
This is to certify that the article entitled 

 

Authored By 

 

Published in Vol. 48, Issue-1 (January-March) 2023 

SHODH PRABHA (ISSN: 0974-8946) 

UGC-CARE List Group I 

Impact Factor: 6.1 

  MICROPLASTIC CONTAMINATION OF DRINKING WATER: A                    

SYSTEMATIC REVIEW  

 Dr Narendra S Mehta  



    -    - Shodh Prabha (UGC Care Listed Journal)               ISSN: 0974-8946 

A Refereed and Peer- Reviewed Quarterly Research Journal           Vol: 48, No.1, Jan-Mar 2023 

Shri Lal Bahadur Shastri Rashriya Sanskrit Vidyapeetha Page 40 

MICROPLASTIC CONTAMINATION OF DRINKING WATER: A SYSTEMATIC 

REVIEW 

Dr Narendra S Mehta 

Chairman, Reena Mehta College of Arts Science Commerce &Management studies, 

Bhayander ( West)  

 

Abstract 

Micro plastics have recently been detected in drinking water as well as in drinking water 

sources. This presence has triggered discussions on possible implications for human health. 

However, there have been questions regarding the quality of these occurrence studies since 

there are no standard sampling, extraction and identification methods for microplastics. 

Accordingly, we assessed the quality of fifty studies researching microplastics in drinking 

water and in its major freshwater sources. This includes an assessment of microplastic 

occurrence data from river and lake water, groundwater, tap water and bottled drinking water. 

Studies of occurrence in wastewater were also reviewed. We review and propose best 

practices to sample, extract and detect microplastics and provide a quantitative quality 

assessment of studies reporting microplastic concentrations. Further, we summarize the 

findings related to microplastic concentrations, polymer types and particle shapes. 

Microplastics are frequently present in freshwaters and drinking water, and number 

concentrations spanned ten orders of magnitude (1  102 to 108 #/m3 ) across individual 

samples and water types. However, only four out of 50 studies received positive scores for all 

proposed quality criteria, implying there is a significant need to improve quality assurance of 

microplastic sampling and analysis in water samples. The order in globally detected polymers 

in these studies is PE z PP > PS > PVC > PET, which probably reflects the global plastic 

demand and a higher tendency for PVC and PET to settle as a result of their higher densities. 

Fragments, fibres, film, foam and pellets were the most frequently reported shapes. We 

conclude that more high quality data is needed on the occurrence of microplastics in drinking 

water, to better understand potential exposure and to inform human health risk assessments 

Keywords: Micro plastics, Drinking water Waste water Surface water Human health. 

Introduction 

Microplastics (MPs) are particles of predominantly synthetic polymeric composition in the 

micro scale and while a consensus on size range has not been reached, the typical range is 

between 1 μm and 5 mm. MPs have been identified in all aquatic environments: marine and 

freshwater (lakes, rivers, reservoirs, groundwater) but research has so far concentrated more 

on marine environments. MP contamination of aquatic environments is expected to rise, 

hand-in-hand with the continuous rise in plastic production, use and waste]. MPs have also 

entered the food web, thus becoming an emerging food safety issue and risk Emerging risk in 

terms of food safety is defined as a risk posed by possible significant exposures to a recently 

identified (emerging) hazard  

Human exposure pathways include ingestion and inhalation and the presence of MPs in 

human stool samples has recently been verified Drinking water is considered as one possible 

medium for the introduction of MPs into the human body There is a growing interest around 

the prevalence of MPs in drinking water underpinned by recent research but a systematic 

review of available evidence is lacking None of the existing reviews have used the 

methodology on which systematic reviews are based. Systematic reviews synthesize the 
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findings quantitatively and qualitatively in a standardised way, avoiding the introduction of 

bias. Although human health effects are still under examination, lessons from toxicology 

inform us that the effects will be dose dependent Determining exposure levels is key in 

formulating a risk assessment framework for this emerging environmental contaminant. 

Health effects will be caused by: their physical attributes, the chemical properties of the 

polymers, the plasticisers, or other chemicals added in the manufacturing process, and the 

chemicals they can absorb in nature as well as the microbes that can grow on their surface. 

This review focuses on water intended for human consumption, including tap water (TW) 

that is available to consumers via water treatment plants (WTP) and bottled water (BW). BW 

is further divided into table, spring and natural mineral water. Specific regulations govern 

their categorization according to their source and the processes that they are allowed to 

undergo before being bottled Both natural mineral and spring water come from underground 

water sources, in principle, protected from pollution and are bottled in situ. In contrast, 

bottled table water can come from any source, including municipal mains (tap water), as long 

as it conforms to water safety specifications Water from different categories will vary in 

quality depending on the initial water quality, and the processes they are subjected to ensure 

food safety, transportation and packaging. 

The aim of this review was to identify all available research on MP contamination of drinking 

waters and assess their quality to determine the state of the evidence and consequently, 

attempt quantification of human exposures in the prism of an emerging food safety issue. We 

also aim to compare water of different origins (TW and BW) in terms of MP contamination 

load. Further, we address the methodological issues in the field of environmental MPs 

research regarding study design, execution and reporting. 

Methods 

This review follows a protocol published in PROSPERO (PROSPERO 2019, Registration 

number: CRD42019145290) available and in the (available in the Supporting Information). 

The protocol was developed according to the guidelines set by the Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses protocols (PRISMA-P)]. The protocol was 

designed to include available research on all food categories which were determined by a 

preceding scoping review. In brief, only descriptive and analytic observational study designs 

(and not experimental) were included No time limit on publication date was set and databases 

were searched from launch date to 10
th

 July 2019. The searches were repeated on the 3rd of 

June 2020 to include the most recently published papers. Only studies that reported on ‘water 

intended for human consumption’ as defined by Directive 2009/54/EC and Regulation (EC) 

No 178 [were included. Eligible studies must have used one (or more) of the four currently 

validated processes for the identification of microparticle composition: Fourier-transform 

infrared spectroscopy (FTIR), Raman spectroscopy (RM), pyrolysis gas chromatography/ 

mass spectrometry (Pyr-GC-MS) and scanning electron microscopy plus energy-dispersive 

X-ray spectroscopy (SEM/EDS). The use of procedural blank samples was also mandatory. 

Articles that were not published in the English language were excluded. 

Information sources were MEDLINE (OVID interface, 1946 onwards), EMBASE (OVID 

interface, 1974 onwards) and the Web of Science core collection (Web of Science, 1900 

onwards). The search strategy was developed for MEDLINE and EMBASE (OVID interface) 

using free text and MeSH, for all food categories. Search terms included: microplastic, 

nanoplastic, food contamination, water contamination (full search strategy can be found in S1 

Table). Study selection was executed using a two-level screening by two independent 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0236838#pone.0236838.s004
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0236838#pone.0236838.s004
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reviewers against the inclusion/exclusion criteria. Any discrepancies were resolved by a 

third-party arbitrator. Inter-rater agreement level for the first level screening was 90%, 

Cohen’s k: 0.34, and for the second level: 100%, Cohen’s k: 1 [50]. A form previously 

developed and verified for a scoping review was used for data extraction. 

The quality of the studies was assessed with the use of a bespoke risk of bias (RoB) 

assessment tool, which was developed because the existing tools were not suitable for the 

scope of the review Assessment tool development was based on guidelines set by the Centre 

for Reviews and Dissemination the STROBE Statement checklist the Agency for Healthcare 

Research and Quality of the U.S. Department of Health and Human Services the 

Environmental-Risk of Bias Tool regarding evidence in environmental science and the 

Cochrane Collaboration’s tool for assessing RoB The RoB tool, is a checklist (S2 Table), that 

prompts questions across four domains: study design, sampling, analysis and reporting, 

leading to an overall assessment with justification for each entry. There were three ratings: 

high risk, low risk or unclear RoB and the results were used to assess study quality and 

overall certainty of evidence. 

The primary outcome of interest was MP content in the sample expressed in a quantitative 

measure in any available units of measurements. Further information of interest included the 

methodological specifications of the experimental protocols. The studies were reviewed in a 

narrative analysis according to the guidelines set down by the Centre for Reviews and 

Dissemination and the results were reported according to the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) Statement  

Results 

Study selection  

2467 citations were identified by the search strategy, after duplicates were removed, and 

2307 citations were dismissed in the first-level screening based on their title and abstract  

(Fig 1). During the second-level screening, the full papers were scrutinized, and 112 studies 

were removed with reasons and seven were included. When the searches were re-run, five 

more studies were included after the first and second level screening (Fig 1), resulting in 12 

studies finally included in this systematic review. 

 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0236838#pone.0236838.ref050
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0236838#pone.0236838.s005
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0236838#pone-0236838-g001
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0236838#pone-0236838-g001
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Study characteristic 

All the studies included analysed water readily available for human consumption. The study 

characteristics are presented in S3 Table. Six studies used samples of BW (table and mineral) 

and six studies used TW. The overall sample size for BW was n = 91 brands (n = 435 bottles) 

and for the TW, n = 155 samples. All of the studies used different techniques to extract 

particles from their samples. One study used FTIR [, one both FTIR and RM one used both 

m-FTIR and m-RM and one SEM-EDX [to identify the composition of the extracted 

particles. Ten of the studies reported the results by MP particles per volume, one provides 

only the range of MP content and one the frequency of occurrence. 

Risk of bias within studies 

RoB was assessed in a systematic way using the RoB tool created for this review. The results 

of the assessment are illustrated in Figs 2 and 3. Two studies were assessed as of high RoB 

and three of unclear RoB the RoB assessment is used in the analysis part of the review 

 

 

 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0236838#pone.0236838.s006
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0236838#pone-0236838-g002
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0236838#pone-0236838-g003
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Results of MPs contamination 

The results are presented in Table 1 as two categories of TW and BW. The results from 

Mintenig et al. were converted from MPs/m
3
 to MPs/L content for ease of comparison to the 

remaining studies. Mason et al. divided the results in two sections: one including particles 

≥100 μm that were verified as MPs through FTIR spectral analysis and particles <100 μm 

that were only tagged using Nile Red solution to dye them. In line with our eligibility criteria, 

only the results of the FTIR verified particles will be included in this review. Visual 

observation for the identification of MP particles can lead to under or overestimations]. The 

use of instruments which identify the chemical composition in a standardized way based on a 

physical or electronic output (spectra, pyrograms etc.) exclude the introduction of human 

error and enable reproducibility and transparency of the results. 

Regarding studies other than BW, when results were presented for both untreated and treated 

water, only the latter are presented. 

Tap water 

Six studies [sampled and analysed TW that was readily available to consumers via a public 

service. The percentage of samples containing MPs across the studies ranged from 24% to 

100% and the MPs content from 0–1247 MPs/L. The most common shapes identified were 

fragments and second most common was fibres. A key difference between the samples is that 

Pivokonsky et al. [64] used water coming from surface waters (reservoirs), which are open 

aquatic systems exposed to contamination, while Mintenig et alused water from underground 

and therefore protected sources. Shruti et al. [used water from a variety of sources but the 

majority came from local aquifers. Strand et al. Tong et aland Zhang et al. did not provide 

information on the origin of the water. It is reasonable to assume that water quality before it 

entered the WTP would vary and directly affect the quality of the water after processing. 

Four of the studies provided the necessary data to attempt a meta-analysis. In order to test 

whether the results were appropriate for meta-analysis, the statistical heterogeneity was 

measured using a Higgins I
2
 test [calculated using R (version 3.6.0) executing all analysis via 

RStudio, (version 1.2.1335) and using the additional packages meta (version 4.9–7,metaphor 

(version 2.1–0) dmetar], robvis and ggplot2 [A random-effects model was fitted and 

heterogeneity was found to be high, I
2
 = 99.8% (see forest plot in S1 Fig). In order to detect 

the origin of heterogeneity, a series of random-effects models were fitted excluding two 

studies [that were identified as statistical outliers. The exclusion of the studies did not 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0236838#pone-0236838-t001
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0236838#pone.0236838.ref064
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0236838#pone.0236838.s007
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improve heterogeneity which remained high (100%). Therefore, the data were found to be 

inappropriate for meta-analysis. Heterogeneity is either caused by clinical (sample) or 

methodological variability and is further discussed in the narrative analysis section. 

Sample treatment/particle extraction. 

The experimental protocol for the extraction of particles differed between the six studies in 

terms of sample collection, treatment and filtering. Mintenig et al. [62] filtered the water 

directly at the sampling sites using stainless steel filter cartridges (3 μm) and then further 

treated the residue on the filters at the lab. A solution of hydrochloric acid was used to 

dissolve inorganic material, such as calcium carbonate and iron precipitates, followed by a 

second filtering through another 3 μm stainless steel filter. The residue was treated again 

using hydrogen peroxide before the third and final filtration on 0.2 μm aluminium oxide 

filters. An additional density separation step was used for the raw water samples, employing a 

zinc chloride solution to remove further iron oxide particles. Strand et al. [67] also filtered the 

samples at the sampling sites but using a stainless-steel filter with absolute filtering ability of 

11–12 μm. The sample was then treated using a solution of acetic acid. For the collection of 

the particles used for the spectral analysis, a backwashing procedure with detergent solution 

was used, this was pre-filtered water and then ethanol under vacuum suction on an Anodisc 

filter (0.2 μm). Four studies collected the samples in bottles and then transported them to the 

lab for processing. Pivokonsky et al. used wet peroxide oxidation and heat treatment at 75°C 

for digestion, followed by a double filtration through 5 μm and then 0.2 μm membrane filters 

(PTFE). Tong et al. used hydrochloric acid for digestion followed by filtering through 0.2 μm 

aluminium oxide filters. In contrast, Shruti et al. and Zhang et al. did not treat the samples 

prior to filtering, using 0.22 μm and 0.45 μm pore size filters respectively. 

The difference in the pore size of the filters used in the different stages reflects the sizes of 

the particles extracted which were subsequently further analysed for composition 

identification, and has thus directly affected the measured MP content. On the other hand, the 

use of a digestion step to dissolve particulate matter is employed only by some of the studies 

to extract water impurities and optimize the filtration process. 

Spectral analysis. 

Differences in the methodology of the studies were identified while important information 

such as the number of extracted particles and the number of particles that were analysed for 

composition were not reported (Table 2). Three studies used FTIR for spectral analysis, while 

Pivokonsky et al.also used RM for the smaller size range of 1–10 μm. One study used m-

FTIR, one RM and one m-RM. A key difference between them is the technical limitation of 

the instrument regarding the minimum particle size detected. FTIR and RM technical 

specifications are in the range of 40 μm and 10 μm, respectively. When these methods are 

used in conjunction with microscopes, it becomes possible to analyse particles down to the 

size of 10 μm (m-FTIR) and 1 μm (m-RM Mintenig et al. [and Zhang et al. analysed 100% of 

the filters’ surface, Pivokonsky et al. [64] about 25% of the sample and Strand et al. 10% of 

the filter but coming from only three out of the 17 sampling sites/samples. Shruti et aland 

Tong et al did not report the amount of the sample analysed. 

 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0236838#pone.0236838.ref062
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0236838#pone.0236838.ref067
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0236838#pone-0236838-t002
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0236838#pone.0236838.ref064
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Meta-analysis was attempted using the results from four of the studies which provided the 

necessary data. Statistical heterogeneity as measured by Higgins I
2
 test in a random-effects 

model was found to be high, I
2
 = 99%, even when the high RoB study by Zuccarello et al.  in 

a mixed-effects subgroup analysis statistical heterogeneity within the groups still remained 

high I
2
<84% (S4 Fig). The pooled effect estimate was accompanied by a 95% confidence 

interval which included negative values for all categories, further showing that meta-analysis 

was not appropriate. The results of the analysis showed that pooling of the data was not 

appropriate. The origin of heterogeneity is addressed in the narrative analysis. 

Sample treatment/particle extraction. 

Four studies did not use a digestion process. Mason et al. used glass-fibre filters (1.5 μm pore 

size), Schymanski et al. used gold-coated poly-carbonate filters (3.0 μm pore size) while both 

studies by Kankanige and Babel [and Wiesheu et al. [used cellulose nitrate filters (0.45 μm 

pore size). Oßmann et al. implemented a digestion process using an ethylene diamine tetra-

acetic acid tetrasodium salt (EDTA) solution then followed by a density separation (flotation) 

step via a detergent solution of sodium dodecyl sulphate (SDS) and filtration through 

aluminium-coated polycarbonate membrane filters (0.4 μm pore size). Zuccarello et al. did 

not employ a digestion nor a filtration process, opting for a newly developed method to target 

MPs <10 μm, which differs significantly from previous studies and cannot thus be directly 

compared to the rest of the studies. The alternative approach used nitric acid and a high 

temperature incubation (60° C for 24 hours) for mineralization of the samples to remove 

carbon-based particles. This was followed by vortexing, centrifugation, addition of 

dichloromethane, resuspension using acetonitrile and drying. The sample was then deposited 

on an aluminium and copper alloy stub to be coated with gold before SEM-EDX analysis]. 

The methods used by this study have already been highlighted under the reporting and 

verification sections of the analytical methods which was partially addressed by a 

corrigendum of the authors The scientific base of the process employed is a publication that 

is not available in English and therefore cannot be assessed, as well as a second publication 

concerning MPs extraction method from the gastrointestinal tract of fish. The latter describes 

a different method (two-step digestion process using sodium hydroxide and nitric acid, 

followed by filtration, density separation and verification by visual identification alone, that 

subsequently targets MPs of a completely different size of >100 μm). 

Spectral analysis. 

Schymanski et examined the largest number of particles in RM spectral analysis, analysing 

100% of the particles or a maximum of 1000 (in the 5–10 μm size fraction) on each of the 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0236838#pone.0236838.s010


    -    - Shodh Prabha (UGC Care Listed Journal)               ISSN: 0974-8946 

A Refereed and Peer- Reviewed Quarterly Research Journal           Vol: 48, No.1, Jan-Mar 2023 

Shri Lal Bahadur Shastri Rashriya Sanskrit Vidyapeetha Page 47 

filters, corresponding to each of the 38 samples (Table 3). The verified MP particles ranged 

from 0.03 to 10.7% of the analysed particles, using a ≥ 70% spectral similarity index. 

Kankanige and Babel analysed 100% of the extracted particles (>50 μm), using FTIR and a 

60% spectral similarity index, verifying 45.8% of them as MPs. RM analysis was used for 

particles of the lower range of 1–10 μm but these findings are not reported in the details of 

the analysis. Mason et al. also used FTIR but only for particles ≥100 μm and examined 

around 1000 particles which was almost 50% of the particles extracted, using a ≥ 70% 

similarity index verifying 40% of the particles as MPs. Oßmann et al. on the other hand, did 

not provide information on the number of extracted particles, reporting the analysis of 4.4% 

of the surface of each filter using RM, but not reporting how many were finally verified as 

MPs. Oßmann et al. did not use an automated software option in which spectral similarity is 

calculated automatically but a mix of semi-automated methods. In this sense, a standardized 

spectral similarity index was not utilised, which might have introduced experimental error 

into this protocol. Wiesheu et al. only analysed the one fibre extracted from the samples 

isolated, not providing further details on the methods employed. 

Zuccarello et al. used SEM-EDX for the identification of MPs. No digestion or filtration 

process for the extraction of the mineral water impurities was employed. The authors suggest 

that the mineralization process extracts all carbon-containing particles that are not plastic. 

This removal needs to be done with near unit efficiency due to the fact that typical 

concentrations of carbonates in mineral water exceed, by many orders of magnitude, the 

reported MP concentrations in BW samples in other studies. The specificity of this method 

has not been proven as mentioned in the previous section. The aim of the method was to 

quantify the number of MPs per volume in the size range of 0.5–10 μm and a further 

objective was to calculate the mass of MPs per volume, using the density of the plastic bottles 

containing the water. The reported validation of the process used is weak in that the mass of 

MPs per volume was measured in three samples spiked with MPs (whose size was not 

reported), and then a calculation of MPs per volume was conducted, which is the opposite 

way round to the calculation made with the unknown samples and may introduce systematic 

error. 

Particle size. 

Mason et al. used FTIR only for particles ≥100 μm but reported that 95% of particles were 

between 6.5 and 100 μm. The MP content for all sizes was 325 MPs/L, whereas for particles 

≥100 μm it was only 10.4 MPs/L. In addition, it was not clear what maximum size cut-off 

was employed. Kankanige and Babel used FTIR for particles ≥50 μm but extrapolated the 

findings to the smaller size range 6.5–50 μm, reporting MPs contents of 140 ±19 MPs/L for 

plastic bottles and 52 ±4 MPs/L for glass bottles. The size range of 6.5–20 μm was identified 

as the most dominant. Schymanski et al. extracted and analysed particles including even 

smaller sizes of ≥5 μm and reported that 80% of the verified MPs were in the range of 5 and 

20 μm, with MP contents of 14 ±14 MPs/L for single use plastic bottles, 118 ± 88 MPs/L for 

reusable plastic bottles, 11 ± 8 MPs/L for carton and 50 ± 52 MPs/L for glass bottles. 

Oßmann et al.decreased the size of the included particles to ≥1 μm reporting much higher MP 

contents of 2649 ± 2857 MPs/L for single use PET bottles, 4889 ± 5432 MPs/L for reusable 

PET bottles and 6292 ± 10521 MPs/L for glass bottles. The same authors also highlight that 

more than 95% of MPs were smaller than 5 μm and 50% smaller than 1.5 μm. Zuccarello et 

al. focused on the 0.5–10 μm size range, reporting high concentrations of 5.42 ± 1.95 X 

10
7
 MPs/L. Although the size range of the identified MPs (1.28–4.2 μm) is similar to the 

Oßmann et al. study (>1 μm), the results differ by a factor of 11000, further highlighting the 

possible quality issues of the study. The results of the Wiesheu et al. study on MPs content 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0236838#pone-0236838-t003
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were inconclusive. As can be seen in Fig 4, as the size of the identified particles decreases, 

the MP content increases significantly. 

Discussion 

Twelve studies were systematically reviewed, which collectively analysed more than 40000 L 

of TW and 435 bottles of BW (table and mineral water). It would not be reasonable to collate 

the evidence from the twelve studies included in this systematic review due to key differences 

that were identified in the experimental protocols and high sample heterogeneity. In addition, 

the lack of key information (e.g. SE, SD) and high statistical heterogeneity hinder the 

execution of meta-analysis in an attempt to quantify MP content. RoB was found to be low in 

the majority the studies. Two studies were rated as of high RoB and therefore the results of 

these are excluded. The study by Zuccarello et al. was rated high RoB in the two domains of 

sampling and reporting, while the study by Wiesheu et al. was rated high RoB in the domains 

of analysis and reporting. 

All studies reported some level of MP contamination. Samples positive for contamination 

ranged from 24–100% in TW and 92–100% for BW. Comparing the results between the 

different water origins, specifically between the two studies that targeted similar MP sizes of 

minimum 1 μm, MP content was higher in BW (plastic and glass bottles) than TW (Fig 4). 

Therefore, current evidence suggests that there are higher rates of MP contamination in BW 

compared with TW, both in terms of frequency and quantity. Regarding the primary origin of 

BW, Mason et al. analysed table and mineral BW and Kankanige and Babel tap and spring 

BW, but did not report a comparison between the different water origins which could shed 

some light on the possible differences. 

The methodology used in the studies varied in both sampling and analysis. Standardization of 

the experimental protocols is key in order to increase confidence in the quality of the studies 

and certainty of the evidence. The first step in obtaining comparable and trustworthy results 

is the use of a verified composition identification process, which was employed by all of the 

studies included in this review. Not using such a process has been proven to lead to gross 

under- or over-estimations]. Even with all the studies using either FTIR, RM or SEM-EDX, 

there were still differences in the spectral similarity index, the number and proportion of the 

particles analysed, and the spectral library used. Furthermore, poor reporting hindered the 

assessment of the experimental protocols’ effectiveness; only one study reported how many 

particles were retrieved from the extraction process and only four reported how many 

particles were analysed for composition identification. 

The most significant difference in the methods is the size of the particles that were extracted 

from the samples and analysed for composition identification. Studies using FTIR and RM 

were able to analyse particles down to 1 μm which significantly influenced the results. The 

degradation of MPs in the marine environment and the exponential increase of the number as 

the size decreases has been experimentally and mathematically explored [93–95]. This would 

suggest that the same fragmentation pattern may also apply to other aquatic environments as 

well. 

On the other hand, only seven of the twelve studies reported the upper limit of the range in 

MP size. The importance of defining and reporting the size range of the identified MPs has a 

double significance as follows. As a methodology parameter it is connected to the quantified 

MP content results. As a food contamination parameter, it is indicative of the potential health 

effects. MPs <1.5 μm are characterized as more dangerous since they are, in theory, capable 

of crossing the gut epithelium, further progressing into the human body and thus possibly 

causing an adverse health effect  

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0236838#pone-0236838-g004
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0236838#pone-0236838-g004
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0236838#pone.0236838.ref093
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0236838#pone.0236838.ref095
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Differences in sample size were striking, ranging from 36 to 32000 L (per study) for TW and 

3 to (>)130 L for BW. At the moment, methodological consensus concerning sample size 

does not exist. Koelmans et al. in a recent review, proposed a minimum of 1000 L for TW 

and 500 L for BW. In the first instance, sample size is dictated by the objectives and design 

of the study which in many cases are a function of the available resources Sample size should 

be directly connected to the contaminant under examination. The volume of the samples as 

well as the sampling frequency can only be set when there is enough evidence to support 

what a meaningful MP content is. Meaningful being expressed in terms of food safety linked 

to human health and what is considered to be ‘wholesome and clean’ water intended for 

human consumption, which is the requirement of relevant European regulations and universal 

standards At the moment, there is not enough evidence to formulate an informed guideline 

for sampling sizes, nevertheless scientific experience points to larger sample sizes being more 

robust and reliable  

Another area of importance is quality assurance of sampling and sample handling to avoid 

cross contamination via airborne MPs. This issue was addressed by our RoB assessment tool 

in the sampling domain. In addition, only studies that employed blank procedural samples to 

account for this type of experimental error were included. The lack of detailed information on 

the results and the significance of procedural blank samples downgraded the quality of the 

study as assessed by the RoB assessment tool. The bespoke RoB tool used did not employ 

scales to rank the studies as done by other reviews in the field but is a domain-based 

evaluation according to the guidance of leading methodology regarding systematic reviews 

The use of scales in RoB assessment is explicitly discouraged as research experience has 

shown that they can be unreliable. 

Seven studies used samples from Europe (3 TW, 4 BW), three from Asia (2 TW, 1 BW), one 

from North America (TW), and one from multiple continents (BW) (S3 Table). The highest 

MPs content are reported in Europe for both TW and BW. Regarding TW, the highest 

reported MPs content for Europe and Asia were in the same magnitude but almost 25 times 

higher than those reported for the samples from North America. In BW, the maximum 

reported MPs content in Europe was 35 times higher than that reported in Asia. However, it is 

not clear if this is due to the number of existing studies and the varying methodology 

employed, or the geographical location. Recent research has shown that MP contamination of 

the environment is directly linked to waste management, which is compromised in 

developing countries. In this sense, it would be reasonable to expect higher MPs 

contamination of potable water in these countries, where further research is needed. In terms 

of polymeric composition, PET and PP were the most prevalent polymers identified in BW. 

The differences between the polymeric composition in the various BW studies can be 

attributed to the different origin of the water, processing, the material used for packaging but 

also to the different particle sizes the studies extracted and analysed since degradation rates 

between polymers vary in TW, polymeric composition varied with PET and PP present along 

with polyester, PTT and rayon. This may possibly due to the wide geographical and 

environmental origin of the water samples. Rayon is a man-made but not synthetic fibre and 

is not included in most MP research. It should be noted that the most produced and used 

polymers for the last 15 years have been PE and PP, whose prevalence would be anticipated 

to be the highest in terms of environmental contamination although geographical variation is 

expected Fragments and fibres were the prevalent MP shape in both categories, highlighting 

an agreement in the findings across all studies. Polymeric composition and shape 

characteristics can be used as guides to the origin of MPs as well as to focus future 

toxicological research. 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0236838#pone.0236838.s006
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A recent review by Koelmans et al. has recently addressed the issue of MPs contamination of 

drinking water. Koelmans et al. [focused not only on drinking water but also on freshwater 

MP contamination and experimental methodology and did not attempt quantitative collation 

of the evidence. The study assessed the quality of the studies using a bespoke rating system, 

focusing on different aspects of experimental design and execution using a scoring system. 

The use of scoring scales in quality assessment is explicitly discouraged by the Cochrane 

Collaboration, which is the leading body of systematic reviews, as research experience has 

shown that they can be unreliable due to the lack of justification for the ratings The World 

Health Organization (WHO) delivered a report based on a commissioned systematic review 

by Koelmans et al. yet the authors make no claim that it is systematic, nor is there a 

description of the relevant review methods utilised, such as the existence of a published 

protocol. 

Strengths and limitations 

To our knowledge this is the first systematic review focusing on MP contamination of water 

intended for human consumption. The review was based on a protocol which was created 

beforehand, outlining the methodology used throughout. The protocol ensures that bias is not 

introduced. In addition, the quality of studies was assessed using a systematic RoB tool 

tailored to the needs of the review, addressing every stage of design, execution and reporting 

of research. The review was limited to a narrative analysis and did not include a meta-

analysis due to high sample, experimental and statistical heterogeneity as well as poor 

reporting in a fraction of the studies. The majority of the studies were assessed to be low 

RoB.  

Conclusion 

Research methodology in the field of MPs environmental contamination has advanced in 

recent years, especially with the use of FTIR and RM validation of particle characteristics, 

but is still lacking in quality and robustness. The systematic review identified specific areas 

where further development and standardization is needed: 

 Sampling methodology: sampling size, location, frequency, instruments, quality 

assurance, procedural blanks, replicate samples. 

 Registry of all relevant sample characteristics when available: brand, geographical 

and environmental origin, volumes, production dates, information on water treatment 

and additives. 

 Particle extraction process specifications: sample volumes, chemicals used for 

digestion and density separation, type and pore size of filters. 

 Spectral analysis: 

1. Use of one of the currently validated methods: FTIR, RM, SEM, Pyr-GC-MS and 

SEM/EDS. 

2. Proportion of extracted particles for analysis. 

3. Spectral similarity index and which spectral libraries are used (bespoke or 

commercially available). 

 Post-sampling handling: measures to protect cross-contamination and use of 

procedural blank samples in all experimental aspects to ensure effectiveness and 

account for experimental errors. 
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 Detailed reporting of all aspects of research including design, execution and 

statistical analysis. 

In terms of future research there is a clear need for research on MP contamination of drinking 

water in countries beyond Europe where there is less data. Comparison between table water, 

natural mineral and spring waters to detect differences is another area that has not been 

explored. The additional exposure pathway via the use of MP contaminated water for 

incorporation into food also merits further research. 

As this review shows, there are still relatively few studies examining MP contamination in 

drinking water, and levels vary significantly. The presence of MP in human stool samples has 

recently been verified although the effects on human health are still under examination Given 

the amount of water humans drink and its use for incorporation into food, a clearer 

understanding of the levels of MP present in drinking water is needed, in order to better 

assess the risks that MPs in water present. Quantification of MPs human exposures is an 

integral part of the exposure assessment in the wider frame of a risk assessment to determine 

the likelihood of MPs having adverse human health effects  

Our findings support the omnipresent MPs contamination of drinking water. Current food and 

drinking water safety regulation and standards around the world adopt the precautionary 

principle on food safety risk management. The principle dictates that in the face of scientific 

uncertainty concerning possible harmful effects, after an initial assessment of available 

evidence has been completed and a comprehensive risk assessment is anticipated, risk 

management measures must be adopted in order to ensure the protection of health. The 

weight of the current evidence suggests that the time may have come to implement protective 

measures against the ingestion of MPs. 
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