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Abstract

Plastics are now ubiquitous in the environment, in this, the “Plasticene” era. Microplastics
(MPs) and Nanoplastics (NPs) are emerging contaminants of global concern. This system-
atic review, registered on PROSPERO and conducted according to PRISMA guidelines,
investigated the presence, distribution, and characteristics of MPs in tap water (TW) world-
wide, and estimated the population’s Estimated Daily Intake (EDI) by age group, including
pregnant women. A comprehensive search across PubMed, Scopus, Web of Science, and
Cochrane identified 22,650 records, of which 8 studies were included. MPs were detected in
treated water (TW) in the studies included in this review, although the currently available
evidence remains limited. Calculated EDIs were highest in children aged 6 months to
3 years (up to 39 MPs/kg bw/day), followed by pregnant women (up to 14.96 MPs/kg
bw/day), reflecting differences in water intake per body weight. These estimates must
be interpreted as indicative, estimated by methodological variability among studies. The
widespread presence of MPs in TW calls for standardized methods, improved treatments,
and thorough monitoring to assess risks and protect public health.

Keywords: drinking water; microplastics; municipal water; potable water; tap water

1. Introduction
We are currently living in the Plasticene, an era in Earth’s history within the Anthro-

pocene, commencing in the 1950s and characterised stratigraphically in the depositional
record by a new and growing layer of plastic [1]. The presence of plastic-based materials
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in nature is a unique phenomenon in history, affecting the entire world and is responsible
for an ever-increasing human exposure [2–6]. The widespread use of plastics, due to their
durability, malleability, and flexibility, has made them essential materials in various sec-
tors, which has also resulted in extensive environmental pollution by microplastics (MPs,
particles smaller than 5 mm up to 1 µm). Indeed, several studies have highlighted the
spread of MPs across various environmental matrices, including water, soil, and air, as
well as in living organisms, such as fish, birds, and algae [7–10], and in various consumer
products including food and cosmetics [11–13]. Accurate measurement of MPs in various
environments is essential, as it contributes to a deeper understanding of their behaviour
and distribution within ecosystems [14].

This growing awareness of the presence of MPs has been driven by evidence of their
toxicity and the harmful effects they have on the environment, ecosystems, and public
health. The spread of MPs raises global health concerns, as humans can come into direct
contact with these particles through ingestion and inhalation [10,15–18]. To date, scientific
evidence confirms the presence of MPs in the human body [6,19,20].

In parallel with the growing attention toward MPs, research has also begun to focus
on Nanoplastics (NPs), plastic fragments smaller than 1 µm. Due to their even smaller size,
NPs can more easily penetrate biological barriers, with potential toxic effects that are still
poorly understood but considered worthy of concern. Their analytical detection is complex,
which makes it difficult to produce a solid scientific production; however, recent studies
have begun to confirm their presence in various environmental compartments and even in
matrices intended for human consumption [21,22].

NPs and MPs have been found in tap water (TW) originating from centralized water
treatment systems [23,24]. While numerous studies have been conducted in the marine
environment, studies on drinking water have been less frequent [25–27]. Studies carried out
in different countries, including China, Thailand, and South Africa [26,28,29], highlighted
the presence and quantified MPs in TW.

Tap water represents only one of the multiple pathways through which humans may be
exposed to microplastics. Therefore, the concentrations reported here should be interpreted
as the contribution from tap water alone, not as an estimate of total daily exposure.

The safety and security of TW are the primary goals of public health, as this could
constitute one of the main sources of human exposure to emerging contaminants [30]. The
consequences of exposure to MPs and NPs through TW also include harmful effects such
as endocrine disruption, developmental toxicity, and genetic damage, observed in animal
models such as fish, rats, and nematodes [12,17,31–33].

The objective of this systematic review is to analyse the presence, distribution, and
characteristics of MPs and NPs in TW. In this review, our primary objective is to synthesize
current evidence on the occurrence and distribution of microplastics in environmental
matrices. This study will also enable us to evaluate the Estimated Daily Intakes (EDIs)
of the population (adults, pregnant women, and children) according to data reported in
eligible studies.

2. Materials and Methods
2.1. Search Strategy

A Systematic review was carried out according to PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) guidelines to ensure a rigorous and
transparent methodology [34]. This systematic review has been registered on PROSPERO
(an international database for systematic review registrations, 2.0.37 version) with the
registration code CRD420250563489.
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To identify relevant studies, a comprehensive and systematic search of multiple sci-
entific databases was performed. The databases used for the literature search included
PubMed, Scopus, Web of Science, and Cochrane. The searches covered the period from
1 February 2009 to 1 June 2025.

A carefully selected set of keywords was employed to maximize the retrieval of perti-
nent studies. The keywords used in the search included: Chlorinated water, Disinfection
modality, Drinking distribution system, Drinking water, Microplastics, Municipal wa-
ter, Nanoplastics, Plastic pollution, Plastics, Potable water, Tap water, Water distribution
system, Water purification plant (Supplementary Materials). To manage and screen the
retrieved articles efficiently, the online tool Rayyan [35,36] was employed. This platform
facilitates systematic reviews by allowing researchers to upload, organize, and filter studies
collaboratively [37].

2.2. Inclusion and Exclusion Criteria

The studies included in this review had to meet specific eligibility criteria to ensure
the relevance and quality of the records. Only original research articles were considered,
as they provide primary data and contribute directly to the understanding of MP and
NP contamination in TW. The selected studies had to investigate the presence, sources,
and distribution of these contaminants in TW, focusing on the pathways through which
MPs enter the water supply. Additionally, studies that analysed the potential health risks
associated with the ingestion of MPs and NPs were included. The knowledge of these risks
is crucial for assessing the impact on public health.

On the other hand, several types of studies were excluded from the review, especially
when the analyzed samples were fewer than 30 [38]. Systematic reviews, umbrella reviews,
and meta-analyses were not considered, as the focus was on collecting and synthesizing
original data rather than secondary analyses. Similarly, reports, editorials, PhD theses,
commentaries, and conference abstracts were excluded due to their limited methodological
rigor and the potential lack of peer review. Furthermore, studies that examined MP
contamination in bottled water or natural water bodies, such as rivers and lakes, without
a direct connection to tap water contamination were not included, as they did not align
with the scope of the review. Finally, research with significant methodological weaknesses,
unreliable detection methods, or insufficient or unreported data on contamination levels
was excluded to ensure the reliability of the findings presented in this review.

As a result of this rigorous multi-step screening, only a small number of studies met
all inclusion criteria. This limited sample size reflects the current heterogeneity of analytical
methods and reporting standards in the field.

2.3. Study Selection and Data Extraction

Three authors (E.P., P.R., G.D.) were responsible for the collection, screening, final
selection of eligible studies, and extraction of relevant data, which were organized into the
descriptive Table 1. Data synthesis was performed narratively using Microsoft Excel [39] to
facilitate a structured analysis. Additionally, the authors of the included eligible studies
were contacted whenever clarification or missing information was needed to ensure the
completeness of the dataset. Doubt records were discussed and evaluated at the same time
independently by two focus groups (G.O.C., M.F., and M.D.; and P.C., M.A.C., G.M., and
A.A.) at the first step, and collegially at the final step, to definitively evaluate the inclusion
or exclusion of the doubt records in the systematic review. G.O.C and M.D. supervised the
entire process to verify its accuracy and consistency.
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Table 1. Comparative analysis of 8 studies on microplastics in drinking water.

Author,
Publica-
tion Year

Country Study
Design Study Aims Analytical Tool No. of

Samples Results

[40] Turkey Ecological
study

Analyze MPs between
1 µm and 5 mm and
discuss the potential
risks to humans

Robust analytical methods, including
microscopy, scanning electron microscopy
coupled with energy dispersive X-ray
spectroscopy (SEM-EDS), and attenuated
total reflectance Fourier-transform
infrared spectroscopy (ATR-FTIR), were
employed for the analysis

39

Total MP number of all samples: 739
MP number dispersion in samples: 10–390 (188 ± 81) MP L−1

Shape: fibers, fragments
Color: reddish brown, red, pink, blue, greenish blue, black, transparent
Polymer type: Ethylene propylene, Neoprene, Polyethylene, Polyethylene terephthalate, Polypropylene,
Polyvinyl chloride, Polytetrafluoroethylene, Vinyl chloride vinyl acetate copolymer
Size dispersion of MPs in samples: 12–4882 (391 ± 698) µm
Size categorization of MPs: 11–50 µm (2.98%), 51–150 µm (43.44%), 151–250 µm (21.65%), 251–500 µm (12.99%),
501–1000 µm (8.52%), 1001–5000 µm (10.42%)

[41] Iraq Ecological
study

Identify the quantities
and characteristics of
MPs in tap water in
order to study
microplastic
environmental effects

Stereomicroscopy and FTIR were applied
to a subset of the samples. This approach
follows standard methodology, though it
is not entirely chemically specific

48

Total MP number of all samples: 2394
Shape: fibers, fragments
Color: transparent (48%), black (13%), blue (11%), red (10%), orange (5%), white (4%), green (4%), yellow (2%),
others (2%)
Polymer type: PVC (50–52%), PA (15–17%), PET (12–14%), PE (9–12)%, PP (2–5%), PS (2–3%), nonidentified (3–5%)

[27] China Ecological
study

Quantify MPs in tap
water, classify them by
size, shape and color
and discuss their
potential sources in
tap water

Visual ID (Rose Bengal + microscopy); no
FTIR confirmation 110

Total MP number of all samples: 224
MP number dispersion in samples: 0.000–8.605 (2.181 ± 0.165) L−1

Shape: fibers (98.7%), films (2.2%)
Color: black (42.4%), blue (39.7%), transparent (15.6%), yellow (2.3%)
Size dispersion of MPs in samples: 50–4830 (949.9 ± 913.2) µm
Size categorization of MPs: 2.7–149 µm (8.9%), 150–499 µm (30.8%), 500–999 µm (25.5%), 1000–2499 µm (27.2%),
2500–5000 µm (7.6%)

[42] Bangladesh Ecological
study

Quantify MPs
abundance,
characterize their
morphological types
and polymeric
structures, estimate
the dietary intake of
MPs through drinking
tap water, and identify
potential sources of
MPs in supplied tap
water

Filtration and optical microscopy; FTIR
used on 35% of samples 72

MPs number dispersion in samples: 10–74 (35.33 ± 19.55) L−1

Shape: Fibers (96.2%), films (3.1%), fragments (0.7%)
Color: transparent (63.9%), violet (11.6%), green (10.1%), blue (5.7%), pink (5.2%), red (3.5%)
Polymer type: low-density polyethylene (LDPE), high-density polyethylene (HDPE), ethylene vinyl acetate
(EVA), polyethylene terephthalate (PETE)
Size categorization of MPs: 0.5 mm (98.1%), 0.5–1 mm (1.7%), 1–5 mm (0.2%)
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Table 1. Cont.

Author,
Publica-
tion Year

Country Study
Design Study Aims Analytical Tool No. of

Samples Results

[29]

South Africa
(Braam-
fontein,
Tembisa, and
Silver)

Ecological
study

The study investigated
the presence of
microplastics (MPs)

- Stereomicroscopy (Nikon MET
SMZ745T)

- Scanning Electron Microscopy
(SEM, TESCAN Vega 3)

- Raman Microspectroscopy (Horiba
LabRAM HR, Horiba Jobin Yvon,
Japan)

- Filtration and Wet Peroxide
Oxidation (WPO) with Fenton’s
Reagent

- Staining with Rose Bengal Dye

30

Concentration of MPs:
Total MPs detected: 1236
Overall concentration: 4.7–31 MPs/L (mean: 14 ± 5.6 MPs/L)
Highest concentration: Braamfontein (9.0–31 MPs/L, mean: 18 ± 6.2 MPs/L)
Intermediate concentration: Tembisa (4.0–20 MPs/L, mean: 13 ± 4.9 MPs/L)
Lowest concentration: Silver Lakes (4.7–16 MPs/L, mean: 11 ± 4.0 MPs/L)
Shape Distribution:
Braamfontein: 86% fibers, 12% fragments, 2% pellets/films
Tembisa: 83.6% fibers, 13.8% fragments, 1.5% films, 1% pellets
Silver Lakes: 77.7% fibers, 15.1% fragments, 6.6% films, 0.63% pellets
Color Distribution (Fibers—Most Abundant Shape):
Braamfontein: Black (37.5%), Green (33.1%), Blue (15%), others (14.3%)
Tembisa: Black (33.6%), Green (28.1%), Blue (24.5%), others (13.7%)
Silver Lakes: Blue (30.4%), Black (26.7%), Transparent (17.4%), others (25.5%)
Size Categorization of MPs:
Braamfontein: MPs < 3 mm (mean size: 0.49 ± 0.42 mm)
Fibers: 0.02–2.41 mm (mean: 0.55 ± 0.42 mm)
Films: 0.13–0.33 mm (mean: 0.24 ± 0.09 mm)
Fragments: 0.07–0.28 mm (mean: 0.09 ± 0.06 mm)
Pellets: 0.02–0.15 mm (mean: 0.06 ± 0.03 mm)
Tembisa: MPs 0.02–3.33 mm (mean size: 0.55 ± 0.49 mm)
Fibers: Mean 0.62 ± 0.49 mm
Fragments: Mean 0.12 ± 0.10 mm
Pellets: Mean 0.1 ± 0.08 mm
Films: Mean 0.61 ± 0.61 mm
Silver Lakes: MPs 0.02–4.44 mm (mean size: 0.63 ± 0.79 mm)
Fibers: Mean 0.78 ± 0.75 mm
Fragments: Mean 0.13 ± 0.17 mm
Pellets: Mean 0.05 ± 0.02 mm
Films: Mean 0.77 ± 0.77 mm
Size Distribution Across All Samples:
MPs < 1 mm: Braamfontein (80%), Tembisa (75%), Silver Lakes (72%)
Most MPs in the 0.1–0.5 mm range:
Braamfontein (53.3%)
Tembisa (48%)
Silver Lakes (42.1%)

[43] Brazil

cross-
sectional/
Ecological
study

The study aimed to
quantify and analyze
MPs in urban tap
water from two main
residential and
commercial areas in
Brasília

- Fluorescence Microscopy (Nikon
Eclipse Ni-U)

- Nile Red Staining
- Sedgewick-Rafter Counting

Chamber
- Filtration and Separation Process

32

MPs number dispersion in samples: 4.0–31 (14 ± 5.6) L−1

Shape: Fibers (majority: 77–86%), fragments (10–15%), films (1.5–6.6%), pellets (0.6–2.5%)
Color: Black (33.6–37.5%), green (19.6–33.1%), blue (15–30.4%), transparent (14.3–17.4%), red (6.5–31.5%), other
(brown, grey, yellow, purple, white, orange: 10.1–14.3%)
Size categorization of MPs: <0.1 mm (12–16.98%), 0.1–0.5 mm (42.1–53.3%), 0.5–1 mm (21.4–27%), 1–2 mm
(10.3–13.2%), 2–3 mm (0.51–4.4%), >3 mm (0.51–0.94%)
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Table 1. Cont.

Author,
Publica-
tion Year

Country Study
Design Study Aims Analytical Tool No. of

Samples Results

[44] China Ecological
study

The study investigates
the presence,
distribution, and
characteristics of MPs
in drinking water

- Fourier-Transform Infrared
Spectroscopy (FTIR)

- Force Microscopy-Infrared
Spectroscopy (AFM-IR)

- Chromatography-Mass
Spectrometry (Pyr-GC/MS)

- Dynamic Light Scattering (DLS,
Zetasizer NANO-ZS90, Malvern)

- Transmission Electron Microscopy
(TEM, JEOL, JEM-1400

- Photoelectron Spectroscopy (XPS,
ESCALAB 250, Thermo-VG
Scientific)

130

Abundance and Distribution
The number of MPs ranges from 10 to 74 particles per liter, with an average of 35.33 ± 19.55 MPs/L.
Microplastic Shapes
Fibers (96.2%)
Films (3.1%)
Fragments (0.7%)
Microplastic Colors
Transparent (63.9%)
Colored MPs (violet, green, blue, pink, red): Possibly from synthetic fabrics, technical textiles, or colored
industrial plastics.
Identified Polymer Types
Low-Density Polyethylene (LDPE) & High-Density Polyethylene (HDPE)
Ethylene Vinyl Acetate (EVA)
Polyethylene Terephthalate (PETE)
Microplastic Size Categorization
<0.5 mm (98.1%):
0.5–1 mm (1.7%) & 1–5 mm (0.2%)

[45] Barcelona

analytical
and
Ecological
study

Assessment of the
concentrations of
polymers in MNPLs
(in the range of
0.70–20 µm) in
drinking water, using
a minimum sample
size of 5 L

- Acquity HPLC system (Waters
Corp., Milford, MA, United States)
with an APC column (Acquity APC
XT45 1.7 µm particle size) coupled
to a Q-Exactive hybrid
quadrupole-Orbitrap mass
spectrometer

- A second chromatographic
separation for methanol-water
9:1 extracts was achieved using a
HILIC LUNA® column

- Mass spectrometer was equipped
with an electrospray ionisation (ESI)
source

42

Validation of the Analytical Method for Drinking Water Analysis:

- Recoveries for the selected polymers (PI, PS, etc.) ranged from 55% (PI) to 82% (PS).
- The Method Limits of Quantification (MLOQ) for the selected polymers ranged from 0.02 to 0.2 ng/L.
- Matrix effect: up to 50% ion suppression was observed in drinking water, highlighting the need for

matrix-matched calibration curves for quantitative analyses.

Occurrence of MNPLs in the Drinking Water Supply System:

- A total of 7 polymers (PE, PP, PI, PBD, PA, PS, and PDMS) were identified with a confidence level of 2, and
six of them were confirmed with standards (confidence level 1).

- Polymers PE, PP, PI, PBD, PA, and PS were detected at concentrations above the MLOQ in some samples,
while concentrations of PS and PA remained below the MLOQ.

- Only 1 out of 42 samples (2.3%) did not contain polymers at quantitative concentrations.
- 40.5% of samples contained 1 polymer, 35.7% contained 2 polymers, and 19% contained 3 polymers.
- The most frequently found polymers were PE (71% of samples) and PP (66.7% of samples), with PI detected

in 42.9% of the samples and at higher concentrations in certain samples (up to 9 µg/L).
- PBD was found in 9.5% of the samples, with concentrations above 1 µg/L in some samples.
- PA was detected in 47% of the samples, but concentrations were below the MLOQ.

Polymer Concentrations:

- The concentrations of polymers in drinking water ranged from 1 ng/L to 9 µg/L.
- The median concentrations were: PE 119 ng/L, PI 1044 ng/L, PBD 146 ng/L, and PP 278 ng/L.
- The concentrations found in this study are higher than those estimated in other studies but are difficult to

compare directly.

Geographical Distribution:

- The western areas of BMA showed a greater variety of polymers compared with the eastern areas.
- The western area is served by a drinking water treatment plant (DWTP) located at the Llobregat River,

while the eastern area is served by another DWTP located at the Besòs River.
- The western area also showed higher concentrations, particularly for PI and PBD.

PCA Analysis:

- A PCA analysis showed that the differences between samples were not significant at the 95% confidence
level.

- There was no clear separation between water samples from the two DWTPs in the western and eastern
areas.
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2.4. Records Quality and Risk of Bias Assessment

Risk of bias assessment was carried out using the NOS (Newcastle–Ottawa Scale)
tool developed by the Cochrane Collaboration for randomized studies, adapted for the
context of environmental observational studies investigating the presence of MPs in TW.
The tool considers six main domains: (1) randomization process, (2) participant recruitment,
(3) deviations from the intended intervention, (4) missing data, (5) outcome measurement,
and (6) selection of reported results.

For each domain, judgments were assigned according to the predefined categories
(Low risk, Some concerns, High risk), with criteria adapted to the descriptive and non-
interventional nature of the studies analysed [46]. The risk of bias assessment was con-
ducted independently by two reviewers (P.R. and E.P.), and any discrepancies in scoring
were resolved through discussion or consultation with a third reviewer (G.O.C.) to ensure
consistency and reliability in the evaluation process.

2.5. EDIs Calculation

The Estimated Daily Intake (EDI) of MPs through TW, expressed in MPs/kg bw/day,
was calculated using the following equation:

EDI = (C × IR)/BW

where:
C is the MP concentration in TW (MPs/L), expressed as the number of particles,
IR is the ingestion rate according to reference values reported by EFSA [46],
BW is the assumed body weight, as reported in Table 2 [47–51].

Table 2. Ingestion rate and body weight for the class of age as reported by EFSA.

Age Daily Water Intake Weight

0.5–1-year, males = females 0.9 L 10 kg

2–3-year, males = females 1.3 L 13 kg

4–8-year, males = females 1.6 L 22 kg

9–13-year males 2.1 L 40 kg

9–13-year females 1.9 L 40 kg

≥14-year males 2.5 L 70 kg

≥14-year females 2 L 59 kg

Healthy pregnant women 2.8 L 73 kg

Although widely used in exposure assessments, the EDI represents a simplified model
indicator and should not be interpreted as a direct toxicological benchmark. Its value is
strongly influenced by uncertainties in input parameters, including MPs concentration,
ingestion rates, body weight, and local consumption habits. In this study, the EDI is
employed exclusively as a comparative exposure metric.

The body weight and ingestion rate values adopted in the calculations were selected
from standardized international references to ensure methodological consistency and
comparability across the diverse geographical contexts represented in the dataset.

An EDI average of minimum and maximum was calculated using a descriptive statis-
tical analysis.

https://doi.org/10.3390/microplastics5020095
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3. Results
The comprehensive search identified a total of 22,650 articles. After removing dupli-

cates, 6530 articles were collected for screening. During this phase, 99.9% of studies were
excluded as they were not relevant due to absence of primary outcome, inadequate samples,
not being written in English, and lack of statistical analysis. After a detailed evaluation,
only eight studies were deemed eligible and included in the final analysis (Figure 1).

Figure 1. Prisma flowchart.

Detailed characteristics of the 8 selected articles, including study design, analytical
methods, number of samples, and MPs characteristics, are summarized in Table 1. The
included studies were carried out in Europe (n = 1), Africa (n = 1), South America (n = 1),
the Middle East (n = 2), and Asia (n = 3). All articles employed an observational design,
mostly cross-sectional, with sampling carried out on urban water networks. Comparability
across studies is limited by the lack of international standards, differences in detection
limits, and variation in filters and digestive solutions used. The studies investigate the
presence, distribution, and characteristics of MPs, and to a lesser extent, of NPs, in TW.

https://doi.org/10.3390/microplastics5020095
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All studies confirm the presence of MPs in TW, although concentrations varied sig-
nificantly and synthetic fibers were consistently detected. NPs, on the other hand, were
rarely detected, mainly due to technical limitations that hinder their reliable identifica-
tion. This pattern highlights the current analytical gap between micro- and nanoscale
detection capabilities.

The analytical tools used in MP research vary depending on the level of precision
required and the type of particles being analyzed. Stereoscopic microscopy, for example, is
commonly employed for routine analyses, as seen in studies by Ramaremisa et al. (2024),
Sultan et al. (2023), Hossain et al. (2024), and Lam et al. (2020) [27,29,41,42]. For chemical
identification, more advanced techniques such as FTIR and Raman spectroscopy are widely
used, as demonstrated by researchers like Buyukunal et al. (2023) and Li et al. (2022) [40,44].
In addition, more sophisticated methods like HPLC [45] are applied when molecular
traceability or complex analytical protocols are needed.

These methodological differences inherently influence the minimum detectable parti-
cle size, the accuracy of polymer identification, and the overall comparability of reported
concentrations across studies. For example, microscopy-based approaches tend to under-
estimate smaller size fractions, whereas FTIR/Raman spectroscopy improves chemical
confirmation but remains limited by particle size thresholds. Mass-spectrometry-based
methods, while more sensitive, target different analytes and therefore produce results that
are not directly comparable to particle-count-based techniques. This heterogeneity must be
considered when interpreting concentration ranges and exposure estimates.

Collectively, these studies investigated a total of 586 samples. The number of samples
examined varied considerably across studies, ranging from just 30 in Ramaremisa et al.
(2024) [29] to 130 in Li et al. (2022) [44]. All studies report the presence of MPs, although
the quantities detected vary widely. The average MP concentration ranges from 0 [27] to
390 MPs/L [40].

According to the studies analyzed, the most commonly identified shapes are fibers
and fragments. Less frequently, the shapes are films, spheres, or pellets. Particle sizes
detected range from 2.7 µm to >5 mm, with a prevalence of MPs between 10–500 µm.

The EDI of MPs was calculated using data reported in the eight eligible studies
for various age groups, including healthy pregnant women (Table 3). These estimates
varied widely across populations and analytical approaches, reflecting differences in MP
concentrations and methodological assumptions. The minimum and maximum calculated
EDI values varied widely across studies and population groups, reflecting differences
in the concentrations of MPs detected due to the variability in analytical methodologies
applied, analytical approaches, and assumed parameters (e.g., daily water consumption
and body weight).

Table 3. Estimated Daily Intake calculated based on MPs through tap water ingestion.

MPs Data
Concentration
Found in the
Eligible Literature

Country
EDI
6–12
Months

EDI
2–3-Year-
Old

EDI
4–8-Year-
Old

EDI
9–13-Year-
Old
Males

EDI
9–13-Year-
Old
Females

EDI
≥14-Year-
Old
Males

EDI
≥14-Year-
Old
Females

EDI
Healthy
Pregnant
Women

[40] Turkey
Min 0.90 1.00 0.73 0.53 0.48 0.36 0.34 0.38

Max 35.10 39.00 28.36 20.48 18.53 13.93 13.22 14.96

[41] Iraq
Min 2.25 2.50 1.82 1.31 1.19 0.89 0.85 0.96

Max 6.39 7.10 5.16 3.73 3.37 2.54 2.41 2.72

[27] China
Min 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Max 0.77 0.86 0.63 0.45 0.41 0.31 0.29 0.33

[42] Bangladesh
Min 0.90 1.00 0.73 0.53 0.48 0.36 0.34 0.38

Max 6.66 7.40 5.38 3.89 3.52 2.64 2.51 2.84
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Table 3. Cont.

MPs Data
Concentration
Found in the
Eligible Literature

Country
EDI
6–12
Months

EDI
2–3-Year-
Old

EDI
4–8-Year-
Old

EDI
9–13-Year-
Old
Males

EDI
9–13-Year-
Old
Females

EDI
≥14-Year-
Old
Males

EDI
≥14-Year-
Old
Females

EDI
Healthy
Pregnant
Women

[29] South Africa
Min 0.42 0.47 0.34 0.25 0.22 0.17 0.16 0.18

Max 2.79 3.10 2.25 1.63 1.47 1.11 1.05 1.19

[43] Brazil
Min 0.36 0.40 0.29 0.21 0.19 0.14 0.14 0.15

Max 2.79 3.10 2.25 1.63 1.47 1.11 1.05 1.19

[44] China
Min 0.90 1.00 0.73 0.53 0.48 0.36 0.34 0.38

Max 6.66 7.40 5.38 3.89 3.52 2.64 2.51 2.84

[45] Spain
Min 2.79 3.10 2.25 1.63 1.47 1.11 1.05 1.19

Max 13.50 15.00 10.91 7.88 7.13 5.36 5.08 5.75

Average
Min 1.07 1.18 0.86 0.62 0.56 0.42 0.40 0.45

Max 9.33 10.37 754 5.45 4.93 3.71 3.52 3.98

The highest EDI values were assessed for the population of Istanbul according to MPs
dosage as estimated by Buyukunal et al. (2023) [40], with a maximum of 39.00 MPs/kg
bw/day in children aged 2–3 years and 35.10 MPs/kg bw/day in infants aged 6–12 months.
High EDIs across nearly all categories, with a maximum of 15.00 MPs/kg bw/day in
2–3-year-old children and up to 5.75 MPs/kg bw/day in healthy pregnant women, were
assessed using MPs concentrations estimated by Vega-Herrera et al. (2022) [45] in Barcelona.

In contrast, EDI resulted in null values across all age groups in Hong Kong, as reported
by Lam et al. (2020) [27], who found MP concentrations equal to zero.

Overall, the estimated exposure was generally higher in paediatric groups, particularly
in children aged 2–3 years and infants aged 6–12 months, compared with adolescents and
adults. This trend aligns with the higher ratio of water intake to body weight in children.

Pregnant women showed lower EDI values than EDIs of children but higher than
those of non-pregnant adults, with maximum estimates reaching 14.96 MPs/kg bw/day in
Istanbul and 5.75 MPs/kg bw/day in Barcelona.

The EDI of microplastics was consistently higher in healthy pregnant women, both
in minimum and maximum averages, compared with males and females aged ≥14 years
(Figure 2).

Figure 2. Minimum and maximum average EDI of microplastics (MPs/kg bw/day) in three popula-
tion groups: males aged ≥14 years, females aged ≥14 years, and healthy pregnant women.
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The risk of bias assessment conducted on the eight eligible studies revealed that,
although none of them was classified as “low risk” (Table 4), all were classified as having
“some concerns” in the overall judgment, mainly due to shortcomings in the transparency
of analytical protocols and data management.

Table 4. Cohort studies included in the review.

Study Selection Comparability Outcome Total

Representativeness
of

the Exposed
Cohort

Selection of
Not Exposed

Cohort

Ascertainment
of

Exposure

Demonstration
That

Outcome of
Interest Was

Not Present at
Start of Study

Comparability
of Cohorts on
the Basis of

the Design or
Analysis

Assessment
of Outcome

Adequacy
of Follow-Up

Length
Follow-Up

Completion

[40] ★ ✰ ★ ★ ★ ★ ★ ✰ ✰ 6/9

[41] ★ ★ ★ ★ ★ ★ ★ ✰ ★ 8/9

[27] ★ ★ ★ ★ ★ ★ ★ ✰ ✰ 7/9

[42] ★ ★ ★ ★ ★ ★ ★ ✰ ✰ 7/9

[29] ★ ✰ ★ ★ ★ ★ ★ ✰ ✰ 6/9

[43] ★ ✰ ★ ★ ★ ★ ★ ✰ ✰ 6/9

[44] ★ ✰ ★ ★ ★ ★ ★ ✰ ✰ 6/9

[45] ★ ✰ ★ ★ ★ ★ ★ ✰ ✰ 6/9

★ = 1 point. ✰ = 0 points. ★ ★ = 2 points (only applicable in the “Comparability” domain).

The selection of reported results represented another area of uncertainty, with “some
concerns” assigned to all studies, often due to the lack of pre-registered protocols or detailed
analytical plans. Missing data was generally well managed, with most studies rated as low
risk in this domain (Supplementary Materials).

4. Discussion
Our systematic review confirmed the ubiquitous presence of MPs in TW, with concen-

trations varying across studies, ranging from 0.0008 to 74 MPs/L [41,42,44]. These varia-
tions can be attributed to differences in analytical methodologies, sampling volumes, extrac-
tions, and processing protocols. For instance, some studies employed advanced determina-
tion techniques such as scanning electron microscopy (SEM), Fourier-transform infrared
spectroscopy (FTIR), Raman spectroscopy, or chromatography coupled with mass spec-
trometry [45], whereas others relied on less specific visual or microscopic methods [27,43].
Recognizing these methodological discrepancies is essential for correctly interpreting the
variability observed across studies and for avoiding direct comparisons between datasets
generated with fundamentally different analytical capabilities. The predominance of fibers
and fragments, typically ranging between 10 and 500 µm in size, was consistently observed
across the included studies [40,42,44]. MPs smaller than 500 µm were most frequently
detected, with particles <1 mm accounting for over 98% of all MPs identified in some
studies [42,44]. However, although several authors report that particles of this size are
unlikely to translocate across biological barriers [6,10], current toxicological evidence is still
limited and does not allow firm conclusions regarding their safety for human health. Larger
microplastics may still interact with the gastrointestinal mucosa, potentially inducing local
inflammatory responses or acting as carriers of absorbed chemicals. The most prevalent
morphology across geographic regions was fibrous shapes, representing 77% to 86% of
total MPs [29,43].

The most commonly reported polymers included polyethylene (PE), polypropylene
(PP), polyethylene terephthalate (PET), and polystyrene (PS), although other polymers
such as ethylene-vinyl acetate (EVA), polyamide (PA), polybutadiene (PBD), and polyimide
(PI) were also detected, albeit less frequently [41,44,45]. Polymer type variability is also
influenced by contamination sources, which include the degradation of macroplastics,
personal care and cleaning products, industrial wastewater, packaging materials, and
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components of water distribution systems [29,42]. Residual stress in semicrystalline plastics
such as PP and PE induces the migration of low-molecular-weight amorphous fractions
toward the surface, forming droplets that can be released into water as amorphous polymer
micropollutants. This mechanism, driven by thermally activated and stress-dependent
flows, is particularly relevant in highly compressed regions (e.g., the neck of bottles) and
highlights the need to reconsider processing technologies to reduce residual stress [52]. The
presence of MPs in treated water suggests that conventional treatment processes may not
be fully effective in removing smaller particles, even though most of the authors do not
refer to measures of control against environmental cross-contamination during the sample
treatment. Indeed, smaller-sized MPs (<1 µm) are associated with higher concentrations
compared with larger particles [3,45]. The latter study detected MPs as small as 0.7 µm in
diameter, confirming that standard treatment technologies may not always be capable of
eliminating them.

Studies such as Sharma et al. (2023) [53] reported 100% removal efficiency for MPs
larger than 5000 µm in TW via ultrafiltration. However, for smaller particles, the removal
efficiency decreases and can be affected by membrane fouling. This indicates that advanced
technologies could significantly improve water quality [54]. Nevertheless, the variability in
treatment protocols and MPs characteristics calls for further research to optimize removal
processes. Additionally, the persistence of MPs in treated water supports the hypothesis
that conventional treatment systems may not be fully effective at eliminating smaller
particles [55].

The calculated EDI values based on doses of MPs reported in the eight analyzed
studies show differences that can be attributed to multiple variables, such as the diverse
analytical methodologies employed, the particle size ranges considered, sampling protocols,
and the parameters used for calculation (e.g., water intake volume and body weight).

This methodological heterogeneity hinders direct comparisons between studies, but it
is a widely acknowledged issue in the literature [56,57]. Additionally, only a few studies
assessed NPs, which, due to their smaller size, could contribute to a potentially underesti-
mated exposure [58] as reported by several studies [9,10,59].

From a human exposure perspective, children aged 6 months to 3 years are consistently
exposed to the highest EDI values. This trend is explained by the higher water intake per
unit of body weight in younger age groups, making them particularly vulnerable [59,60].
In adolescents and adults, a slight sex-based difference is observed, with females aged
≥14 years generally showing slightly lower EDI values compared with males. This aspect
represents a new starting point for future research.

In the case of pregnant women, EDI values are typically lower than those in children
but comparable or slightly higher than those in non-pregnant women, with maximum
estimates reaching 14.96 MPs/kg bw/day calculated by Cox et al., 2019 [61]. Given
the growing interest in the potential transplacental transfer of MPs and their possible
clinical implications [42], this exposure pathway also warrants particular attention in
future research.

Finally, the substantial variability and methodological differences observed under-
score the importance of standardizing sampling and analytical procedures to improve
the comparability and reliability of exposure estimates. Moreover, the complexity of the
collected data highlights the need for a comprehensive health risk assessment, especially
for the most vulnerable population groups.

Despite uncertainties about the exact exposure levels to MPs through TW, it is widely
acknowledged that these particles may have adverse effects on human health. Research
on potential exposure pathways shows that MPs can be ingested directly through TW or
indirectly through food contaminated by MPs present in TW used for the food preparation
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or transformation [62]. MPs are accumulated in the human body [6,19], and some studies
suggest they could exert toxic effects, although research on biological impacts is still at an
early stage [63,64]. Recent studies highlight that variability in extraction techniques, filter
pore sizes, blank contamination, and environmental contamination during sampling and
processing can significantly influence results, complicating direct comparisons between
studies [58,65–67]. These discrepancies affected the calculated EDIs variability, and this
aspect is critical considering the importance of EDI in the human risk assessment [25].

While academic research has played a crucial role in identifying and characterizing
microplastics in tap water, the translation of these findings into standardized monitoring
and risk assessment frameworks remains limited. Given the public health relevance of
drinking water safety, a stronger involvement of governmental agencies and regulatory
bodies is warranted. Institutions responsible for water quality should lead the develop-
ment of harmonized protocols for sampling, detection, quantification, and reporting of
microplastics and nanoplastics in tap water. The establishment of standardized methodolo-
gies would not only improve comparability across studies but also support the integration
of microplastics into existing water safety plans and regulatory frameworks. Furthermore,
coordinated surveillance systems at national and international levels could facilitate long-
term monitoring, risk assessment, and evidence-based policymaking. In this context, future
research should increasingly align with regulatory needs, contributing to the definition of
threshold values, exposure indicators, and health-based guidelines.

5. Conclusions
The results of this review suggest that MPs are widely distributed in TW sources, but

the existing treatment techniques may not be sufficiently effective in removing all particle
sizes. It is therefore essential to develop and implement advanced technologies capable of
improving water quality, particularly those designed to target smaller particles that escape
conventional filtration systems. Strengthening these approaches would not only enhance
removal efficiency but also contribute to a more accurate characterization of exposure levels
in different population groups.

Furthermore, the standardization of analytical methodologies and the adoption of
more rigorous research protocols could enhance the comparability of results and improve
our understanding of the impact of MPs on human health. The available evidence primarily
provides estimates of human exposure to MPs through tap water, which constitutes only
one of multiple exposure pathways; thus, these findings should not be interpreted as
a direct assessment of overall human exposure or health risk. Particular attention may
be warranted for specific population groups, such as children, who could experience
relatively higher exposure levels [65,68]. Continuous monitoring of contamination levels,
together with further investigation into the long-term effects of MPs, remains crucial for
protecting public health and the environment, and for informing future regulatory and
risk-assessment frameworks.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/microplastics5020095/s1. Table S1: Details of literature search on
online databases. File S1. PRISMA 2020 Checklist.
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FTIR Fourier-transform infrared spectroscopy
PE Polyethylene
PP Polypropylene
PET Polyethylene Terephthalate
PS Polystyrene
EVA Ethylene-vinyl acetate
PA Polyamide
PBD Polybutadiene
PI Polyimide

References
1. Haram, L.E.; Carlton, J.T.; Ruiz, G.M.; Maximenko, N.A. A Plasticene Lexicon. Mar. Pollut. Bull. 2020, 150, 110714. [CrossRef]

[PubMed]
2. Chandra, S.; Walsh, K.B. Microplastics in Water: Occurrence, Fate and Removal. J. Contam. Hydrol. 2024, 264, 104360. [CrossRef]

[PubMed]
3. Sol, D.; Solís-Balbín, C.; Laca, A.; Laca, A.; Díaz, M. A Standard Analytical Approach and Establishing Criteria for Microplastic

Concentrations in Wastewater, Drinking Water and Tap Water. Sci. Total Environ. 2023, 899, 165356. [CrossRef]
4. Gambino, I.; Bagordo, F.; Grassi, T.; Panico, A.; De Donno, A. Occurrence of Microplastics in Tap and Bottled Water: Current

Knowledge. Int. J. Environ. Res. Public Health 2022, 19, 5283. [CrossRef]
5. Muhib, M.I.; Uddin, M.K.; Rahman, M.M.; Malafaia, G. Occurrence of Microplastics in Tap and Bottled Water, and Food Packaging:

A Narrative Review on Current Knowledge. Sci. Total Environ. 2023, 865, 161274. [CrossRef]
6. Montano, L.; Raimondo, S.; Piscopo, M.; Ricciardi, M.; Guglielmino, A.; Chamayou, S.; Gentile, R.; Gentile, M.; Rapisarda, P.;

Oliveri Conti, G.; et al. First Evidence of Microplastics in Human Ovarian Follicular Fluid: An Emerging Threat to Female Fertility.
Ecotoxicol. Environ. Saf. 2025, 291, 117868. [CrossRef]

7. Krikech, I.; Oliveri Conti, G.; Pulvirenti, E.; Rapisarda, P.; Castrogiovanni, M.; Maisano, M.; Le Pennec, G.; Leermakers, M.;
Ferrante, M.; Cappello, T.; et al. Microplastics (≤10 µm) Bioaccumulation in Marine Sponges along the Moroccan Mediterranean
Coast: Insights into Species-Specific Distribution and Potential Bioindication. Environ. Res. 2023, 235, 116608. [CrossRef]
[PubMed]

8. Djekoun, M.; Gaaied, S.; Romdhani, I.; Mohamed Rida, A.; Missaoui, Y.; Boubekeur, M.S.; Trea, F.; Lakbar, C.; Ouali, K.; Banni, M.
Abundance and distribution of environmental microplastic in edible fish and mussels from the south Mediterranean coasts. Mar.
Pollut. Bull. 2024, 206, 116705. [CrossRef]

9. Ferrante, M.; Pietro, Z.; Allegui, C.; Maria, F.; Antonio, C.; Pulvirenti, E.; Favara, C.; Chiara, C.; Grasso, A.; Omayma, M.; et al.
Microplastics in fillets of Mediterranean seafood: A risk assessment study. Environ. Res. 2022, 204, 112247. [CrossRef]

https://doi.org/10.3390/microplastics5020095

https://doi.org/10.1016/j.marpolbul.2019.110714
https://www.ncbi.nlm.nih.gov/pubmed/31753559
https://doi.org/10.1016/j.jconhyd.2024.104360
https://www.ncbi.nlm.nih.gov/pubmed/38729026
https://doi.org/10.1016/j.scitotenv.2023.165356
https://doi.org/10.3390/ijerph19095283
https://doi.org/10.1016/j.scitotenv.2022.161274
https://doi.org/10.1016/j.ecoenv.2025.117868
https://doi.org/10.1016/j.envres.2023.116608
https://www.ncbi.nlm.nih.gov/pubmed/37429403
https://doi.org/10.1016/j.marpolbul.2024.116705
https://doi.org/10.1016/j.envres.2021.112247
https://doi.org/10.3390/microplastics5020095


Microplastics 2026, 5, 95 15 of 17

10. Oliveri Conti, G.; Ferrante, M.; Banni, M.; Favara, C.; Nicolosi, I.; Cristaldi, A.; Fiore, M.; Zuccarello, P. Micro- and nano-plastics in
edible fruit and vegetables: The first diet risks assessment for the general population. Environ. Res. 2020, 187, 109677. [CrossRef]

11. Lackner, M.; Branka, M. Microplastics in farmed animals—A review. Microplastics 2024, 3, 559–588. [CrossRef]
12. Ziani, K.; Ionit,ă-Mîndrican, C.-B.; Mititelu, M.; Neacs, u, S.M.; Negrei, C.; Moros, an, E.; Drăgănescu, D.; Preda, O.-T. Microplastics:

A real global threat for environment and food safety: A state of the art review. Nutrients 2023, 15, 617. [CrossRef]
13. Garrido Gamarro, E.; Costanzo, V. Microplastics in Food Commodities—A Food Safety Review on Human Exposure through Dietary

Sources; Food Safety and Quality Series No. 18; FAO: Rome, Italy, 2022.
14. Ccanccapa-Cartagena, A.; Gopakumar, A.N.; Salehi, M. A straightforward Py-GC/MS methodology for quantification of

microplastics in tap water. MethodsX 2025, 14, 103173. [CrossRef]
15. Ghosh, S.; Sinha, J.K.; Ghosh, S.; Vashisth, K.; Han, S.; Bhaskar, R. Microplastics as an emerging threat to the global environment

and human health. Sustainability 2023, 15, 10821. [CrossRef]
16. Vethaak, A.D.; Legler, J. Microplastics and human health. Science 2021, 371, 672–674. [CrossRef] [PubMed]
17. Ferrante, M.; Cristaldi, A.; Oliveri Conti, G. Oncogenic role of miRNA in environmental exposure to plasticizers: A systematic

review. J. Pers. Med. 2021, 11, 500. [CrossRef]
18. Dettori, M.; Arghittu, A.; Deiana, G.; Castiglia, P.; Azara, A. The revised European Directive 2020/2184 on the quality of water

intended for human consumption: A step forward in risk assessment, consumer safety and informative communication. Environ.
Res. 2022, 209, 112773. [CrossRef]
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