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1. Introduction  
 
The ubiquity of microplastics (MPs), defined as plastic particles smaller than 5 mm, in aquatic 
systems has captured the attention of the scientific community and general public because 
of the limited knowledge on the potential impact that these pollutants may have on biota and 
humans (Browne et al., 2011). In marine environments, MPs have been found to be 
assimilated by all trophic levels from zooplankton to mammals. Furthermore, MPs can move 
up the food chain with the potential bioaccumulation effect for predators. Additionally, 
because of their hydrophobic nature, MPs can interfere with the dynamic distribution of 
chemicals in the water column (Hermabessiere et al., 2017). 
 
Despite MPs having not been regularly monitored and the lack of available baseline 
information, evidence of MPs in fresh waters has been found in England (Solent estuary and 
River Thame); Europe (Garda and Geneva Lakes, Danube, Elbe, Mosel, Necktar and Rhine 
rivers); and North America (Great Lakes, Los Angeles basin, North Shore Channel Chicago, St. 
Lawrence River) (Li et al., 2017). In most of these locations, MPs presence was linked to 
effluents from wastewater works or discharges from plastic manufacturing factories. These 
studies also provided valuable insight into primary and secondary MPs in terms of size, 
polymer composition, transformation/weathering degree and concentration. Nevertheless, 
data comparison and synthesis is difficult owing to lack of consistency across studies. 
Principally this is because the analysis of MPs is very inconsistent since researchers follow ad 
hoc methods rather than validated protocols (Silva et al., 2018). Hence there is a need for 
standardized and robust methods to identify and quantify MPs so that data from different 
sources can be fairly compared.   
 
Inconsistency has been also noticed on the role that treatment plants play in MP removal. 
Contradictory arguments can be found in the literature on the physical prevalence or removal 
of MPs in wastewater operation units (primary and tertiary treatments) as well as biological 
processes (secondary treatment) (Murphy et al., 2016; Talvitie et al., 2015). With respect to 
drinking water quality and treatment, paucity of information is even more striking as only a 
few studies having been conducted (Novotna et al., 2019). It is established, however, that 
current water treatment processes represent an effective method for the removal of particles 
across a wide size range from dissolved/colloidal up to particles of a few millimetres (Au et 
al., 2011). The types of plastics represented in MPs is varied, and includes polymers of 
(poly)ethylene, propylene, vinyl chloride, styrene, amides, esters and urethane (see Table 1-
1). Fundamentally, MPs should be considered as any other type of particle in terms of 
understanding how these particles may be removed during water treatment processes. This 
requires understanding of the physico-chemical properties of the material to determine the 
mechanisms of removal for different types of MP composition. 
 
Table 1.1 Common plastic polymers and densities in aquatic systems (Driedger et al., 2015)  

Polymer Abbreviation Density* (g/cm3) 
Expanded polystyrene EPS 0.01-0.04 
Polypropylene PP 0.85-0.92 
Low-density polyethylene LDPE 0.89-0.93 
High-density polyethylene HDPE 0.94-0.98 
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Acrylonitrile-butadiene-styrene ABS 1.04-1.06 
Polystyrene PS 1.04-1.08 
Polyamide (nylon) PA 1.13-1.16 
Polymethyl methacrylate (acrylic) PMMA 1.16-1.20 
Polycarbonate PC 1.20-1.22 
Cellulose acetate CA 1.30 
Polyethylene terephthalate  PET 1.38-1.41 
Polyvinyl chloride PVC 1.38-1.41 
Polytetrafluoroethylene PTFE 2.10-2.30 

*Water density 1 g/cm3 
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2. Methodology  
 

2.1. Systematic review of scholarly sources and grey literature  
 
A systematic review was conducted to address the three following questions: 1) what is the 
occurrence, fate and transport of MPs in natural and engineered aquatic systems where 
abstraction for potable use commonly takes place worldwide as well as in England and Wales 
(i.e. groundwater, rivers, lakes, reservoirs, etc.)?; 2) what is the removal profile of MPs across 
water treatment systems including process operations such as flotation, 
coagulation/flocculation, and filtration?; and 3) what are the available analytical methods for 
the detection and quantitation of MPs in environmental compartments with emphasis on 
method performance and quality control (QC).  
 
The systematic review identified all available evidence, while reducing the impact of bias on 
the review findings related to the three questions aforementioned. The review involved the 
following tasks: scoping search, structured search combining a first and a second screening, 
documentation, verification and report. The scoping search centred on identifying relevant 
databases and grey literature sources as well as primary documents that provide a good 
understating of the review challenges. Outcomes of the scoping stage were keywords to be 
used during the structured search, inclusion/exclusion criteria (e.g. relevance to the review 
questions, publication year, language, duplication, etc.) for the initial screening and quality 
criteria for the second screening. Keywords defined in the scoping search were organized into 
search strategies to be used in the structured search. With this purpose, search strings 
combining keywords with Boolean operators (AND, OR, NOT) were used. The first screening 
targeted words in fields such as the title and abstract.  
 

2.2. Evaluation of analytical protocols 
 
To find analytical methods for the detection and monitoring of MPs in aqueous systems, the 
search strategy centred on analytical methods and instrumentation. For consistency purposes 
and to facilitate the classification and selection of the method or methods, the qualitative and 
quantitative parameters of reviewed methods were compiled. These parameters were 
grouped into the following four elements: 1) sampling strategy (selective, bulk, reduced); 2) 
sample preparation (density separation, sieving, filtration, visual sorting, background 
contamination); 3) characterization and identification (size fractionation, morphology and 
physical description, clean-up, chemical composition); and 4) quantification (mass and 
abundance).  
 
The subsequent assessment and final selection of the analytical method or methods were 
carried out according to a performance-based approach. This involved a definition of the 
analytical data requirements of a given experiment followed by an interactive process to 
select the analytical method to meet the specified analytical data requirements. Hence, key 
analytical parameters included in the four database elements were translated into analytical 
method specifications (AMSs). At a minimum, AMSs described sample size and 
representativeness, separation of MPs from matrices (i.e. water and solids), discrimination 
between MPs and interfering materials, contamination from sources in the laboratory, 
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elucidation of the chemical composition of the plastic polymer, replication, precision and 
accuracy, and accessibility. Special attention was paid to the type and frequency QC so that 
AMSs included specific measurement quality objectives (MQOs) defining the use of blanks, 
duplicates, matrix spikes, laboratory control samples, spike recoveries, minimum quantifiable 
amount, minimum detectable amount. Since AMSs were the basis for the evaluation and 
ranking of the analytical methods included in the database, a scoring scheme describing the 
technical merit of each AMS was established. For each method, a ranking value was obtained 
by weighting (i.e. more prominence was given to MQOs) and combining the individual AMSs 
scores.  
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3. Results 
 

3.1. Scholarly search 

For questions 1 and 2, a scoping search was conducted on Scopus with microplastic* OR 
nanoplastic* as words to be found in Title, Abstract and Keywords. This search resulted in 
2,762 documents published from 1961 to December 2018 (see Appendix 1). To determine the 
keywords to be used during the structured search, documents were shorted out according to 
publication year and keywords listed between 2000 and 2018 were screened. Hence, in 
addition to microplastic* and nanoplastic* the terms water, treatment and drinking were 
selected. By combining such keywords in the search string microplastic* OR nanoplastic* AND 
water AND treatment AND drinking, the initial document number was narrowed to 538. After 
first screening, this number was further reduced to 41 by excluding literature reviews (53), 
which were considered second sources, along with technical articles whose main topics were  
marine environments (158), sediments (85), toxicology (69), wastewater (49), biota exposure 
(24), analytical methods (17), risk management (15), polymer science (11), and soils (8). 
Additionally, conference proceedings (4), articles missing abstracts (3) and a duplicate were 
ruled out as well. 
 
A similar strategy was followed to identify documents related to question 3. After combining 
search strings microplastic* OR nanoplastic* AND separation as well as microplastic* OR 
nanoplastic* AND FT-IR OR Raman, 346 hits were obtained without duplicates. Title and 
abstracts were screened and publications that suggested to provide information regarding 
the analytical process (i.e. sampling, sample preparation and analysis) for the identification 
and quantification of microplastic (MP) in water (surface/treated/bottled) were listed in 
Appendix 2. Documents in languages other than English (1) were excluded as well as literature 
reviews (22) and book chapters (5) since these documents were considered secondary 
sources. Hence, 64 peer-review publications along with 13 grey literature documents were 
selected for the second screening.  
 

3.2. Grey Literature search 
 
Documents non-formally published in peer-review journals were included in a grey literature 
review. A Google advance search was conducted whose search string was microplastics OR 
nanoplastics AND drinking AND water AND treatment (see Table 3-1). Additional searches 
were individually conducted on web sites showed in Table 3-3. In this case, the search engines 
provided on the corresponding web page were used. Owing to the high number of matches, 
only government publications, reports (e.g. white papers and working papers), conference 
proceedings, graduate dissertations/theses as well as policies and procedures were 
considered for a first screening. 
 

Table 3.1 Google search strategy results for Grey literature for Objective 1 and 2 

 
Site Search string 

Total 
number 

documents 

Number 
selected on  
1st screening 
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Google 

microplastics OR nanoplastics 
AND drinking 

AND water 
AND treatment 

336,000 23 

 
Table 3.2 Grey literature sources 

Source Type 
DART Europe Thesis database 
Australian Department of the Environment and Energy Government agency  
Australian Water Association Water industry organization 
EThOS British Library Thesis online service 
European Chemicals Agency (ECHA) EU Agency 
European Environment Agency (EEA) EU Agency 
European Federation of National Water Services (EurEau) Water industry organization 
European Food Safety Authority (EFSA) Government agency 
Irish Environmental Protection Agency Government agency  
OpenGrey Database 
UK Environment Agency Government agency 
UK Water Research Industry (UKWIR) Water industry organization 
US Environmental Protection Agency (USEPA) Government agency 
US Geological Survey (USGS) Government agency 
US National Oceanic Atmospheric Administration (NOAA) Government agency 
Water Research Foundation (WRF) Water industry organization 

 
 
Table 3.3 Search strategy results for grey literature under Objectives 1 and 2 

Database/Site Search string Total 
number 

documents 

Number 
selected on  
1st screening 

Dart-Europe microplastics 6 2 
ECHA/EFSA microplastics 83 3 

Ethos microplastics 15 2 
OpenGrey microplastics 1 1 

UKWIR microplastics 1 1 
USEPA microplastics AND water 21 4 

USNOAA* microplastics 2 2 
*https://marinedebris.noaa.gov/reports-and-technical-memos. 
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4. Discussion 
 
Question 1. What is the occurrence, fate and transport of MPs in natural and 
engineered aquatic systems where abstraction for potable uses commonly takes place 
worldwide as well as in England and Wales? 
 
After first screening, the shortlisted 41 scholarly documents were appraised in terms of 
validity, reliability and applicability to the postulated search question. With this purpose, the 
following aspects were required for inclusion: catchment area and land use description, water 
body abstracted for potable uses, MP sampling campaign description, analytical protocols 
description, MP size distribution, morphology description, MP abundance and polymer 
composition. Table 4.1 lists the 19 documents that were finally included in this report. After 
applying the same criteria to the shortlisted grey documents, two general surveys conducted 
in South Africa and  Denmark were included as well.  
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Table 4.1 Studies on microplastics in freshwater systems worldwide 

 
Water body Catchment/ 

Land use MP Size (mm) Abundance Morphology Polymers Samplin
g Events Reference 

America 

Lake Winnipeg, 
Canada 

20% Canadian 
population > 0.333 Mean: 

193,420 ± 115,5667 MP/km2 
Fibres 70-80% 
Fragments 20% Not identified 

3 events 
in 
3 years 
 

(Anderson et al., 
2017) 

Gallatin River, USA 

50% 
undeveloped 
(natural and 
forest land) 

0.1-1.5 (71%) 
1.6-3.0 (20%) 
3.2-5.0 (6%) 
5.1-9.6 (2%) 

Mean: 
1200 MP/m3 
Range: 
0 to 67,500 MP/ m3 

Fibres 80% 
Fragments 20% 

Semi-synthetic cellulose 30% 
Polyester 20% 
PET 13% 

4 events 
in 
2 years 

(Barrows et al., 
2018) 

Snake & Lower 
Columbia rivers, 
USA 

Urban areas, 
agricultural 
lands, national 
park, wilderness 

0.1-0.5 
(76% fibres) 
0.1-0.333 
(51% fibres) 

Mean: 
 2.6 ± 2.9 MP/m3 
Range: 
 0 to 14 MP/m3 

Fibres 48% PP > PE > PET 1 event (Kapp and 
Yeatman, 2018) 

Asia 

Three Gorges 
Reservoir, China 

Rural   
Suburbs 
Urban  

0.048-0.5 (31%) 
0.5-1 (74%) 

Rural: 
3208 ± 1540 MP/m3 
Suburbs: 
4366 ± 2855 MP/m3 
Urban: 
6201 ± 3034 MP/m3 

Fibres 29-90% 
Fragments 2-72.2% 

PP 29.4% 
PE 21% 1 event (Di and Wang, 

2018) 

Small waterbodies 
Yangtze Delta, 
China 

Farmland  

0.02-0.5  
(Fibres 35%) 
0.5-1 
(Fibres 25%) 
1-2 
(Fibres 18%) 
2-5 
(Fibres 5%) 

Range: 
500-22,000 MP/m3 

Fibres 88% 
Fragments 4% 

PET fibres 78.5% 
PP fibres 3.4% 
PP fragments 4% 

1 event (Hu et al., 2018) 

Saigon river,  
Vietnam Urban 

0.05-0.25 
(Fibres 44%) 
0.25-0.45 
(Fibres 14%) 
0.45-0.65 
(Fibres 10%) 
 

Fibres range: 
172,000-519,000 MP/m3 

Fragments range: 
10-223 MP/m3 

Not provided 

Polyester fibres 70% 
PE fibres 5% 
PP fibres 4% 
PE fragments 40.4% 
 
PE oxidized fragments 19.3% 
PP fragments 24.6% 

 
1 event 
rain 
season 
1 event 
dry 
season 

(Lahens et al., 
2018) 
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 0.5-50 × 103 µm2 
(Fragments 53%)  

PE/PP fag 14% 

Pearl river 
Guangzhou, China Urban 0.02-1 (45%) 

1-2 (36.5%) 
Mean: 2724 MP/m3 
Range: 379-7924 MP/m3 

Fibres 81% 
Fragments 19% 

PP 35.7% 
PE 26.6% 
PET 28.6% 

1 event 
July 
2017 

(Lin et al., 2018) 

Suzhou, Huangpu, 
Yangtze rivers 
Shanghai, China  

Urban 0.1-1 (46-76%) Range: 
80-7400 MP/m3 Fibres 37-88% 

Polyester 27.7% 
Rayon 14.4% 
PP 8.7% 

1 event (Luo et al., 2018) 

Taihu lake, China 
Farmland 
Urban  
Industrial 

0.05-0.1 (10%) 
0.1-0.333 (40%) 
0.333-1 (30%) 
1-5 (20%) 

Range:  
3400-25,800 MP/m3 

Fibres 70% 
Fragments 15% 
Films 15% 

Cellophane > PET > PP 1 event (Su et al., 2016) 

Dongting, China 

Not described  

0.05-0.33 
(Mean: 26.5% 
Range: 11.6-53%) 
0.33-1 
1-2 
2-3 
3-4 

Range: 
900-2800 MP/m3 
 

Fibres 42-92% 
Films 13.5%  

PP, PE 1 event (Wang et al., 
2018) 

Hong lake,  
China 

0.05-0.33 
(Mean: 20.4% 
Range: 10.9-35.5%) 
0.33-1 
1-2 
2-3 
3-4 

Range: 
1250-4650 MP/m3 

Fibres 44-84% 
Films 16% 

Pearl river 
Guangzhou, China Urban 0.05-0.5 (80%) 

 

Range: 
8725-53,250 MP/m3 
 

Film 52% 
Fragment 41% 
Fibre 7% 
 

PA 26.2% 
Cellophane 23.1% 
PP 13.1% 
PE 10% 

1 event 
Decemb
er 2017 

(Yan et al., 2019) 

Poyang lake, China 

Agricultural 
Industrial 
Urban 
 

0.05-0.1 (18%) 
0.1-0.5 (55%) 
0.5-1 (13%) 
1-5 (13% 
> 5 (1%) 

Range: 
5000-34,000 MP/m3 

Fibres 41.2% 
Films 38.8% 
Fragments 15% 
Pellet 5% 

PP 37% 
PE 30% 
PA 15% 
PVC 8% 

1 event (Yuan et al., 
2019) 

Yongjiang river, 
China 

Urban/ 
*WRPPZs 

0.05-0.33 
0.33-1 
(25-43.3%) 
1-3  

Mean: 
2345 ± 1858 MP/m3 
Range: 
500-7700 MP/m3 

Fibres 73.3-92.2% 
Fragments 13.8% 

PE fibres 31% 
PET fibres 28.3% 
PA fibres 15% 
PP fibres 6.7% 

1 event (Zhang et al., 
2019) 
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(27.3-59.1%) 
3-5 

 PE fragments 44% 
PP fragments 33% 
 

Europe 

Marne river and 
Seine river, Paris 
France 

Urban 

0.05-0.25 (4%) 
0.25-0.45 (22%) 
0.45-0.65 (20%) 
0.65-0.85 (15%) 

Marne river mean: 
100.6 ± 99.9 fibres/m3 
 
Seine river means: 
48.5 ± 98.5 fibres/m3 
27.9 ± 26.3 fibres/m3 
27.9 ± 40.3 fibres/m3 
22.1 ± 25.3 fibres/m3 

Only fibres were 
included in this study  Not provided   

19 
monthly 
events  

(Dris et al., 2018) 

Rhine river, 
Switzerland, France, 
Germany, 
Netherlands   

Industrial  
Urban 

0.4-0.9 
(Transparent 
spherules) 
0.3-1  
(Opaque spherules)  
 

Mean: 
892,777 MP/km2 

Opaque spherules 
45.2% 
Fragments 37.5% 
Transparent 
spherules 13.2% 
Fibres 2.5% 

Opaque Spherules 
PS 70% 
PET 15% 
 
Transparent Spherules 
PMMA 85% 
PS 15% 
 
Fragments & Fibres 
PS 29.7% 
PP 16.9% 
Others 13.6% 
Acrylate 9.3% 
Polyester 5.1% 

1 event (Mani et al., 
2015) 

Rhine river, 
Leverkusen and 
Duisburg, Germany 

Urban 

Mean: 
0.497 
Spherule range: 
0.286-0.954 

Range: 
0.03-9.2 spherules/m3 

Only spherules were 
included in this study 

PS-divinylbenzene (69%) 
PS (26%) 2 events  (Mani et al., 

2018) 

Antua river, 
Portugal 

Industrial  
Urban 0.055-5 Range: 

58-1265 MP/m3 

Foams 33.7% 
Fragments 25% 
Fibres 23% 
Films 17.8% 
Pellets 0.5% 

PE 29.4% 
PP29.4% 
PET 8.8% 
PS 8.8% 
Others 23.6% 

2 events (Rodrigues et al., 
2018) 

Teltow canal 
Berlin, Germany Urban 

0.45-5  
87% below 1 mm2 
 

Median: 
7860 ± 7260 MP/m3  
(± 95% confidence)  
Range: 

Not provided PE 72-88% 
PP 1.6-7.4% 1 event (Schmidt et al., 

2018) 
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10-95,800 MP/m3 

Iseo, Maggiore and 
Garda lakes, Italy 

Agricultural 
Industrial 
Urban 

 

Means: 
Iseo 40,000 MP/km2 

Maggiore 39,000 MP/km2 

Garda 25,000 MP/km2 

 
Ranges: 
Iseo 5000-82,000 MP/km2 

Maggiore 15,000-64,000 
MP/km2 

Garda 2000-40,000 MP/km2 

Fragments 73.7% 
Fibres 3.4% 
Sheets 2.7% 

PE 45% 
PS 18% 
PP 15% 

1 event (Sighicelli et al., 
2018) 

*WRPPZ: Water resources primary protection zone (water abstraction) 
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Surveys 
 
With the aim of establishing a MP baseline in South Africa’s fresh and drinking water systems, 
the Water Research Commission conducted a sampling camping in Gauteng and North West 
provinces (Bouwman et al., 2018). The campaign included surface waters (Vaal, Mooi and 
Wasgoedspruit rivers), groundwater (Potchefstroom) and tap water (Johannesburg and 
Tshwane). Sampling and quantitation followed the NOAA’s protocol for MPs in marine 
environments (Masura et al., 2015). Briefly, water samples (90 L) were filtered through a 0.02 
mm stainless-steel sieve; counting and characterisation of MPs were done by 
stereomicroscopy, while polymer composition was determined by FT-IR. Details about blanks 
and other contamination controls were not provided. In surface waters, the average 
abundance of MPs (> 0.02 mm) was 1860 MP/m3 with values ranging between 320 and 5120 
MP/m3. Fragments and fibres comprised 55 and 45% of the measured MPs respectively. While 
found in all the rivers, higher MP amounts were measured in sampling points closer to cities 
and industrial centres. When it comes to size fractions (i.e. 0.02-0.3; 0.3-0.6; 0.6-0.9; 0.9-1.2; 
1.2-1.5; and > 1.5 mm), fragments clustered around the smallest size as those within 0.02-0.3 
mm amounted to 80% of the total fragment load; showing relative abundances between 10 
and 25%, fibres were equally distributed across sizes. Microplastics, 167 MP/m3 on average, 
were also present in groundwater from boreholes in Potchefstroom and, comprising 75% of 
the total MP load, fibres were the dominant morphology. As observed in surface waters, 
fibres showed similar abundances across all size fractions, whereas fragments were only 
observed at 0.02-0.3 mm (80%) and 0.3-0.6 mm (20%). In tap waters, the mean MP counts 
were 1056 and 2667 MP/m3 for Tshwane and Johannesburg respectively. Fibres were the 
most abundant MPs and their relative quantities were 81% in Tshwane and 67% in 
Johannesburg. While both fibres and fragments were present in all the size intervals in 
Johannesburg, MPs isolated in Tshwane belonged to two smallest fractions. The main 
polymers identified during the survey were PP, PS, and PET; further information relating 
chemical composition to abundance, morphology, or water sources was not reported. 
 
Focusing on tap water, the Danish Centre for Environment and Energy investigated the 
presence of MP-like particles (i.e. particles that were visually identified as MPs by 
stereomicroscopy) in 17 locations across Denmark (Strand et al., 2018). In this survey, the 
sample volume was 50 L and filtration was done with steel nets (11-12 µm). Cleaning 
instructions were described for hardware and equipment; no information about blanks and 
positive controls was provided. For particles > 0.1 mm, 16 of the locations reported values 
below the detection limit of 580 MP-like/m3. The average count was 312 MP-like/m3 with a 
range of 80 and 600 MP-like/m3. Overall, fibres were predominant comprising 82% of the 
total particle load followed by fragments (14%) and films (4%). Of such load, only 3% of the 
total were positively identified as MPs whose chemical composition was PP (1.6%), PS (0.8%), 
and PET (0.8%). In terms of morphology, fibres were made of PET or PP and PP and PS were 
main polymers in fragments.  
 
Question 2. What is the removal profile of MPs across water treatment systems 
including process operations such as flotation, coagulation/flocculation, and filtration? 
 
When it comes to drinking water production, few studies have been published about MP 
occurrence and fate during treatment and subsequent distribution. Out of the shortlisted 41 
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scholarly documents, two observational studies measured MP removal extents in water 
treatment works (WTWs) and two more reported on the effect of coagulation/flocculation 
and ultrafiltration (UF) at bench scale. Additionally, the grey literature search retrieved two 
surveys taking stoke of MPs in WTWs across Norway and the United Kingdom. 
 
Drinking water production 
 
Pivokonsky et al. (2018) measured MPs in influents (raw water) and effluents (finished water) 
of three Czech WTWs (denoted as 1, 2 and 3). In terms of water source, operational capacity 
and treatment technology, the WTWs were described as follows: (1) large valley reservoir, 
3700 L/s, coagulation/flocculation and sand filtration; (2) small reservoir, 100 L/s, 
coagulation/flocculation, sedimentation, sand and granular activated carbon filtration; and 
(3) river, 90 L/s, coagulation/flocculation, flotation, sand filtration, and granular activated 
carbon filtration. Care was taken to attenuate contamination during sampling, sample 
preparation and analysis. With this purpose, glassware was systematically sonicated in and 
rinsed with HPLC-grade water; airborne contamination was attenuated by processing samples 
in a laboratory equipped with HEPA air filters. Method blanks (HPLC-grade water) were run 
in triplicate to account for any background contamination. Number, size and morphology of 
MPs were determined by scanning electron microscopy; for quantitation and identification 
purposes, MPs smaller than 0.001 mm were not included in the study. Polymer composition 
of MPs between 0.001 and 0.01 mm was characterized by Raman spectroscopy, while those 
greater than 0.01 mm were analysed by FTIR. Based on a sampling volume of 27 L, the average 
MP particle abundance in influents for each WTW was (1) 1473 ± 34 × 103 MP/m3, (2) 1813 ± 
35 × 103 MP/m3, and (3) 3605 ± 497 × 103 MP/m3. Regardless of WTW, MPs between 0.001 
and 0.005 mm accounted for up to 60% of influent total MP number and MPs bigger than 
0.01 and 0.1 mm comprised 10 and 2% of said total MP number, respectively. In terms of 
morphology, influents for WTWs 1 and 2 mainly carried fragments (70% of MPs), whereas an 
even ratio (50:50) between fragments and fibres was observed in WTW3. Among the 
polymers identified, polyethylene terephthalate (PET) predominated in WTWs 1, 2, and 3 (60, 
68 and 27% of MPs) followed by polypropylene (PP) MPs, which ranged between 16 and 26%; 
additionally, polyethylene (PE) had a significant presence in WTW3 (24%). The study did not 
establish correlations between MP morphology and polymer composition.  After treatment, 
the WTWs significantly attenuated MP abundances as effluents averaged (1) 443 ± 40 × 103 
MP/m3, (2) 338 ± 36 × 103 MP/m3, and (3) 628 ± 28 × 103 MP/m3. Such values translated into 
removal extents of 70, 81, and 83%, respectively. Size distributions of MPs in effluents showed 
similar relative size distributions as those observed in influents: 25-60% in the 0.001-0.005 
mm range and 30-50% in the 0.005-0.01 mm range; above 0.05 mm, however, all MPs were 
removed. Fragments remained as the most common morphology. Nevertheless, effluent 
from WTW1 presented a relative increment in fibres since only 25% of these particles were 
retained. In contrast, WTWs 2 and 3 equally favoured the removal of fragments and fibres. 
PET prevailed as the most identified polymer accounting for 41, 62, and 26% of MPs present 
in effluents for WTWs 1, 2, and 3 respectively. PP was identified in 16-33% of MPs; again, PE 
was only detected in WTW3 effluent (35% of MPs).  
 
Aimed at gauging MP incidence on the British water sector, UKWIR conducted a 
comprehensive sampling campaign in UK water and wastewater works (Ball et al., 2019). This 
survey also involved protocol validation for MP analysis in liquid and solid matrices. The 
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polymers of interest were ABS, PA, PE, PET, PMMA, PP, PD, PVC, and PU. Special attention 
was paid to quality control since method blanks and recovery spikes were systematically run; 
limits of detection and quantitation were also set for each polymer and matrix. Plastic 
composition and MP counting were determined by FT-IR and MPhunter software 
respectively. Regarding potable water production, raw waters, finished waters and sludges 
were tested for MPs greater than 0.025 mm. This sample campaign comprised five 
independent events for water matrices; solids were sampled twice at four of the works which 
had a sludge collection point. For water samples, large volumes (i.e. raw water 1-2 m3; 
finished water 1-6 m3) were filtered (0.01 mm) on-site and separated particles analysed in the 
laboratory for MPs. For sludges, grab samples (either 1 L or 250 g) were collected on-site and 
transported to the laboratory for MP extraction and subsequent analysis. Microplastics in raw 
waters were collected at six abstraction sites namely, an upland reservoir and three lowland 
rivers along with two storage reservoirs. Five out of fifteen samples from the rivers contained 
MPs whose abundances averaged 15 MP/L. Across the reservoirs, only one sample tested 
positive for MPs (113 MP/L). In all the samples, PE was the polymer detected. When it comes 
to finished waters, samples were taken at eight treatment works abstracting from rivers or 
aquifers. Overall, MPs were seldom quantified in the 40 samples. After blank corrections, just 
two samples presented MPs whose respective abundances were 0.0015 and 0.0028 MP/L. 
Overall, the MP removal extent in the surveyed works was 99.99% in finished waters. 
Intermittent MP presence was also noticed in sludge samples. Abundances (404, 808, and 
85,728 MP/g dry weight) were reported in three of the eight samples: the two highest values 
corresponded to works abstracting water directly from rivers, whereas the lowest one did to 
rain-fed reservoir. The most common polymers were PE, PET and PP in that order. No 
correlation between MP removal from aqueous phase and following MP accumulation in 
sludge was done.  
 
Source-to-tap studies  
 
Norwegian Water conducted a sampling campaign in 24 WTWs across Norway (Wolfgang et 
al., 2018). Twenty of the facilities abstracted water from surface sources (no physiographical 
description was provided) and the remaining four extracted groundwater. These WTWs 
included a wide range of treatment processes such as coagulation/flocculation, dual media 
filtration, sedimentation, flotation, reverse osmosis or GAC. Triplicate 1-litre samples were 
collected in influents, effluents and distribution networks. To attenuate MP contamination, 
clean-up control measures included pre-brushed cotton clothes, use of reverse osmosis (RO) 
water, enclose laboratory room, and environmental blanks. Method blanks (RO-water) were 
run in triplicates every 20 samples. Visual shorting of MPs was done by stereomicroscopy and, 
for detection purposes; only MPs over 0.06 mm were reported since authors found extremely 
difficult to discern visually plastic from non-plastics materials for smaller particle sizes. Based 
on method blanks,  the respective limits of detection (LoD) and of quantitation (LoQ)  were 
910 and 4100 MP/m3 at a 67% confidence interval. This study did not include any details 
pertaining to MP morphology nor polymer composition. All the influents showed MP 
concentrations below LoQ and no MPs (i.e. number of MPs counted was below LoD) were 
reported in 14 WTWs. Correspondingly, MP particles counted in all the effluent samples were 
below the LoQ and no MPs were found in 20 WTWs. Except for one, which reported 5500 
MP/m3, all the distribution networks presented MP concentration values below LoQ and no 
MPs were found in 16.  



 19 

 
Mintenig et al. (2019) conducted a study comprising five WTWs that provide drinking water 
to different areas located in north-west Germany where groundwater is the only supply 
source. Treatment processes were just described as a combination of filtration and aeration 
units. Sampling points included influents and effluents of the five WTWS, one household 
(meter and tap) connected to the distribution network of each WTW and three supply wells 
(30 m depth) associated with one WTW (see Table 4-1). Filtration volumes ranged between 
300 and 1000 L for raw water, while 1200 to 2500 L was collected for finished water. The 
filtration threshold was set at 0.02 mm and all the detected MPs fell within the 0.05 to 0.15 
mm size range. Background contamination was evaluated by running four methods blanks 
(150 L of pre-filtered drinking water, 0.003 mm). Microplastics were identified by FTIR 
coupled with a focal plane array detector. As listed in Table 4-1, MPs were absent in 13 of 23 
sampling points and Holdorf’s influent registered the highest concentration (7 MP/m3).  
 
Table 4.2 Microplastic abundance in five German WTWs and corresponding distribution networks 

WTW Influent 
(MP/m3) 

Effluent 
(MP/m3) 

House 
Meter 

(MP/m3) 

House 
Tap 

(MP/m3) 

Well 1 
(MP/m3) 

Well 2 
(MP/m3) 

Well 3 
(MP/m3) 

Nethen 3 ND 1 ND    
Holdorf 7 2 3 ND    

Grossenkneten ND ND ND ND    
Sandelermoens ND 1 1 ND    

Thuelsfelde ND 1 1 ND    
Holdorf ND ND ND ND 1 ND ND 

ND, not detected. 
  
All the reported MPs classified as fragments. Fibres were excluded as the authors linked the 
presence of these particles to cross-contamination resulted from sample handling and 
processing. Polyester (PEST) was the predominant polymer as it was found in 62% of MPs 
along with polyvinylchloride (PVC, 14%), polyamide (PA, 9%), epoxy resin (9%) and PE (6%). 
All these polymers were present in components (e.g. storage tanks, pipes or fitting) used in 
the sampled WTWs and distribution network; it was speculated that detected MPs resulted 
from infrastructure and equipment wear and tear rather than from environmental pollution.  
 
Microplastics removal in coagulation and ultrafiltration processes  
 
To gain insight into how coagulation and ultrafiltration (UF) affect MP removal, Ma et al. 
(2018) conducted jar tests, in which ferric chloride was the  coagulant, as well as bench UF 
experiments with a 100 kDa flat sheet polyvinylidene fluoride (30 nm pore diameter). All the 
experimental work was performed with in-house prepared PE fragments (no preparation 
details were reported) showing the following diameters (d): d < 0.5 mm, 0.5 < d <1 mm, 1 < d 
< 2 mm, and 2 < d < 5 mm by filtration; smallest fragment size was not reported. Separation 
of flocks from water was done by filtration through 0.45 µm undescribed membranes. No 
information about contamination controls and blanks was reported. Removal extents were 
calculated by weight as follows:  Removal extent (%) = [(mtotal – supernatant)/mtotal] × 100, where 
mtotal is mass of MPs added (0.1 g) and msupernatant is mass of MPs in supernatant after 
sedimentation. As Table 4-3 shows, increasing coagulant amounts resulted in higher removal 
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extents that levelled off at 1 mmol/L. Additionally, higher removals were achieved for smaller 
particle sizes. It is worth noting that 0.36 mmol/L is the reference concentration for dosing 
ferric chloride in WTWs during coagulation. Hence, results from jar tests revealed modest PE 
elimination during coagulation with ferric chloride. 
 
Table 4.3 Removal extents for polyethylene particles and Fe-coagulant dosage  

Fe-coagulant 
Dose 

(mmol/L) 

Removal Extent (%) 
d < 0.5  

mm 
2 < d < 5 

mm 
0.1 3.4 ± 1.0 0.4 ± 0.2 
0.2 6.7 ± 1.3 1.0 ± 0.3 
0.5 8.2 ± 1.2 2.6 ± 0.8 
1 11.7 ± 1.0 2.1 ± 0.7 
2 13.3 ± 2.2 2.3 ± 0.3 
5 12.7 ± 1.1 2.8 ± 0.7 

 
Other parameters affecting coagulation such us pH, ionic strength, NOM and turbidity played 
no role in PE elimination. To enhance coagulation at neutral pH, increasing concentrations (3, 
6, 9, 12 and 15 mg/L) of cationic or anionic polyacrylamide (PAM) were combined with either 
0.2 or 2 mmol/L of ferric chloride. For the low Fe concentration, PAM addition led to no PE 
removal improvement. High concentrations of Fe and anionic PAM (15 mg/L), however, 
yielded removals up to 90% across all the PE sizes: strong binding between anionic PAM and 
positively charged Fe created much denser flocs that trapped or adsorbed more PE fragments. 
As expected, UF filtration rejected all PE fragments without significant membrane fouling. 
Combined coagulation and UF fully removed PE fragments as well. In this case, the presence 
of PE fragments, especially between 2 and 5 mm, attenuated fouling as PE particles increased 
the porosity of the cake layer.    
  
Following the experimental approach above described, Ma et al. (2019) evaluated the use of 
aluminium chloride in the removal of PE fragments by coagulation along with UF. Results from 
jar tests with aluminium chloride and PE fragments mirrored those obtained with ferric 
chloride: smaller PE particles were better removed, and higher coagulant doses effected 
higher PE elimination. While being higher than those obtained with iron chloride, removal 
extents after Al dosage were still limited. For instance, the maximum PE removal achieved 
(37% for PE particles < 0.5 mm) required a 21-fold increment of the aluminium chloride dose 
commonly use in coagulation (i.e. 0.74 mmol/L). Ionic strength, NOM, turbidity and pH played 
marginal roles in PE elimination. The incorporation of cationic or anionic PAM had no impact 
on coagulation efficiency at low aluminium chloride concentration (0.5 mmol/L). 
Nevertheless, for 5 mmol/L of aluminium chloride, PAM addition (15 mg/L) significantly 
incremented PE removal for PE fragment smaller than 5 mm from 26 ± 3 to 45 ± 4% and 61 ± 
4% for cationic and anionic PAM respectively. As a consequence of size exclusion, UF rejected 
all PE fragments and no restrain in the membrane’s performance was observed. Inline Al 
coagulation-UF also retained PE fragments. Membrane fouling occurred at low (0.5 mmol/L) 
and high (5 mmol/L) aluminium chloride concentrations. At the low concentration, PE 
fragments attenuated fouling as flux reduction values in presence and absence of PE were 20 
and 30% respectively. This can be explained as the PE fragments disrupted the cake formed 
by Al-based flocs. For the high concentration, which resulted in a much higher floc density 
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and thus a more compacted cake, a severe impact on UF performance was found since an 
80% drop in flux was measured regardless of the presence or absence of PE particles.  
 
Question 3. What are the available analytical methods for the detection and 
quantitation of MPs in environmental compartments with emphasis on method 
performance and quality control (QC)? 
 
Appendix 2 contains all the evaluated documents and provides information regarding the 
following AMSs: sampling (strategy, source and procedure), contamination control, sample 
preparation, analytical methods (visual and instrumental) and figures of merit such as limit of 
quantification (LoD) or quantification (LoQ), blanks, matrix spikes and replicates. For the 
aforementioned AMSs, the quality and quantity of the details provided in the documents 
were colour-coded as follows: green indicates detailed information/good confidence, yellow 
indicates limited information/moderate confidence and red denotes that no information was 
provided. After categorising the individual aspects, the overall evaluation was conducted by 
assigning two points for green, one for yellow and zero points for red.  
 
For the scoring of the individual AMSs, subcategories were used where necessary (Table 
4.4).  
The score for sampling was calculated based on the average of the sampling procedure and 
the filtration size. Sampling procedures were assessed based on total filtered volume and 
information provided on how the samples were taken. Higher volumes were considered to 
minimize sample bias and increase representativeness, since MP abundance is relatively low 
in surface and drinking water bodies. Hence, volumes larger than 1 m3 were considered as of 
good confidence. Sampling procedure was classed as moderate confidence, when the 
volumes were smaller than 1 m3 or when no volume was provided but the literature described 
the sampling procedure. Microplastics sizes were defined in terms of filtration fractions with 
the minimum pore size set at 0.02 mm. Filtration sizes > 0.02 mm only consider a fraction of 
the total MPs and hence the filtration was classed as of moderate confidence, whereas 
filtration sizes below this value were of good confidence.  
 
Table 4.4: AMS and their subcategories used for the scoring of the analytical protocols of literature listed in Appendix 2, 
with the maximum score of each ().  

Sampling 
(2) 

Contami-
nation 

control (2) 

Prepara-
tion 
(2) 

Analytical method 
(2) 

Figures of merit 
(2) 

Procedure 
& Volume 

Mesh 
size 

  Visual Instru-
mental 

LoD/ 
LoQ 

Repli-
cates 

Blanks
etc. 

         
 
  
Sample preparation should ensure sufficient information about separation techniques for 
isolating MPs from matrices and the chemicals used, their quantity and the contact time for 
MP purification. A good confidence of sample preparation was characterised by detailed 
description of digestion and separation of a sample. Missing preparation steps or lack of 
details resulted in a moderate confidence.  
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Figure of merits, including LOD, LOQ, replicates, blanks and spiked samples was scored by 
taking the average over the aforementioned. LOD and LOQ were either classed as high 
confidence when these parameters were reported or low confidence when not reported. 
Replicates increase the reliability of a result and hence their use was linked to a high 
confidence. When replicates were only carried out for individual steps in the analytical 
process, a moderate confidence was given. Quality controls improve the confidence of the 
analytical procedure, since thorough controls attenuate the possibility of contamination from 
the surrounding environment and minimize false positive results. Documents that reported 
blank and spike controls were considered as of high confidence while the absence of one or 
another resulted in a lower classification. Additionally, measures to minimize contamination 
during sampling, sample preparation and analysis were evaluated, since contamination 
control was seen as an important step to obtain reliable results. High confidence was 
considered when four or more precautions to avoid sample contamination were applied. 
 
For analytical purposes, visual and instrumental verifications were considered. Visual 
verification aimed to specify number, size, shape and colour of MPs, while instrumental 
verification elucidated polymer structure and chemical composition. A reliable analytical 
protocol for the spectroscopic analysis should contain resolution, recorded wavenumbers, 
number of scans, fraction of the sample that was analysed and details about the laser 
(wavelength) for Raman spectroscopy. When three of these were present at a minimum the 
method was of good confidence. Destructive techniques were required to provide 
information about the decomposition of the sample (generally pyrolysis), trap and desorption 
details (if applicable) and quantification details (generally GC/MS conditions) to be classed as 
of good confidence. For optical analysis, the magnification of the microscope and the MP 
characterisation was important. When the magnification was not reported, the visual 
characterisation was seen as of moderate confidence. The overall score for the analytical 
methods was obtained by the average of visual and instrumental analysis. 
 
This scoring system resulted in a maximum score of 10 for the sum of the different AMSs. 
For an overall score greater than 7, the protocol was rated as of good confidence (green); 
scores between 7 and 4 were considered as of moderate confidence (yellow) and those 
lower than 4 (red) were considered as of low confidence protocols. 
 
Evaluation of methods for MP quantitative and qualitative analysis  
 
Sampling varied considerably between studies. The most common strategy was the volume 
reduced approach in which filtered volumes could be as much as 360 m3. For grab samples, 
volumes ranged between 0.15 and 90 L. When it comes to MP isolation from aqueous 
matrices (see Table 4-4), most studies used filter devices whose pore size was ≥ 0.3 mm 
followed by ≤ 0.02 mm. Mintenig et al. (2019) found that the particle size in tap water was up 
to 0.15 mm and Bouwman et al (2018) reported that 80% of fragments in surface and ground 
water were below 0.3 mm. This implies that sampling with the most commonly used pore size 
missed a large fraction of the MP present in the water. On the contrary filter sizes of ≤ 0.02 
capture most of the MPs. Size ranges from > 0.02 to < 0.1 and ≥ 0.1 to 0.3 mm were used in 
12 studies. 
 
Table 4.5 Filtration size reported in literature for MP sampling 
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Filtration size 
(mm) 

Peer-reviewed 
literature 

Grey 
Literature Total 

≥ 0.3 22 3 25 
0.3 > x ≥ 0.1 11 1 12 
0.1 > x > 20 12 0 12 
≤ 0.02 16 6 22 

 
Clean-up for elimination of organic matter (OM) that could interfere in the MP analysis was 
included in several protocols (Table 4-5). Digestion of OM with hydrogen peroxide (H2O2, 30-
35% vol.) was used in 27 studies and in 9 of them, hydrogen peroxide combined with Fe (II), 
Fenton reagent, was applied. Enzymatic degradation has been applied in 12 studies which 
applied enzymes such as protease, lipase, cellulose, chitinase, or amylase. This method was 
often combined with surfactants [e.g. sodium dodecyl sulphate (SDS)] or Fenton reagent. 
Chemical digestion with acids, bases or surfactants were less frequently found in literature. 
 
Table 4.6 Clean-up methods for MPs 

Clean-up Peer-reviewed 
Literature 

Grey 
Literature Total 

H2O2 25 2 27 
Enzymatic 9 3 12 
Others 6 1 7 
None 22 7 29 

 
After clean-up, several protocols included a density separation step to facilitate MP particle 
differentiation based on polymer density. Sodium chloride (NaCl, 1.2 g/cm3) and zinc chloride 
(ZnCl, 1.6 g/cm3) solutions were reported in 14 and 10 studies, respectively. Other solutions 
were sodium iodide (NaI, 1.8 g/cm3), potassium bicarbonate (KHCO3, 1.54 g/cm3) or water. 
Furthermore, liquid-liquid extraction has been described for the separation of MPs. 
Nevertheless, the majority of the reviewed protocols do not use any separation step (See 
Table 4-6). 
 
Table 4.7 Density separation solutions 

Solution Peer-reviewed 
literature 

Grey 
literature Total 

NaCl 12 2 14 
ZnCl2 8 2 10 
Others 5 1 6 
None 37 8 45 

 
Isolated MPs are generally identified and counted by optical microscopy, which allowed to 
classify them in terms of size, colour, shape, and mass. However, this technique was found to 
be prone to bias either by over or underestimation of MPs because of particle 
mischaracterization. Hence the use of molecular spectroscopy techniques for MP chemical 
identification. The principle behind these techniques is the absorption of energy by functional 
groups present in the MP polymers, which provides characteristic fingerprint spectra that can 
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be compared with reference libraries (Renner et al., 2017). Often combined with optical 
microscopy, Fourier transform infrared (FTIR), either in reflection or transmission mode, was 
the preferred technique as reported in 44 documents and has been be applied for MPs > 
0.02 mm. The second technique of choice was Raman spectroscopy, which allows to analyse 
particles of smaller size than FTIR (Schmidt et al., 2018). Short wave infrared (SWIR), which 
utilises only a small band of the IR spectrum, has been reported in only two publications. In 
one study, dynamic light scattering (DLS) was used to detect nanoplastic. Scanning electron 
microscopy energy dispersive spectroscopy (SEM-EDS) has been explored for the analysis of 
MPs in three studies (3) and was used in addition to FTIR or Raman spectroscopy; SEM-EDS 
provides information about the elemental composition and allowing for differentiation 
between MPs and inorganic particles. Analytical methods that use MP thermal degradation, 
such as pyrolysis gas chromatograph mass spectrometry (Pyr-GC/MS) or thermal extraction 
desorption gas chromatography mass spectrometry (TED-GC/MS), are advantageous as 
minimal sample pre-treatment is required and facilitate the identification of polymer 
components. Conversely, these destructive techniques do not allow the measurement of 
plastic particles regarding their number, size, colour, shape and morphology. This limitation 
might explain their little application in literature.  
  
Table 4.8 Instrumental techniques for MP determination  

Instrumental 
Technique  

Peer-reviewed 
literature 

Grey 
literature Total 

(micro)-FTIR 35 (14) 9 (4) 44 (18) 
(micro)-Raman 18 (16) 2 (0) 20 (16) 
SWIR 2 0 2 
Pyr-GC/MS 5 0 5 
TED GC/MS 4 0 4 
DLS 1 0 1 
SEM-EDS 3 0 5 

FTIR = Fourier transform infrared, SWIR = short wave infrared,  
Pyr-GC/MS = pyrolysis gas chromatograph mass spectrometry,  
TED-GC/MS = thermal extraction desorption gas chromatography mass spectrometry,  
DLS = dynamic light scattering, SEM = scanning electron microscopy, 
(number of methods combining visual microscopy with molecular spectroscopy) 
 
In terms of QA/QC, replicates, blank controls and matrix spike recoveries are used to ensure 
precision and accuracy of analytical results. Only 44% of the reived protocols included 
replicates and blanks were used in 57% of the described methods; recovery experiments were 
conducted in 7 cases. It was also noticed that the limits of detection/quantification (LOD/LOQ) 
were reported in 13 publications, which differed in their units and nature. To attenuate MP 
background contamination the following control measures were reported: 
 
• Equipment made of material other than plastic (e.g. glass or stainless steel) 
• Rinsing/cleaning of equipment with DI water, ethanol (EtOH), surfactant (SDS) 
• Covering of samples and sampling containers with aluminium foil or glass 
• Use of fume hoods and laminar flow cabinet (cleanroom class 3)) 
• Filtering of solvents (0.0045 mm) 
• Cleaning of filters in ultrasonic water bath 
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• Muffling/baking of glassware and filters (450-500°C) 
• Inspection of filters under microscope 
• Clean working area with EtOH, SDS or DI water 
• Washing of gloved hands 
• Use of non-synthetic clothes and lab coat 
• Hair cover, brushing of lab coat 
• Flushing of taps and other devices before sampling 
 
The protocols were ranked according to the procedure above described. Of the selected peer-
review (64) and grey literature (13) documents, 20 obtained the classification of good 
confidence as listed in Table 4-8 and Appendix 2. 
 
Table 4.9 Ranking of the analytical methods reported in selected literature  

Score (S) Peer-reviewed 
literature 

Grey 
literature Total 

S ≥ 7 17 3 20 
7 > S ≥ 4 32 7 39 
S < 4 14 3 17 
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5. Conclusions  
 
In this critical review, peer-reviewed publications as well as grey literature was critically 
reviewed to assess 1) the occurrence of MPs in water sources, drinking water and the relative 
importance of different sources of inputs to water and removal by drinking water processes 
and 2) the methods of analysis used to determine MPs in water.  
 
Microplastics were found to be ubiquitous in surface water bodies (i.e. lakes, reservoirs and 
rivers) worldwide. At the catchment level, most of the documents linked MP presence to 
urban areas where domestic effluents and industrial activities were suggested as main MP 
sources. From a quantitative point of view, MP abundances showed high variability (0 to 
519,000 MP/m3) owing to environmental variations and sampling uncertainties; in most of 
the cases, mean values were reported in counts of thousands of particles per cubic meter. In 
terms of size, the studies were limited by type device use for capturing MP within the water. 
Overall, 0.05 mm was the most reported lowest size value, since researchers found very 
difficult to visually separate MPs from non-plastics particles and the particle size threshold 
for detection by FTIR is 0.02 mm. Regardless of water body or geographical location, fibres 
between 0.05 and 0.3 mm were numerically dominant in most of the documents. From 
chemical point of view, the polymers more frequently identified were PP and PE. Only two 
studies reported MPs in groundwater (> 0.02 mm).  With sample volumes of 90 L, abundances 
averaged 167 MP/m3 in South Africa (Bouwman et al., 2018), whereas in Germany values 
ranged between 0 and 7 MP/m3  after filtering  between 300 and 1000 L (Mintenig et al., 
2019). Results from the former should be considered as estimates since no quality control 
criteria for MP contamination (e.g. field, method and laboratory blanks) were included. Fibres 
(1.5 mm) were the most detected in South Africa while fragments (0.05-0.15 mm) were 
mainly detected in Germany. In fact, Mintenig et al. (2019) concluded most of MPs resulted 
from equipment deterioration rather than environmental pollution; furthermore, they 
excluded all the detected fibres because of cross contamination in sampling handling and 
processing. In terms of reliability, Koelmans et al. (2019) awarded a score 14 over 18 to this 
study   
 
When it comes to the fate and impact MPs during drinking water treatment and subsequent 
network distribution, there is a significant lack of knowledge. At the full scale level, plastic 
litter did not suppose a major issue in the two source-to-tap studies conducted in Norway 
(Wolfgang et al., 2018) and Germany above described (Mintenig et al., 2019). Microplastics 
above 0.05 mm were not detected in raw waters and no MP contamination was observed 
after treatment and subsequent network distribution. The Norwegian survey comprised 24 
treatment works where raw (20 surface waters and 4 aquifers), finished and network waters 
were sampled. Out of the 72 samples, MPs over a LoQ of 4 MP/L (confidence level 67%) were 
only detected in one sample from a network system. In terms of representativeness, 
however,  such results are limited by collecting samples of one litre,  a volume  far lower than 
those recommended by Koelmans et al. (2019) for raw water (500 L) and tap water (1000 L). 
Conversely, despite of achieving removal extents averaging 80% in three Czech WTWs, their 
finished waters showed MPs in concentrations ranging between 338 and 638 × 103 MP/m3. 
Approximately 95% of the remaining MP showed sizes in the 0.001 to 0.01 mm range. In this 
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study by Pivokonsky et al. (2018), which only included raw surface water, collected volumes 
(27 L) were still below recommend values. Conversely, this is the only study that included data 
referring to MPs in the 0.001 to 0.01 mm range. In this case, the Koelmans’s score was 11.     
 
At the bench scale, coagulation-flocculation experiments showed modest removal extents (3-
13%) of PE fragments between 0.5 and 5 mm at operational dosages of ferric and aluminium 
salts. It was speculated that flock density and formation, which is controlled by zeta potential, 
was the critical step for capturing MPs.   
 
Table 5-1 summarizes the main analytical method specifications required for determining 
MPs in aqueous matrices, based on literature that was rated of overall good confidence. 
Filtration size, clean-up and separation techniques were the following (see Appendix 2): 
filtration size ≤ 0.020 mm (42%); MP clean-up was used in 81% and H2O2 was the most 
selected reagent (33%); density separation was generally conducted with NaCl (20%) or ZnCl2 
(30%). Most protocols include MP elucidation by FTIR (57%).   
 
Table 5.1 Analytical method specifications for MP determination 

Parameter Peer-reviewed 
literature 

Grey 
literature Total Frequency found 

in literature 
Filtration size (mm) 
≥ 0.3 4 1 5 26% 
0.3 > x ≥ 0.1 3 0 3 16% 
0.1 > MP > 0.02 3 0 3 16% 
MP ≤ 0.02 7 1 8 42% 
Clean-up 
H2O2 7 0 7 33% 
Enzymatic 3 1 4 19% 
Others 5 1 6 29% 
None 3 1 4 19% 
Separation 
NaCl 4 0 4 20% 
ZnCl2 5 1 6 30% 
Others 2 0 2 10% 
None 6 2 8 40% 
Instrumental analysis 
FTIR 12 3 15 56% 
Raman 7 1 8 30% 
Others 4 0 4 15% 

 
Hence the following parameters are recommended for a MP analysis: 

• Minimum MP size should be 0.02 mm, in order to capture a representative number of 
MPs present in surface water bodies and facilitate polymer identification by FTIR. 

• Clean-up with a) HCl to remove flocs and b) H2O2 to facilitate quick and reliable OM 
removal without degradation of plastic polymers. 
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• Separation of MPs with ZnCl2 to allow separation of polymer particles with densities 
< 1.6 g/cm3 such as polypropylene (PP), polyethylene (PE), polystyrene (PS), 
polyethylene terephthalate (PET), polyvinyl chloride (PVC). 

• Quality assurance. Experiments should be run in duplicates at least. Implementation 
of recovery tests, procedural and analytical blanks is needed to ensure accurate and 
reproducible results. 

• Contamination control. When possible, equipment material other than plastic should 
be used and rinsed with EtOH, SDS and DI water before muffling at 500 °C. All solutions 
or solvents should be filtered (0.045 mm) before use. Sample preparation and transfer 
should be carried out in a clean environment (surfaces rinsed with EtOH and DI water) 
or laminar flow cabinets. All samples and sampling containers should be kept covered 
when not in use. Staff should wear cotton lab coats and gloves. 
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