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Abstract: Microplastic (MP) contamination affects all environmental media, even in remote,
unpopulated regions of the globe. Many studies have addressed this issue under various
aspects; however, actual and definitive evidence that MPs are a cause of human health risk
in actual environmental conditions has not been provided. MP decomposition generates
smaller nanoplastics (NPs) with different properties, closer to engineered nanoparticles
than to MP. Their detection is more complex and laborious than MP’s, and, as such, their
fate and effects are still poorly studied. Advanced technologies to remove MP/NPs from
supply water are being investigated, but current evidence indicates that conventional
drinking water treatment facilities efficiently remove a major part of MPs, at least as far as
sizes greater than 20 µm. Notwithstanding recent developments in MP/NP classification
and detection techniques, at the moment, very few studies specifically address NPs, which,
therefore, deserve more targeted investigation. This paper addresses MPs and NPs in
drinking water, examining recent current literature on their presence and state-of-the-art in
risk assessment and toxicology. The paper also critically overviews treatment technologies
for their removal and discusses the present knowledge gap and possible approaches to this
widespread issue.

Keywords: freshwater; microplastics; drinking water; treatment processes; nanoplastics;
health risks

1. Introduction
The widespread use of plastic compounds as an indispensable industrial commodity

began in the 1950s: their popularity was due to the fact that they are cheap to manufacture,
easily molded, and light compared to alternative materials for intended uses. Studies
showed that, if properly managed, plastic is highly ecologically friendly compared to possi-
ble existing alternatives: their production requires at least 2–4% less energy than current
alternative materials and generates about three times less greenhouse gas (GHG). Further-
more, substituting plastic with other materials in all sectors would require, on average,
about 57% more energy consumption and increase GHG emissions by 61% overall [1,2].
A Life Cycle Assessment (LCA) impact study on plastic products versus other materials
conducted by global management consultants McKinsey & Company found that plastic
has the lowest energy and carbon footprint in thirteen out of fourteen different examined
applications. In addition to production energy emissions (Scope 2), plastic’s light weight
contributes to the reduction of transport-related consumption, positively impacting indirect
emissions (Scope 3). Overall, a plastic bottle provides a 15% GHG emission advantage
versus a glass one and up to 50% versus an aluminum can [3]. Plastic also contributes to a
circular economy by being highly recyclable: it is estimated that almost 90% of households
in developed countries have access to the possibility to recycle these materials [4,5]. PET
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and HDPE bottles can be made from 100% recycled content; additionally, pyrolysis can
convert polymeric waste into renewable, high-quality oils and chemicals without releasing
toxic substances into the atmosphere [6].

Since its commercial introduction, over 9 billion tons of plastic products have been
produced, of which an estimated 70% were discarded, resulting in about 7 billion tons
of cumulated plastic waste [7]. Often, however, plastic waste is poorly managed, i.e.,
dumped in unregulated landfills, in surface waters, or directly into seas, especially in
developing countries (Figure 1). Its fate is largely unknown; however, estimates indicate
that 4.8–12.7 Mt/y of macroplastic waste (bottles, bags, food containers, fishing gear, nets,
etc.) is currently dispersed into oceans worldwide [8]. This figure, which is probably
underestimated, constantly adds to the estimated 195 Mt already present in global wa-
ters [9]. Plastic is eventually subject to physical breakdown through natural processes
(bio-, photo-, thermo-oxidative degradation, and hydrolytic reactions), starting at their
accessible polymeric surface and accelerating progressively due to the gradually increasing
specific exposed area [10]. This is usually denoted with the terms aging or weathering, indi-
cating the change of polymer properties (composition, particle integrity, surface properties)
over time [11].

An outcome of plastic waste mismanagement [12], microplastic (MP) (i.e., particles
≤5 mm, according to the mainstream definition) contamination is a ubiquitous phe-
nomenon globally affecting even remote, pristine, high altitude and uninhabited polar
regions [13,14]. MPs vary in size, characteristics, and polymeric nature, and the seven
most common categories are acrylic or polymethyl methacrylate (PMMA), polycarbonate
(PC), polyethylene (PE), polypropylene (PP), polyethylene terephthalate (PETE or PET),
polyvinyl chloride (PVC), acrylonitrile-butadiene-styrene (ABS). Overall, there are around
200 different types of polymers, with diverse subcategories that obtain their specific prop-
erties from other chemicals (additives) to allow them to be processed into millions of
products [15].

Figure 1. Mismanaged plastic waste, according to [16].

From an environmental perspective, MPs are differentiated between primary and
secondary: the former already enter the environment in size ≤5 mm; they are usually
specifically manufactured for industrial production purposes (drug vectors, cosmetic ingre-
dients, industrial building blocks for final products), but their environmental immission
is relatively low, estimated at 0.8–2.5 Mt/y. The largest MP fraction, i.e., secondary MPs,
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derives from macroplastic weathering or originates from common domestic and industrial
activities, vehicle tire wear, marine coatings, road markings, city dust, and others; for
example, synthetic fibers’ garment washing could contribute up to 2000 MP/garment-wash.
Wastewater discharges are also point sources of MPs release into surface waters, although
wastewater treatment plants (WWTPs) efficiently remove most of the original influent
load: conventional units such as dissolved air flotation and sedimentation can remove up
to 95% MPs (75% on average). Biological units remove MPs mainly by incorporation in
biological flocs, with an average efficiency of 92%. The most effective removal is observed
in membrane bioreactors (MBRs), achieving removal efficiency close to 99% [17]. It should
be noted that although MPs are removed in WWTPs, they are generally not destroyed, i.e.,
their fate is disconnected from plant effluents but persists in other media (e.g., biological or
chemical sludge).

MPs have been detected in sediment, biota, agricultural soils, and air [18]; MP contam-
ination could be compared to other instances of global transboundary pollution originating
from entirely anthropogenic substances (e.g., Polychlorinated biphenyls, PCBs, Per- and
poly-fluoroalkyl substances, PFASs, PBDEs, etc.) [19,20]. Weathering of macroplastic waste
into MPs is faster on land than in water due to exposure to higher temperatures and
sunlight irradiation; the most significant drivers of MPs transport from land into surface
waters are rainfall intensity and soil erosion [21]. MPs persist in aquatic environments for
long periods, susceptible to further fragmentation and dispersion: ocean waves vaporize
water, salt, and pollutants, including MPs, promoting their aerosolization. Wind dispersion
effectively makes oceans a relevant secondary source of atmospheric MPs [22]. Figure 2
depicts the simplified environmental cycle of macro and microplastic transport.

 

Figure 2. Macro and micro/nano plastics environmental cycle.

In time, floating plastic in marine environments (e.g., the ‘great Pacific garbage patch’,
GPGP, in the central North Pacific Ocean, covering 1.6 million km2) have developed into
ecosystems of their own, known as ‘plastisphere’, which act as colonization support for
diverse aquatic and bird species, as well as vast microbial populations [23,24]. Although
highly persistent, MPs could be destroyed by the latter: Parengyodontium album isolated
from the GPGP has shown the capability of mineralizing UV-exposed PE into CO2 [25].
Similarly, Bacillus cereus can mineralize low-density polyethylene (LDPE) and PS [26];
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several other bacterial and fungal strains can contribute to MP destruction through joint
metabolism [27].

The aim of this paper is to critically address the issue of MP/NPs in drinking water
in the light of recent literature and highlight the need for better precision in tackling this
subject, to discuss the need and relevance of specific removal technologies from drinking
water, and the impact of possible approaches and future research needs.

2. Methodology
A literature review of scientific articles, technical reports, official documents, and

established standards was performed, initially limited to publications dating from 2018.
The keywords “microplastics”, “nanoplastics”, “water”, “drinking water”, “detection”,
“characterization”, “health effect”, and “health risk” in various combinations were used for
multiple online searches on Google Scholar. Scientific articles in non-peer-reviewed journals
were excluded, and only the most recent review papers were considered. Documents from
sectoral industrial websites or information media were included when deemed credible
and appropriate.

3. MPs in Aquatic Environments
MP presence in global waters has been the object of innumerable studies: a present

Google Scholar search on the subject returned over 26,000 hits just since 2020. The ma-
jority of field studies on MPs in aquatic environments report the highest typical counts
of <1 to a few 100’s MPs/m3: in the open sea, their mean concentration was reported
as 0.031–0.305 MP/m3. Notwithstanding the common perception of the GPGP as con-
sisting of a giant island of floating waste, fostered by several media showing unrelated
images, its actual average MP density is just 4 MP/m3, which prevents its detection by
satellites and even by boats crossing the area [28]. Much higher MP counts are observed
in certain coastal areas: up to 6600 MP/m3 in the East China Sea, near the Yangtze estu-
ary [29]. The average MP concentration in commercial ports’ inner waters ranges from
0.1 to 3 × 106 MP/m3, with the highest numbers observed recently at the ports of Mongla
(Bangladesh) at 3 × 106 MP/m3 and Tua (Indonesia) at ≈625.000 MP/m3 [30]. The high-
est MP counts in freshwaters (>5.4 × 106 MP/m3) have been consistently monitored in
China (the world’s biggest plastic producer) and occasionally in U.S. locations. European
freshwaters usually show MP concentrations between 1–100 MP/m3 [31].

Between different raw water sources, groundwater has shown by far the lowest
microplastic concentrations [32]; however, despite the general scarcity of studies on the
subject, high concentrations were observed in Chinese wells (up to 6832 MP/m3, with of
average 2100 MP/m3), and in Southwest Iran (up to 1300 MP/m3, mean 480 MP/m3) [33].
Groundwater distributed as drinking supply in Germany contained up to 7 MP/m3, with
60% of samples showing no MPs [34]. The reason for the reported figures huge variability
is not clear, but it could be assumed to be due in part to the limited number of replications
in each, the different adopted methodologies among studies, or both.

MP exposure from drinking water is commonly touted by mainstream media as
a potentially serious risk to human health through biotic accumulation and pollutants
vector effect since 81% of tap water sampled around the globe has shown some level of
contamination; however, actual counts are generally low due to the effect of conventional
drinking water treatment technology: in EU countries an average of 3.6 MP/L were
reported, in the US 6.2 MP/L, and in India 9.2 MP/L [35]. In comparison to bottled water,
containing up to 240,000 MP/L (90% of which ≤20 µm) [36], tap water can be considered a
minor contributor to human MP ingestion, estimated at 3000–6000 MP/person-y. While
this may seem a large number, it ought to be compared to >20-fold assimilation from
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bottled water consumption (64,000–127,000 MP/person-y) and an approximate 10-fold
inhalation from ambient air (35,000–62,000 MP/person-y) [37,38]. However, a study based
on typical consumption rates, considering MPs down to 1 µm in size, much smaller than
those previously considered, extrapolated much higher maximum human adult uptakes of
458,000 MP/y from tap water and 3,569,000 MP/y from bottled water [39].

It should also be noted that reported MP counts are highly dependent on the sampling
protocol adopted in the various studies: [40] highlighted detection methods’ influence on
observed MP abundance in freshwater environments around the world, as most published
studies limit investigation to MPs in the range 20–5 mm, neglecting lower size particles;
however, by pushing experimental protocol below the generally adopted threshold of
20 µm, and even remaining within the MP 1 µm lower limit, up to 2–3 log count detection
increases were reported.

3.1. MP Detection Issues

A logical question arises at this point: what do MP count numbers actually mean? To
answer this, MP definition and detection technologies should be examined. The most aston-
ishing fact is that no legal MP definition existed until very recently (2023), notwithstanding
the fact that the European Chemicals Agency (ECHA) had already in 2019 proposed a
regulatory definition for MP under REACH (Registration, Evaluation and Authorisation
and Restriction of Chemicals) legislation. In that year, the EU unofficially adopted the
upper size limit of 5 mm [41]. The first official definition came in 2023, under ISO standard
24187 [42], in which large microplastics are described as any solid plastic particle (insoluble
in water) with any dimension between 1 and 5 mm, and microplastic as particles with
dimension between 1 and 1000 µm. At the moment, however, other differing definitions,
such as those from EU agencies, ISO, and Swedish EPA, complicate data consistency: ECHA
defines MPs as particles with dimensions <5 mm and fiber particles with lengths <15 mm;
the Swedish EPA defines MPs as particles with dimensions ranging between 1 nm to 5 mm;
finally, the Marine Strategy Framework Directive 2008/56/EC (MSFD) defines MPs as
microlitter smaller than 5 mm in the longest dimension and provides no lower limit [43]. In
addition to size, types of MPs also need standardization. According to ECHA, MP particles
must be organic, insoluble, and resistant to degradation, thus excluding bio-degradable or
water-soluble particles above 2 g/L. The Swedish EPA also includes as MPs synthetic and
natural rubber (latex) particles as they exhibit similar properties from an environmental
perspective. The MSFD uses the term “microlitter”, including metal, paper, and glass
particles, which are the most common components of litter found on coastlines; ISO only
mentions that particles must be insoluble in water [43].

Following EU Directive 2020/2184 introducing regulations to ensure safe human
consumption of drinking water [44], a recent Commission’s Delegated Decision stipulated
that MPs must be monitored in drinking water [45]. To support this effort, a Joint Research
Center (JRC) report was recently published to standardize MPs in drinking water analytical
methods, as sampling techniques significantly affect their detection [46].

A new proposal of the European Council and Parliament concerning urban wastewater
treatment (under discussion) indicates that MPs should also be monitored and regulated
in wastewater [47]; however, there is still no standardized method for determining MP
in wastewater (or sludge). Generally, the same standards for drinking water (e.g., ASTM
D8332-20) [48] are also used for wastewater; however, generalization of these procedures
required significant modifications due to the challenges originating from much higher
content of organic and suspended solids materials in the latter, which may result, in the
end, in incomparable data.
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Even for different types of natural waters (e.g., from wells, rivers, springs, lakes,
estuaries, and oceans, including thawed snow), standardized MP determination methods
have not been established yet. For example, the MSFD Technical Group on Marine Litter
highlights that the Atlantic Ocean, North Sea, Baltic Sea, and Mediterranean seawaters
are being sampled differently, as the trawl’s mesh size, trawling duration, and surface
area/length are not standardized. Generally, 45 µm mesh is used for collecting surface
water at 1 to 3 knots speed, as smaller (20 µm) mesh is easily clogged by plankton [49].
Thus, most measurements do not include smaller particles. These inconsistencies in MP
definition and measurement methods may cause unnecessary challenges when comparing
data (e.g., g/L or MP/L) to assess baselines and trends, thresholds, and environmental risk.

Environmental samples are commonly analyzed using either visual analysis (for
particles down to ≈50 µm), vibrational spectroscopy, or thermal analysis [43]. Most existing
monitoring studies have focused on MP detection by µ-FTIR (micro Fourier-transform
infrared spectroscopy) and micro-Raman technologies, whose resolutions are in the order
of 20 µm and 1 µm, respectively [50]; both, however, are subject to errors and uncertainty
since degraded particles may produce different spectra compared to pristine samples [51];
furthermore, microbiological, organic and inorganic materials can also cause significant
interference. For these reasons, only a few studies have successfully identified MPs of
1 µm [52]. Pyrolysis–Gas Chromatography–Mass Spectrometry (Py-GC/MS), on the other
hand, can identify polymer type and mass with no lower size limit since the sample is
incinerated and analyzed as an entity; however, particle sizing must be made preliminarily
either through sieving or filtration. Table 1 summarizes requirements, strengths, and
weaknesses of current MP determination methods.

Table 1. Requirements, strengths, and weaknesses of current MP determination methods. (modified
from [43]).

Method Strength Weakness Notes

Visual analysis

Straightforward.
Allows the exam of large
filter surfaces, leading to
quick analysis.

No polymer identification.
Serious risk of particle
misidentification.

Requires skilled and experienced
analysts.
Useful for sample pre-screening
prior to other analyses.
It can be improved with training
and experience.

FTIR

High resolution.
Polymer type identification.
Less instrument settings
than Raman.
µ-FTIR: resolution below
20 µm, with automatic
sample scan
µ-FTIR provides
information on MP aging
(through carbonyl index).

Measures smaller filter
surface area than visual
analysis.
Commonly used after visual
analysis on selected particles,
selection bias can occur.
Possible fragment counts are
overestimated compared to a
stereomicroscope.
Accuracy affected by MP
morphology.
It may not identify particles
<10 µm.
µ-FTIR operation is
time-consuming as it
measures individual
particles (unless using focal
plane array-based detection
requiring liquid N for
cooling.

Advanced instruments require
trained personnel and routine
maintenance/calibration to operate.
Requires cleaner samples: chemical
treatment can affect results.
Overlapping particles may induce
refractive error.
Additional costs for special filters
(i.e., anodisc, PTFE, gold coated).
Spectral libraries affect
identification accuracy. Different
laboratories use different hit quality
indices and spectral matching
libraries, resulting in varying
matching success. Harmonization
of spectral libraries is needed.
Expertise in interpreting spectra of
weathered particles is essential.
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Table 1. Cont.

Method Strength Weakness Notes

Raman
spectroscopy

Higher resolution than
visual analysis.
Polymer identification.
A good complement to
visual analysis.
Less affected by polymer
degradation than FTIR, not
affected by thickness.
Can identify particle <1
µm.
It can be automated to
reduce spectral
interpretation operating
time.
µ-Raman in combination
with an optical microscope
to analyze particles <1 µm.

Risk of contamination by
adhesive polymer fragments
on instrument surface.
Spectra interfered by particle
color, addictive, fluorescence,
and pigment content.
Risk of sample damage by
laser beam

Advanced instruments require
trained personnel and routine
maintenance/calibration to operate.
Requires clean sample to reduce
spectral interference.
Similar to FTIR, different spectral
libraries influence final results.

Py-GC/MS

Identifies the total mass of
each polymer type in a
sample.
Characterization of both
polymers and additives

No size class of particles is
given unless prior particles
are manual sorting.

Advanced instruments require
trained personnel and routine
maintenance/calibration to operate.
Requires a clean sample to achieve
a cleaner program.
Requires dedicated libraries for
polymers and additives.

Additionally, as a consequence of the above, most literature on removal technologies
refers generically to MPs, either without size specification or often explicitly limited to
those >20 µm, due to the complexity of the analytical procedures involved. In some
studies, biodegradable MP plastics are excluded [53]. As discussed in the following section,
possible implications for human health increase with decreasing particle size; therefore,
the World Health Organization (WHO) currently recommends the characterization and
quantification of MP in sizes <10 µm and considers current data generally incomplete
for proper assessment of human health risk [54]. A more detailed, and still missing, MP
classification based on both particle size and material would thus be more appropriate and
relevant to the assessment of their effects; in particular, among MPs, nanoplastics (NPs)
are one of the least known and characterized pollutants in all environmental media, due to
detection and analytical issues.

NPs derive from the continued environmental degradation of MPs but may specifically
originate from other potential sources, such as 3-D printer waste, plastic tea bags, and
others [55]. Aside from the order-of-magnitude size difference, recent research points
to the likelihood that NPs could be far more toxicologically active than MPs, presenting
potentially higher hazards to organisms than the latter due to their capability to cross
biological barriers [56].

3.2. Nanoplatics: An Entirely Separate Issue?

Although there is no consensus on the definition of nanoplastics (NPs), it was initially
suggested that these should be defined within the size range of 1 to 1000 nm [57]; Swedish
norms include this range in their MP definition, but ISO 24187 does not. On the other hand,
both the U.S. National Nanotechnology Initiative [58], the European Commission [59–61],
and ISO norms [62] define nanoscale materials (engineered nanomaterials) as those having
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one or more dimensions within the range of 1–100 nm; NPs could logically follow that
definition, given that most individual polymer molecules are <100 nm in size. Occasionally,
the term ‘submicroplastics’ appeared in a few reports describing intermediate particles
between 100 and 1000 nm.

To overcome the detection limits (≈1 µm) still affecting sophisticated state-of-the-art
technologies [50], new methods for NP detection have been investigated: hyperspectral
stimulated Raman scattering (HSRS) microscopy, increasingly used in biomedical imaging,
was recently shown to experimentally enable NP detection down to the 100 nm size, differ-
entiating them from other nanoscale nonpolymeric materials [36]. Nano-FTIR [63], Atomic
infrared spectroscopy (AFM-IR) [64], Confocal Laser Scanning microscopy (CLSM) [65],
and other techniques were recently proposed for NP identification, since they offer sig-
nificantly higher resolution, reaching down to the 10–20 nm level [63]. In combination
with Py-GC/MS, they offer the capability to provide both quantitative and qualitative
information on NPs in the environment [63].

Notwithstanding the technical possibility of detecting such small NPs, the techno-
logical readiness of these methods could be estimated at TRL 4–5, at most, accessible to a
few selected laboratories but still well beyond generalized commercial application. It is,
therefore, obvious that the practical feasibility of facile NP detection does not comprise
their entire range; secondly, analytical characterization of these particles is challenging for
complex matrices since the term “plastics” describes a variety of materials, sometimes with
very different properties, and tests may not necessarily recognize them after ‘aging’ due to
environmental permanence [66].

The NP issue overlaps with that of nanoscale materials in general (e.g., carbon nan-
otubes, graphene oxide, titanium dioxide, etc.), which are increasingly used in biomedical,
industrial, and environmental applications and face major challenges for experimental
quantification even in controlled laboratory conditions [67]. These nanoscale particles may
also pose possible threats to human health and the environment [68], similar, considering
their physicochemical properties, to those of NPs. It also was postulated that due to their
peculiar physical and chemical properties, and environmental and biological fate, NPs
should be considered as an entirely different pollutant class rather than be grouped either
with MPs or engineered nanomaterials [69,70].

3.3. MP/NP Ingestion and Human Health Risk

In the light of current knowledge, a clear distinction between MPs and NPs should
therefore be made. For the purpose of this discussion, particles ≥1 µm will be considered
MPs, consistent with the approach of the 2022 WHO report [54]. Given the evidence
presented, the actual levels of human MP ingestion from drinking water seem highly
uncertain, as is the extent of risk represented or implied by mainstream literature [71].

In fact, according to the World Health Organization (WHO), there is still insufficient in-
formation to draw definite conclusions on MPs toxicity in humans; while some studies have
reported adverse effects, these have substantial limitations, including limited cohort size
and insufficient accounting for co-factors; data are also often contradictory, as other studies
found no significant correlation between exposure to MPs and claimed adverse effects.
Currently, available evidence is therefore considered insufficient to determine whether
exposure to MP can be associated directly or indirectly with any pathology. Limited MP
hazard characterization suggests that their possible adverse effects may be similar to those
of other well-studied solid, insoluble particles through similar acting mechanisms [54].

On the other hand, food-related studies suggest that microparticles <1.5 µm could
cross the intestinal epithelium [72], but MPs did not so far show significant bioaccumu-
lation or biomagnification in humans or higher organisms, unlike persistent and toxic
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pollutants found at concentrations orders of magnitude higher than in the surrounding
environment. Recent studies (on 42 hospitalized patients with unrelated diagnoses) es-
timated the accumulation of MPs in various human tissues to be between 1.40 ± 3.37
and 44.37 ± 91.44 µg/g, predominantly in the lungs, indicating that inhalation seems a
prevalent ingestion pathway [73]. When orally ingested, MPs traverse the digestive system,
remaining largely unaltered by physical or biochemical agents, including the stomach’s
acidic conditions, without substantial alteration of their physicochemical characteristics [74].
Medical studies indicate that MPs in the 50–500 µm range were present in adult stools
from different global locations and that those >150 µm are likely to be rapidly excreted in
feces, while adsorption of smaller ones is largely unexplored but expected to be limited,
increasing with diminishing size [75]. Given the multitude of human exposure pathways
to MPs and the possibility of smaller MPs to cross human cell membranes and migrate
to different organs, it becomes virtually impossible to ascertain the initial provenance of
accumulated MPs in human tissues.

The human risk from MPs ingestion is still unresolved, especially concerning exposure
to associated chemicals (due to the so-called ‘vector effect’) related to MPs’ scavenging of
dispersed environmental pollutants [76–79]. A wide spectrum of inorganic and organic
pollutants, including PCBs, PFAS, and pharmaceuticals, can, in fact, adsorb on MPs, as
well as on NPs [80–82]. Potential hazards of MPs are sometimes estimated based on their
composition: for example, the vinyl chloride monomer, which carries a high potential risk to
human health based on cell studies, accounts for 100% of PVC polymers [83]. Scientifically
accurate models should, however, be developed to evaluate MP actual toxicity rather than
relying on individual monomers’ toxicity in those molecules since, so far direct cause-effect
link between MP ingestion and effects associated with adsorbed contaminants has not been
demonstrated yet, and often referred to as ‘complex’, ‘under debate’ or ‘controversial’, by
the few studies carried out in environmentally relevant conditions.

Studies on biological human samples for MP determination are subject to high vari-
ability, as no standardized procedures exist at the moment, and most such studies are
limited to a few repetitions. Toxicological studies on mice, where adverse effects were
observed, are of questionable relevance since they were generally conducted with extremely
high concentrations and exposure that would not normally occur through drinking water
ingestion [84]. Most studies on MP effects on organisms were carried out on small aquatic
species at exposure conditions several orders of magnitude higher than those observed in
natural environments, usually involving only one or few polymer types and sizes [85].

On the other hand, preliminary in vitro studies on NPs show that, unlike MPs, they
could pass through internal biomembranes into the bloodstream and, from there, reach or-
gans, including the heart and brain, enter individual cells, and cross the placenta [74]. Oral
administration in mice and cellular studies on human gastric epithelial cells showed that
NPs can be absorbed after prolonged exposure [86]; however, information on actual NPs
effects in humans is limited and may be assimilated to those of other nonpolymeric nanopar-
ticles. Toxicological concerns of NPs are mostly based on their higher surface/volume ratio
and surface reactivity in comparison to larger particles.

Recent studies submitted that the potential MP/NP risk is not dependent solely on
concentration but also on polymer type, chemicals eventually absorbed from the environ-
ment, and final localization within the human body [83,87,88]. As with MPs, the vector
effect of NPs for anthropogenic contaminants and toxic metals has not been thoroughly
studied. Much like MPs, and perhaps to a higher degree, NPs have the capacity for or-
ganic contaminants adsorption due to their high specific surface area and hydrophobic
composition. Additionally, NPs can more easily enter cellular membranes and, thus, may
be more effective vectors for contaminants ‘delivery’ within organisms, but this does not
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necessarily imply that these contaminants would be readily bioavailable: it was shown
that low concentrations of polystyrene NPs could actually reduce the concentration and
cytotoxicity of phthalate esters on human lung epithelial cells, as a result of phthalate ester
being sorbed on NP particles, thus reduced its bioavailability [89].

Plastics contain additives introduced during their production that confer them the de-
sired physical properties; these include softeners, UV stabilizers, flame retardants, and other
agents. ECHA lists about 400 such additives, some of which (e.g., phthalates, bisphenols,
brominated flame retardants, triclosan, and organotins) are of concern to human health [90].
It was shown that such potentially toxic plastic additives may be gradually released from
MP/NP over long periods and may actually bioaccumulate [91]. Such release mechanisms
and related toxic effects should be investigated; from preliminary findings, however, it
seems likely that slow release of these substances will not occur during the short residence
time of larger MPs within human organisms, while release from NPs may be facilitated
by their incorporation into biological tissues. As very little is known about the toxicity of
MP/NP to humans, more research is needed to systematically address this subject [92,93].
From the evidence available so far, for the purpose of human water consumption exposure
effects, attention should be mainly focused on NPs and dissolved compounds, for which
traditional drinking water treatment is scarcely effective, as discussed in the following
section. More detailed studies on these aspects are hence necessary.

A note is of order on MP/NP human intake from drinking water: as pointed out
in several studies [36,94], individuals who mostly drink (plastic) bottled water are likely
subject to a much higher lifetime oral particle intake than those consuming mainly tap
water. Increased MP (1–5 µm) content in bottled water (partly within the range of possible
cell penetration) could derive from the degradation of packaging material: studies showed
that MPs released from PET bottles and HDPE caps into the contained water consider-
ably increased after repeated bottle opening and closing cycles [54]. Additionally, these
individuals may also be ingesting plastic additives, including bisphenol A, phthalates,
alkylphenols, perfluoroalkyl and polyfluoroalkyl substances (PFAS), and organophosphate
esters, that can leach into water from the bottles’ material to their content during long-term
storage [95].

Although bottled water consumption is virtually an obligatory choice in some regions,
due to limited progress or failure of public water supply systems development [96], its
exclusive consumption has been associated with increased risk for certain health conditions,
with reported detrimental effects on human health. Studies, however, seem to attribute
these consequences to leached additives rather than particles themselves; plastic bottled
water may contain PPCPs, PFASs, APs, and BPAs at ng/L concentration levels, and ph-
thalates at µg/L levels, showing greater degrees of CEC contamination than glass bottled
water [54,97–99].

4. Drinking Water Treatment Technologies and MP/NP Removal
Studies on MP removal from drinking water showed that particles are removed

significantly by coagulation and filtration, with removal efficiency depending on coagulant
type, solution chemistry, and polymer type. Up to 56% of MPs may be removed by
conventional sand filters; coagulation, flocculation, sedimentation and granular activated
carbon (GAC) filtration have shown removal efficiency of 40–54.5% for MP fibres, and
56.8–60.9% for small size MPs [100].

Removal of MPs during coagulation and flocculation processes can be influenced by
natural organic matter (NOM) presence, either hindering or promoting the aggregation
and settling of MPs, depending on the coagulant type and MP nature [101].
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Since literature reporting MP removal efficiencies often does not specify the inves-
tigated granulometry, comparison among studies is not immediate, and the variability
of reported results is of difficult interpretation. Sand filters are among the most com-
mon filtration processes in water purification: in a laboratory sand filtration study, re-
moval efficiencies for 20, 45, and 90 µm MPs varied in the range 77.4–95.3%, with close-
to-complete removal of those ≥45 µm in size, but relatively low removal (33.0–41.1%) for
those ≤20 µm [102].

Filtration efficiency can be enhanced by pre-coagulation: three conventional (consist-
ing of clariflocculation, sand filtration, chlorination sequence) WTPs in Dhaka (Bangladesh)
reduced initial MP (≥20 µm) content of Shitalakshya River’s raw water by more than
98.5% [103]. In various studies, coagulation by Fe- and Al-based salts showed inconsistent
efficiency; coagulation/settling with the use of polyacrylamide (PAM) based coagulants
resulted in higher (up to 3 fold) MPs counts [78]. Since floc particle size affects collision
efficiency and settling behavior, ballasted flocculation (BSF), a physical-chemical separation
process employing additives to promote the formation of heavier flocs, with the addition of
sand or GAC/PAC [104], could be employed to improve process performance. Electrocoag-
ulation is a relatively cheap treatment process not relying on the reagents used in general
chemical coagulation but using metal electrodes to electrically produce them, making the
process simple and robust [105]. Electrocoagulation performance for MP removal under
laboratory conditions showed removal efficiencies of PE MPs >90% [106].

MP removal by agglomeration-fixation processes using organosilanes [107], as well as
other polymers such as alkoxy-silylates [108], were tested: these lead to the formation of
larger particles (up to 3-log bigger, easily removed by conventional separation techniques.

A recent study claimed that the surprisingly simple strategy of boiling water can
“decontaminate” it from MP/NPs [109]. The study presented evidence that PS, PE, and
PP particles can co-precipitate with calcium carbonate (CaCO3) in tap water upon boiling;
the effect is more pronounced in hard water (>120 mg/L CaCO3), in which boiling can
remove at least 80% of particles between 0.1–150 µm; in softer water (80 mg/L CaCO3), the
removal is limited to 4% of particles. The mechanism is reportedly due to high temperature
promoting CaCO3 nucleation on MP/NPs, resulting in their encapsulation and aggregation
within CaCO3 precipitate polymorphs (i.e., calcite, aragonite, and vaterite).

Drinking boiled water is an ancient and still persisting tradition in several Asian
countries, including China, as it is considered beneficial for human health; in fact, boiling
can remove some chemicals and most biological substances. This practice would be
highly sustainable as electric kettles to boil water have low energy consumption and
thus low CO2 emission. After boiling, filtration devices, such as simple fine stainless
steel filters (frequently used when preparing tea), are essential to retain CaCO3/MP/NP
precipitates in prepared water. While not eliminating exposure completely, such universally-
implementable low-impact systems could significantly reduce it, especially if previously
treated in conventional WTPs.

4.1. AOPs and MPs

UV-based processes for disinfection/advanced oxidation in conventional WTPs were
shown to induce increased photochemical MP weathering, the release of plastic additives,
and related degradation [110,111]. While reporting complete removal of 45–90 µm MPs
in sand filters, Na et al. [103] observed breakthrough of those ≤20 µm (1.2% and 16.6%
for 20 and 10 µm MPs, respectively), which were then further fragmented by subsequent
UV oxidation. Total MP counts increased by 4.1% after UV treatment (6 h) and by 13.2%
after UV/H2O2 treatment, respectively. It should be noted that since MP are generally
counted and not weighted (save for the case where Py-GC/MS is used), the same mass of
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fragmented MP could result in higher counts after certain processes: UV/H2O2 treatment
promotes higher fragmentation and chemical leaching than UV alone.

Likewise, ozonation often results in negative MP removal efficiency, with smaller
(1–5 µm) MP counts increasing by 2.8–16.0% after treatment due to their breakdown into
smaller particles under combined chemical degradation and the effect of shearing forces.
Post-ozonation GAC filtration, however, enhanced removal by 17.2–22.2% [78].

A study at a conventional WTP (flocculation, sand filter, chlorination) in Geneva
(Switzerland) reported 70% MP removal (size ≥ 63 µm) after sand filtration and 98% after
the addition of ozonation followed by GAC filtration [112]. A comparison of a conventional
(coagulation/sedimentation, sand filtration, and chlorination) and an advanced WTP
(conventional plus ozonation and GAC filtration) in China showed that the latter removed
MPs better (83.0%) than the former (73.3%) [113]. Although this aspect has not been studied
extensively, it has been shown that several advanced oxidation processes (AOPs) used
for the removal of specific emerging contaminants or disinfection [114] contribute to MP
degradation [115,116]. AOPs’ effects on MPs include degradation, decrease of particle
size, and mass loss; however, observed polymeric mineralization rates are low, therefore
resulting in higher counts of smaller particle generation [117].

4.2. Membranes and MPs

Membrane filtration is currently considered the ‘gold standard’ of water and wastewa-
ter treatment technology; it works as a physical barrier against all solids and is commonly
used for advanced treatment of drinking water due to its high achievable effluent qual-
ity [118]. Few specific studies on drinking water MP removal by membrane separation are
available since most deal with wastewater applications [38,119].

Comparative studies on MP removal by membranes (0.05 µm porosity) and rapid
sand filters in Indonesia showed superior performance of the former by >44% [120]. Mem-
brane filtration can increase MP removal by one order of magnitude, from 2.2 MP/L after
primary treatment to 0.28 and 0.21 MP/L after ultrafiltration (UF) and reverse osmosis
(RO), respectively [121]; however, negative MP removal efficiency by membrane filtration
processes may occur because of polymeric membranes aging and cleaning causing their
rupture, thereby increasing the number of MPs in effluents [122]. RO technology, able to
retain particles as small as 0.1 nm, is commonly applied for the exploitation of seawater as
an alternative supply source in water-scarce areas [123]; due to the very small pore size,
MP/NP content in desalinated seawater should be virtually nil. The biggest problem in
membrane filtration is fouling, leading to premature degradation of process performance
and increasing cost: MP loads in processed water as high as 106–107 MP/day pose an
increased risk of fouling, reducing filtration performance and requiring higher process
transmembrane pressure (TMP) for operation [124]. Increased TMP increases membrane
stress and could potentially induce abrasion or deterioration of the membrane surface,
causing polymeric particle dislodgement into the permeate.

4.3. NP Removal

Few specific studies have specifically addressed NP removal in WTP due to the
discussed detection issues. In a recent study adopting advanced detection methodologies,
NP (20–1000 nm) removal efficiency was assessed in a WTP with 10,000 m3/d capacity,
consisting of conventional coagulation, precipitation, filtration, and disinfection units,
supplemented by advanced treatment ozonation and ozone-activated carbon (AC-O3)
units [74]. Investigated PE and PVC NP counts at different sampling points throughout
the WTP train were converted into mass concentration by empirical calibration: in the
influent, PE and PVC NPs were detected at 0.86µg/L and 137.31µg/L. After ozonation,
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concentrations increased to 4.49µg/L and 208.64µg/L, respectively; a negative removal
was also observed in other studies concerning MP ozonation [76,125].

Observed NP concentrations were reduced in the downstream units of an advanced
WTP in the Zhejiang Province (China), consisting of a conventional train of coagulation,
precipitation, filtration, and disinfection, in which advanced ozonation and ozone-activated
carbon filter units were included. Influent and effluent NPs (20–1000 nm) were character-
ized by AFM-IR followed by Pyr-GC/MS; influent concentrations of PE and PVC NPs were
0.86µg/L and 137.31µg/L, respectively, increased to 4.49µg/L and 208.64µg/L in the
effluent of the ozone contact unit, and further reduced non-detected and 76.83µg/L PVC
NPs in the effluent after GAC filtration [126]. Results indicated that a WTP thus configured
could remove NPs to some extent (≈44%); however, process trains must be appropriately
studied to achieve that purpose.

Other NP-specific studies reported that their removal in sand filters could be sig-
nificantly improved (from 58.2% to 99.91%) by reducing flow rates (from 3.6 m/h to
0.48 m/h) [127]. While this is not discussed in the study, it could be hypothesized that
lower hydraulic loading rates to the sand filter could favor NPs adsorption onto the bed
particles. Studies on engineered nanoparticles, in fact, indicate that they can be removed
from water by adsorption [128]. Activated carbon is the most used adsorbent in drinking
water treatment due to its properties, practicality, and cost, showing efficiency in the re-
moval of organic and inorganic pollutants [129]. Given the similarities between engineered
nanoparticles and NPs, it is logical to hypothesize that the latter could respond well to
such a process. Studies showed that NP retention in sand columns could be increased up
to ≈98% by the addition of adsorbents (i.e., GAC, Fe3O4-doped biochar) to the column
medium without lowering hydraulic load; removal efficiency of 180 nm PS NPs by an-
thracite filtration reached 98.9% [130]. A pilot-scale WTP, reproducing at a reduced scale
the processes and conditions of a real facility, showed that filtration by sand and GAC
mixed filters could achieve an overall NP removal of 88.1% [131].

A study investigating NP (<400 nm) removal from water using conventional fil-
tration, centrifugation, and ballasted flocculation at bench scale showed that filtration
(0.22 µm) removed 92 ± 3% of particles without changing their distribution; centrifugation
at 10,000 rpm for 10 min removed 99 ± 1% of preferentially larger particles. Ballasted
flocculation removed 88 ± 3% of particles [132].

In conclusion, empirical evidence confirms that commonly used processes in WTPs
can effectively remove MPs larger than ≈1–10 µm [133]. Limited evidence that smaller-
sized NPs, which are scarcely studied and difficult to detect, could also be eliminated by
conventional units (e.g., sand filters, GAC) was also presented. In addition, nano- and
ultra-filtration and RO membranes could be used for enhanced NP removal thanks to their
small pore sizes [134], much the same way that they can effectively remove engineered
nanoparticles [135].

Table 2 summarizes the main current technologies for MP/NP removal from drinking
water.

Table 2. Summary of main technologies for the removal of MP/NPs in water.

Approach Advantages Disadvantages Principle MPs Type MPs Size Removal
Efficiency Refs.

Membrane
Filtration

High
removal
efficiency

Membrane
fouling, High
TMP
required

UF, RO
RO

All
All

1–5000 µm
20–1000 nm

≈100%
up to 99% [124,125,136]
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Table 2. Cont.

Approach Advantages Disadvantages Principle MPs Type MPs Size Removal
Efficiency Refs.

Sand
filtration

Effective for
larger-size
MPs

Low removal
efficiency

Rapid sand
filtration All <10 µm 29.0–44.4% [100]

Effective for
small size
particles

Removal
efficiency can
be
improved by
adsorbents
addition

Low rate
filtration All 20–1000 nm Up to 99% [125]

Adsorption
High
efficiency,
simple
operation

Adsorbent
regeneration

GAC All 20–1000 nm Up to 99.9% [130]
Zn/Al
layered
hydroxides

PS 55 nm 96% [137]

Metal–
organic
framework-
foams

PS, PMMA,
PVDF

325 nm, 183
nm, 260 nm

88.2%
85.7%
90.1%

[138]

Magnetic
removal

Simple,
economical,
and fast

Addition of
magnetic
materials to
treated
solution

MagPOM–
SILP PS 1 or 10 µm 100% [139]

Nano-Fe3O4
PE, PP, PS,
PET 200–900 µm 62.83–86.87% [140]

M−CNTs PA, PET, PE 48 µm 100% [141]

Coagulation
Simple
operation,
low cost

Consumption
of flocculants

Coagulation PS, PE <5000 µm 77.83%,
29.70% [142]

Coagulation PE <5000 µm 8.3–61.2% [124]
Coagulation All MP <5000 µm 40.5–54.5% [100]
Coagulation
+ GAC All MP <5000 µm 62% [143]

Co-
precipitation

Simple
requires
water
boiling

Only
effective in
hard water

CaCO3
precipitation PS, PE, PP [109]

At this point, another important question arises: is it actually necessary to implement
advanced technologies for MP/NP removal from WTP, and if so, under which circum-
stances?

5. Possible Approches
Several critical issues have emerged from the previous sections. The first concerns

experimental protocols variability in MP studies: although the size limits have been recently
(2023) set at 1–5 mm for MPs 1 to 1000 µm for NPs [42], a systematic review of published
research articles highlighted that the minimum size of particles considered varied from 1 to
100 µm, which is critical when considering reported counts data [36]. Nonstandardized re-
porting also hinders the reliability and comparability of experimental protocols: as pointed
out by a recent systematic review, only one study (out of 12 finally examined according to
precise consistency criteria) reported MP counts retrieved from extraction, only four (out
of 12) how many particles were analyzed for composition; just seven reported the upper
MP size detected [39]. Studies using either FTIR, RM, or SEM-EDX methodologies showed
differences in spectral similarity index, number and proportion of particles analyzed, and
spectral libraries used. The first rule for obtaining scientifically comparable results is the use
of standardized experimental protocols, as in conventional contaminants determinations
(e.g., the well-known APHA Standard Methods with reference to conventional parame-
ters) [144]. MP/NP standardized determination methodologies, which should also include
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size and composition identification, have been long advocated [145], and although it was
just recently (partly) developed (with the exclusion of sub-µ particles), it may shed more
confusion in the comparison of results from older studies to those of new ones following
those protocols.

There is evidence that NP is the most critical particle with regard to removal technolo-
gies’ efficiency and to possible human exposure risk, including accumulation in tissues
and internal organs, with the possible release of various potentially harmful constituents
(metal ions, chemicals). Most MP detection protocols rely on micro-FTIR or micro-Raman
methods with resolutions in the order of 20 µm and 1 µm, respectively, which are not
suitable, notwithstanding their technological sophistication and complexity, to detect and
analyze NPs. This issue concerns not just NPs but also engineered nanomaterial in general,
from which the former are of laborious differentiation [146]: a still unanswered scientific
question is whether NPs, due to their specific characteristics and behavior, should fall in
the MP or in the former category, or should be classified as a contaminant class of their
own [69,70].

The second issue concerns the fate of MP/NPs in human organisms, which is different
across various tissues and organs due to their different permeability [72,74,147]: studies
are needed to assess the potential for accumulation and toxic compounds release of specific
sizes and types of particles in the human organism. Experimental laboratory conditions
should mirror observable conditions in drinking water treatment and distribution systems
(i.e., real-life exposure situations). Particle size distribution in raw and distributed water
and their interactions with treatment systems and other environments should be studied
to assess the real need for specific MP removal actions in view of their proven toxicity
risk. These aspects are essential to assess the need for additional action in WTPs and water
distribution systems. Although few studies on MP removal from drinking water include
a comprehensive screening of various sizes and compositions, traditional treatments can
generally be considered effective in removing the majority of MPs larger than 20 µm,
resulting in tap water with <2–10 MP/L of that size.

The third issue concerns possible WTP additional treatment needs and the effect of
water distribution systems on MP/NP presence due to processes occurring in the pipeline
environment itself. Several studies have addressed strategies for remediating MP/NPs from
contaminated water. Suggested methods include chemical, biological (bacterial, fungal,
enzymatic, including OGM-based), and nanotechnology-based treatments [148]. The
drawbacks of most of those technologies are the possibility of further particle breakdown,
producing greater, less controllable NP presence, and possible hazardous byproducts
resulting from their decomposition [148]. It was previously shown that advanced treatment
processes, such as AOPs, may actually increase NP counts by causing MP degradation into
smaller particles, possibly increasing the toxic potential of treated water.

Furthermore, studies indicated that transport in water distribution systems may both
retain, produce, or release micro- and nano-particles. For example, MP concentrations in
WTPs effluents in Germany were observed to exceed those in tap water, indicating that
the distribution system may have retained them in pipe scales [34]. Particles in pipe scale
samples were found to be smaller than in liquid samples (generally <50 µm, versus up to
100 µm in the latter), possibly due to the stronger adsorption capacity of smaller particles
linked to higher specific surface, stronger hydrophobicity, and lower electronegativity [149].
On the other hand, MPs immobilized in pipe scales may be released due to changes in
the pipes’ environment, long hydraulic retention times, and shear stress that may lead to
MP desorption or abrasion from aging or peeling epoxy paints in cast iron pipes, aging
of plastic pipes and fittings, or both [34]. Pipe scales’ MPs may provide growing surfaces
for microbes to form, with microbial communities changing over time as a function of
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hydraulic conditions; opportunistic pathogens, which might be harmful to humans, could
also develop and be transported upon particle release [150]. Apart from their occurrence,
deposition, and release in the water distribution system, material migration tests indicated
that worn elements from WTPs could also be a potential source of MPs [151]. Based on
current literature reviews, most MPs can be removed by existing water treatment plants
prior to being distributed; however, excess residues in tap water have been detected without
a clear major source of contamination after WTP treatment [101]. The dynamics of MP/NPs
in distribution system pipes is a still poorly understood phenomenon that may contribute
to high final particle counts at household taps [152].

Further, exposure of human targets drinking private well water or relying on public
water systems with basic (low treatment) technology has hardly been addressed by past
studies. It is highly likely that, even upon a future implementation of the recent Commis-
sion’s Delegated Decision on MPs monitoring of drinking water [45], these situations will
escape surveillance.

In view of the previous considerations and based on current scientific evidence, it
could be concluded that there is no need for additional action for advanced MP removal
beyond that demonstrated so far by normally efficient, conventional WTPs. The presence of
GAC filtration units in most WTPs greatly improves both MP and NP removal efficiency to
varying degrees. In specific situations, should ad hoc investigations highlight critical condi-
tions, and in particular concerning users of untreated supplies, final point-of-use (POU)
removal could be implemented, thus also eliminating eventual in-pipe, post-treatment
generated MP/NPs. Onsite household filtration of drinking water by consumer POU
devices is already popular for the removal of an array of compounds, including heavy met-
als, fluorides, nitrates, objectionable tastes/odor, and precipitated particulate originating
within distribution networks. Commercial POU test studies, generally limited to MPs (>1
µm), showed that commercial devices consisting of different combinations of GAC, ion
exchange, microfiltration (0.22 µm), and non-woven membranes demonstrated removal
efficiencies greater than 90%, and up to 94.3% [153]. Innovative polyvinyl alcohol (PVA)
nanofibrous membranes suitable for POU device applications were recently tested, showing
PE MPs (5–25µm) removal efficiency of 99.7% [154]. Membrane pore sizes >1 µm may still
not retain smaller particles: observed retention of 0.1–0.5 µm PS and PMMA particles in
POU devices was <7% [155].

RO compact domestic systems have been recently put on the market and could be
considered an effective way to remove not just MPs but also most NPs at the final POU.
One drawback of such systems, curiously, lies in their high particle removal selectivity:
the WHO, in fact, recommends against relying solely on RO-treated water for long-term
drinking purposes due to its deficiency in trace elements and minerals essential for human
health. In Singapore, where RO-treated NEWater is produced from recycled wastewater,
providing 30% of the Country’s water needs, the produced water is mainly directed to
industrial users for this specific reason [156]. Electrolyte replenishment (remineralization)
is needed for long-term drinking uses; while this can be easily performed in a highly
controlled fashion in centralized facilities, it could be more problematic and less controllable
in small decentralized/domestic systems. Other RO disadvantages may include high
maintenance requirements due to filter clogging, potentially increasing in the case of hard
water sources, high installation costs, and slow water production in household applications,
as the pressure used is generally lower than in industrial facilities. Previous studies also
correlated the possibility of increased gastrointestinal disease associated with certain POU
RO treatment devices for domestic use [157]. Despite incomplete removal achievable, based
on current technological knowledge and maturity, a combination of UF membranes and
GAC filtration could be the most efficient one for POU devices.
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Future climate scenario uncertainty could affect water availability, highlighting the
impending need to build supply resilience and sustainability [158]. The increasing use of
marginal water sources may affect the quality of water supplies, and careful evaluation of
all health-related parameters will be a growing challenge for the future.

6. Conclusions
Micro- and nano-plastic contamination of drinking water resources is a global issue

reflecting the pervasive presence of plastics in all environmental media. Oral ingestion
is not, in most cases, the prevalent pathway for human exposure, and current scientific
evidence does not delineate a generalized situation of ascertained human health hazards
due to MP ingestion exposure. The high removal efficiency of many conventional water
treatment technologies, in addition, results in limited counts at final points of use. More
detailed toxicological evidence is required for an accurate assessment of exposure and
potential hazards of orally ingested NPs, particularly concerning additives release and
tissue bioaccumulation.

The micro- and nanoplastic diffusion certainly requires careful assessment of appli-
cable scientific standards and potential risks communication, and the need to develop
standard approaches to monitor and assess their presence, fate, and impact on water sup-
plies. However, additional MP/NP removal efforts from piped drinking water supplies
do not seem, at the moment, justified by actual health impacts and risk evaluation, and
in view of the relevance of their contribution to overall human intake of these substances.
Simple household methods (e.g., boiling water prior to consumption) and commercial POU
technologies capable of high MP removal are already available for application in cases of
concern due to high target exposure. However, they are not as effective for the removal of
smaller (<1 µm) NPs. From the limited evidence available so far, NPs may imply greater
potential risks than MPs on human health and could, in that case, require the possible
introduction of yet commonly unavailable, advanced technologies for their removal from
water supplies.
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