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Water treatment works have previously shown high efficiency in removing microplastics > 25 ym from raw
source water. However, what is less well known is the extent to which microplastics of this size class are
generated or lost within the water distribution network, particularly whether there is a greater presence in the
customer tap than in the water treatment works outlet. This study focused on the presence of 21 different types of
synthetic polymer particles with sizes larger than 25 ym examined through multiple rounds of sampling at outlets
of water treatment works (WTW), service reservoirs (SR), and customer taps (CT) managed by seven different
water companies in Britain. Nineteen different types of polymers were detected; their signature and concen-
tration varied based on the round of sampling, the location within the water supply network, and the water
company responsible for managing the supply. Among the polymers examined, polyamide (PA), polyethene
terephthalate (PET), polypropylene (PP), and polystyrene (PS) were the most commonly found. Apart from PET
having its highest concentration of 0.0189 microplastic per litre (MP/L) in the SR, the concentrations of the other
three most frequent polymers (PS = 0.017 MP/L, PA = 0.0752 MP/L, PP= 0.1513 MP/L) were highest in the CT.
The overall prevalence of this size of microplastics in the network is low, but there was a high variability of
polymer types and occurrences. These spatial and temporal variations suggested that the MP in the distribution
network may exist as a series of pulses. Given the presence and polymer types, the potential for some of the
microplastics to originate from materials used in the water network and domestic plumbing systems cannot be
ruled out. As found before, the absolute number of microplastics in the water distribution network remained
extremely low.

1. Introduction

Plastics possess a unique combination of light weight and strength,
exceptional corrosion resistance, and remarkable thermal and electrical
insulation characteristics (Andrady and Neal, 2009; Saunders, 2012)
making them extremely versatile. The demand for plastic products has
shown no signs of slowing down, with a projected increase in global
production from 390.7 million metric tons in 2021 to an estimated 590
million metric tons by 2050 (Statista, 2023). This rise in the production
of plastic products has challenged the world’s ability to manage the
resulting waste, and plastic pollution is now a pressing environmental
concern of the 21st century (MacLeod et al., 2021; Thompson et al.,
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2009).

Their relatively low-cost, flexibility and resistance to chemical has
allowed them to be selected for some applications in critical infra-
structure systems such as drinking water treatment and distribution
facilities (Skjevrak et al., 2003; Zhang et al., 2022).

In the absence of a universally agreed scientific definition, micro-
plastics are commonly regarded as plastic particles that are insoluble in
water, ranging in size from 1 ym to 5 mm (Frias and Nash, 2019). Pri-
mary microplastics are those intentionally produced and added to some
products including cosmetics and personal care products (Browne,
2015) for example as microbeads, but most microplastics found in the
environment are generated through the weathering or fragmentation of
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larger plastic products, due to natural physical, chemical, and biological
processes (Eerkes-Medrano et al., 2015) and thus termed secondary
microplastics. Microplastics in the environment are now considered
persistent and ubiquitous contaminants (Junaid et al., 2023; Walker and
Fequet, 2023).

The consumption of food and water has been identified as a
contributor to the presence of microplastics in the human body (Al
Mamun et al., 2023; Kirstein et al., 2021). Whilst there is some evidence
suggesting that the accumulation of these particles in mammalian tis-
sues may have negative long-term consequences (Haldar et al., 2023;
Kumar et al., 2022; Rubio et al., 2020), the position remains uncertain.
There remain major research challenges from the contamination of
samples from microplastics in clothing, laboratories and reagents, as
well as their close chemical similarity to various natural organic mate-
rials. Both issues could lead to over-estimations of microplastics abun-
dance (da Costa et al., 2019).

Combining the detection of particles with the identification of their
chemical composition through micro-spectroscopic techniques such as
Fourier-transform infrared spectroscopy (WFTIR) and Raman spectros-
copy (Raman) remains the most precise method for identifying and
quantifying the abundance of microplastics (Schymanski et al., 2021).
However, the accuracy of this approach depends on particle size. For
instance, in a worldwide interlaboratory comparison involving 22
participating laboratories, those using uFTIR or Raman achieved 92 %
recovery and correct identification of pure microplastic standards larger
than 50 pym in size (De Frond et al., 2022; Kirstein et al., 2021). This
accuracy of numbers of polymer particle detection dropped to just 33 %
for particle sizes smaller than 20 um. Moreover, up to 22 % of uFTIR
analyses falsely identified natural materials as plastic, whereas for
Raman, this number could reach up to 83 % (De Frond et al., 2022;
Kirstein et al., 2021).

Previous research into microplastics larger than 20 pm in drinking
water from the outlets of water treatment works revealed a concentra-
tion range of 0.00011 to 0.7 microplastic particles per litre (MP/L)
(Dalmau-Soler et al., 2021; Johnson et al., 2020; Mintenig et al., 2019).
However, in the case of drinking water obtained from customer taps,
higher values ranging from 0.02 to 1 MP/L have been reported
(Bauerlein et al., 2022; Dalmau-Soler et al., 2022; Mintenig et al., 2014).
This variability in the levels of microplastics between water treatment
works and customer taps suggests that there may be additional sources
of microplastics within the distribution network.

Previous investigations on the topic focused on water samples
collected at a single location and point in time (Bauerlein et al., 2022;
Dalmau-Soler et al., 2022; Mintenig et al., 2014). This limited sample
collection makes it difficult to gauge fate and behaviour within distri-
bution networks (Astel et al., 2006; Scanlon et al., 2022).

To make this study as reliable and representative as possible,
emphasis was put on a suitable blank correction scheme and a sufficient
sampling campaign to assess quantities and frequencies of microplastics
larger than 25 um within water distribution networks. In this case, the
focus was on the outlets of water treatment works (WTW), service
reservoir (SR) and customer taps (CT). We asked the following
questions:

e Are microplastic levels and polymer signatures stable downstream of
WTW?

e Are microplastic quantities and signatures different between WTW
and SR?

e Is the quantity and microplastic signature at the CT different from
other parts of the upstream network?

2. Methodology
2.1. Drinking water network sampled

To achieve a representative coverage of the drinking water supply
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across Britain, networks from seven water companies were included
from England, Scotland, and Wales. Their identities and specific loca-
tions were anonymised and are referenced as company A, B, and C etc.

2.2. Collecting water at the outlets of WTW, sr and ct

Our goal was to collect up to 5 m® of water within a 24-hour period
using a specialized sampling rig. The sampling rig and sampling process
involved collecting particles in the drinking water on a stainless-steel
filter disc with a pore size of 5 ym and a filter area of 10 cm?. The fil-
ter disc was situated within a 47 mm filter holder made of anodized
aluminium and manufactured by Pall Life Sciences Advantec. The filter
holder was then connected to the water source using a hose that was
approved by the Water Regulations Advisory Scheme (WRAS), specif-
ically a SILEX Platinum Cured Silicone Braided Hose with a 70° Shore
hardness and a translucent appearance. The hose, which had an internal
diameter of 12.5 mm, was secured using a jubilee clip. Flow meters (2
different models in series to provide redundancy in case of failure) were
installed downstream of the filter holder to measure the filtered volume.
A full description of the sampling rig is presented in Fig. S1. Water was
sampled from distribution networks that were managed by each of the
water companies on two to three separate occasions between September
2021 and June 2022.

2.3. Controlling microplastic contamination

To minimize contamination during the sampling process, the sam-
pling rigs were only assembled or opened within a safety cabinet
equipped with a high-efficiency particulate air (HEPA) filter, which
effectively removes 99.999 % of particles larger than 0.3 pym. When
equipment or samples were outside the safety cabinet, they were
covered with clean aluminium foil. Additionally, to further reduce the
risk of contamination from equipment, uncommon plastic substitutes or
non-plastic materials were used wherever possible for the sampling and
processing equipment. For instance, natural fibre brushes, glass Pasteur
pipettes, metal filter rigs, stainless steel, or pure silver filters, fluorinated
ethylene propylene/ethylene tetrafluoroethylene (FEP/ETFE) wash
bottles, and glass bottles with polytetrafluoroethylene (PTFE)-lined lids
and polybutylene terephthalate (PBT) pouring rings were utilised for all
sampling and processing vessels.

To minimize contamination from reagents, all reagents utilised in
sample processing were filtered through a 0.7 pm glass fibre filter
(Whatman GF/F or equivalent) to remove any particulates prior to use.
To prevent contamination from synthetic fibres by laboratory operators,
all processing activities were conducted by individuals wearing 100 %
cotton lab coats. All equipment and glassware were washed exclusively
with natural fibre scouring brushes to prevent contamination during
cleaning and were rinsed multiple times with 0.7 ym GE/F filtered de-
ionized (DI) water before air drying under foil to avoid airborne
contamination. Before sampling commenced, a minimum of 5 L of
sample water was run to waste, bypassing the filter, to flush the sam-
pling rig upstream of the filter.

2.4. Preparation of full experimental blanks

Although the arrangement of the standard microplastics field sam-
pling rig with a 5 um filter was simple, it was necessary to generate
experimental blanks that reflected both the field sampling and the lab-
oratory handling. Therefore, we designed a specialised rig to produce
what we refer to as "full experimental blanks" . This rig was constructed
using six individual stainless steel microplastic filter rigs connected in
series, through which we filtered 5000 L of tap water (see Fig. S2). The
first filter in the sequence collected a microplastic sample as usual and
acted as a check of the tap water sample used to generate the experi-
mental blanks. The second stage consisted of two glass fibre filters (1.2
and 0.7 um pore size) supported by a 5 um stainless steel filter. This
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second stage of the rig was to remove all microplastic particles from the
tap water that could otherwise cascade and be captured on the subse-
quent "blank" filters. The final four filters were stainless steel 5 ym fil-
ters, identical to those used in field sampling. Each filter was then
processed in the same manner as the field samples. The full experimental
blanks were designed not only to reveal any contamination arising from
laboratory processing but also any shedding of plastic from within the
rigs themselves. We ran this blank process on two separate occasions to
generate eight blanks.

In addition to the full experimental blanks, we conducted a series of
processing blanks to assess the level of contamination resulting from
laboratory cleaning steps. Throughout the project, we ran eight pro-
cessing blank samples alongside batches of actual samples. These blanks
consisted of empty sample beakers processed through the same prepa-
ration procedure, and thus only captured microplastics from contami-
nation during processing steps. The level of contamination in these
processing blanks was slightly lower than in the full experimental
blanks. As a result, we used the full experimental blanks to correct the
raw data and calculate the limits of detection.

2.5. Blank correction and limit of detection

For each polymer, the mean blank value was subtracted from the raw
count for a sample. This correction was done per volume (m?) of filtered
samples. The limit of detection (LOD) for the blank-corrected sample
was defined as 3.3 x the standard deviation (SD) of the blanks as rec-
ommended by AOAC International. If the blank corrected value was
above the LOD, it was acknowledged as being detected.

2.6. Sample preparation process

After filtration in the field, the rigs were returned to the laboratory
and opened within the air filtering cabinet. The 5 um steel filter with the
captured particles was removed with steel tweezers, transferred into a
glass beaker, and submerged in 2 % HCI at room temperature for 24 h,
after which it was passed through the same 5 pm steel filter and washed
with fresh 2 % HCI. This step was necessary to liberate microplastics
from mineral precipitates that had formed on the stainless-steel filter
disc during filtering ~ 5 m® of potable water in the field. Finally, par-
ticles were removed from the 5 pm steel filter once more into a 20 mL
glass vial using 0.7 ym GF/F filtered DI water. Importantly, we explored
a range of weak HCI concentrations and found that 2 % produced the
most favourable outcomes in terms of microplastic detection. Subse-
quently, we evaluated the impact of this 2 % HCI solution on some
microplastic standards (PA and PS) and observed no influence on
microplastic detection (Fig. S3).

2.7. Spike recovery

The effectiveness of recovering microplastics through the sample
clean-up processes was evaluated by subjecting DI water that had been
filtered through GF/F filters and spiked with a known concentration of
polystyrene (PS) and polyamide (PA) standards to the full process. The
PA (with size ranges of 30-50 ym and density of 1.13 g cm™>) was
produced in-house through cryo-milling and cascade filtration (3000
MP/ml, CoV 11 %), while the PS (with size ranges of 30 — 90 ym and
density range of 0.96-1.05 g cm™>) was obtained from Polysciences
Europe GmbH, Germany (840 MP/ml, CoV 14 %). We calculated the
recoveries as a percentage of the total particles added to the sample. It
should be noted that there is currently no established quantitative spike
recovery method due to the lack of appropriate certified reference ma-
terials for all the different polymers (and sizes).

2.8. Microplastic analysis by uFTIR

For spectroscopic PFTIR analysis, the entire sample was deposited
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with a glass pipette onto a silver membrane filter (Sterlitech, Washing-
ton USA, 25 mm diameter 3 pm pore size) on which a 10 mm internal
diameter silicone washer had been placed to define the filtration area.
To ensure complete capture of the particles onto the filter, the glass vial
was rinsed onto the filter three times after sample deposition. All
microplastics within the deposited area of the filter were identified and
quantified at a pixel size of 25 um with the linear array imaging pFTIR
spectrometer (PerkinElmer Spotlight 400) set to collect spectra in the
range between 4000 and 700 cm™! wave numbers. A background
spectrum of the silver filter was collected and removed from the
resulting data. Automated spectral matching of the raw data was carried
out using the Purency Microplastics Finder software (Hufnagl et al.,
2019). This software uses machine learning algorithms to automate the
analysis of microplastic measurements, eliminating operator bias that
can arise with manual methods (Hufnagl et al., 2019). The output gen-
erates particle counts by polymer type and provides information on the
two-dimensional characteristics of each particle.

2.9. Polymers quantified

This study reported on the following plastic polymers; acrylonitrile
butadiene styrene (ABS); cellulose acetate (CA), ethylene vinyl acetate
(EVAc), ethylene vinyl-alcohol (EVOH); polyacrylonitrile (PAN); poly-
amide (PA); polybutylene terephthalate (PBT); polycarbonate (PC),
polyethene (PE); poly-ether-ether-ketone (PEEK); Polyoxymethylene
(POM); polyphenylene sulfone (PPSU); Polysulfone (PSU); poly
(ethylene terephthalate) (PET); poly(methyl methacrylate) (PMMA);
polylactic acid (PLA); polypropylene (PP); polystyrene (PS); poly-
urethane (PU); polyvinylchloride (PVC); and Silicone (SI). The selection
of these polymers was based on their frequent usage, prevalence in the
environment, and documented occurrence of some of them in drinking
water, as reported by previous studies (Bauerlein et al., 2022; Dal-
mau-Soler et al., 2021, 2022; Johnson et al., 2020; Mintenig et al., 2014,
2019).

3. Results
3.1. Blanks and spike recovery

Among the 21 polymers studied, four (PLA, PSU, PPSU, and PEEK)
were not detected in the full experimental blanks (Fig. S4). Polymers
such as PVC, PU, ABS, POM, SI, and PBT were observed on multiple
occasions in the experimental blanks. Additionally, some polymers were
exclusively found in the experimental blanks and not in the processing
blanks. Notably, silicone was commonly observed in the full experi-
mental blanks but absent from the processing blanks. PP and PE, on the
other hand, were detected in all of the blank samples. The full experi-
mental blank values were used to calculate the LODs for each polymer.

An assessment of the efficiency of microplastic recovery through the
sample preparation and analysis processes revealed a higher recovery
rate (91 %) for PS microplastics (90 pm size) as compared to the 32 and
39% recovery rates for the PS and PA microplastics (30-50 pm sizes)
standards respectively (Table S1). This suggests some numbers provided
in this study are likely to be an underestimation.

3.2. Overall microplastic dynamics and abundance

To obtain a comprehensive overview of the distribution and behav-
iour of microplastics in the water supply networks, both quantitative
and qualitative datasets were subjected to multivariate analysis. The
quantitative data included concentrations of each of the 19 polymer
types detected (above the LOD) across the samples, total microplastic
concentrations, and the volume of water sampled. The qualitative data
comprised information on polymer types, sampling locations, sampling
rounds, and the water companies involved. Principal component anal-
ysis (PCA) was performed on 10 components, explaining 99 % of the
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variance. Identification and visualization of useful PCA clusters were
done using VizRank; a multivariate data visualisation approach guided
by Machine Learning and implemented in the Quasar software (Leban
et al., 2006; Toplak et al., 2021). The results showed that microplastics
distribution could be clustered by whether they came from the 1st, 2nd
or 3rd sampling campaign (Fig. 1a), different locations (WTW, SR or CT
in Fig. 1b) or by Water Company (Fig. 1c). This indicate that the total
concentration of microplastics in drinking water varies based on three
factors: (i) the sampling rounds, (ii) the source of the water within the
supply network (whether it comes from WTW, SR, or CT), and (iii) the
water company responsible for managing the supply (Fig. 1). This result
shows how misleading it could be to make generalisation based on one
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company or one supply round.

Across all sampling rounds and water companies, microplastics
concentration ranged from 0 to 0.209 MP/L (with an average of 0.035
MP/L) in the WTW, 0 to 0.165 MP/L (with an average of 0.024 MP/L) in
the SR and from 0 to 0.192 MP/L (with an average of 0.027 MP/L) in the
CT (Fig. 2a). The frequency at which the highest microplastics concen-
tration within the network was either at the WTW, SR or CTs was
assessed. The result shows that the highest level of microplastic occur-
rence tends to be slightly more associated with the CT (35 %) and SR (34
%) than to the WTW (30 %) (Fig. 2b).

Among the polymers that were examined, PA, PET, PP and PS were
the most commonly found polymers in drinking water, occurring in at
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Fig. 1. Prevalence and distribution of total microplastic according to (a) the sampling rounds, (b) the source of the water within the supply network (whether it
comes from CT — customer taps, SR — Service reservoir and WTW — Water treatment works), and (c) the water companies (A-G) responsible for managing the supply.
T1, T2 and T3 in Fig. 1a are the sampling rounds, the arrows in Fig. 2a indicate the direction of flow and the bigger the size of the symbols in Fig. 1a, b and ¢ the more

the microplastics (MP/L).
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polymers, occurring in at least 45 % of samples analysed.

least 45 % of samples analysed (Fig. 2c). PA, PET and PP were the most
frequently detected polymer in the WTW outlet, while PA was the most
prevalent in the SR outlet. PS and PP had the highest frequency in the
CT, with their detection occurring in 48 % and 52 % of the samples
analysed, respectively. Thus, in terms of polymer signature, the WTW,
SR and CT are not identical. To gain a deeper understanding of the

nature and behaviour of these most frequent polymers, PCA analysis was
conducted on their specific concentrations with respect to the sampling
rounds and locations. The result shows both polymer signature and
concentrations varied according to the sampling time and source
(Fig. S5). Apart from PET with the highest concentration of 0.0189 MP/
L in the SR, the concentrations of the other three polymers (PS = 0.017
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3.3. Distribution of microplastics within individual water supply network

0.1513 MP/L) were highest in the CT.

Not all sites were able to be sampled to the ideal quantity of 5 m® of

water. Consequently, it was crucial to assess whether the results of
microplastics prevalence were affected by the varying volumes of water
that were sampled. The results of the analysis show no significant as-
sociation between sample volume and the incidence of microplastics in

the samples (Fig.

0.0752 MP/L, PP=

MP/L, PA

The results of polymer types and abundances according to sampling
locations and rounds are presented on a schematic depiction of the
network for each of the water companies (Figs. 3-6 and Fig. $7-S9). The

colour-coded water distribution network in the figures provides infor-
mation on the specific type of pipe materials found in that company’s
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infrastructure. Where data was provided by the water companies, both
the distance and material type are presented in the schematic figures. In
cases where the pipe is known to be a non-plastic material, black colour
is utilised. Grey dotted lines are used to denote areas where details of
pipe materials and length were not provided.

In Water Company A, the types and abundance of microplastics vary
depending on the sampling locations and rounds (Fig. 3). For example,
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during sampling round 1, PP, PVC, and EVOH were detectable at the
WTW outlet, whereas during sampling round 2, additional polymers
such as PET, PS, PA, PC, and EVAc were detected in the same WTW
outlet. There were no detectable polymers in the SR outlet during
sampling round 1, but PP, PA, EVOH, and PLA were detected during
sampling round 2. Even though the customer tap CT A3 was situated
downstream of pipes made of PE, PVC, and PBT, it did not exhibit any
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Company A displayed a consistent microplastic signature from the WTW
Water Company B had a different picture of microplastic presence
from the two sampling rounds, with the signature of PP, PE, PET, ABS
and PA polymers in the first round in the WTW outlet changing in the
second round (Fig. 4). In the second round, the highest microplastics
were at the SR outlet but with very little moving down to the CTs.

to SR and CT in terms of the presence of PP, PE, and PA polymers.
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microplastic presence from these polymer types. On the other hand, CT
A2, which was downstream of a non-polymer pipe, showed a range of
microplastics polymers such as PS, PA, PMMA, and PET. CT Al consis-
tently exhibited a high level of PP microplastics, with concentrations
reaching 0.15 MP/L and 0.06 MP/L during sampling rounds 1 and 2,

This high PP level was not observed in the other CTs. Overall, Water
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For Water Company C, in the first round, SR C1 had the highest level
of microplastics (Fig. 5). In the second round, the WTW C2 had slightly
higher microplastic levels than the first round. Company information
revealed that all CTs were fed to some extent by PE for part of the length
of the water pipes, but it was only in CT C6 that appreciable PE
microplastics could be discovered. This property was supplied by the
longest run of PE pipes.

Water Company D conducted water sampling from its network on
three separate occasions. During the first and second rounds, minimal
amounts of microplastics were detected within the network, especially
at the WTW and SR (Fig. 6). However, in the third round, elevated levels
of microplastics were observed at the WTW D1, specifically SI followed
by PA. Despite these higher levels at the WTW, the SR and CTs showed
low levels of microplastics. Among the customer taps, CT D2 stood out
with a distinctive and consistent presence of polystyrene (PS) micro-
plastics across all three sampling rounds. This presence of PS was not
observed in the other CTs, making CT D2 unique in its microplastic
composition.

In Water Company E, much higher microplastic was present in
sampling round 2 compared to 1 for the WTW, whilst the opposite was
true for the SR (Fig. S7). The CTs were relatively low in microplastics
apart from CT E3 which was the highest on both occasions. Although
slightly different sites were examined in the two sampling rounds at
Water Company F, the presence of microplastics was relatively very
low across the network (Fig. $8). Microplastics in the network managed
by Water Company G was only examined in one sampling round. Un-
like some of the other sites, something of a network polymer signature
could be traced from WTW to SR to CTs centring on PP, PE and PA. The
CT G3 tap had the greatest presence of microplastics (Fig. S$9).

4. Discussion

Despite significant efforts to reduce microplastic contamination
during water sampling and processing, the analysis of the blanks reveals
that background contamination still occurs and needs to be taken into
account. For example, the sampling piping was made of SILEX platinum-
cured silicone braided hose, which was chosen as a relatively uncommon
and durable hose material approved by water companies and regula-
tions. Nevertheless, the occurrence of silicone exclusively in the full
experimental blanks, in contrast to the laboratory processing blanks,
implies that the sampling rig and the filtering of large volumes of water
through silicone tubing generated unique microplastic contamination.
The presence of PP and PE in all the blank samples suggested a common
source of contamination during the sampling and processing stages of
the procedure. As these polymers were not present in any of the
equipment used, it is possible that they were introduced from an
ambient source within the field and laboratory environment. These re-
sults highlight how vital it is, particularly when trying to detect micro-
plastic in clean matrices like potable water, that blanks replicating the
full sampling and processing steps are designed (Johnson et al., 2020;
Koelmans et al., 2019).

Providing sufficient blank values allows a robust LOD to be devised
(Bertil and Ornemark, 2014). In this study, we opted for a LOD calcu-
lation that theoretically yields a significance level of 0.05 for both false
negative and false positive error rates. This implies that if a sample
contains a concentration of microplastics at the same level as the LOD,
the likelihood of a false positive result, where the field sample actually
contains no microplastic, is only 5 % (Armbruster and Pry, 2008). While
blanks can help prevent the occurrence of false positives, spike recovery
is important in identifying false negatives and providing information on
the number of microplastics that might have been overlooked. In this
study, the recovery rate for PS and PA standards with sizes ranging from
30 to 90 um was between 32 and 91 %. Despite its potential benefits, the
utilisation of positive control (spike recovery) in drinking water
microplastics analysis remains uncommon (Koelmans et al., 2019). In
the few studies where spike recovery was documented, diverse polymer
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types and sizes were employed. In a study utilising PA particle (63-90
um diameter), the recovery rates for raw and portable water micro-
plastics extraction protocols were 101 + 27 % and 113 + 15 %,
respectively, closely aligning with the recovery rate reported for PA in
this study (Johnson et al., 2020). Another study investigating micro-
plastics in drinking water utilised PE (average diameter 100 ym) and
recorded a recovery rate between 65 % and 80 %. (Bauerlein et al.,
2022). Unfortunately, the lack of appropriate standards for different
polymer types (and subtypes — e.g., different colours, different amounts,
or types of additives etc.) in varying size ranges limits the effectiveness
of spike recovery. Thus, positive controls can only be considered
indicative. In addition to the meticulous blank correction and positive
control implemented in this study, our research adhered entirely to the
quality standards prescribed for the analysis of microplastics in fresh-
water and drinking water (Koelmans et al., 2019).

The average concentration of microplastics > 25 pym reported in this
study is comparable to those documented in previous studies of WTW
and CT in Germany, Spain, and the Netherlands (Bauerlein et al., 2022;
Dalmau-Soler et al., 2021, 2022; Johnson et al., 2020; Mintenig et al.,
2014, 2019). However, in this study, we show that microplastic particles
are not uniformly dispersed in drinking water in time and space.

It was difficult to see within the one to three sampling rounds, a
consistent pattern in the prevalence and distribution of various plastic
polymers. Certain plastic polymers appeared dominant in one sampling
round, only to diminish in the next. Notably, the plastic polymers
detected at the WTW did not necessarily align in type and quantity with
those found at the SR or CT. Although it was common to encounter
microplastics of polymer types that could plausibly originate from
different parts of the infrastructure, there was no clear relationship be-
tween microplastics abundance and the distances the water travels in
plastic pipes from the WTW to the CT (Fig S10). It seems difficult to
escape the conclusion that microplastics of many different polymers are
ubiquitous even in the cleanest of environments.

It was surprising to find microplastics of different polymers at the SR
that were not evident at the upstream WTW and similarly between SR
and CT. Other than concluding that the integrity of the network from
WTW to CT was breached at certain points, it may be that occasional
episodes, or surges, of microplastics move through the system as a pulse
from the WTW. Several plausible scenarios may be applicable:

1. The distribution network remains secure from external contamina-
tion and does not itself leach microplastics. In this case, the only
source of microplastics would be from WTW-treated water, perhaps
as occasional events (pulses).

2. The distribution network remains secure from external contamina-
tion and does not itself leach microplastics. However, microplastics
originating from the WTW become attached to the pipe surfaces and
occasionally slough off, leading to pulses of microplastics discharge.

3. The distribution network is secure but itself leaches microplastics
from pipework and junctions, including within the customer’s house.

4. The distribution network is compromised by the intrusion of
microplastics between WTW and customer tap, perhaps at the SR,
where new microplastics enter the system.

To rule out any of these possibilities, further investigation would be
required, entailing a more comprehensive sampling approach, a
rigorous assessment of pipework integrity, and an examination of the
nature of local plumbing works or repairs, where relevant, at the CT.

The health requirements for water intake vary among individuals
based on factors such as age, level of physical activity, and climate. In
the United Kingdom, the National Health Service recommends
consuming 6-8 glasses of fluids daily, which equates to approximately
1.2 L (NHS, 2021). However, according to the European Food Safety
Authority (EFSA), females aged 14 and above should drink 2.0 L per day,
while males aged 14 and above should drink 2.5 L per day (EFSA Panel
on Dietetic Products and Allergies, 2010). In the context of this study,
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considering the average concentration of this class of microplastics at
0.0276 MP/L and an assumed daily water intake of 1.2-2.5 L, it would
require approximately 14 to 30 days for an adult consuming tap water at
the recommended rate to encounter 1 microplastic (> 25 pm) particle.
However, in scenarios where the maximum concentration of micro-
plastics (0.2096 MP/L) is considered, encountering 1 microplastic (> 25
um) particle could happen within a shorter span of 2 to 4 days of
drinking tap water. At present, the understanding of the significance of
various polymer types, particle sizes, quantities, or concentrations with
respect to the hazardous properties of microplastics is limited. Hence, it
is premature to make any remarks regarding the potential risks associ-
ated with microplastics in drinking water.

To give some context on exposure, the average concentration of
microplastics in bottled water has been recorded at levels spanning from
8.5 + 10.2 to 4226 + 3385 MP/L (Kankanige and Babel, 2020; Makh-
doumi et al., 2021; Ossmann et al., 2018; Samandra et al., 2022; Schy-
manski et al., 2018), with reports of tea having an average of 11 + 5.26
MP/L, soft drinks having 40 + 24.53 MP/L, energy drinks having 14 +
5.79 MP/L, and beer with 152 + 50.97 MP/L (Shruti et al., 2020). In
contrast, this study reports an average concentration of 0.025 MP/L in
tapwater. It would appear that human exposure to microplastics larger
than 25 um would be trivial from tap water compared to other com-
mercial beverages. However, it is important to note that the comparison
is made with caution, given variations in the sizes and types of micro-
plastics examined, and the analytical methodology employed across the
studies.

4.1. Conclusion, limitation, and future works

We employed a comprehensive blank correction protocol, multiple
water sampling campaigns and pFTIR analysis to attempt to unravel the
types, abundance, distributions, and occurrence of microplastics >25
um within water distribution networks.

The results revealed that microplastics levels and polymer signatures
varied across different sampling rounds and locations downstream of the
WTW. Although the highest levels of microplastic occurrence were more
frequently associated with the CT and SR than the WTW, the average
microplastics levels among these locations were similar. The variability
suggested that microplastics might be moving through the system as a
series of pulses.

Among the polymers examined, PA, PET, PP, and PS were the most
commonly found, with PA, PP, and PS showing their highest concen-
trations in the CT. Despite our efforts, confident identification of the
precise source of these microplastics larger than 25 pm within the
network remained elusive. The potential for some of the particular
microplastic polymers to originate from materials used in the water
network and domestic plumbing systems cannot be ruled out. Never-
theless, it is essential to note that their presence in the tap water network
is relatively low, occurring at an average concentration of 0.025 MP/L.

Considering the variability observed in this study, to provide deeper
insight into the sources of microplastics within the supply network,
future research would need to adopt a relatively high sampling fre-
quency, ideally conducting monthly sampling over a period of one to
two years.

The reliable quantification of sub-micron and nanosized plastic
particles in potable and tap water is still required.
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