried out, the
source of the DWTP, the nature of the aquifer [7], in addition to the method of sampling and
analysis developed, can also influence the levels of MPs present. Indeed, in a similar study
conducted by Jung et al., in which the authors observed the variability of MPs in samples
taken at the inlet and outlet of a treatment plant over the course of one year, it was observed
that MPs present in raw water was less from June to August than in other months; notably,
the highest abundance of MP in all raw water samples was observed in December. This
shows how the seasonality of sampling affects the abundance of these contaminants. This
variability depends on both weather conditions, which affect the status of water bodies, and
water quality parameters; for example, stream flow could affect the MPs content related
to different rainfall in different season that could affect the pollutants concentration in
the original sources. In addition, the diffusion of pollutants in aquatic environments is
correlated with their physicochemical properties, such as steric bulk, hydrophilicity and
hydrophobicity, as well as the possible presence of inorganic or organic compounds for
MPs due to their carrier function; therefore, parameters, such as Total Organic Carbon
(TOC) or certain metals concentration, could act as indicators of MPs content in water [46].

The MPs content detected in these samples is similar to some works in the literature [47–49]; in
particular, for type of polymers identified, of which the most frequent are polyethylene terephthalate,
polyethylene and polypropylene [46,50], shape and size [46,50] and MPs content, in fact, e.g., the
concentration in the DWTP influent was 4.23 ± 1.26 MPs/L in the Dronjak et al. paper [47].

However, unlike others [1], they appear to be less contaminated or completely free
of such pollutants [12,45,48,50]: for example, these results are lower than the results pub-
lished by Pivokonský et al. [50] whose concentration, for raw water, was 1296 MPs/L
and 23 MPs/L or Shi et al., who observed the presence of microplastics in groundwater:
microplastics were detected at all sampling sites with concentrations ranging from 4 n/L to
72 n/L, with a mean value of 29 n/L [48] and Wang et al. study where the concentrations of
MPs in raw water were 6614 ± 1132 particle/L [12]. In addition, a decrease can be observed
between the inlet and outlet DWTP of MPs content and this result is in agreement with
the research data of Dronjak et al. [47], who observed that the level of MPs in the effluent
(0.075 ± 0.019 MPs/L) was lowered compared to the plant inlet (4.23 ± 1.26 MPs/L) due to
the different treatment processes carried out in the plant. The difference in the abundance
of microplastics between various regions might be related to the source and usage of mi-
croplastics and the population density of each study area and, in addition, the different
results are mainly caused by the different size ranges and detection methods.
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Once the treated water enters the water supply, it reaches the consumer through
various drinking water distribution systems, such as public drinking fountains, tap waters
and water kiosks.

By analysing the water samples taken at the aforementioned supply points, a different
situation, in terms of the presence of MPs, was observed compared to the MPs content in
the samples collected at the outlet from the treatment plant.

The samples taken from the public drinking fountains had a content (5 ± 1.5 MPs/L)
that was higher than that the outlet from the drinking water treatment plant assuming, on
the other hand, a similar rate of MPs as the samples entering the plant itself.

This difference in the microplastics content detected could be related to other factors,
such as the deterioration of fountain filters, drinking water pipes and water storage in a spe-
cific urban region. In the study by Shruti et al. [17], for example, which analysed forty-two
samples from drinking water fountains in Mexico City, the concentration of microplastics
varied significantly depending on the sampling point: the reported results indicate that
the abundance of microplastics varied from 5 to 91 particles/L in drinking water, with an
overall average of 18 particles/L. The authors hypothesised that this variation could be
due to human activities, transportation routes, drinking water pipes and water storage in
the urban region.

The results obtained in this paper are not in total agreement: the samples analysed are
lower than the average value reported by Shruti et al. [17], although 17 out of 42 sites show
a value of less than 10 particle/L and two of these sites show a value of 5 particle/L and,
therefore, in line with the values found in this study. A substantial difference, however,
was due to the type of polymers identified, in fact, as the authors themselves pointed out,
unlike the polymers most commonly identified as PE, PET or PP in many papers in the
literature, the polymers identified were poly (trimethylene terephthalate) and epoxy resin.

Therefore, the variability of the obtained data was affected by geographical area
considered, particular environmental contexts, water storage conditions, defective filtration
units and poor drinking fountain maintenance, as well as transportation and storage
conditions [17].

A different situation was observed for tap water samples, which have an average MPs
content of 2 ± 1 particles/L in accordance with other papers in the literature [49,51,52],
unlike other current works [53,54].

In their research, for example, Lam et al. [49] analysed 110 tap waters in the Hong
Kong area founding an average of 2.181 MP/L in the sampled tap water; similar studies
were also conducted by Tse et al. [51] and Semmouri et al. [52].

Conversely, in the paper of Kosuth et al. [53], in which tap water samples from
14 different countries in Europe, America, Asia, and Africa were examined, MPs concen-
trations ranged from 0 to 61 MPs/L with an overall average of 5.45 MPs/L in a size range
of 100 to 5000 µm. In contrast, a similar study, where tap water samples from several
developed countries, including France, Germany, Japan, and the United States, were anal-
ysed; in these samples, MPs concentration was between 1.9 and 225 MPs/L and an overall
average concentration of 39 ± 44 MPs/L in a size range between 19.2 µm and 4200 µm [54].
Polymeric distribution, instead, is different in this paper, for example polypropylene or
polystyrene [52,54] have predominated while polyethylene was found but its individual
quantities were negligible [54].

Additionally for this matrix, MPs contamination is related to the water distribution
system: contamination from water treatment plants or the pipeline itself [16,49], fragmen-
tation and abrasion of microplastics in the network [55], leaching of microplastics from
pipelines [56] are not negligible factors which may occur along the supply chain and which
may affect the contamination of tap water.

Water kiosk samples, on the other hand, were found to be free of MPs: this result was
very different from the Shruti et al. research [17], where an overall average microplastic
concentration was of 74.18 ± 48.76 microplastics/L for Mexico City water kiosks and the
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concentrations of microplastics differed among drinking water kiosks in central, northern,
and southern Mexico City.

This difference could depend on the water source and the efficiency of the area-specific
distribution system, as the water is delivered through different pipelines, and it is subject
to pollution along its path. Thus, outdoor drinking water kiosks had lower levels of
microplastics (0 particles/L) than bottled water from different countries of the world such
as, for example, Thailand [57], Germany [58], and others [53,59]. To confirm this, also
considering the data collected on water in both plastic and glass bottles, an increase in
the total number of particles identified can be observed: after the reuse of these bottles
and/or their exposure to the sun, the number of particles is higher than the total number
identified at the initial exposure or use. As this increase was observed for both plastic and
glass bottles, it did not depend solely on bottle material but also on other factors, such as
cap material, time of use and exposure to the sun.

However, the samples analysed in this study were microplastic-free, a result that
differs from the studies present in the literature [1,53,57–59].

This difference could be due to the different analytical tools used: as illustrated at the
beginning of this paragraph thanks to Maurizi et al.’s paper [43], the MPs amount detected
had varied depending on the protocol and instrumental analysis, in fact, results obtained
could differ due to the different instrumental performance of µ-FTIR and µ-Raman in
relation to their detection limit. In fact, the limit of quantification in dimensional terms
that for µ-FTIR was 50 µm while µ-Raman is able to investigate particles of nanometre
dimensions. Conversely, visual counting, which classifies MPs into several categories based
on colour, size, and morphology, is a simple, convenient, low-cost approach with reduced
chemical requirements but it can lead to an overestimation or underestimation of plastic
content. Detection accuracy is relatively low as it has a detection limit of 100 µm and
this is because light waves can only resolve details larger than half their wavelength, and
this limits the ability to accurately distinguish particles smaller than the wavelength of
light used for imaging. As particles get smaller than the wavelength of the light (typically
400–700 nm), they become more challenging to visualize [60,61].

In this study, the morphology, colour, size range and polymer identification of the MPs
present in the different aqueous matrices were also studied and evaluated.

Fragment morphology was the most common type, unlike in other studies [12,62–64],
whereas the fibre content was very low (<2%) and was in some cases, due to contamination
by the use of face masks in the laboratory. The microplastics found in the samples of the
five types of matrices investigated in this study presented a variety of colours, including
colourless, green, orange and black. In the various batch samples, however, most of the
microplastic particles observed were transparent (>90%), which was consistent with other
studies [48,65]. This could be the result of the use and release of plastic bags, packaging
materials, fishing gear, containers for food and detergents or clothing, plastic films for
example [66–68] but also due to several factors due to the dispersion in the environment:
UV radiation, temperature and oxidation could cause coloured microplastics to become
colourless [69]. The variety of colours, therefore, suggests that the microplastics identified
in the various samples originated from various sources of pollution [48].

The microplastics were classified according to three size ranges: 20–30 µm, 30–100 µm,
>100 µm, the largest microplastic particle size observed did not exceed 200 µm. All the
matrices investigated had an MP particle size within the range 30–100 µm and in three out
of four contaminated matrices they represented the highest percentage similarly the study
of Pivokonsky et al. [10]: with the exception of the samples from the DWTP outlet, for
which only 25% of the particles present such dimensions, in other cases the percentage for
this size range is between 60 and 80%. Particles greater than 100 µm are also present in all
the matrices containing MPs but with a percentage of between 15 and 20% and excluding
samples pre-washed at plant outlet. For this matrix, 75% of the identified MPs particles
had dimensions greater than 100 µm. Finally, small microplastics were identified (range
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20–30 µm) but only in two out of four of the matrices, i.e., in tap water (5%) and DWTP
inlet water (20%).

Finally, the last trend analysed was the type of polymer material identified in the
various samples and four different plastics have been identified as MPs. Overall, PET was
the most common type of MP detected in three out of four matrices, namely DWTP inlet,
drinking fountain and tap water samples (between 60 and 100%). In fact, only samples
collected at DWTP outlet were found to be free of PET particles but instead contained PP
particles (equal to 100%). Lastly, some matrices also contained PTFE and LDPE particles
(40% for GW-I and 20% for tap water, respectively). This trend depends on the source of
input of MPs into the water: PET is typically used for beverage bottles, PE is used, for
example, for bags, packaging or household items, while PP is also used for packaging and
all the polymers identified in the various samples are present in the materials used along
the water system such as pipes, fittings, valves [10,12,16,48,50,70,71].

To conclude, despite this study presenting some limitations due to the small sample
size, widening the dimensional range or type of shapes investigated, repeating the samples
in different seasons, optimising the detection limit of the method in order to detect small
microplastics whose exposure could have health effects could improve the study. This pilot
study is an optimised analytical method for the analysis of microplastics in water intended
for human consumption that is easy, quick, sensitive, efficient and applicable for future
routine analysis by water suppliers.

5. Conclusions

The assessment of microplastics in drinking water is a multi-step process, from sam-
pling through to the quantification of microplastics, with each step requiring time and
attention to possible sources of contamination. The high variability of the chemical compo-
sition and morphology of microplastics is a crucial point for monitoring these contaminants
in order to be able to assess consumer exposure through drinking water. This study offers
a reproducible and effective method for determining and characterising microplastics in
water for human consumption using µ-Raman Spectroscopy. This rapid sample analysis
technique makes it possible to assess probable consumer intake by examining drinking
water obtained from various points in the supply chain and, if necessary, to attempt to
identify the possible source of contamination.

Therefore, µ-Raman Spectroscopy can be successfully used to detect and analyse
microplastics (>20 µm) in water for human consumption, as the high resolution of µ-Raman
Spectroscopy makes it possible to detect the presence of particles of interest below a certain
size range.

In conclusion, the method proposed in this pilot study could be a suitable rou-
tine method for monitoring microplastics in drinking water and ensuring consumer
health protection.
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