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Executive Summary 
Microplastics are becoming ubiquitous in the environment and there is growing concern that they present a 
risk to the environment via contamination of water, soil and air. In addition, there are emerging worries that 
microplastics may impact human health following ingestion of contaminated food and beverages, domestic 
drinking water or through inhalation of airborne particulates. Unfortunately, the potential hazards presented 
by microplastics are still poorly understood and further research is needed to make a properly informed 
judgement of the effective level of risk. 

To address the growth in microplastic pollution, the European Commission is taking a number of actions under 
the European Green Deal [EC 2019] and the Circular Economy Action Plan [EC 2020]. Examples include 
regulatory measures to restrict the intentional use of microplastics in consumer or professional products, 
develop labelling of consumer goods, monitor the occurrence of microplastics and other measures preventing 
unintentional release of microplastics. Additionally, the EU Research Programmes [e.g. Horizon 2020, Horizon 
Europe] are supporting the development and harmonisation of methods for measuring microplastics and, 
more generally, closing the gaps on scientific knowledge related to the risk and occurrence of microplastics. 

Until now, many questions regarding the occurrence and impact of microplastics remain unanswered, often 
due to the lack of reliable analytical data. For the generation of such data it is critical that reliable, 
documented analytical methods become available. Currently, the instrumental techniques and experimental 
procedures used to determine microplastics are numerous with each having its strength and shortcomings. 
Due to the multiplicity of methods used and a lack of harmonisation, a comparison of results between 
published studies can be difficult and is aggravated by the absence of quality assurance tools, such as method 
validation, reference materials and proficiency testing. Consequently, the need for harmonisation and quality 
assurance has become a recurring request in relevant scientific publications and reports [e.g. SAPEA 2019, 
UNEP 2016]. 

In an effort to address these problems, the European Commission's Joint Research Centre (JRC) is undertaking 
a number of actions, one of which was to organize an inter-laboratory comparison (ILC) study, carried out in 
collaboration with the German Federal Institute for Materials Research and Testing (BAM). The study used 
microparticles of food-grade polyethylene terephthalate (PET) in water as test material. The type of water 
used as matrix, was chosen to mimic water with a low content of dissolved and undissolved material, such 
as bottled water, tap water, groundwater and similar. The overall aim of this ILC was to investigate the state 
of the art of methods used for the analysis of microplastics and to support the development of microplastics 
reference materials. 

The test samples used in this study were distributed to the participants as a test kit comprising three 
components – water, detergent solution and a vial containing a defined amount of PET particles embedded 
in a sodium-chloride (NaCl) carrier. Distributing the PET particles in a salt carrier served to reduce possible 
variations in agglomeration during storage and transport and subsequently to facilitate handling. This kit, 
together with a detailed reconstitution protocol, permitted the participants to prepare the required test 
sample, a 1 litre dispersion of microplastic particles, prior to use, thus reducing possible temporal variability. 
The homogeneity of the test samples was tested and found to be suitable for the purpose of this study. 
Indicative ranges for both number and mass concentration values were defined. 

The uniformity of results obtained for the mass of the NaCl-carrier (measured and reported as part of the 
protocol) and feedback received during a participant workshop indicates that users were generally satisfied 
with the characteristics of the sample and the accompanying reconstitution protocol. These results 
demonstrate the suitability of using salt as a solid carrier for particles in the future production of reference 
materials for microplastics in water. Once the sample had been reconstituted according to the protocol, the 
participants were then free to use any method of their choice to determine either the number or the mass of 
microplastics in the 1 litre aqueous dispersion. 

The laboratories participating in this ILC study represent a wide spectrum of sectors and geographical regions, 
by which it was possible to include a broad range of methods and practices. Considering both number and 
mass-based approaches, through the possibility to report six different types of values – number and/or mass 
of PET particles, plastic particles and total (all) particles – it was possible to accommodate the wide range of 
capabilities of methods currently employed for microplastics analyses. In addition, a wealth of information 
was collected in a comprehensive questionnaire, reflecting the different practices applied in the community, 
such as measures to limit cross-contamination, sample preparation, measurement conditions, instrument 
settings, data analysis strategies and so on. With 98 usable datasets for evaluation, the study provided a 
comprehensive overview of the state of the art of the analysis of microplastics in water and in particular the 
quantification of the PET particles present in the samples. 
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The measured values obtained in this study were distributed almost uniformly across the range between the 
maximum and minimum reported values, unlike conventional ILCs, which often result in a larger data 
population around a centre value. This applied to both number and mass-based results, as well as across the 
different analysis techniques employed. Such an observation is not unusual in emerging scientific areas and 
substantiates statements made elsewhere [e.g. SAPEA 2019, UNEP 2016] about the urgent need for 
harmonisation and standardisation in this field.  

The study participants used a variety of different analysis techniques to identify and quantify the number or 
mass of particles present in the test item. Overall, the majority of reported results were obtained using 
commonly cited polymer specific spectroscopic methods such as micro-Fourier-Transform Infrared 
spectroscopy (µFTIR), micro-Raman spectroscopy (µRaman) and pyrolysis-Gas Chromatography coupled with 
Mass Spectrometry (py-GC/MS). Less specific techniques, such as fluorescence microscopy and 
thermogravimetry, were applied as well. In addition, there was a significant number of participants reporting 
the use of optical microscopy and gravimetry methods, which completely lack specificity for plastic materials. 
Some participants reported the use of emerging or less frequently described techniques, such as Laser Direct 
Infrared (LDIR) imaging, Nuclear Magnetic Resonance (NMR) spectroscopy and High-performance liquid 
chromatography (HPLC), the latter being specific for hydrolysable polymers like PET. In this study, no single 
method or group of methods could be identified that systematically produced results more consistent with 
the indicative ranges of expected results than other methods. 

The majority of participants applied a number of measures to prevent sample contamination during analysis, 
however it was difficult to arrive at any firm conclusion about their influence on the measurements under 
the conditions of the study. For selected measures (i.e. use of gloves, cleaning paper or lab ware made of 
polymers) a certain trend could be observed with respect to the number concentration of particles. Very few 
of the different sample preparation steps applied by the study participants could be identified as having a 
demonstrable influence on the measurement results. Out of the various procedures applied, such as 
subsampling, homogenisation, filtration, chemical or enzymatic treatment and different practices in rinsing 
the sample bottle seem to have a minor effect on the number concentration of particles. It should, however, 
be kept in mind that that the wide variety of approaches and their combination complicated a detailed 
assessment. 

Fourier Transform Infra-Red micro-spectroscopy (µFTIR) was the particle identification technique most often 
used in this study, reflecting its dominance in the scientific literature on the topic. The related method of 
Laser Direct Infrared Imaging (LDIR) was also reported but in much lower numbers, likely due to the more 
recent commercialisation of this technique. Analysis of methodological details showed that there is ample 
room for harmonisation. Instrument set up, measurement modes, detector types, type of spectral libraries 
applied, data treatment protocols, and acceptance thresholds for the match of sample and reference 
spectrum all showed strong variations between participants. The majority of µFTIR users obtained PET number 
concentrations that fell within the indicative range, which demonstrates that µFTIR shows some robustness 
as an analytical methodology for microplastics. However, no conclusions about the e ffect of specific 
measurement parameters on polymer identification performance could be drawn, as the participants knew 
the identity of the material (PET).  

Micro-Raman spectroscopy (µRaman) was the second choice after µFTIR for the determination of microplastic 
particle numbers. The lower popularity of the former may be due to its inherent limitations due to undesirable 
fluorescence from e.g. additives and the background matrices; higher acquisition costs might also play a role. 
Similar to µFTIR, most of the measurement results fell in the indicative range for number concentrations. 
Method procedures and measurement parameters for µRaman vary widely with no direct correlation with the 
obtained measurement results. 

Optical microscopy was the main technique used to determine the total number of particles, while the 
additional use of staining with a lipophilic fluorescent dye combined with fluorescence microscopy permitted 
the specific counting of plastic particles. Under the conditions of this study, where it was known that the 
plastic particles were made of PET, methods based on optical microscopy seem to perform the same as 
spectroscopic techniques. A significant difference between the mean and median of the values obtained with 
fluorescence microscopy and other non-spectroscopic approaches to distinguish between plastic and non-
plastic particles was not observed. Overall, the results were homogeneously distributed within, below and 
above the indicative range and it was not possible to arrive at any conclusion on best practices about the use 
of optical microscopy or its suitability for particle counting.  

In the study there were only a small number of participants reporting thermo-analytical techniques and this  
hampered a systematic evaluation of results. Nonetheless, the few results that were submitted indicate that 
GC/MS after pyrolysis, with or without an intermediate sorption-desorption step, is a suitable technique for 
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the identification and the quantification of PET in aqueous matrices. However, harmonisation of the 
quantification strategy and/or optimisation of the sample transfer could further improve the outcomes. For 
the measurement of the mass of all particles, under the condition of this study, i.e. in the absence of other 
solid material, gravimetry gave acceptable results with mean and median within the indicative range. 

In addition to the previously mentioned methods, quantitative H-NMR and HPLC seem to be promising 
techniques with measurement results produced being close to the indicative mass range. However, it should 
be noted that such methods are niche applications as they lack sensitivity (H-NMR) or are applicable only to 
certain specific polymers (HPLC).  

Only 69% of the laboratories reporting particle numbers also provided details about their approach to 
determine the particle size. Well-known types of size descriptors, in particular the Feret-minimum diameter, 
were mentioned, but also less commonly used size descriptors. This suggests that a potentially high number 
of people working in the field may be using a counting method without applying any clearly defined size 
descriptor. About half of the study participants who reported particle numbers also observed the presence of 
agglomerates in the sample. In case of particles with the kind of irregular shape as in the test sample the 
presence of agglomerates might strongly affect the correct recognition, sizing and counting of individual 
particles especially if automatic counting software is applied. This is in line with the finding that those 
laboratories who did not report the presence of agglomerates also tend to find lower numbers of particles.  

This ILC gives a systematic and comprehensive picture of current methods and procedures applied for the 
determination of microplastics in water. However, the scatter of measurement results is very high, revealing 
a substantial lack of inter-laboratory reproducibility that seems to be largely independent of the analysis 
technique applied. This is a severe problem for the comparability of measurement results generated by 
different laboratories. Unfortunately no specific aspect of the general laboratory practices, sample 
preparation, measurement conditions or data analysis could be clearly identified as contributing to this 
outcome of the study. This unsatisfactory situation, which presumably would be worse for more complex 
matrices than (clean) water, hampers the further development of the scientific field and prevents the 
generation of reliable data on occurrence and distribution of microplastics in all kinds of matrices such as 
environmental water, air, soil or food. Identifying the causes for the deficiencies in inter-laboratory 
reproducibility and harmonising practices accordingly is one of the challenges of microplastics analysis that 
have to be addressed as a prerequisite of any standardisation efforts. This wide-ranging systematic study 
provides much valuable information, which can help to shape future actions working towards harmonisation 
and standardisation of the analysis of microplastics. 

.  
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1 Introduction 

Microplastics are becoming widely spread throughout the environment. Concerns are growing that they 
present a risk to the environment via pollution of water, soil and air. In addition, there is a growing concern 
regarding the possible impact of microplastics on human health through inhalation of contaminated air and 
ingestion of microplastic containing food, including water. However, further research is needed to make a 
credible judgement of the risk. 

To mitigate microplastic pollution, the European Commission is taking a number of actions under the European 
Green Deal [EC 2019] and the Circular Economy Action Plan [EC 2020] with the latter referring to:  

● restricting microplastics intentionally added to consumer or professional products, such as 
cosmetics, paints or detergents; 

● developing labelling, standardisation, certification and regulatory measures on unintentional 
release of microplastics;  

● developing measures to increase the capture of microplastics at all relevant stages of products’ 
lifecycle; 

● further developing and harmonising methods for measuring unintentionally released 
microplastics; 

● delivering harmonised data on microplastics concentrations in seawater;  

● closing the gaps on scientific knowledge related to the risk and occurrence of microplastics in 
the environment, drinking water and foods. 

In addition, the 2020 revision of the Drinking Water Directive (DWD [EU 2020]) requires by January 2024: 

● the adoption of a methodology to measure microplastics in drinking water with a view to 
including this pollutant in the DWD watch list. 

Up to now, many questions around the occurrence and impact of microplastics remain unanswered, often due 
to the lack of reliable data. For the generation of such data, it is imperative that reliable analytical methods 
are available. However, the techniques and procedures applied to determine microplastics so far, although 
numerous has all have specific strengths and shortcomings. Due to the multiplicity of methods used and a 
lack of harmonisation, a comparison of results between published studies is difficult. This is aggravated by 
the absence of standardised methods and quality assurance tools, such as reference materials and 
proficiency testing. Consequently, harmonisation and quality assurance is a recurring request in relevant 
scientific publications and reports [e.g. SAPEA 2019, UNEP 2016]. 

In order to approach these problems, the European Commission's Joint Research Centre (JRC) has taken a 
number of actions, one of which is the organisation of an inter-laboratory comparison (ILC) study, carried out 
in collaboration with the German Federal Institute for Materials Research and Testing (BAM). The study aims 
at better understanding the strengths and characteristics of the various methods currently applied. Relevant 
outcomes of this activity include  

(a) an assessment of commonly applied laboratory practices and methods; and 

(b) support to the technical development of reference materials. 

To achieve these two aims, it was necessary to provide a homogenous test material, which would be usable 
by laboratories with a wide range of experience and various levels of equipment specification. In attempting 
to meet these aims, a number of key criteria such as those listed below had to be considered when defining 
the matrix, polymer type(s), size range and particles number of the test materials.   

● Particle size above the minimum size for standard specification instruments;   

● Particle number in chosen size range accessible to acceptable counting times (<1 day);  

● Particle number remaining sufficiently above typical background levels of contamination from 
reagents, equipment and laboratory environments; 

● Particle mass above the detection limit for commonly reported methods; 
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● Particle number, mass and size range compatible with the requirement of adequate 
homogeneity throughout the whole batch; 

● Complexity of the material adapted to be analysed by laboratories with a wide range of 
capabilities.    

However, in practice not all of these criteria are mutually compatible and the nature of the final test material 
developed for this study – matrix complexity, size ranges and concentrations - was the product of compromise 
and not specific tailored to match any specific type of real-world analytical sample.   

As the focus of this study was on the assessment of commonly applied methods to determine number or 
mass of microplastics, the necessary sample preparation was intended to be kept simple by using clean water 
as the matrix. ‘Clean water’ in this context means a water with low content of dissolved or undissolved 
components, mimicking for example tap water – which is specifically relevant in light of the needs of the 
aforementioned DWD [EU 2020] – as well as bottled water and water from environmental compartments 
with a low load of particulate matter. 

In addition, it was decided to include only one type of (micro-)plastic. Polyethylene terephthalate (PET) was 
chosen, as it was found to be one of the most abundant types of plastic in both domestic drinking and in 
bottled water [Pivokonsky et al. 2018, Eerkes-Medrano et al. 2019].  

To support the aims of the study, the participating laboratories were not only asked to deliver the measured 
(number or mass) concentration of the microplastics in the study samples, using a method of their choice, 
but also to provide information about the techniques and procedures applied for generating these values. The 
latter was achieved through an online questionnaire (see Annex III) to be answered by the study participants.  

Although this study has been exploratory in nature rather than an assessment of the performance of the 
participating laboratories, each participant has been able to evaluate their own result(s) with respect to the 
anonymised results of all the other participants. 

The objective of the study was to systematically investigate the practices and analytical methods applied for 
measurements of microplastics in water and, by this, to contribute to improving the comparability of 
measurement results. Ultimately this action can contribute to the goal of generating more reliable data about 
the presence of microplastics in the environment, food and in particular about the possible exposure of 
humans through drinking water. 
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2 Set-up of the inter-laboratory comparison study  

2.1 Design of the study 

The inter-laboratory comparison (ILC) on microplastics in water was initiated in July 2019 by an open call for 
expression of interest. In total, 151 laboratories expressed their interest and received a letter providing details 
of the planned study and an invitation to register for participation to the ILC. After closure of registrations, a 
total of 130 participants had registered. Each of these laboratories then received a set of two samples 
accompanied by a reconstitution protocol, general instructions, guidelines for reporting as well as the link to 
(and a print-out of) an online questionnaire that participants were asked to complete along with the reporting 
of the measurement results. The above-mentioned documents can be found in the Annexes II and III. 

The a priori considerations for preparation of the test-items were the following: 

 Simplicity and workability of test items to be used in such an ILC; 

 Equivalence between sample units with known homogeneity; 

 Proper definition of the measurands (mass per litre and particle number per litre in a specified 
particle size interval); 

 Particle being size large enough to allow the use of optical microscopy (>30 µm up to about 200 
µm); 

 A high enough number of particles (above 500 per L in the final sample) so that the test item would 
not be rendered useless if affected by slight contamination; 

 It was assumed that smaller particles would be present, (<30 µm) but they would only make up a 
small fraction of the total mass of micro-plastics present in the sample. 

 Possibility for up-scaling and reproducible processing of many test items of the same material; 

 Stability and maintained integrity of samples during transport. 

Samples were sent out end of February to beginning of March 2020, just before most of Europe and other 
countries were hit by the first lockdown due to the COVID-19 crisis that was unfolding at the same time. 
Fortunately, almost all samples still reached their destinations safely. Nevertheless, the lockdown and 
subsequent measures heavily affected participants’ possibilities to analyse the ILC samples. Consequently, 
the initially envisaged deadline for reporting of results of 10 April 2020 was shifted several times and was 
ultimately set to 31 August 2020. At that point, a total of 103 datasets were received. While most of these 
data sets (91) were complete, i.e., values as well as answers to the questionnaire were provided through the 
foreseen reporting channels, some participants only delivered values (8) or only questionnaire replies (5). 

To enlarge the usable data base, the participants who delivered values only, were asked retrospectively to 
complete the questionnaire as well. 

An overview of the submitted values and analysis techniques used (‘first summary’) was sent out to 
participants in October 2020 with the request to verify that their uploaded data had been correctly reported 
in the summary. Minor corrections (e.g. wrong method assignments) were done, but no adjustments of 
reported values were permitted. The following adjustments to the final suite of data sets were implemented: 

 Two laboratories (L080, L092) did not use the specific reporting tool for the submission of values 
but included the measurement results in a comment field of the questionnaire. As a consequence, 
those labs were not part of the ‘first summary’; they were however eventually included in the data 
evaluation. 

 One laboratory (L076), which initially reported a result for values A and B, replied that the value 
reported for “value B” was in fact a second “value A”, both measured with the same method, and 
that it was not possible to decide which measurement result should be kept. For this reason, the 
questionnaire replies were duplicated and linked to each of the two values. These data sets got 
assigned the lab codes L076a and L076b to make this action clear.  

 One laboratory (L015), which replied that the value received through the reporting system was not 
correct, had to be excluded from the exercise (see above considerations).  

 Two other data sets (L072 and L101) had to be excluded from the evaluation as well, because the 
laboratories did not produce a 1L water sample from the sample kit but measured a more 
concentrated sample (L072) or did the measurement directly from the NaCl salt carrier (L101).  
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The 98 datasets obtained this way, were used for evaluation. 

These datasets underwent statistical analysis, looking for possible relations and correlations between the 
reported measurement results and information given in the questionnaire (see section 2.5). The preliminary 
results obtained were discussed with the study participants in a virtual workshop (see section 2.6). 

2.2 Preparation of test samples 

The microplastic component in the kit supplied was prepared from cryo-milled granules of food-grade 
polyethylene terephthalate (PET). The desired final size range of the microplastic particles was about 
30 to 200 µm (to enable analysis by optical microscopy) and a desired final particle number concentration 
between 500 – 1000 per L.  

A sodium chloride solution (29.5% m/v) containing the PET particles and a surfactant (Triton-X, 0.1% v/v) was 
vigorously stirred during sub-sampling of 1 ml portions. After filling the sample vials with 1-mL aliquots of 
NaCl solution, its content was freeze-dried to obtain a solid ‘NaCl-carrier’ with embedded PET particles. 

The final samples for the ILC comprised three components: One vial with 0.29 g solid NaCl-carrier containing 
a specific amount of PET, one bottle with 950 mL of type-II water and one vial with 60 mL surfactant solution. 
Full details of the production process are given in a publication by Seghers et al. 2021.  

2.2.1 Cryogenic milling and adaptation of particle size fraction of the PET particles 

Granular PET of type Lighter C 93 (standard bottle grade) was produced by Equipo lymers (Schkopau, 
Germany) and provided by BAM (Berlin, Germany) through Industrievereinigung Kunststoffverpackungen e.V. 
(Bad Homburg, Germany). To produce microplastic particles of the desired size range, a combination of 
cryogenic milling and different sieving steps were necessary. To this end, 20 g of PET granulate was cryo-
milled using a SPEX 6875 Freezer/Mill (Metuchen, NJ, USA). The PET granulate, was ground through 45 cycles 
of 3 minutes each with a cooling period of 5 minutes in between each step. After milling, the PET powder was 
transferred into a glass beaker with a glass cover to prevent contamination. 

A wet-sieving method was then used to operationally define and separate the 30-200 µm PET particle size 
fraction from smaller and larger particles. This approach was used since wet sieving allows agglomerated 
particles to be more efficiently separated. To achieve this, 2 g of cryo-milled PET was suspended in 500 ml 
water containing 1 ml Triton X-100 and stirred for 2h with an overhead mixer and stainless-steel propeller. 
The batch was then wet-sieved three times over a stack of sieves (180 µm and 45 µm, respectively) the 
particles retained on the 45 µm sieve were subsequently washed with Type-I water (as defined by ASTM 
International [ASTM 2018]) to remove excess surfactant. The remaining particles were re-suspended in 1 L 
of Type-I water containing 0.5 ml of Triton X-100 to make up the stock suspension of PET particles for the 
ILC. Dynamic image analysis measurements with a QICPIC system (Sympatec, Clausthal-Zellerfeld, Germany) 
showed about 2000 particles above 30 µm per ml of suspension. Although a fraction of smaller microplastic 
particles (<30 µm) was still present, the PET material was deemed to be suitable for the purpose of this ILC 
because the smaller particles only made up approximately 5% of the total mass of PET [Seghers et al. 2021].  

2.2.2 Freeze-drying of the suspension with PET particles 

A part of the resulting suspension with PET particles was further diluted with Type-I water up to 1 L to obtain 
a suspension containing about 800 particles / ml. Next, sodium chloride (NaCl, 31434-M, ≥99.5%, Sigma 
Aldrich, Belgium) was added to obtain a 29.5% salt solution (m/v). Absence of contamination in the NaCl 
solution was checked by Dynamic Image Analysis (QICPIC). Mixing was performed using an overhead stirrer 
with a stainless-steel propeller. By keeping the suspension of particles under vigorous mixing with a 0.1% 
(m/m) Triton X-100 surfactant in the NaCl solution, repeatable sub-sampling of PET particles was possible. 
Aliquots of 1 ml of the suspension were transferred to 10 ml amber glass vials, which had been cleaned with 
a laboratory dishwasher and rinsed with Type-I water. After washing, the vials were dried in a clean cell (Terra 
universal, Fullerton, CA, USA) to avoid contamination with airborne particles and/or fibers. Likewise, PTFE-
coated rubber inserts for the vial caps were washed, rinsed, and dried in the same way. 

In total 521 vials were filled with 1 ml aliquots of the NaCl / PET particle suspension in a clean bench using 
a 1000 µl pro-pipet with glass tip. The vials were then placed in a Martin Christ Epsilon 2-10D freeze dryer 
(Osterode, Germany). A three-day drying program was applied to convert the PET-containing NaCl-solution 
into a solid cake of about 0.29 g (NaCl-carrier). After freeze-drying, the vials were sealed with PTFE coated 
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inserts fixed with aluminum caps. The vials were labelled with unique identification numbers according to the 
order of filling. The different components were wrapped in crepe paper and packed in styrofoam boxes for 
protection during shipment. All components were stored at 4 °C until shipment.  

2.2.3 Bottles with water and vials with Triton X-100 surfactant solution 

Borosilicate glass bottles (1 L) and screwcaps with PTFE-coated inlays were cleaned and dried, as described 
above for the vials. The bottles were filled with 950 ± 1 ml Type-II water (as defined by ASTM [ASTM 2018]). 
The filled volume was controlled by mass using a custom-made filling system (Teblick, Antwerp, Belgium). 
The inner wall of the water reservoir (550 L total volume) used in this system is covered with perfluoroalkoxy 
alkane (PFA). A CMP StarKleen™ in-line filter with a removal efficiency of particles down to 5 µm (Pall, Port 
Washington, NY, USA) was placed just before the water entered the glass bottles. The filling took place in a 
clean bench from Nuaire (NU-164, Plymouth, MN, USA).   

A solution of 0.1% (v/v) Triton X-100 (Merck VWR, Belgium) in Type-II water was prepared in a 100 L stainless 
steel container that had been cleaned and rinsed with diluted Triton X-100 solution and Type-II water. 
Thereafter 35 L of 0.1% Triton X-100 solution was prepared directly in the vessel. The solution was gently 
stirred during 2 hours with a stainless-steel propeller and subsequently filled in 60 ml portions into 100-ml 
vials using a dispenser connected to a 20 L bottle to which the bulk Triton X-100 had been transferred. 

2.2.4 Assembling the sample kits and packaging 

Sample kits were assembled to comprise a 10-ml vial with PET in a NaCl salt carrier, a 100-ml vial with 0.1% 
Triton X-100 solution and a 1-L bottle with water (see Figure 1). The use and reconstitution protocol of the 
sample kits is described in Annex II. 

Each participating laboratory received two sample kits packaged in three Styrofoam boxes. One box contained 
two 10-ml vials with PET in NaCl and two 100-ml vials with 0.1% Triton X-100 solution, the two other boxes 
contained a 1-L bottle with water each. 

 

 

Figure 1: Sample kit with three components to prepare one test item. 

 

As already mentioned, full details of the preparation and characterisation of the test material used in this ILC 
are reported elsewhere [Seghers et al. 2021]. 
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2.3 Homogeneity evaluation of test samples 

In total, 41 out of 521 vials containing NaCl-carrier with PET were checked by optical microscopy (manual 
and automated particle counting, 27 samples) and by recording the mass using an ultra -micro balance 
(14 samples). For this purpose, the samples were taken randomly over the whole filling sequence. Even though 
evaluation of both between- and within-unit heterogeneity is desirable when checking homogeneity, only 
checks of between-unit variation could be performed, since in this case, no sub-sampling was possible. 
Instead, the high number of units investigated partially compensates for this.  

The determination of the number concentration of PET particles in reconstituted 1 liter water samples, using 
optical microscopy (details see Annex IV), was carried out by two independent laboratories (10 samples each), 
one in-house (four evaluations per filtered sample) and one external (one evaluation per filtered sample). 
Results are presented in Figure 2, which shows the particle numbers as a function of vial number in the 
sequence of filling. The in-house laboratory counted the particles on each filter four times by which it was 
possible to obtain a mean value of those observations. From the counting of particles in the 20 water samples 
the estimate of the homogeneity for the number of particles was determined to be 19% relative standard 
deviation (RSD) which is equal to one standard deviation (SD), as given in Table 1. Additional measurements 
were carried out evaluating the NaCl salt cake directly (i.e. without creating a 1-litre water sample).  Results 
are shown in Figure 3 together with the above-mentioned counting results. Further experimental details are 
given in Annex IV. 

The determination of mass of PET was performed directly on the NaCl-carrier by an in-house laboratory using 
substitution weighing (see Annex IV) and an ultra-micro balance. The content of each vial with NaCl-carrier 
was dissolved in 0.1% Triton X-100 and filtered through pre-weighed 5 µm macro-porous silica membranes. 
The membranes were dried over night at 60 °C. The mass difference of the membranes before and after 
filtration following drying was then determined (n = 14, see Figure 4). The expanded uncertainty, expressed 
as error bars, varies due to occasional experimental difficulties (weighing under too dry conditions). For the 
mass concentration, the standard deviation was 41 µg corresponding to an RSD of 14%.  

Low and uniform contamination of the additional components is a prerequisite for using an ultra -micro 
balance to assess the mass of PET in the samples. Micrographs of the Type-II water and Triton X-100 
surfactant demonstrated a low degree of contamination. Figure 5 shows photos of an empty filter, a filter 
after filtration of 50 mL Triton X-100, after filtration of 950 mL Type-II water and after filtration of one NaCl-
carrier with PET particles using 50 ml of Triton X-100. Further experimental details are given in Annex IV. 

From visual inspection of Figure 2 and Figure 4, no obvious trends exist in the data towards higher vial 
numbers. Prior to carrying out the statistical test, it was checked whether the input data was normally 
distributed. Significance tests of the slopes for both number and mass were calculated using “SoftCRM”, a 
software for the certification of reference Materials [Bonas et al. 2003]. The slopes as a function of vial 
number were not statistically different from zero at P = 0.05 for the number and mass of particles in the  
water samples as a function of vial number. SoftCRM output for homogeneity (Sbb) was 14% and 19% for 
the mass and number of particles respectively. Raw data for the number and mass is reported in Annex IV. 
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Figure 2: PET-particle numbers in 

reconstituted water samples determined by 
optical microscopy. Error bars represent ± 1 

SD (n = 4) where applicable . 

 

 

 

 

 

 

Figure 3: Combined results of number 

concentration determination in reconstituted 
water samples (JRC-Lab1 and external 

laboratory, n = 10) and direct analysis of NaCl-

carrier (JRC-Lab2, n = 7). Error bars represent 
± 1 SD. 

 

 

 

 

 

Figure 4: Mass of PET in the NaCl-carrier. 

Error bars are ±-expanded uncertainty of 

about 12 µg or 4% in relative terms per 
substitution weighing. Full circles: data from 

January 2020; open circles: data from October 
2020. 
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2.4 Indicative ranges 

For the purpose of comparison of ILC results, indicative ranges for the number and mass concentrations of 
PET particles >30 µm (Feret min) in the test material were calculated. The ranges were set at ± 2 SD around 
the mean values obtained from the homogeneity studies (see Table 1), which accounts for 95% of the 
observations. It should be noted that these ranges do not correspond to certified ranges with rigorously 
evaluated uncertainties. Based on results from numerous experiments using different techniques, the ranges 
are nevertheless reasonable estimates of the number and mass of PET particles in this reference material. 
The indicative range for particle counting is wider than for weighing, which is not surprising, since the counting 
measurements included the reconstitution into a 1 litre water sample encompassing several additional 
experimental steps.  

 

Figure 5: All micrographs 5 a-d were taken with a 6x magnification. The black squares are essentially displaying 

1 cm silica membranes. a Micrograph of empty macroporous silica membrane before any filtering; b filter after 

filtering of 50 ml of 0.1% Triton X-100 (unit 368); c filter after 950 ml Type-II water (unit 369) and d filter after 

0.29 g dissolved NaCl carrier with PET unit 369 + 50 ml of Triton X-100 (unit 369).              
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Table 1: Results of determination of number (n = 20) and mass concentration (n = 14) per litre and indicative ranges  

Parameter Average SD RSD Indicative range, rounded 

Number concentration 
[L-1] 

800 150 19% 500 – 1100 

Mass concentration 
[µg·L-1] 

290 40 14% 210 – 370 

 

2.5 Data reporting, processing and visualisation 

2.5.1 Data reporting 

In the frame of the present ILC, laboratories were requested to submit a result (value) for at least one out of 
six measurands: 

A – number concentration of PET particles in the sample [L-1], 

B – number concentration of plastic particles in the sample [L-1], 

C – number concentration of total particles in the sample [L-1], 

D – mass concentration of PET particles in the sample [µg/L], 

E – mass concentration of plastic particles in the sample [µg/L], 

F – mass concentration of total particles in the sample [µg/L]. 

No replicate measurement was foreseen in this study.  

2.5.2 Data processing 

The datasets collected in this ILC were collected and rectified as described in section 2.1. Where possible, a 
statistical analysis was carried out, looking for potential relations and correlations between the reported 
measurement results and information given in the questionnaire.  

An ‘answer rate’ (ra) was defined for every individual question-answers dataset analysed during the ILC 
evaluation.  It is meant to provide in each specific case an information about the relative ensemble size from 
which statistical descriptive analysis is carried out. Operatively, ra is defined as percentage of participants 
answering to any given question with respect to the total number of ILC participants that could have answered 
that question (e.g., percentage of participants answering a question about Raman measurement with respect 
to the total number of participants declaring the use of Raman measurement technique).   

Where useful, box-and-whiskers (B&W) plots are used to visualise at glance the important characteristics of 
the dispersion of a certain group of observations. Such plots show the variation of a statistical population 
(group of data), its quartiles and median without making any assumptions over an underlying statistical 
distribution (see Figure 6). The individual data points (open circles) and the arithmetic mean (×) are plotted 
superimposed to the quartiles. Box plots are applied to groups of data that are large enough to be sensibly 
applied. 

In all figures showing the submitted data (reported measurement values) for each of the reporting 
laboratories, the relevant lab codes (e.g. L123) are given on the x-axis, even if no axis title is provided. 
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Figure 6: Statistical information 

included in a box & whiskers plot. 

 

 

 

 

2.5.3 Identification of extreme values 

Excluding all values that have been reported as “lower than” or “higher than”, a total of 163 results were 
submitted for the various kinds of number of particles (values A, B and C) ranging from 1 to 50  000 000 
particles/L, while 51 results were reported for the mass of particles (Values D, E and F) ranging from 19 µg/L 
to 59450  µg/L. Since these ranges are much broader than those observed in the frame of the homogeneity 
study performed (see section 2.3 on page 22), the presence of extreme values was investigated. 

Considering that (i) the raw material used to prepare the test items consisted of high quality (food-grade) 
PET and that (ii) the water provided to participants for the sample re constitution protocol contained a 
negligible number of additional particles (plastic or other), it was assumed that the total amount of particles 
(or mass) in the samples to be analysed was similar to the total amount of plastic particles and to the total 
amount of PET particles (A  B  C and D  E  F). Therefore, the results for the number concentration (all 
values A, B and C) could be pooled, as well as results for the mass concentration (all values D, E and F) before 
performing the analysis for extreme values. 

The Microsoft Excel add-in for “robust statistics” developed by the Royal Society of Chemistry [RSC 2021] was 
used to estimate the robust mean (𝑥𝑟𝑜𝑏̅̅ ̅̅ ̅̅ ) and the robust standard deviation (𝑠𝑟𝑜𝑏̅̅ ̅̅ ̅). These values are in 
agreement with the indicative ranges (500-1100 particles/L and 210-370 µg/L, respectively). The thresholds 
for the identification of extreme values were set at 𝑥𝑟𝑜𝑏̅̅ ̅̅ ̅̅  + 3 𝑠𝑟𝑜𝑏̅̅ ̅̅  ̅which translates in 1900 particles/L (values 
A, B and C) and 1400 µg/L (values D, E and F), respectively. Values above these thresholds were flagged as 
extreme values. In addition, measurement results that were reported as being ‘higher than’ the thresholds 
defined above were deemed extreme values as well. The number of extreme values identified by this 
procedure was 13 for the number-based measurements (values A, B, C) and 6 for the mass based 
measurements (values D, E, F). All measurement results identified as extreme values are listed in Table 2. It 
should be noted though that three submitted mass values were reported ‘smaller than’ a value  above the 
applicable threshold (D <6156 µg/L [L095]; E <6156 µg/L [L095]; F <4000 µg/L [L023]) but were not included 
in the table as they couldn’t unambiguously be classified as extreme values. 
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Table 2: Extreme values identified in the submitted data as identified by the approach described in the text. Values 

rounded to full integers, where applicable. 

A B C D E F 

Lab 
code  

Value  

[L-1] 

Lab 
code  

Value  

[L-1] 

Lab 
code 

Value  

[L-1] 

Lab 
code  

Value  

[µg/L] 

Lab 
code  

Value  

[µg/L] 

Lab 
code  

Value  

[µg/L] 

L032 1964 L014 3233 L098 1975 L003 6326  L003 6328 L124 3200 

    L023 3508 L123 2074   L039  59450  L095 6156 

    L058 9.18 · 105 L094 2110       L003 6334 

    L079 > 2342       

    L023 > 3508       

        L038 3813             

        L131 9966             

        L018 1,717,200             

        L039 5 · 107            

 

2.5.4 Coding of analytical techniques used 

In order to ease the labelling of data points in figures and tables, a short form (code) was assigned to each 
analytical technique that was used by the study participants to produce the submitted measurement values. 
The following list shows the techniques and the assigned codes (in alphabetical order). 

FC – Flow cytometry 

Fluo – Fluorescence microscopy 

FTIR – Fourier-Transform Infrared microscopy (“µFTIR”) 

Grav – Gravimetric analysis (gravimetry)  

HPLC – High-performance Liquid chromatography (HPLC) of monomers after hydrolysis of PET 

LDIR – Laser Direct Infrared (imaging) 

Melting – Microscopy with melting upon contact with a hot object (needle) 

NMR – 1H Nuclear Magnetic Resonance Spectrometry 

OpMic – Optical Microscopy 

OpMic+pyGCMS – combination of microscopy (counting) and pyrolysis-GC/MS (identification) 

PC – Particle counter 

Py-GC/MS – Pyrolysis-Gas Chromatography/Mass Spectrometry 

Raman – Raman microscopy (“µRaman”) 

SEM – Scanning Electron Microscopy 

TED-GC/MS – Thermal extraction and desorption Gas Chromatography/Mass Spectrometry 

TGA – Thermogravimetric Analysis (Thermogravimetry) 

? – Method not clear 
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2.6 Participant workshop 

A workshop was held on 11th and 12th February 2021 to discuss a first draft of this report with the study 
participants. The workshop started with plenary sessions presenting the study and participants’ results. Break-
out groups followed, giving the participants the opportunity to discuss different aspects of the methods used 
to analyse the ILC samples, such as sample reconstitution and sample preparation as well as the main 
techniques used to analyse the samples, namely FTIR and Raman spectroscopy, optical and fluorescence 
microscopy, thermo-analytical and other methods. 

Comments and feedback received during and after the workshop were included in the respective sections of 
this report.  
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3 Information about the study participants 

The participants came from various sectors, including academic, government, industrial laboratories, and 
independent contract research laboratories registered under the category “other” (Figure 7). 

 

 

 

 

 

 

Figure 7:  Percentage of the 

various sectors participating in the 
ILC. The answer rate was 97%. 

 

 

 

 

Participating laboratories originated from various countries in the world. Details of the number of participants 
per country are given in Figure 8. For simplicity reasons EU Member States are shown as one entity 
encompassing the participants from 19 EU Member States. 

 

Figure 8: Origin of study participants. UK – United Kingdom, NO – Norway, CH – Switzerland 

 

Participants were asked to give details regarding the accreditation status in their laboratory. Twenty-two 
participants did not indicate any quality assurance or accreditation scheme, resulting in 79% of the 
laboratories indicating the presence of a quality procedure. Most laboratories hold an accreditation for ISO 

EU Member States
79

UK, NO, CH
12

Asia
6

USA 1

Australia 1

Other
8

Academia 37% 

Government 27% 

Industry 24% 

Other 12 % 
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17025 (47%), followed by ISO 9001 (25%) or they follow the guidelines of GLP (15%) and GMP (3%). 
Fourteen percent of the laboratories are accredited for other schemes, such as ISO 15189 (n=1); ISO 14001 
(n=2); ISO 45001, ISO 17043 and ISO 17034 (n=1) or follow individual quality control protocols.  

The participants indicated their experience with the method applied (answer rate  94%), ranging from less 
than 1 year to more than 8 years, with an average of 2 years. The participants also provided the number of 
samples they analyse per yearly quarter, which range from very few to around 350. Details are shown in 
Figure 9. 

 

 

 

 

 

 

 

 

 

Figure 9: Experience of participants in years (dark blue bars) and number of analysed samples per yearly quarter (light 

blue bars) 

 

Some data was collected on how much time was spent analysing the samples for the ILC, the answer rate 
ranged from 86% to 93% (Figures 10 – 12). 

 

 

 

 

 

Figure 10: Time spent for sample 

preparation 
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Data analysis       Data collection  

Figure 11: Time spent for sample analysis  Figure 12: Time spent for data collection 

 

Participants spent on average 6.9 h on sample preparation, 9.1 h on data collection and 5.0 h on data analysis. 
Almost half of the participants spent less than 1 h on sample preparation, more than one but maximum 3 h 
on data collection, and up to 3 h on data analysis. The number of different methods participants applied to 
the analysis did not have any systematic effect on the time spent. 

Participants stated that they participated to gain experience, check their performance, contribute to 
harmonisation or advance the field (see Figure 13). 

 

 

 

 

 

 

 

 

Figure 13: Word cloud with replies given to the question about the motivation to participate in this ILC. Font size is 

used as an indicator of how often a key word was mentioned (n=40). 
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4 Results 

4.1 General observations about the submitted values 

Most of the laboratories (89%) submitted number concentration values (A, B or/and C), 37% provided mass 
concentration values (C, D or/and F) and 26% delivered values from both categories. In total, 241 
measurement results were included in the evaluation, of which about three quarters were number 
concentrations (for more details see Figure 14).  

 

Figure 14: Number of values reported in the various categories. For an explanation of A, B, C, D, E, F see section 2.5.1. 

Total number of values used for evaluation was 241. 

 

All values included in the evaluation are shown in ascending order in Figure 15, Figure 16 and Figure 17 
(number-based values A, B, C) and Figure 18, Figure 19 and Figure 20 (mass-based values D, E, F). For each 
value category, it can be seen that the measurement results are scattered around the centre of the relevant 
indicative range, but there was not found to be any accumulation of values (plateau) around specific  
concentrations. Thus, the typical inverse sigmoidal curve, as it would have been expected for a conventional 
proficiency test, is not observed in this study. Still, most of the results lie within one order of magnitude. Some 

laboratories however reported extremely high measurement results (‘extreme values’)
1
, which are marked 

with an orange circle in the figures. Such submissions were particularly of interest as one aim of this study 
was to identify the impact of different methods and practices. How the extreme values were concretely dealt 
with for evaluation purposes is described in the respective chapters. 

The number of values submitted per study participant varied (see Table 3). Thirty out of 98 participating 
laboratories decided to report one specific measurement result only, falling into different value types (mainly 
A, B, C and D). Forty laboratories submitted three values, which very often (30 cases) comprised the set of 
number values A, B and C and less frequently (3 cases) the set of mass values D, E and F; in 7 cases a mixed 
set of data was delivered. Four study participants provided results for all the six possible types of values.  

Many of the laboratories reported at least one number-based value, while only 36 chose to submit at least 
one mass-based value. About one fourth of the study participants provided at least one value out of each 
category (number- and mass-based results). For more details see Table 3. 

Even though there was no explicit request to do so, 17 laboratories reported a measurement uncertainty 
linked to 34 reported values. However, no information was provided how this uncertainty was determined, as 
with the samples of this study no replicate analyses were possible. 

                                     
1 For the identification of such values see section 2.5.3. 
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Figure 15: Reported number concentration of PET particles (value A) in ascending order; error bars: reported 

uncertainty; dashed lines: boundaries of the indicative range; arrows up: values reported as ‘greater than’; arrows down: 
values reported as ‘smaller than’; orange circles: extreme values. 

 

 

Figure 16: Reported number concentration of plastic particles (value B) in ascending order; error bars: reported 

uncertainty; dashed lines: boundaries of the indicative range; arrows up: va lues reported as ‘greater than’; orange 
circles: extreme values. Orange ellipses show extreme values that are out of scale (without uncertainty ). 
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Figure 17: Reported number concentration of all particles (value C) in ascending order; error bars: reported uncertainty; 

dashed lines: boundaries of the indicative range; arrows up: values reported as ‘greater than’; orange circles: extreme 
values. Orange ellipses show extreme values that are out  of scale (without uncertainty). 

 

 

Figure 18: Reported mass concentration of PET particles (value D) in ascending order; error bars: reported uncertainty; 

dashed lines: boundaries of the indicative range. Orange ellipses show extreme values that are out of scale (withou t 
uncertainty); values rounded to full integers are marked with an asterisk.  
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Figure 19: Reported mass concentration of plastic particles (value E) in ascending order; error bars: reported 

uncertainty; dashed lines: boundaries of the indicative range; arrows up: values reported as ‘greater than’ . Orange 

ellipses show extreme values that are out of scale (without uncertainty); values rounded to full integers are marked 
with an asterisk. 

 

 

Figure 20: Reported mass concentration of all particles (value F) in ascending order; dashed lines: boundaries of the 

indicative range; orange circles: extreme values. Orange ellipses show extreme values that are out of scale (without 

uncertainty); values rounded to full integers are marked with an asterisk. 
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Table 3: Value-reporting statistics. Laboratory L076, which appears twice in this assessment (considering L076a and  

L076b, see section 2.1, page 19), is included in those attributes that are marked with an asterisk (last column).  

Laboratories reported... 
Number of 
laboratories 

 

- one value 30 * 

- two values 15  

- three values 40  

- four values 8  

- five values 1  

- six values (all possible values) 4  

- at least one number-based value (A, B, C) 87  

- exclusively number-based values 62  

- all three number-based values (A and B and C) 30  

- at least one mass-based value (D, E, F) 36 * 

- exclusively mass-based values 11 * 

- all three mass-based values (D and E and F) 3  

- at least one value each from both value categories  
  (number- and mass-based values) 

24  

- all six values (A and B and C and D and E and F) 4  

 

Aggregate data regarding the reported measurement results (number of reported values per category, lowest 
and highest values, median etc.) are shown in Table 4. For categories A, B, and C, 55-57% of values lie below 
the centre value (CtV) of the relevant indicative range, while for the mass-based categories this is more 
variable (45% for D, 54% for E and 32% for F). Hence, number based methods seem to have a slight tendency 
to underestimate the expected value, while for mass-based methods such a tendency was not observed. 
However, it should be noted that the number of values in this latter category group is quite low. 

 



 
38 

Table 4: Aggregate data of the submitted measurement values. For the identification of extreme values, see section 

2.5.3; for an explanation of “= x”, “< x” and “> x” see text. Lowest and highest values for categories D, E and F are 
rounded. Data in the rows marked with  * was calculated treating values “< x” and “> x” as if they were reported as “= x”. 

Value category A B C D E F 

Measurement unit [L-1] [L-1] [L-1] [µg/L] [µg/L] [µg/L] 

Number of reported values 62 63 60 24 13 19 

Number of reported values per 
category group 

185 56 

Lowest value * 1 29 6 19 74 90 

Highest value * 1 964 918 000 
50 000 

000 
6 326 59 450 6 334 

Median (rounded) * 738 726 706 301 204 420 

No. of values reported as “= x”  54 58 51 22 11 18 

No. of values reported as “< x”  1 0 0 1 1 1 

No. of values reported as “> x”  7 5 9 1 1 0 

Indicative range (IndR) 500 - 1100 210 - 370 

Centre value (CtV) of IndR 800 290 

No. of values below CtV * 35 36 33 11 7 6 

No. of values above CtV * 27 27 27 12 6 13 

Number of ‘extreme values’ * 1 3 8 2 4 4 

 

Out of the 241 submitted measurement results (“x”), the vast majority (89%) were reported as exact values 
(“= x”). However, for 23 values (9%) it was stated that they were above a certain threshold (“> x”), while for 
4 values (2%) it was indicated that they were below a certain threshold (“< x”). The reporting as “> x” is not 
necessarily linked to extreme values (see Table 5).  

As the participants were not explicitly asked to explain the type of reporting, the reasons for not submitting 
an exact value are not known with certainty. However, in some cases, laboratories gave hints in the 
questionnaire (see Table 5) and in other cases the following explanations could apply: 

● L017 determined (µRaman) the number of PET particles (value A) and probably assumed that 
the number of plastic particles (value B) should be greater, i.e. above value B. 

● L023 measured (Fluorescence microscopy) the number of plastic particles (value B) and 
seemingly deduced that the number of all particles (value C) should be greater than B.  

● L095 reported ‘exact’ values for the number of plastic and all particles (values B and C) and 
seemingly estimated that the number of PET particles (value A) should be smaller than B. The 
same lab measured gravimetrically the mass of all particles (value F) and potentially concluded 
that the mass of PET and plastic particles (values D and E) should be smaller. 
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Table 5: Laboratories having reported values as 'smaller than' or/and 'greater than'. Exact values submitted by the 

same laboratory are shown as well (in blue font). n = total number of submitted values per category. A method is given, 
if it was the same for all measurements in one category group (A/B/C or D/E/F).  

Lab 
code 

A value 

[L-1] 

B Value 

[L-1] 

C value 

[L-1] 

D value 

[µg/L] 

E value 

[µg/L] 

F value 

[µg/L] 
Remarks by laboratory 

L008 > 300 > 570 > 570    Analysed aliquot of sample 

L013 > 1016 > 1025 > 1504     

L017 1200 > 1200      

L023  3508 > 3508     

L033  861 > 941    Loss could not be excluded 

L036 > 298 > 304 > 351     

L045 > 1133 1133 1267     

L053 > 151 > 170 260     

L054 > 1244 1257 1569     

L073 274 280  > 200 > 204  
Py-GC/MS: PET content was 

above the quantification limit 

L079 1370 1428 > 2342     

L099   > 15     

L100   > 350   100  

L120 > 820  > 900 252   Recovery rate 70-90% 

L023      < 4000  

L095 < 786 786 1146 < 6156 < 6156 6156  

n 62 63 60 24 13 19  

 

For other reported values, the potential reason for not submitting an exact quantity is less obvious. However, 
it is evident that values found to be above a certain threshold are mostly linked to the determination of 
number concentrations and it may be assumed that in such cases the counting was stopped at a certain point, 
e.g. due to time constraints. In four of those cases (L033, L045, L054, L120) agglomeration was observed, 
which could be an additional reason for the assumption that the number of detected particles might have 

been underestimated
2
.  

  

                                     
2 A discussion of agglomeration findings is given in section 4.10. 
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Analysis process for microplastics 
 

The analysis of microplastics comprises a series of steps from sampling up to data processing. Sampling 
needs to result in a sample that is (i) relevant for the research or regulatory question and (ii) representative 
for the compartment, specimen or product to be investigated. This includes an appropriate selection of the 
location where and, where relevant, the date/time when to take the sample(s). As a next step, sample 
preparation is needed in order to separate the microplastic objects (e.g. particles, fibres) from other sample 
constituents and to bring it in a state so that the subsequent identification, characterisation and quantification 
can be performed with appropriate sensitivity and without being compromised by interferences. Thus, the 
choice of sample preparation procedures is not only dependent on a sample’s composition but also on the 
technique(s) and method(s) used for the subsequent steps. The selection of methods/techniques for 
identification, characterisation and quantification depends on the question to be answered and thus the 
properties to be determined. Finally, data processing has to be done and this may vary widely between very 
simple calculations up to the application of artificial-intelligence approaches. The whole analytical process 
needs to be covered by suitable Quality Control measures, including the analysis of blank samples to 
investigate the source and extend of potential contamination. It is good analytical practice though to keep 
contamination to a minimum by applying appropriate measures throughout all experimental steps (i.e. 
excluding data processing).  

This inter-laboratory comparison study investigated aspects of the analysis steps sample preparation, 
identification, quantification (focussing on number and mass measurements) and data processing (excluding 
visualisation) as well as prevention of contamination and quality control measures. 

 

  

 

 

Schematic representation of the process for the analysis of microplastics. Measures to prevent contamination 
are applicable to all procedural steps except data processing (dotted line) and quality control needs to cover 
the whole process (solid line). Steps and measures marked with orange boxes or lines were covered by the 
current study.             
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4.2 General laboratory practices  

The participants were asked to provide answers to a series of questions regarding the general practical 
arrangements applied during measurements. For the evaluation, 98 data sets were available (see Table 4 on 
page 38). In the figures presented below, neither extreme values nor “higher than” or “lower than” values are 
included – they are presented separately in tables.  

4.2.1 Measures applied to prevent contamination during the analysis  

All except one laboratory
3
 applied measures to prevent contamination during the analysis (answer rate 

ra = 98%). The preventive measures pre-defined in the study questionnaire are listed in Table 6. 

Table 6: Contamination-prevention measures as pre-defined in the study questionnaire and assigned letter code  

Letter code Measure 

W Work under laminar flow hood or equivalent measure 

C Lab coats/clothing made from natural fibres 

G Use of gloves 

L Use of specific labware (e.g. non-polymer, metal, glass) 

P Purification steps applied to solvents (e.g. filtration) 

R Reagents tested for absence of microplastics 

U Use of cleaning paper 

O Other 

N None 

 

The frequency of measures taken can be seen in Figure 21. Most laboratories (94%) applied more than one 
measure and 30% of them even used five different measures (the details can be found in Annex V).  The 
measure most often applied was Use of specific labware (L). The second most often applied was 
Coats/clothing made of natural fibres (C). 

Twenty-five laboratories relied on other measures to prevent contamination ( Figure 21), which comprised a 
variety of precautions, such as cleaning the air, airborne particle counters, working in a clean laboratory/clean 
room, operator wearing a mask, glassware calcination, filtration of solvents, etc.  

For three specific measures, namely the use of gloves, cleaning paper and specific labware, the provision of 
details on the materials used was requested. Out of 60 participants reporting to wear gloves, a large majority 
(55) used nitrile gloves. In addition, four other materials were mentioned, however each of them was used 
only once (see Figure 22, on the left). One laboratory did not provide any details about the gloves used 
(ra = 98%). 

 

 

 

                                     
3 Actually, three laboratories selected ‘None’ but among them two selected additional options in the same answer, therefore tho se two laboratories were not included in the category ‘None’. 
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Figure 21: Frequency of use of 

preventing measures. Code letters as 
given in Table 6; multiple selection 

was possible; ra = 98%. 

 

 

 

 

  

 

Figure 22: Material of gloves (left, ra = 98%) and cleaning paper (right, ra = 89%) used by the study participants 

 

Regarding the type of cleaning paper used, several attributes were mentioned (see Figure 22, on the right). 
The attributes most often mentioned were ‘wipes’ accompanied by a brand name (7), ‘tissue’ (7), ‘cellulose’ 
(6), and ‘paper’ (5) while five laboratories provided a brand name only.  

The materials for specific labware as applied by the laboratories (ra = 93%) are shown in Figure 23; glass and 
metal (mainly stainless steel) were used most often. In four cases a list of certain labware pieces was reported 
(‘vacuum filtration unit’, ‘filtration kit’, ‘Class 10,000 clean room with Class 1,000 clean bench was used for 
the reconstitution’ and ‘non-polymer table’) without specifying any material.  

Figure 24 compares the measured PET number concentration with respect to the technique used for analysis 
and the types of contamination-prevention measures applied. 26 of the results fall within the indicative range 
(500 - 1100 L-1). 17 laboratories applied five different measures to prevent contamination during analysis, 
of which seven laboratories obtained a result within the indicative range. Six different measures were applied 
by 12 laboratories, of which five got a PET particle number concentration within the indicative range.  

Almost all study participants reporting a value A (number concentration of PET particles) applied measures 
to prevent contamination, while only one laboratory (L124) admitted applying no such measures (ra = 98%). 
The actual (set of) measures varied substantially (see Figure 24 and Figure 25) 
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Figure 23: Materials of specific labware used by the study participants, if any (r a = 93%) 

 

28% of the participants reporting about their anti-contamination strategies applied five different measures, 
while one laboratory (L061) applied only a single measure (use of gloves) and two laboratories (L085 and 
L129) applied all eight measures listed in Table 6 

 

Figure 24: PET particle number concentration as reported by the participants with respect to the applied analysis 

technique. Labels denote the contamination-prevention measures taken by the laboratory (letter code see Table 6). 

Extreme, “lower than” and “higher than” values are shown  in Table 7.  
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Table 7: List of extreme, “higher than” and “lower than” values in the data set of PET particl e number concentration 

and measures to prevent contamination (explanation of letter code see Table 6). 

 
Lab 
code  

Measured 
concentration  
[L-1] 

Technique 
used 

Measures against 
contamination 

Extreme 
value 

L032 = 1964 FTIR WCPL 

“Higher 
than”  

or 

“Lower 
than” 
values 

L036 > 298 FTIR WCPRGUL 

L008 > 300 FTIR CRGL 

L120 > 820 FTIR WPGUL 

L090 > 1300 FTIR GUL 

L095 < 786 OpMic WCGUL 

L053 > 151 Raman WCGL 

L013 > 1016 Raman WCPRGL 

L017 > 1200 Raman (not reported) 

 

 

Figure 25: PET particles mass concentration as reported by the participants, with respect to the applied technique. 

Labels denote the specific measures taken by the laboratory (letter code used see Table 6). One laboratory (yellow 
circle) did not report any measures. Extreme, “lower than” or “higher than” values are shown in  Table 8. 
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Table 8: List of extreme, “higher than” and “lower than” values in the data set of PET particle mass concentration and 

measures against contamination (explanation of letter code see Table 6). 

 Lab code  
Concentration 
[µg∙L-1] 

Technique 
Measures against 
contamination 

Extreme 
values 

L095 < 6156 Grav WCGUL 

L003 = 6326 FTIR WCPGL 

“Higher 
than” 
value 

L073 > 200 PY-GC/MS CPRL 

 

Figure 25 shows reported mass concentration results for PET particles (value D) with respect to the techniques 
and the measures applied to prevent contamination. Nine laboratories applied five of the measures listed in 
Table 6, which was the most popular set of measures. The scatter of results are quite broad and out of 21 
results, only five fell within the indicative range. However, the number of measures applied does not seem to 
correlate with whether the measurement result is within or close to the indicative range. Due to the variety 
of possible measures and the fact that frequently a combination of measures was applied by the study 
participants, a more detailed analysis is not possible due to the limited number of measurement results in 
each group. 

The details regarding the number and mass concentrations of plastic and all particles can be found in Annex  V.  

Gloves  

A use of gloves during the analysis was declared by 61% participants, who submitted the number 
concentration of PET particles (value A). Among those, who measured plastic particle number concentration 
(value B), the share is 62% and same for those, who provided the number concentration of all particles 
(value C). The compilation is presented in Figure 26, from which a certain trend can be observed. It appears 
that using gloves is linked to lower measurement results. However, to strengthen the observation, a further 
in-depth investigation would be needed. An evaluation considering also the techniques used for determining 
number concentrations can be found in Annex V.  

Among the participants, who determined PET particle mass concentration, 67% used gloves. Regarding the 
plastic/all particle mass concentrations, it is 62% and 53%, respectively. The results of PET particle mass 
concentration with respect to the technique and type of gloves is presented in Figure 27, from which no trend 
can be observed. However, the number of data points is relatively low in the various groups (including those 
who submitted values E and F) and thus a potential trend might have been missed in this exercise. The 
examination of extreme, ‘higher than’ and ‘lower than’ values (see Table 9) does not allow any conclusion 
either due to the low number of cases. 

The evaluation regarding the determination of mass concentration measurement of plastic particles (value E) 
and all particles (value F) can be found in Annex V.  
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Figure 26: Particle number concentration (A – PET particles, B – plastic particles, C – all particles) grouped according to 

a use / no use of gloves during the measurements. Neither outliers nor “lower than” and “higher than” values are 
included.  

 

 

Figure 27: PET particles mass concentration (Value D) as reported by the participants, with respect to the applied 

technique. Labels denote the types of gloves used in the study. Data points without labels refer to laboratories where 
gloves were not used, except L103 (yellow circle), where it was not reported. Extreme, “lower than” and “higher than” 

values are shown in Table 9. 
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Table 9: List of extreme values, “higher than” and “lower than” values in the data set of PET particle mass 

concentration (value A) and use of gloves.  

 Lab code  Value A [µg/L] 
Analysis 
technique 

Type of gloves (if 
any) 

Extreme values 

L095 < 6156 Grav nitrile 

L003 = 6326 FTIR nitrile 

“Higher than” values L073 > 200 PY-GC/MS nitrile 

 

Cleaning paper  

Among the laboratories which measured the PET particle number concentration (value  A), 40% used cleaning 
paper; among those who measured plastic and all particle number concentration (values B and C), it was used 
by 41% and 42%, respectively. The relationship between the number concentration of particles (values A, B, 
C) and a use of cleaning paper is shown in Figure 28. It seems that the use of cleaning paper might have a 
minor influence on the measurement results of the number concentrations A, B and C (see Figure 28). To 
verify this observation, further investigation of this aspect is required. The graphs presenting the use of  
cleaning paper related to the provided number concentration values (A, B and C) along with the techniques 
used in the study can be found in Annex V.  

 

 

 

 

 

 

 

 

 

Figure 28: Particle number concentration (A – PET particles, B – plastic particles, C – all particles) grouped according to 

a use / no use of cleaning paper during the measurements. Neither outliers nor “lower than” and “higher than” values 
are included.  

 

Among the participants who measured the mass concentration of PET particles (value D), 38% used cleaning 
paper (ra = 96%). Among those who measured the mass concentrations of plastic and all particles (values E 
and F), it was 15% and 32% (respectively). Figure 29 shows the PET particle mass concentration in relation 
to the analytical techniques applied and a use (or no use) of cleaning paper during the analysis. Due to the 
low number of cases, it is not possible to draw any conclusions. The graphs presenting plastic and all particle 
mass concentrations show a similar pattern and can be found in the Annex V. 



 
48 

Looking at the extreme, ‘higher-than’ and ‘lower-than’ values (see for example regarding the values D in Table 
10 and other data as shown in Annex V) no commonalities are observed and thus no conclusion can be drawn. 

 

 

Figure 29: PET particles mass concentration as reported by the participants, with respect to the applied technique. 

Labels denote the group of paper types based on the answers (t issue, filter paper, cleaning cloth, hand towel/paper 

towel, wiping paper, paper, only brand). Data points with no label refer to laboratories, where no paper was used, except 
one (yellow circle) where nothing was reported. Extreme, “higher than” and “lowe r than” values are shown in Table 10. 

 

Table 10: List of extreme, “higher than” and “lower than” values in the data set of PET particle mass concentration 

(value D) and use of cleaning paper. 

 Lab code  Value D [µg∙L-1] Technique 
Type of cleaning paper 
(if any) 

Extreme 
values 

L095 < 6156 Grav (not reported) 

L003 = 6326 FTIR (None) 

“Higher than” 
values L073 > 200 PY-GC/MS (None) 
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Specific labware   

Figure 30 shows the reported results for the number concentration of PET, plastic and all particles,  
respectively, grouped according to whether specific labware was utilised during the analysis procedure. 87% 
of the laboratories, which submitted PET particle number concentrations (values A), reported having used 
specific labware; 87% and 88% of the laboratories that delivered number concentrations for plastic or all 
particles (values B and C), did so as well. As can be seen from the figure, significant differences are not 
observable and thus the use of specific labware does not seem to have had an influence on the 
measurements in this study. However, a more in-depths analysis of this aspect would be needed to investigate 
the aspect in more detail. 

The graphs presenting number concentration results for PET, plastic and all particles (values A, B, C) with 
respect to the techniques and a use/no use of specific labware can be found in the Annex V. 

A comparison of measurement results of reported PET mass concentrations in relation to whether specific 
labware was used and the applied analysis technique is shown in Figure 31; cases with submitted extreme, 
‘higher-than’ and ‘lower-than’ values are listed in  Table 11. Due to the small number of cases in these 
categories, it was not possible to draw statistically justified conclusions. 

A use of specific labware was also an often applied practice among the participants, who determined mass 
concentrations: 83% of those who measured value D, 85% of those who measured value E and only 68% of 
those who determined value F applied specific labware.  

Due to the small number of cases in these categories, it was not possible to draw statistically justified 
conclusions. Other graphs, together with respective extreme and “not-equal” results reported for values E and 
F can be found in the Annex V. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 30: Particle number concentration (A – PET particles, B – plastic particles, C – all particles) grouped according to 

a use / no use of specific labware during the measurements. Extreme, “lower than” and “higher than” values are not 
included.  
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Figure 31: PET particles mass concentration as reported by the participants, with respect to the applied technique. 

Labels denote the group of materials based on the answers (G-glass; M-metal, non-specified; Al-foil and Al-filter; S-
stainless steel; cotton; Ag-filter; PP-polypropylene; rubber; nitrile; plastics; labware=only a type was provided, not a 

material). Data points without labels mean no special labware was used. Extreme, “higher than” and “lower than” values 
are shown in Table 11.  

 

Table 11: Extreme, “higher than” and “lower than” values in the data set of PET particles’ mass concentration and 

specific labware material used during the measurements.  

PET Lab code  Value D [µg∙L-1] Technique Labware material 

Extreme values 
L095 < 6156 Grav G 

L003 = 6326 FTIR G, S 

“More than” values L073 > 200 PY-GC/MS nitrile, rubber 

 

In conclusion, the data on the measures applied to prevent contamination during the analysis, as presented 
above, shows that - besides some aspects, such as the use of gloves and cleaning paper, for which slight 
effects seem to be observable - no impact of the number and type of measures applied to prevent 
contamination could be identified under the conditions of this study. However, this has to be taken with care, 
as study participants emphasised that contamination is probably noticeable in particular, if the microplastic 
content of the sample to be analysed is low and if investigating smaller particles. Neither case was applicable 
to the present study. Therefore, further investigation is needed regarding these aspects. 

4.2.2 Use of labware made of polymers  

The study participants were asked if labware made of polymers were used, and if so, to specify the type of 
polymer(s). 26 participants reported having used labware of only one polymer type, seven laboratories 
reported two polymers and three laboratories, three polymers (ra = 41%). Three other study participants 
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mentioned only the type of the labware (fume hood, pipettes, tips, etc) without specifying the material, on 
which the details can be found in Annex V.  

The labware employed by the participating laboratories were composed of a broad variety of materials (see 
Figure 32), many of them being used only by one or two laboratories. Fourteen laboratories used fluorinated 
polymers, of which PTFE was the most common (13 laboratories). The second most frequently applied 
material was polyethylene (both high- and low-density), which was in use by eight participants.  

 
 
 

 

Figure 32: Number of participants reporting 

the use of labware made of polymers and the 
types of polymers/ materials indicated by the 

participants. AC-acrylic material; CO-cotton; 
ETFE-ethylene tetrafluoroethylene; FEP -

fluorinated ethylene propylene; FPE-fluorene 
polyester; MF-microfibre; PC-polycarbonate; 

PE-polyethylene (including high-density PE 
and low-density PE); PES-polyethersulfone; 

PFA-perfluoroalkoxy alkanes; POM-
polyoxymethylen; PP-polypropylene; PS-

polystyrene; PSUL-polysulfone; PTFE-
polytetrafluoroethylene; PVDF-polyvinylidene 

fluoride; RU-rubber; SI-silicone  

 

 

Fifty percent of the participants who measured the number concentration of PET particles (value A) confirmed 
that polymeric labware was used. A comparison of measurement results, considering the analysis technique 
used and the type of the labware’s material, is presented in Figure 33. Out of the participants, who measured 
the number concentration of plastic particles (value B) and all particles (value C), 41% and 35%, respectively, 
reported having used labware made of polymeric material (see data in the Annex V). There is a  possibility 
that using labware made of polymers might have had a (minor) influence on the measurement results for 
particle number concentrations, but this aspect requires further investigation. 

When determining the mass concentration for PET, plastic or all particles, labware made of polymers were 
used by 38%, 54% and 37% participants, respectively.  

Figure 34 shows the distribution of the PET particle mass concentration (value D) along with the techniques 
and the polymers, of which the used labware was made. Further graphs on values E and F, together with the 
details on the related extreme and “not-equal” values, are presented in the Annex V.   
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Figure 33: PET particle number concentration (value A) with respect to the applied technique and  a use/no use of 

labware made of polymers. Labels see Figure 32. Data points without labels refer to laboratories where polymeric 
labware was not used. Extreme, “higher than”  and “lower than” values are shown in Table 12.  

 
 

Table 12: List of extreme, “higher-than” and “lower-than” values reported for PET particle number concentration 

(value A) and polymers of which labware was made. Acronyms for the polymers see Figure 33.  

PET Lab code  Value A [L-1] Technique 
Polymer(s) that the used labware 
was made of 

Extreme 
value 

L032 = 1964 FTIR PTFE 

“Higher 
than” and 
“Lower 
than” values 

L095 < 786 OpMic (not used) 

L036 > 298 FTIR HD-PE 

L008 > 300 FTIR SI 

L120 > 820 FTIR (not used) 

L090 > 1300 FTIR PP 

L053 > 151 Raman (not used) 

L013 > 1016 Raman (not used) 

L017 > 1200 Raman (not used) 
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Figure 34: PET particles’ mass concentration as reported by the participants, with respect to the applied technique and 

a use/no use of labware made of polymers during the measurements. Data points without labels refer to laboratories 
where polymeric labware was not used. Acronyms for the polymers see Figure 33. Extreme and “non-equal” values are 

in Table 13. 

 

Table 13: List of extreme, “higher-than” and “lower-than” values in the data set of PET particle mass concentration 

(value D) and polymers, of which the applied labware was made. Acronyms for the polymers see Figure 33. 

PET Lab code  Value D [µg∙L-1] Technique 
Polymer(s) that the used 
labware was made of 

Extreme value 

L095 < 6156 Grav (not used) 

L003 = 6326 FTIR PP, FEP, ETFE 

“Higher than” 
values 

L073 > 200 PY-GC/MS (not used) 

 

4.2.3 Measures to reduce or remove interfering particles/matter   

Seventy-eight laboratories confirmed and 15 denied having applied measures to reduce or remove interfering 
particles/matter from laboratory equipment or the immediate working area (incl. consumables, glassware, 
bench, air etc.) prior to analysis (ra = 95%). The participants had a possibility to choose among a variety of 
options (up to 6 – see the caption to Figure 35). The practice regarding the removal of interfering matter 
varied considerably among the study participants. While 32 laboratories applied a single measure, 29 
participants worked with two different actions and one laboratory even applied 6 different procedures (see 
details in Annex V).  
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Figure 35: Number of participants 

selecting specific measures reduce or 
remove interfering particles/matter.  

W - Rinsing with purified (filtered) water;  
S - Rinsing with organic solvents;  

D - Rinsing with detergents;  
C - Combustion of organic matter by heat 

(e.g. applied to labware);  

T - Treatment with oxidizing agent (e.g. 
chromic acid, NH4NO3 + heat, H2O2, K2S2O8);  

O – Other. 

 

 

 

 

 

Among the 6 measures of choice, rinsing with purified (filtered) water was the most popular option having 
been applied by 72 laboratories. The second most popular measure was rinsing with organic solvents (25 
laboratories). The frequency of application of these and further measures is shown in Figure 35. Examples 
other than those listed in the figure include the following: 

● wrapping filters in aluminium foil;  

● wiping off fume hoods with ethanol;  

● cleaning in ultrasonic bath;  

● dust removal before working with samples; 

● Hepa filters installed in laboratory;  

● overpressure for filtration laboratory;  

● optical microscope visualization/counting of particle on filters after blank/sample filtration. 

84%, 89% and 80% of the participants who submitted the number concentration of PET, plastic and all 
particles (respectively) used some measures to reduce or remove interfering particles/matter from laboratory 
equipment or the immediate working area. The values of PET number concentration with respect to the 
technique used in measurements and the set of measures applied by the participants are shown in Figure 36. 
Further graphs can be found in the Annex V.  
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Figure 36: PET particle number concentration (value A) as reported by the participants in relation to measures applied 

to reduce or remove interfering particles/matter. Labels on the data points: measures applied (each letter refers to a 
specific measure; see Figure 35). Data points without labels: no measures applied, except L133 (yellow circle) where no 

answer was given. Extreme, “lower than” and “higher than” values are shown in Table 14. 

 

 

Table 14: List of extreme, “higher than” and “lower than” values in the data set of PET particle number concentration 

(value A) and application of measures to remove/reduce interfering particles. Measur es coded as given in Figure 35 and 
Figure 36. 

PET Lab code  Value A [L-1] Technique Measures applied 

Extreme 
value 

L032 = 1964 FTIR W 

“Higher than” 
and “Lower 
than” values 

L095 < 786 OpMic TWD 

L036 > 298 FTIR WD 

L008 > 300 FTIR SW 

L120 > 820 FTIR W 

L090 > 1300 FTIR (not applied) 

L053 > 151 Raman SWDO 

L013 > 1016 Raman WD 

L017 > 1200 Raman (not reported) 
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As for the mass concentration of PET particles, 71% of the laboratories confirmed taking measures to reduce 
or remove interfering particles/matter from laboratory equipment or the immediate working area; among the 
laboratories which determined the plastic particles’ mass concentration it was 69%, all particles – 58%.   

The PET particle mass concentrations related to the applied measures, along with the analytical techniques, 
are shown in Figure 37. Additional graphs can be found in Annex V.   

 

 

Figure 37: PET particle mass concentration (value D) as reported by the participants in relation to measures applied to 

reduce or remove interfering particles/matter. Labels on the data points: measures applied (each letter refers to a 
specific measure; see Figure 35). Data points without labels: no measures applied, except L025, L103, L125 (yellow 

circles) where no answer was given. Extreme, “lower than” and “higher than” values are shown in Table 15.  

 

Table 15: List of outliers and “higher than”/ “lower than” values in the data set of PET particle mass concentration 

(value D) and measures to remove/reduce interfering particles. 

PET Lab code  Value D [µg∙L-1] Technique Measures 

Extreme values 
L095 < 6156 Grav TWD 

L003 = 6326 FTIR WD 

“Higher than” 
values 

L073 > 200 PY-GC/MS C 

 

4.2.4 Information about the level of background  

About two thirds of the participating laboratories (65) reported having analysed blank samples either before 
or after analysis of the ILC test item, while 28 laboratories didn’t investigate blank samples (ra = 95%). There 
was a significant variety of ways how the background level was expressed. From the participants’ 
explanations, the answers have been grouped according to the following categories: Concentration, Absolute 
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number, Number per filter, Number in the blank (sample), Absolute number and size, Number per sample, 
Zero or null or low, Below LOD/LOQ, Few/some fibres, Significant, Quantity not mentioned, Only size.  

For example, the category ‘Quantity not mentioned’ was assigned to the laboratories which only described 
how the background level was investigated rather than delivering an estimate of it, such as “blank values” or 
“Blanks before start proceeding samples to make sure laminar flow hood was decontaminated and blanks 
during all the processes to analyse potential contamination”.  Figure 38 shows the frequency of the various 
reporting categories among the laboratories.  

 

Figure 38: Types of reporting of the background level and frequency of their occurrence: quantitative categories (dark  

blue), descriptive categories (medium blue), no quantity provided (light blue). 

 

Fourteen laboratories claimed the absence of background particles or that the level was very low. A 
concentration value was reported by 12 laboratories, out of which 11 were number concentrations and one 
was mass concentration. The reported background number concentration varied between <1 and 194,000 
particles per litre (excluding the value of one study participant having reported 40 µL-1, which was probably 
an encoding error). The only background mass concentration provided was 300 µg/L. 

Out of 65 laboratories having knowledge about the background, 13 reported having subtracted the found 
amount before reporting the measurement result (or having described a correction of the result), while four 
said explicitly not having done so - mostly because the level (of PET particles/mass) was found to be zero or 
very low. 

Out of the laboratories, which reported PET particle number concentrations (value A), 69% reported to have 
information about the level of background. A comparison of measurement results and analytical techniques 
in relation to the presence or absence of background-level knowledge is given in Figure 39. Among those 
study participants, who reported the number concentration of plastic or all particles (values  B or C), 71% and 
60%, respectively, had knowledge about the level of background. Please refer to  Annex V for the relevant 
graphs. 
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Figure 39: Number concentration of PET particles related to the technique used for the measurement a nd background 

level knowledge (“Yes” marked with blue circles, “Not reported” with yellow circles; “No” – not encircled). Extreme, 

“higher-than” and “lower-than” values are shown in in Table 16.  

 

Table 16: List of extreme, “higher-than” and “lower-than” values in the data set of PET particle number concentration 

(value A) and background level knowledge during ILC measurements. 

PET Lab code  Value A [L-1] Technique 
Background level 
knowledge? 

Extreme 
value 

L032 = 1964 FTIR No 

“Higher 
than” and 
“Lower 
than” 
values 

L095 < 786 OpMic No 

L053 > 151 Raman Yes 

L036 > 298 FTIR Yes 

L008 > 300 FTIR Yes 

L120 > 820 FTIR No 

L013 > 1016 Raman No 

L017 > 1200 Raman (not reported) 

L090 > 1300 FTIR Yes 

 

As for the mass concentration of PET particles, 58% of laboratories confirmed having information on the 
level of background (54% and 37% for plastic and all particles mass concentration, respectively).  
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Figure 40 shows PET particle mass concentration (values D) as reported by the laboratories which had or did 
not have any information about the level of background and the techniques used for analysis. Further figures 
can be found in Annex V. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 40: Mass concentration of PET particles related to the technique used for the measurement and background 

level knowledge (“Yes” marked with blue circles, “Not reported” with yellow circles; “No” – not encircled). Extreme, 
“higher-than” and “lower-than” values are shown in Table 17. 

 

Table 17: List of extreme, “higher-than” and “lower-than” values in the data set of PET particle mass concentration 

(value D) and background level knowledge during ILC measurements. 

PET Lab code  Value D [µg∙L-1] Technique 
Background level 
knowledge? 

Extreme 
values 

L095 < 6156 Grav No 

L003 = 6326 FTIR No 

“Higher 
than” values 

L073 > 200 PY-GC/MS Yes 

 

In conclusion, no systematic effect of the background-level knowledge on the measurement results could be 
identified in this study. This is in line with the lack of observed effects in relation to the measures to prevent 
contamination (see section 4.2.1) and the same considerations apply here as well. 
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4.2.5 Verification of the method used in this study  

When asked about an evaluation of the suitability of the analysis method used in this study, i.e. for the 
analysis of PET in water, 69 participants confirmed having done such an assessment and 25 denied 
(ra = 96%). Those who confirmed, were asked to provide the applied evaluation approach, such as:  

● In-house experiments (H),  

● Consultation of literature (L),  

● Consultation of experts (other laboratories, training course etc.) (E),   

● Ring trial/proficiency test (T),  

● Manufacturer application note (M),  

● Other - please specify below (O).   

To verify the suitability of the applied analysis method, 21 study participants used a single approach, 30 
checked with two different sources and some used even three or four of them.  

 

 

Figure 41: Frequency of use of various approaches to 

evaluate the applied analysis method prior to the ILC. For 
an explanation of labels see bullet point list above. 

Multiple answers possible (ra = 96%). 

 

 

 

Figure 41 shows that most participants (59) applied in-house experiments to evaluate their method and 
42 laboratories consulted the literature. Six laboratories chose “Other” and  described specific strategies: 
measurements of standards, comparison with other techniques, research projects addressing the analysis of 

microplastics
4
 in drinking water, study for the best microscopic method to count plastic in surface and tap 

water, testing the provided spare batch and analysing environmental samples.  

Among those who measured the PET particle number concentration (see Figure 42 and Table 18), 79% 
confirmed having evaluated their method used in this study. Respectively, it was confirmed by 75% and 67% 
of the laboratories who reported plastic and all particles’ number concentrations. There is no indication that 
prior evaluation of the method used in ILC might have had an influence on the measurements. The graphs 
regarding the measurement results for plastic and all particles (values B and C), along with the data on 
extreme and “non-equal” values, can be found in Annex V.  

 

                                     
4 The participant put “MPS”, but it is assumed that ‘microplastics’ should be referred to here. 
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Figure 42: Number concentration of PET particles related to the technique used for measurements and the means 

applied for method evaluation before the ILC. For an explanation of labels, see bullet point list above. Data points 
without labels refer to laboratories which did not evaluate their methods prior to the study, except L133 (yellow circle), 

where no answer was given. Extreme, “higher-than” and “lower-than” values are shown in Table 18.   

 

Table 18: List of extreme, “higher-than” and “lower-than” values in the data set of PET particle number concentrations 

(value A) and approach for the evaluation of the applied analytical method. For an explanation of labels see bullet point 
list above.  

PET Lab code  Value A [L-1] Technique 
Method evaluated 
prior to the study? 

Method evaluation 
approach(es) 

Extreme 
value 

L032 = 1964 FTIR Yes HLM 

“Higher 
than” and 
“Lower 
than” 
values 

L095 < 786 OpMic Yes HL 

L036 > 298 FTIR Yes HL 

L008 > 300 FTIR Yes HLEM 

L120 > 820 FTIR Yes H 

L090 > 1300 FTIR Yes LEM 

L053 > 151 Raman Yes HLEM 

L013 > 1016 Raman Yes HL 

L017 > 1200 Raman (not reported) -- 
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Figure 43: Mass concentration of PET particles related to the technique used for measurements and the means applied 

for method evaluation before the ILC. For an explanation of labels see bullet point list above. Data points without labels 
refer to laboratories which did not evaluate their methods prior to the study, except L103 (yellow circle), whe re no 

answer was given. Extreme, “higher-than” and “lower- than” values are shown in Table 19. 

 

Table 19: List of extreme, “higher-than” and “lower-than” values in the data set of PET particle mass concentration 

(value D) and method evaluation prior to ILC. 

PET Lab code  
Value D  
[µg∙L-1] 

Technique 
Method evaluated 
prior to the study? 

Method evaluation 
approach 

Extreme 
values 

L095 < 6156 Grav Yes HL 

L003 = 6326 FTIR No -- 

“Higher  
than” value 

L073 > 200 PY-GC/MS Yes O 

 

The results of the mass concentration of PET particles along with the measurement techniques 
and a confirmation or denial of a prior method evaluation are presented in Figure 43 and in Table 19. 71% 
admitted having verified their methods prior to the study. Among those who submitted plastic particles’ mass 
concentrations, 77% used previously verified method, and 58%, respectively, among the participants 
analysing total mass of particles. Since the results are rather sparse it is not possible to conclude whether 
the method evaluation prior to ILC had an influence on the outcome when microplastics’ mass concentration 
is determined. The other graphs, regarding the mass concentration of plastic and all particles, can be found 
in Annex V. 

4.3 Reconstitution protocol 

The sample kit contained three components (see section 2.2.4), which were used to create the water sample 
to be analysed in this study. To this end, the laboratories were instructed to follow a protocol provided by the 



 
63 

study organiser (‘reconstitution protocol’, see Annex II) in order to transfer the microplastic particles 
embedded in a NaCl carrier into a bottle of water, using a surfactant solution. The result was a sample of one 
litre of water, containing microplastic particles, which was used as test item. 

Before starting the reconstitution of the sample, the mass of the NaCl carrier was determined by the 
laboratories in order to control the completeness of the transfer of NaCl carrier. The  instruction on how to 
determine this mass was part of the reconstitution protocol.  

Nearly all participating laboratories (95 out of 98 which equals an answer rate of ra = 97%) provided values 
for the mass of the NaCl carrier. Figure 44 shows the measured mass of the NaCl carrier as reported by the 
participants in order of ascending values. The masses varied between 5 mg and 500 mg with an average 
over all values of 282 mg (solid line in Figure 44) and a standard deviation (SD) of 49.2 mg, which corresponds 
to a relative standard deviation (RSD) of 17.4%. While laboratories L017 and L025 did not report the mass 
of NaCl carrier, laboratory L076 analysed two vials but the NaCl mass was given only for one. 

 

Figure 44: Mass of the NaCl carrier as measured by the study participants. Solid line: average; dashed lines: +/ - SD; 

ra = 98%. 

 

Overall, the analysis of NaCl masses shows a sufficiently low dispersion of values and a good correlation 
with the expected mass (283 mg ± 3.5%), even though a few very low or very high masses were reported by 
the study participants. This demonstrates a reasonably complete emptying of the vial with the NaCl carrier 
and is further proof that uniform samples were provided to the ILC participants. In addition, no correlation 
could be observed between the reported NaCl mass and the submitted measurement results for values A 
to F. 

The provided reconstitution protocol was perceived as sufficiently clear by a large majority (94%) of the 
participants (ra = 96%). The difficulties encountered were related to details, which – according to two 
participants – were missing. All comments put forward by the study participants regarding the reconstitution 
protocol can be found in Table 20.  

Most of the laboratories (94%) accurately followed the reconstitution protocol, while six laboratories applied 
certain modifications (ra = 100%), which are presented in Table 20 as well. 
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Table 20: Comments regarding the reconstitution protocol from participants who reported problems or did not 

completely follow the reconstitution protocol. Notes by the authors in square brackets. 

Lab code 
Protocol 

followed? 

Protocol 
sufficiently 

clear? 
Comment by the laboratory 

L008 Yes No 
The process of drying the 10 mL vial with NaCl-carrier after 

reconstitution procedure is not indicated. We left it drying in the 
fume hood over night at room temperature. 

L021 No Yes 
NaCl carrier and PET- particles + Triton were from ID 106 and 

water bottle ID 105. [The ID numbers refer to the ID of the 
sample kit.] 

L060 No Yes 
The portions of Triton X-100 were added to the sample with a 

glass syringe (equipped with stainless-steel filter holder & glass 
fibre filter (0.7 µm pore size). 

L069 Yes No 

We asked back and checked it with organizers of JRC. Unclear 
was the following: For the step „Weighing of the NaCl-carrier 

before reconstitution“ it is said, that the NaCl-carrier is weighted 
before reconstitution without the insert and cap. But further the 

insert is rinsed. Therefore, particles on the insert are still 
analysed, even though they are not weighted before. 

L092 No Yes 
Step 4 [of the reconstitution protocol] was repeated only 7 times; 
the rest of the Triton X-100 solution was used to rinse the NaCl-

vial and the bottle at the end of the filtration. 

L110 No Yes 
Remaining fluids at vial edges were transferred with glass funnel 

and filtrated water. 

L131 No Yes 

The 1-L clear glass bottle was found to have a comparatively 
small neck. It was assumed that its inside would not be 

completely accessible for rinsing. To avoid the risk of leaving 
particles behind, we used a 2 L glass beaker (cleaned like the 

filtration device and already used in the blank sample 
preparation) and performed all steps of the reconstitution 

protocol that required rinsing/pouring into the 1 L bottle (steps 2, 
3, 4) as pouring/rinsing into the 2 L glass beaker. As a final step, 
we poured the 950 mL of deionised water from the 1 L bottle 
into the 2 L beaker. The movement of the liquid induced by the 

pouring was used to homogenize the particles. The 1 L glass 
bottle, its cap and the 10 mL vial that contained the NaCl carrier 
were subsequently rinsed with 200 mL ultrapure water (MilliQ: 

deionised water filtered through a 0.2 µm filter). 

L140 No Yes 
50 ml of Triton-X was poured to a measuring glass (that is the 

only extra step not described in the protocol) before pipetting 10 
x 5 ml. 
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Figure 45: PET particle number concentrations and the applied techniques, indicating the results from laboratories that 

reported not having followed completely the reconstitution protocol (yellow circles) or that deemed t he protocol not 

being sufficiently clear (blue circles). The arrows up mark ‘higher than’ values, the arrows down ‘lower than’ values; 
extreme values are not presented in this figure.  

 

Figure 45 presents the PET number concentrations (values A) as provided by the participants (n=62), 
depending on the applied technique. The values generated by those laboratories, which reported deviations 
from the reconstitution protocol, or which claimed that the protocol was not sufficiently clear (marked with 
circles in the figure) are evenly distributed over the range of all values. Hence, it seems that neither the 
applied deviations nor the doubts about the reconstitution affected the measurement of the PET particle 
number concentration.  

There was one extreme value in the data set of PET number concentrations (L032, 1964 L-1, measured by 
µFTIR), although the laboratory perceived the reconstitution protocol as being sufficiently clear and reported 
having followed it without any deviations.  

The same pattern was observed for the reported number concentrations of plastic particles and all particles 
(values B and C, see Annex V for relevant figures).  

Also, when looking at the results for the mass concentration of PET particles (n=24), no effect could be 
observed which could be attributed to deviations from the reconstitution protocol or doubts about its clarity. 
As only three laboratories reported such issues this was judged to be too few to draw any conclusion (see 
Figure 46 for PET particle mass concentrations and Annex V for mass concentration of plastic particles and 
all particles). 

Two extreme values recognized among the values of PET particle mass concentrations, were submitted by 
L095 (<6156 µg/L, by gravimetry) and by L003 (=6326 µg/L, by µFTIR), however both laboratories confirmed 
that the reconstitution protocol, which was deemed sufficiently clear, was accurately followed.  

The graphs with data of the mass concentration of plastic/all particles can be found in Annex V.  
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Figure 46: PET particle mass concentration and the applied technique, indicating the results from laboratories that 

reported not having followed completely the reconstitution protocol (yellow circles) or that deemed the protocol not 
being sufficiently clear (blue circles). Extreme values are not presented.  

 

In conclusion, the reconstitution protocol was followed by a large majority of the participants and was mostly 
deemed sufficiently clear. It seems that the reconstitution was not a critical factor influencing the 
laboratories’ measuring results, neither for the number nor the mass concentration.  

  



 
67 

4.4 Sample preparation  

A wide variety of practices and procedures were used by the participating laboratories to prepare the samples 
for the final determination step. They are described and analysed in this chapter.  

4.4.1 Sample volume analysed 

The majority of laboratories (83) used the entire 1-litre sample for the analysis, while 13 laboratories split 
the sample into several sub-samples for technical reasons (due to the labware used and/or the limitations of 
the measurement technique applied). Of the latter, six laboratories proceeded using a total volume which was 
less than 1 litre (see Table 21). 

 

Table 21: Analysed sample volume, number an volume of sub-samples used by laboratories not proceeding with the 

entire 1 litre sample (ra = 98%). 

Lab 
code 

Volume of 
each sub-

sample 

Number of 
sub-

samples 

Total 
volume 

analysed 

Lab 
code 

Volume  
of each sub-

sample 

Number of 
sub-

samples 

Total 
volume 

analysed 

L018 0.5 ml 10 5 ml L080 200 ml 5 1000 ml 

L014 10 ml 3 30 ml L023 250 ml 4 1000 ml 
L058 10 ml 3 30 ml L004 250 ml 4 1000 ml 
L020 50 ml 3 150 ml L137 250 ml 4 1000 ml 
L008 100 ml 3 300 ml L053 500 ml 2 1000 ml 
L095 250 ml 2 500 ml L096 500 ml 2 1000 ml 

    L116 500 ml 2 1000 ml 

 

As can be seen from Figure 47 (count of PET Particles), Figure 48 (count of plastic particles) and Figure 49 
(count of all particles), the scatter of values seems similar for the three distinct groups. A comparable 
behaviour was observed for the mass concentration measurements (see the exemplary figure with values F 
in Annex V).  

Thus, the use of sub-sampling compared to the processing of the entire 1-litre sample does not seem to 
create significantly different results. It is however assumed that the study participants who applied sub-
sampling ensured an appropriately homogenised suspension, from which the sub-samples were taken.It 
should be noted that the number of laboratories applying sub-sampling was quite low and thus a potential 
trend might have been missed by this study. 
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Figure 47: Number of PET particles found for different sample quantities and partitions (closed circles: 1-litre sample 

as a whole; open circles: 1-litre sample split into sub-samples; diamonds: only part of the 1-litre sample used). 

 

 

Figure 48: Number of plastic particles found for different sample quantities and partitions (closed circles: 1-litre 

sample as a whole; open circles: 1-litre sample split into sub-samples; diamonds: only part of the 1-litre sample used); 
one extreme value in this value category is depicted as mark (with arrow up) on the upper rim of the scale.  
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Figure 49: Number of total particles found for different sample quantities and partitions (closed circles: 1-litre sample 

as a whole; open circles: 1-litre sample split into sub-samples; diamonds: only part of the 1-litre sample used); extreme 
values are shown as marks (with arrow up) on the upper rim of the scale.  

 

4.4.2 Rinsing and homogenisation  

Two thirds of the laboratories (66) rinsed the 1L-sample bottle before proceeding to the analysis and 
22 laboratories reported not having done so (ra = 97%). A further seven laboratories replied that rinsing was 
not applicable, out of which five laboratories (L08, L014, L20, L58, and L95) took sub-samples for analysis. 

An example of the distribution of results as a function of whether a rinsing step is applied, are shown in 
Figure 50. In this specific case the data shows the number concentration results A, B and C but mass 
concentration results show similar patterns. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 50: Distribution of results (A – PET particles, B – plastic particles, C – all particles found) depending on whether 

the sample bottle is rinsed after pouring the water sample or not  
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Figure 51: Type of solvent used for rinsing of the 1L sample bottle  

 

Laboratories that applied rinsing, used different solvents or mixture of solvents for this step (see Figure 51) 
and the rinsing volume varied from 10 mL to 1800 mL. Due to the high number of combinations of rinsing 
solvents and volumes, no analysis was carried out on these parameters. 

The results produced for the number concentration of all particles (value C) by laboratories L018 (1.7x106 
particles/L) and L039 (50x106 particles/L), which were identified as extreme values, are not represented in 
Figure 50, but were considered for the data evaluation. For the reported values C, a significant difference can 
be observed between the groups ‘rinsing’ and ‘not rinsing’. This has been attributed to  four measurement 
results (L018, L023, L038 and L039) flagged as extreme values (see section 2.5.3) in the ‘not rinsing’ group. 

Overall, applying a rinsing step or not, does not seem to have a significant impact on the resulting value of 
particle number concentration. 

Besides rinsing, also a homogenisation step was applied by more than half of the laboratories (51), while 41 
laboratories didn’t performed such a step (ra = 94%). In Figure 52 the distribution of number-concentration 
measurement results (values A, B and C) are shown in relation to the use of a homogenisation step. A slightly 
elevated median for the groups applying homogenisation can be observed.  

The analysis of extreme values submitted did not result in any other conclusion regarding the impact of an 
applied homogenisation step, since three of them (L039 - 50x106 total particles; L058 – 9.1 x105 plastic 
particles; L131 – 9966 total particles) were obtained using homogenisation, while the fourth (L018 - 1.7x106 
total particles) was obtained without such a step (not shown in Figure 52).  

The results obtained for the mass of all particles (value F) are often higher for the ‘homogenisation’ group 
than for the group not using homogenisation (see Figure 53). A significantly higher mean for the former group 
could be observed, eight out of nine values are above the indicative range (210 – 370 µg/L) and three 
measurement results even fall into the category of extreme values (> 1400 µg/L). However, for the mass 
concentration of PET (value D) and plastic particles (value E), no significant difference could be found between 
the groups (see Annex V). 
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Figure 52: Distribution of reported number concentration results for PET (A), plastic (B) and all particles (C) depending 

on whether a homogenisation step was applied. Extreme values not shown . 

 

 

Figure 53: Distribution of reported mass concentration results for all particles (value F) depending on whether a 

homogenisation step was applied or not: including (a) or excluding (b) extreme values. 

 

In the majority of cases (88%), the homogenisation was done by manual shaking (from gentle to vigorous), 
vortexing or stirring and six laboratories reported having carried out sonication. However, most of the 
laboratories did not report at which step of the sample preparation procedure they performed the 
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homogenisation, while eight laboratories specified that the homogenisation was done before filtration, and 
three that it was part of the reconstitution process.  

Overall, a tendency to detect slightly higher number concentration can be observed when applying a 
homogenisation step. The method of homogenisation, however, seems not to have any impact on the particle 
number concentration (see figures in Annex V). 

4.4.3 Use of additional substances and removal of non-plastic matter 

Twelve laboratories reported the addition of one or more substance(s) or solution(s) during sample 
preparation, of which two mentioned water and/or triton solution. Apart from L115, all those laboratories 
reported to apply purification of the used solvents or to check their reagents for absence of microplastics 
(see also section 4.2.1). The majority (83) of study participants didn’t use any additional substance (ra = 97%). 
Additional substances used – other than water and triton solution – are listed in Table 22 (n = 10). 

Thirteen study participants (14%) applied a procedure to remove non-plastic matter from the sample (see 
Table 22), of which three (L076a/b and L075) reported practices that did not serve the digestion of non-
plastic materials but rather were preventive measures to avoid contamination of the sample (covering  
glassware) or a pre-filtration/concentration procedure, respectively. Therefore, the practice of the latter three 
laboratories are not listed in the table. The majority of laboratories (82) however did not mention any removal 
procedure (ra = 97%). 

 

Table 22: Additional substances (other than water and triton solution) used by laboratories during sample preparation 

and procedures to remove potentially present non-plastic matter 

Lab code Additional substances used Procedure to remove non-plastic matter 

L021 

Sodium dodecyl sulfate, 10% (100ml), 
protease (20ml) + Tris HCl 1 M buffer 

(100 ml), cellulase (3x25ml) +Tris HCl 1 M 
buffer (100ml), H202 35% (100ml) , 

chitinase (5ml) + NaOAc 1 M buffer (100 
ml), H202 35% (100ml) 

Sodium dodecyl sulfate, 10% (100ml), 
protease (20ml)+ Tris HCl 1 M buffer (100 ml), 

cellulase (3x25ml) +Tris HCl 1 M buffer 
(100ml), H202 35% (100ml) , chitinase (5ml) + 
NaOAc 1 M buffer (100 ml), H202 35% (100ml) 

L034 H2O2 + ferrosulfate H2O2 + ferrosulfate 

L051 KOH triton KOH 

L058 HNO3, dichloromethane HNO3, dichloromethane, ultrapure water 

L060 H2O2 H2O2 

L090 Ethanol -- 

L097 10% KOH 10% KOH 

L115 H2O2 sieving on 10 µm + H2O2 

L128 FeSO4 + H2O2 Digestion with FeSO4 + H2O2 

L130 -- Digestion with KOH + H2O2 

L134 -- 

Laboratory procedure to prevent 
contamination, removal of the organic matter 
on the glassware (combustion, rinsing with 

solvents) 

L137 Ethanol -- 

 

As examples, Figure 54 (PET number concentrations, values A) and Figure 55 (PET mass concentrations, values 
D) show a comparison between measurement results for laboratories having applied procedures to remove 
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non-plastic material and those not having used such procedures. The scatter of data points for the two groups 
(with and without treatment) seem to be the same for values A and D. Similar patterns were observed for 
the values B and C (see Annex V). Only one data point was available for the value E and F, therefore no 
comparison could be made. 

While there are only a few data points available for the various measurands, it seems that use of additional 
steps to remove non-plastic material does not make any significant difference to the particle count or mass 
determined. It has to be considered though that the sample matrix did not contain any (intentionally added) 
non-plastic particulate matter. Still, it can be concluded that the applied procedures do not seem to lead to a 
loss of target material under the conditions of this ILC.   

 

 

Figure 54: Comparison of measured PET number concentrations with (full circles) and without (open circles) application 

of a treatment serving the removal of non-plastic matter. 

 

 

Figure 55: Comparison of measured PET mass concentrations with (full circles) and without (open circles) application 

of a treatment serving the removal of non-plastic matter. 
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4.4.4 Filtration 

During sample preparation, most laboratories (93 out of 98) applied a filtration step and 92 of them provided 
information about the applied filter material (ra = 99%). 

For the five laboratories, which did not use a filtering step, there was no commonality in terms of the applied 
analysis technique (see Table 23). However, three of these laboratories (L018, L020 and L058) used only a 
fraction of the 1L water sample for analysis (see Table 21 on page 68). 

Table 23: Analysis technique used by laboratories that did not apply a filtration step during sample preparation.  

Lab Code Analysis technique 

L017 Raman microscopy 

L018 Flow cytometry 

L020 AccuSizer SIS 780 with SPOS technology (Single Particle Optical Sensing) 

L044 FTIR microscopy; Pyrolysis GC/MS 

L058 Electron microscopy (SEM, SEM-EDS) 

 

Properties of the applied filters 

A variety of filters were used by the study participants, as can be seen from Figure 56. Out of 11 filter 
categories (including ‘other’) four are completely or partially made of plastic material (hatched in Figure 56), 
namely PTFE, polycarbonate (PC), Nylon and Anodisc with polypropylene (PP) ring. 

 

 

Figure 56: Type of filter used for the filtration step. Hatched bars: filter types containing plastic material.  

PC – polycarbonate; PP – polypropylene; PTFE – polytetrafluoroethylene.  

 

As examples, Figure 57 and Figure 58 show the measurement results for PET and plastic number 
concentrations (values A and B), respectively, when using different types of filters. For some filter materials 
(glass, PC, PTFE), a tendency towards lower measurement results seem to occur. However, this effect is not 
specific to filters made of or containing a synthetic polymer material. In addition, it should be noted that the 
number of cases in each category is low and thus a general trend could not be concluded. Similar results were 
obtained for number concentration of all particles (values C) (see Annex V). 

For the mass concentrations (value D, E and F) as well, too few data points were available to make conclusions 
about the effect of the type of filters. However, for the mass concentration of all particles (value F), the 
measurement results are higher with the use of a cellulose filter (see Annex V). 
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Figure 57: Comparison of measured PET particle number concentrations (values A) for the different types of filter 

materials. 

 

 

Figure 58: Comparison of measured plastic particle number concentrations (values B) for the different types of filter 

materials. 

 

Besides their composition, the filters used by the study participants also varied in other specifications, such 
as diameter, thickness, pore size and number of pores, which can be seen from Table 24.  
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Table 24: Range of specifications of filters used by the study participants. 

Parameter and unit 
Range of  

reported values 
Number of replies 

provided 
Answer rate  

ra 

Diameter [mm] 4 – 110 
5
 89 96% 

Thickness [µm] 0.18 – 1000 57 61% 

Pore size [µm] 0.2 – 45 89 96% 

Number of pores per mm2 10 – 4x109 90 97% 

 

Regarding the filter specification, due to the high variety of answers for the thickness and number of pores 
per mm², only the diameter and the pore size parameters could be evaluated. 

For the evaluation, the filter diameter parameter was divided into two groups with approximately the same 
number of laboratories: 

● Filter diameter below 30 mm (48 laboratories) 

● Filter diameter above 30 mm (41 laboratories) 

As can be seen in Figure 59, the filter diameter has no influence on the PET particle (A) concentration. In the 
case of measurement of plastic particles (B) and all particles (C) it seems that the use of filters with diameters 
below 30  mm results in slightly higher particle numbers. For all particles (C), the extreme values reported by 
L131 (9966 particles) and L39 (50x106 particles) for the group below 30 mm have been omitted from the 
figure. 

 

Figure 59: Distribution of results (A – PET particles, B – plastic particles, C – all particles found) depending on the filter 

diameter 

 

For the evaluation, the same approach was used by applying two groups depending on the filter pore size: 

● pore size ≤ 2µm (46 laboratories) 

● pore size > 2µm(43 laboratories) 

                                     
5 One laboratory reported a filter diameter of 0.001 mm, which is assumed to be an encoding error and was thus excluded from th e analysis. 



 
77 

 

Figure 60: Distribution of results (A – PET particles, B – plastic particles, C – all particles found) depending filter pore 

size 

 

Figure 60 shows the distribution of results for the particle concentration obtained using two different filter 
pore size ranges. For all particles (C) found, the results of L39 (50x106 particles) and L131 (9966 particles) 
respectively for the group below 2 µm and the group above 2 µm are not shown. 

The filter pore size seems to have no influence on the particle concentration. 

The following additional observations were made regarding the filtration procedure applied:  

● Most of the laboratories chose the type of filter they used based on previous in-house 
experiments (46%) and on previous in house experiments/consultation of the literature (26%) – 
ra = 94%. 

● Most of the laboratories (86) used vacuum to assist the filtration, while only two used positive 
pressure and four no filtration support at all – ra = 94%. 

● 40 laboratories measured the pressure during filtration, while 16 reported that they did not 
measure it. The measured pressure difference ranged from 0.13 to 4 bar – ra = 58%. 

 

Characteristics of the filtration procedure 

Thirteen laboratories reported having applied one single filtration/sieving step, while five participants reported 
two steps, two laboratories used three steps and three participants applied four filtration/sieving steps – 
ra = 25%. 

Most of the laboratories (86) reported a filtration time (ra = 92%), which was between 0.25 min and 600 min: 

● 28 laboratories below 5 min, 

● 35 laboratories between 5 and 30 min, 

● 23 laboratories above 30 min. 

No correlation could be found between the diameter of the filter and the filtration time. 

For most of the laboratories (74), the flow rate was constant during filtration. For the others (13), the flow 
rate decreased when refilling the filtration unit, when the filter started to get clogged or the filtration was 
stopped for emptying the collecting flask – ra = 94%. 
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54 laboratories rinsed the filter after the filtration. Different solvents (or mixture of solvents) were used for 
the rinsing like methanol, ethanol, ultrapure water, diluted Triton X solution (same as 4.4.2) – ra = 92% 

70 laboratories reported that the filter was stored before and/or after the filtration. Often (49% of cases), 
the filter was placed into a glass Petri dish, otherwise in an aluminium foil, between glass cover slides or it 
was put in a vacuum chamber, dessicator or in a glass container – ra = 73%. 

During the workshop, many participants reported that due to a problem of adjustment/sealing of the filter 
with gasket/filtration unit, many particles were found between the edge of the filter and the gasket /filtration 
unit wall leading to a potential underestimation of the particle number and/or mass. 
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4.5 Analysis techniques applied 

In the context of this study, laboratories applied 16 different techniques (or combinations of them) for the  
analysis of the test items. Figure 61 shows that the most used technique was FTIR microscopy, followed by 
Optical Microscopy and Raman microscopy. The most popular mass-based method was gravimetry. In 
contrast, NMR, Flow Cytometry and Particle Counter was each applied for generating only one reported value. 

 

4.5.1 Application of analysis techniques 

The use of the various techniques differed quite substantially for the six values that could be reported in this 
study, i.e. number concentration of PET particles (value A), of plastic particles (value B), of all particles 
(value C) and the mass concentration of PET particles (value D), of plastic particles (value E), of all particles 
(value F). Figure 62 presents the distribution of analytical techniques applied for the determination of values 
A, B and C. The technique most often used to determine PET particles was µFTIR (37 out of 62). The second 
most frequently applied technique was µRaman (15). For the measurement of value B, µFTIR is again a leading 
technique while µRaman and fluorescence microscopy are almost equally popular. Optical microscopy was 
most often selected to count all particles in the sample (value C). 

 

 

Figure 62: Techniques used for measuring the number concentration of PET particles (on the left), plastic particles  

(middle) and all particles (on the right). Coding of the analytical techniques see section 2.5.4. 
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Figure 61: Analysis techniques and number of reported values produced with them. Coding of the techniques see 

section 2.5.4. For one of the 241 submitted values the applied technique was unclear (not included in the bar chart).  
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The analytical techniques used for the determination of values D, E and F are shown in Figure 63. The mass 
concentration of PET particles was mostly determined by pyrolysis-GC/MS (9 out of 19), while for plastic 
particles FTIR microscopy was most often selected (4). In case of all particle mass concentration the dominant 
technique was gravimetry (14).  

 

 

Figure 63: Techniques used for measuring the mass concentration of PET particle s (to the left), plastic particles 

(middle) and all particles (to the right). Coding of the analytical techniques see section 2.5.4. 

 

About one third of all laboratories participating in the study reported only one value (see Table 3 on page 37), 
29 of which provided a number concentration value (A, B or C) and 23 a mass concentration result (value D, 
E or F). The techniques applied in such cases are shown in Table 25. For the determination of the PET particle 
number concentration (value A), five laboratories used µFTIR, two  chose µRaman and one laboratory applied 
SEM. Among the participants who provided only one of the three results for mass concentration (values D, E 
or F), five used pyrolysis-GC/MS to determine PET particle mass concentration (value D) and only once for 
plastic particles (value E). The participants who provided only the mass concentration of all particles (value 
F) used mainly gravimetry. 

Table 25: Techniques applied by participants, who submitted only one number concentration value (n = 29) or one 

mass concentration value (n = 23) and the frequency of the techniques ’ use. 

Measurement of number concentration of particles 

Value A Value B Value C 

µFTIR 5 Fluo 7 OpMic 8 

µRaman 2 µFTIR 1 PC 1 

SEM 1 OpMic 2 FC 1 

  SEM 1   

Measurement of mass concentration of particles 

Value D Value E Value F 

PY-GC/MS 5 PY-GC/MS 1 Grav 8 

TED-GC/MS 2 Grav 1 ? 1 

FTIR 1 Fluo 1   

Grav 1     

HPLC 1     

NMR 1     

 

Very often, a laboratory changed method when reporting different value types, in particular when shifting the 
focus of the analysis from PET or/and plastic particles to ‘all particles’. This practice is further investigated in 
the paragraphs and tables below – separately looking at number and mass concentration results, respectively. 

Among the participants who determined two measurands (Table 26), eight applied µFTIR to measure the PET 
particle number concentration, of which five chose µFTIR for the analysis of plastic particles, and three used 
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optical microscopy for all particles. Raman spectroscopy was used by six laboratories to determine PET 
particle number concentration, of which three used the same technique again to analyse plastic particles but 
the other three chose optical microscopy to measure all particles. Determination of plastic and all particles 
was done by two laboratories by means of fluorescence microscopy. One participant analysed plastic particles 
with a melting technique and switched to optical microscopy to determine all particles. Also , one participant 
measured both plastic and all particle number concentration by means of optical microscopy.  

Table 26: Techniques applied by participants, who submitted two number concentration values (n = 18) and the 

frequency of the techniques’ use.  

Measurement of number concentration of particles 

Value A Value B Value C 

FTIR 8 
FTIR 5   

  OpMic 3 

Raman 6 
Raman 3   

  OpMic 3 

  

Fluo 2 Fluo 2 

melting 1 
OpMic 2 

OpMic 1 

 

Table 27 presents the techniques used by the participants who submitted all three number concentrations 
(PET, plastic and all particles). Using the same technique for all three values, was quite a common approach 
(16 out of 40 laboratories: 10 used µFTIR, three applied LDIR, two employed optical microscopy and one 
participant used SEM). µFTIR was the most popular technique used for PET and plastic particles 
(24 participants), but it was quite often replaced with another technique for determining all particles: 
13 participants switched to optical microscopy and one participant used SEM. Raman microscopy was selected 
by seven laboratories to determine PET and plastic particles, but only one of them continued the 
measurements of all particles with this technique. Further six laboratories switched to optical microscopy.    

Table 27: Techniques applied by participants, who submitted three number concentration values (n = 40), and the  

frequency of the techniques’ use.  

Measurement of number concentration of particles 

Value A Value B Value C 

FTIR 24 FTIR 24 

FTIR 10 

OpMic 13 

SEM 1 

LDIR 3 LDIR 3 LDIR 3 

melting 1 melting 1 OpMic 1 

OpMic 2 OpMic 2 OpMic 2 

Raman 7 Raman 7 
OpMic 6 

Raman 1 

SEM 1 SEM 1 SEM 1 

FTIR/Raman 1 FTIR/Raman 1 OpMic 1 

OpMic+py-GC/MS 1 OpMic+py-GC/MS 1 OpMic 1 

 

Two participants submitted both, mass concentration of PET and plastic particles (Table 28), and in both cases 
µFTIR was used for mass evaluation. Four participants analysed PET mass concentration with py-GC/MS; one 
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of them continued using the same technique to analyse plastic particle mass concentration, while three others 
measured the mass of all particles by gravimetry.   

Table 28: Techniques applied by participants, who submitted two mass concentration values (n = 6) and the frequency 

of the techniques’ use.  

Measurement of mass concentration of particles 

Value D Value E Value F 

FTIR 2 FTIR 2   

PY-GC/MS 4 
PY-GC/MS 1   

  Grav 3 

 

Seven study participants submitted all mass concentration values (Table 29). Six of them used the same 
technique for all three measurements (values D, E and F), namely µFTIR (2 laboratories), gravimetry (2), HPLC 
(1) and TED-GC/MS (1). Only one participant decided to change the technique for the measurement of all 
particles, from TGA to gravimetry.  

Table 29: Techniques applied by participants, who submitted three mass concentration values (n = 7) and the 

frequency of the techniques’ use.   

Measurement of mass concentration of particles 

Value D Value E Value F 

FTIR 2 FTIR 2 FTIR 2 

Grav 2 Grav 2 
Grav 3 

TGA 1 TGA 1 

HPLC 1 HPLC 1 HPLC 1 

TED-GC/MS 1 TED-GC/MS 1 TED-GC/MS 1 

 

Four study participants even reported all six possible values. One of them used only µFTIR for all six value 
types. Another laboratory determined value C with optical microscopy and all others with µFTIR. A third 
laboratory used optical microscopy for values A, B, C and gravimetry for values D, E, F, while the fourth 
participant submitting six values applied multiple techniques (optical microscopy with and without a melting 
test, TGA and gravimetry). 

One laboratory (L134) reported a result, measured with µFTIR, for the number of all particles (value C) that 
was much smaller (6 L-1) than the laboratory’s values A and B (755 L-1 and 761 L-1, respectively). As the 
number of all particles (C) must be larger or equal to value B, this is most probably an encoding error. The 
value is therefore not considered for further analysis. 

4.5.2 Comparison of results of the different analysis techniques 

In the following, a comparison of the results obtained with the different analysis techniques applied in this 
study is made. To analyse the statistical significance of a possible difference in means, Welch's t-test with a 
confidence level of 90% (α = 0.1) was applied (for more details on the statistical method and the results of 
selected statistics, see Annex VI). 

The results obtained by the study participants for the number concentration of PET, plastic and all particles 
(values A, B and C) grouped by the analysis technqiue used are shown in Figures 64 - 66, excluding (i) the 
values identified as extreme by the appraoch descibed in section 2.4.3 and (ii) value C of laboratory L134, 
which was most probably an encoding error (see above). 
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For values A and B (Figures 64 and 65), most of the mean and median values calculated lie in or close to the 
indicative range (500 – 1100 L-1). On average, µRaman results in this study tend to be higher than the values 
measured with µFTIR, while the beteen-laboratory variation is quite high for both techniques (RSD between 
40% and 70%). However, the difference of the mean values proved not to be statistically significant for A, 
but does for B. Thus, it is unclear whether the observation is a general feature of these methods.  

The three laboratories using LDIR obtained particle numbers below the indicative range and below both the 
means of µFTIR and µRaman measurements. The mean value of LDIR results is significantly lower for both A 
and B, compared to µFTIR and µRaman. The between-laboratory variability of LDIR measurements (RSD of 
13% and 12% for values A and B, respectively) was lower than for µFTIR and µRaman results, but it has to 
be considered that the number of values produced with LDIR was very low in this study.  

The performance of methods based on optical microscopy (including fluorescence microscopy), seem to be 
very similar under the conditions of this study, as no statistically significant difference between the mean of 
values for B (see Figure 65) could be identified. It has to be considered though that it was known to the 
participants that the plastic particles were made of PET. The ‘identification’ under the microscope might 
therefore be aided by the fact that the PET particles in the samples looked very similar and were easily 
recognisable, once distinguished from non-plastic material. Also, a statistically significant difference between 
the mean of the values obtained with fluorescence microscopy and other non-spectroscopic approaches to 
distinguish between plastic and non-plastic particles (group ‘Mic’ in Figure 65) is not observable. However, the 
between-lab reproducibility when using fluorescence microscopy was lower in this study. 

For the determination of all particles (value C, Figure 66), the mean of results obtained with optical microscopy 
(670 L-1) falls in the indicative range, while the mean of µFTIR measurements (432 L-1) is lower and outside 
the indicative range, which is a statistically significant difference. However, a high inter-laboratory variation 
was observed in this study and eight out of 42 submitted optical-microscopy results were identified as 
extreme values (> 1900 L-1). This shows that using µFTIR for the determination of all particles has no 
advantage compared to ‘simple’ optical microscopy, to the contrary, it seems to lead to a systematic 
underestimation, which might, however, depend on the measurement conditions applied. 

 

Figure 64: Comparison of results for the number of PET particles found (value A) and the techniques used to determine 

them. Abbreviation of techniques see section 2.5.4; ‘Mic’ integrates all non-spectroscopic microscopy techniques (OpMic, 

melting, OpMic+pyGCMS). 
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Figure 65: Comparison of results for the number of plastic part icles found (value B) and the techniques used to 

determine them. Abbreviation of techniques see section  2.5.4; ‘Mic’ integrates all non-spectroscopic microscopy 

techniques (OpMic, melting, OpMic+pyGCMS). Three extreme values (> 1900  L-1) are not included in the graph. 

 

Figure 66: Comparison of results for the number of all particles found (value C) and the techniques used to determine 

them. Abbreviation of techniques see section2.5.4; ‘Others’ integrates FC and Raman. Eight extreme values (> 1900  L-1) 
and the value of L134 (see text) are not included in the graph. 

 

Figures 67–69 show, excluding the values identified as extreme by the appraoch descibed in section 2.4.3, 
the results of the mass measurements for PET, plastic and all particles (values D, E and F), respectively, 
grouped by the analysis technique applied.  

For measuring value D, TED-GC/MS seems to result in slightly higher values than py-GC/MS (see Figure 67) 
under the conditions of this study, while the mean and median for both techniques lie within the indicative 
range (210  - 370 µm/L). However, the difference in the means was found not to be statistically significant, 
indicating that the observed difference is a random result, probably caused by the very low number of values 
measured with TED-GC/MS. In Figure 67 it can be seen as well that the mean of results obtained with µFTIR 
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was higher than those of py-GC/MS or TED-GC/MS measurements, but neither of the mean values was found 
to be significantly different from the other two.  

For the measurement of mass of all particles (value F), under the condition of this study, i.e. in the absence 
of other solid material, gravimetry gave acceptable results with mean and median within the indicative range. 
Still, 6 out of 15 gravimetric measurement results were above the indicative range, out of which three were 
identified as extreme values (> 1400 µg/L).  

A more detailed discussion of the performance of individual analysis techniques is given in sections 4.6 to 
4.11. 

 

 

Figure 67: Comparison of results for the mass of PET particles found (value D) and the techniques used to determine 

them. Abbreviation of techniques see section 2.5.4. Two extreme values (> 1400  µg/L) are not included in the graph. 

 

 

Figure 68: Comparison of results for the mass of plastic particles found (value E) and the techniques used to 

determine them. Abbreviation of techniques see section  2.5.4; ‘GCMS’ includes py-GCMS and TED-GCMS. Three extreme 

values (> 1400  µg/L) are not included in the graph. 
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Figure 69: Comparison of results for the mass of all particles found (value F) and the techniques used to determine 

them. Abbreviation of techniques see section 2.5.4. Four extreme values (> 1400  µg/L) are not included in the graph. 

 

 

 

 

  



 
87 

Thermoanalytical techniques 
 

Thermoanalyis (TA) comprises a variety of techniques, by which the sample is heated under controlled 
conditions and undergoes changes in structure and/or other properties, including the change of mass and the 
formation of decomposition products. The investigation of mass changes due to heating is called 
thermogravimetric analysis (TGA). If TA is coupled to other techniques, such as chromatography or 
spectroscopy, a sample’s volatile decomposition products can be identified and quantified.  

Thermoanalytical techniques such as thermal-extraction-desorption GC-MS (TED-GC/MS) and Pyrolysis-GC-
MS (py-GC/MS) were relatively recently introduced for mass-related quantification of micro plastics 
[Duemichen et al. 2019, Dümichen et al. 2015, Eisentraut et al. 2018, Fischer et al. 2017]. In these techniques, 
high temperature and oxygen-free conditions lead to thermal cracking of polymers and generation of 
characteristic volatile pyrolytic products. Their subsequent gas chromatographic (GC) separation and detection 
by mass spectrometry (MS) enables the quantification of individual polymer types. 

 

 

 

 

 

 

 

 

 

 

 

 

 

For Thermal Extraction Desorption GC/MS (TED-GC/MS) the pyrolysis and analysis steps are de-coupled, 
enabling the analysis of significantly larger sample amounts (up to 100 mg) without system overload or 
contamination. Pyrolysis is performed in the oven of a thermo gravimetry analysis (TGA) device. During the 
TGA process, thermal breakdown products are purged from the furnace and transferred to a sorbent material. 
In the second and separate process step, the sorbent material is transferred to the thermal desorption (TD) 
unit of a GC/MS analysis system. Polymer breakdown markers are thermally desorbed in the TD unit and 
transferred to the GC/MS system for determination.  

Pyrogram of PET (above) and mass spectrum of the marker compound divinyl 
terephthalate  (below). © EC JRC 
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4.6 GC/MS based thermoanalytical methods 

4.6.1 Overview 

Eleven laboratories used GC-MS based thermo-analytical methods to determine the mass concentration of 
PET or plastic particles, respectively, in the test items (Table 30), out of which eight laboratories analysed the 
sample with py-GC-MS and three with TED-GC-MS. Four of these laboratories also determined the mass 
concentration of all particles, for which they applied gravimetry (for a discussion of those results see section 
4.11.3). One laboratory (L129) used py-GC-MS only for identification purposes, whilst the quantification was 
done with optical microscopy and reported as number-concentration. It was therefore considered in section 
4.7. 

All eleven reported PET and plastic mass-concentration results were used for the following evaluation.  

Table 30: Reported measurement results for mass-concentration values of PET (value D), plastic (value E) and all 

particles (value F), of which at least value A was generated with a GC/MS-based thermoanalytical method. 

 Lab Code Technique(s) 
Value D 
[µg L-1] 

Value E 
[µg L-1] 

Value F * 

[µg L-1] 
Comments 

Py
ro

ly
si

s 
G

C
-M

S
 

L044 Py-GC-MS 19    

L056 Py-GC-MS 311.8    

L060 Py-GC-MS 69.17    

L084 Py-GC-MS 390    

L103 
Py-GC-MS & 
Gravimetry 

290  334 

Fluctuation of the re lative intensities of 
the  individual marker molecules: 

Quantification by the sum of all four 
marker ions. Calibration curve with 

slightly negative intercept. Would most 
like ly apply TMAH next time . 

L110 Py-GC-MS & 
Gravimetry 

85.77  224  

L120 Py-GC-MS 252.51    

L121 
Py-GC-MS & 
Gravimetry 

680  420  

TE
D

-G
C
-

M
S 

L064 TED-GC-MS 182 182 182  

L076a TED-GC-MS 514 ± 3.5   
Two samples were analysed 

independently by the same laboratory L076b TED-GC-MS 361.7 ± 2.5   

* While mass concentration of PET was determined by a thermo-analytical technique, the total particle mass-
concentration was determined by gravimetry 
 

Laboratory L076 analysed also the spare sample (which was not foreseen by the study design) and obtained 
a result that deviated from the value of the first analysis, even though using the same technique (TED-GC-
MS). The two obtained values are labelled with L076a and L076b (see also section 2.1). According to the 
laboratory’s feedback, the reason for this deviation might be attributable to the limited homogeneity of the 
sample material.  

4.6.2 General considerations regrading factors potentially affecting the measurement 

results 

Most of the participating laboratories had more than one year of experience in py-GC-MS or TED-GC-MS 
analysis and analysed more than 50 samples per quarter of year (Table 31). Many declared having analysed 
samples in environmental matrices, food matrices (seafood) and drinking/salt-water. The vast majority of 
laboratories had a quality assurance scheme in place (ISO 17025, GLP or other).  
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Table 31: Experience and QA scheme of laboratories applying GC/MS-based thermoanalytical methods 

Lab Code 
Conc. PET 

[µg L-1] 
Samples per ¼ of year Experience with the 

technique [months] 
QA Scheme 

L044 19 100 12 ISO 17025 

L056 311.8 200 22 ISO 17025 

L060 69.2 10 12 In-house 

L084 390 10 24 GLP 

L101 -- 
6
 100 60 In-house 

L103 290 100 12  

L110 85.8 50 24 ISO 17025 

L120 252.5    

L121 680 50 3 ISO 17025 

L064 182 100 60  

L076a 514 ± 3.5 
100 24  

L076b 361.7 ± 2.5 

 

The uncertainty on the final mass-concentration result may arise from many possible sources. These sources 
can be grouped into two major categories: sample preparation and sample analysis. 

Within the sample preparation category, the following sources are particularly relevant: 

● Sample reconstitution 

● Filtration 

● Sample transfer for analysis 

Within the sample analysis category, the factors listed below could be of relevance 

● Application of a derivatisation step (or not) 

● Technique applied (Py-GC-MS or TED-GC-MS) 

● Type and brand of pyrolyser 

● Pyrolysis time 

● Pyrolysis temperature 

● Instrumental setup (column, type of injection split/splitless) 

● Identification strategy 

● Quantification strategy 

Given the limited number of laboratories using thermoanalytical techniques in this study, a statistically 
meaningful cause-effect analysis cannot be undertaken. Instead, the following sections discuss some of the 
more relevant parameters from the above list and their potential impact on the final result.  

4.6.3 Sample preparation for Py-GC-MS or TED-GC-MS analyses 

Within the sample preparation procedure, the sample reconstitution is discussed elsewhere in this report (see 
section 4.3). All laboratories, except laboratory L101, used the entire 1 litre of the reconstituted suspension 
for filtration. None of the laboratories reported that particle loss occurred during the sample preparation 

                                     
6 
 
This laboratory had to be excluded from the results evaluation (see section 2.1 for an explanation), but nevertheless contribute to the landscape of practices for microplastic analyses and therefore 

were kept in the tables.  
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procedure. Table 32 includes the type of filter used by each of the participating laboratories and information 
on whether a procedure to remove non-plastic matter (matrix) was applied before analysis. Laboratory L060 
reported that after filtration, 15% hydrogen peroxide solution was added to the filter. This procedure could 
potentially have deteriorated parts of the PET particles. This might possibly be one of the causes for the 
relatively low recovery reported by this laboratory. 

Various filter materials, filter diameters and filter pore-sizes have been used by the participating laboratories 
(see also Table 24 and Figure 56). When a portion/aliquot of the filter is pyrolysed together with the sample, 
the filter materials may generate pyrolysis products themselves, which can interfere with the compounds 
formed from the target (plastic) material during pyrolysis and/or have an impact on the peak intensities in 
the pyrogram. This can become particularly relevant in case the calibration is done without the presence of 
the relevant filter material. All study participants applying GC/MS-based methods have used either inorganic 
aluminium oxide (Anodisc) membranes, borosilicate glass fibre filters or stainless steel filters. None of these 
are known to impact the pyrolysis process. 

Table 32: Type of filter used during the filtration step in the preparation of samples for GC/MS-based analyses 

 
Lab 

Code  
Conc. PET 

[µg L-1] 
Procedure to remove non-plastic matter ? Type/material of filte r, diameter, pore size  

P
yr

o
ly

si
s
-G

C
-M

S
 

L044 19 No (not reported) 

L056 311.8 No Stainless Steel, 13mm, 10 µm 

L060 69.17 
After filtration, dropwise addition of approx. 
500 µL of a 15% aqueous H2O2 solution to 

filte r. Filte r dried at 22°C for 16 h. 
Glass(Micro)fibre, 25mm, 1.2µm 

L084 390 No Glass(Micro)fibre, 47mm, 1.2µm 

L101 -- 6 Yes Glass(Micro)fibre, 15mm, 1µm 

L103 290 (not reported) RC60 and then Anodisc, 50mm, 1µm 

L110 85.77 No Au/Al coated, 25mm, 8E-07 
7

 

L120 252.51 No AnoDisc with polypropylene supporting ring, 
25mm, 0.2 µm 

L121 680 No AnoDisc with polypropylene supporting ring, 

25mm, 25mm, 0.02µm 

TE
D

- 

G
C

-M
S
 L064 182 No Stainless Steel, 10mm, 6µm 

L076a 514 ± 3.5 
No Stainless Steel, 10mm, 5µm 

L076b 361.7 ± 2.5 

  

A crucial step before a pyrolysis-GC/MS analysis, is the transfer of the sample into the sample holder (vial / 
crucible / cup), which is then introduced into the pyrolysis device. This can be done in various ways. One way 
is to transfer the entire suspended material directly into so-called ‘flow-through’ stainless steel cups. These 
cups already contain a filter, and no further sample-transfer is therefore necessary. This is advantageous as 
the entire sample is analysed rather than aliquots. A second technique is to pyrolyse the sample-containing 
filter or parts of it.  Anodisc filters for example, can be crushed/homogenised followed by pyrolysis of known 
aliquots of this homogenised material. Thin small (15mm) glass fibre filters can be folded and pyrolysed as 
a whole. This depends however on the size/capacity of the pyrolysis cup/vial. A third way to  transfer the 
sample material is to dissolve the particles captured on the filter surface with a suitable solvent. The resulting 
solution (or aliquots of it) is transferred to the crucible. From the information provided in the questionnaires 
it was not always clear, which sample transfer technique was used by each of the laboratories. However, 
those laboratories that reported the use of stainless-steel filters, probably used crucibles with incorporated 
filters. Those laboratories reporting the use of aluminium-oxide filters and glass-fibre filters probably crushed 
the filters followed by analysis of an aliquot. Two laboratories (L060 and L110) removed the polymer with a 
solvent from the filter. The measurement results of both laboratories were below the indicative range. One 
possible reason could be the incomplete removal of the particles from the filter, which however could not be 
verified from the information provided by the laboratory. 

                                     
7 The unit of this value was not provided. 
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4.6.4 Aspects of instrumentation 

As explained above, the instrumentation and analysis conditions can have a significant impact on the 
measurements results. Table 33 shows some selected information on the type of pyrolyser, the final pyrolysis 
temperature, the time of pyrolysis and whether the injection was done in split or splitless mode. 

Table 33: Pyrolyser brand and instrumental settings on the pyrolyser. NR – not reported. 

Lab 
Code  

Conc. PET 

[µg L-1] 
Pyrolyser brand 

Final 
pyrolysis 
temp. [° C] 

Pyrolysis time 
[min] In jection GC Comments 

L044 19 NR NR NR NR TGA furnace was 
used 

L056 311.8 Frontie r Laboratories, 
EGA/PY-3030D 600 0.5 Split  

L060 69.17 OPTIC IV injector; GL-
Science  600 0.5 Split  

L084 390 TDU Pyro (GERSTEL) NR NR Split Pyrolysis with TGA 
furnace 

L101 -- 6 

Micro-furnace EGA/PY-
3030D, Frontie r, equipped 
with auto-shot sampler 

AS-1020E 

650 1 Split  

L103 290 
Frontie rLab EGA-PY-

3030D equipped with AS-
1020E autosampler 

650 1 Split  

L110 85.77 Gerste l 590 100 (s ?) Split  

L120 252.51 Frontie r EGA/PY-3030D NR NR Split  

L121 680 Frontie r Lab Multi-Shot 
Pyrolyzer (EGA/PY-3030D) 550 1 Split  

 

L064 182 TGA2, Mettle r-Toledo 
GmbH, Gießen, Germany 

25 to 600 
° C; 10 
K/min 

 Splitless 

Adsorber (lengh: 20 

mm, diameter: 2 
mm; cylindric) 
consisting of 

polydimethylsiloxane 

L076a 514 ± 3.5 

NR 

30° C (1 
min hold) 

at 10K/min, 
30° C - 

600° C (10 
min hold) 

 Splitless 

Sorbstar (IMT 
Germany), PDMS L = 
20 mm, D = 2 mm, 

M = 76.6 mg 
L076b 361.7 ± 2.5 

 

Five out of 9 laboratories used pyrolysis systems from Frontier Lab, two used Gerstel systems and one the 
Optic-4 system from GL Sciences. This distribution probably reflects the proportion of each of the systems 
on the market. The pyrolysis instruments from Gerstel and GL Sciences require the sample to be transferred 
into low-volume micro vials with very small openings. This can under certain circumstances be technically 
challenging and limiting in terms of sample amount that can be analysed. The pyrolyser unit from Frontier 
on the other hand uses larger crucibles, into which the samples (even entire filters) can be transferred more 
comfortably. The quantitative transfer of the sample into the small pyrolysis cups is one of the challenges of 
py-GC-MS. Sample cups used for TED-GC-MS are even larger than those used in the Frontier systems and 
therefore present less challenges in this regard. No clear relation between the pyrolyser used and the results 
obtained could however be observed in this study. 

Pyrolysis temperature and duration have an influence on the type and intensity of compounds generated 
[Hermabessiere et al. 2018]. Typically, temperatures are set between 550°C and 700°C. All laboratories 
operated their systems in this temperature range.  TED-GC-MS systems allow injection in splitless mode, 
lowering the limits of detection and of quantification.  
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4.6.5 Identification and quantification strategies 

The identification of polymers type in thermal analysis is done with polymer-specific marker compounds and 
individual indicator ions. The most characteristic pyrolysis products of PET include benzene, vinyl benzoate, 
benzoic acid, and di(vinyl) terephthalate. The most abundant pyrolysis product (terephthalic acid) can however 
not be observed in the pyrogram due to the presence of polar functional groups [Dziwiński et al. 2018]. The 
volatility of this latter compound and thus its chromatographic behaviour can be increased by derivatisation, 
e.g. with tetramethyl-ammonium hydroxide (TMAH). 

Table 34 shows the marker compounds and the respective indicator ions used by the participating laboratories 
for the identification and quantification of PET. Identification was mostly achieved via detection of multiple 
characteristic pyrolysis products via the related retention times; quantification was done with external 
calibration of one or more marker compounds against calibration curves created with reference materials. 
Table 34 shows that two laboratories (L056 and L101) quantified against dimethyl terephthalate, which is 
obtained through derivatization (see above). Among those laboratories that did not derivatize, no agreement 
on the best choice of the quantification marker compound and the related indicator ions can be observed. A 
harmonisation/standardisation of such markers could possibly reduce variability in the results. 

The creation of the calibration curve can be challenging for such low absolute masses as required for pyrolysis 
GC-MS. The precise weighing of solid reference materials and/or the quantitative transfer into the pyrolysis 
crucibles is frequently not possible. A work-around is to dissolve the solid reference polymer and then to 
transfer precise volumes into the pyrolysis vials. Many different solvents have been tested for this purpose 
(e.g. chloroform/trifluoroacetic acid, phenol/tetrachloroethane). Also for the selection of a suitable solvent, 
harmonisation could be beneficial. 

  



 
93 

Table 34: Marker compounds and indicator ions for identification and quantification of PET. NR - Not reported. 

Lab 
Code  

Conc. PET 

[µg L-1] 
Identification: Marker compounds and indicator 

ions 

Quantification: Marker 
compounds and 
indicator ions 

Any additional polymers 
detected in the sample? 

L044 19 NR NR NR 

L056 311.8 

Ethane-1,2-diyldibenzoate (m/z 105, 77, 207) 

2-(benzoyloxy) e thyl vinyl te repthalate (m/z 
297,149, 105), 

Dimethylterepthalate (m/z 163, 194, 135) 

Dimethylterepthalate 
(m/z 163, 194, 135) 

 
No 

L060 69.17 

Vinyl benzoate (m/z 105, 71, 55) 

Benzoic acid (m/z 122, 105, 77) 

Divinyl te rephthalate  (m/z 175, 147, 132) 
 2-(benzoyloxy)ethyl vinyl te rephthalate (m/z 297, 

149, 105) 

Vinyl benzoate (m/z 
105) 

Benzoic acid (m/z 122) 

Divinyl te rephthalate  
(m/z 175) 

No 

L084 390 For PET, m/z = 149 ; 121 and 78 For PET, m/z = 149 ; 
121 and 78 No 

L101 -- 6 Dimethyl te rephthalate (m/z 163) Dimethyl te rephthalate 

(m/z 163) 
No 

L103 290 

Vinyl benzoate (m/z 148) 

Benzoic acid (m/z 122) 

Divinyl te rephthalate  (m/z 218)  
PET dimer (2 x terephthalic acid, 2 x e thane diol) 

Vinyl benzoate (148) 
Benzoeic acid (122) 
Divinyl te rephthalate  

(218) 
 PET dimer (2 x 

terephthalic acid, 2 x 
e thane diol) 

possibly traces of 
polydimethylsiloxanes 

(origin unknown) 

 

L110 85.77 Vinylbenzoate  (m/z 105,227) Vinylbenzoate  (m/z 
105) No 

L120 252.51 NR NR Polycarbonate 

L121 680 NR NR No 

L064 182 
Ethylbenzoat (m/z 150) 

Benzoic acid (m/z 105) 
Ethylbenzoat (m/z 150) No 

L076 437 

1,1´-Biphenyl (m/z 154, 76)  
Vinyl Benzoate (m/z 105, 77)  
Benzoic Acid (m/z 105, 122)  

Benzophenone (m/z 182, 105, 77)  
Fluorene (m/z 166, 82.3) 

 Fluorenone (m/z 152, 180) 

1,1´Biphenyl (m/z 
154/76) 

A few technical 
polyphenols and 
polysiloxanes. 

 

 

4.6.6 Overall evaluation 

Figure  shows all reported PET mass concentrations, including those determined with pyrolysis-GC/MS and 
TED-GC/MS. The chart includes also mass concentration values that were indirectly obtained through 
conversion from FTIR data. The two values obtained through gravimetric analysis are included as well, since 
the laboratories declared gravimetry as method for the determination of PET. Six out of the eleven 
laboratories (55%) succeeded in providing results which either fall inside the indicative range or which are 
close to it. Further harmonisation/standardisation of the sampling and the analysis procedures would further 
improve this outcome. 
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Figure 64: Results of reported PET mass concentration values plotted in ascending order and indicating the techniques 

used for analysis. Values generated with GC/MS-based techniques are indicated with arrows. FTIR = mass indirectly 
determined from FTIR (conversion from size of the particles). The dotted lines represent the borders of the indicative 

range 
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Microscopy 
 

Microscopy is a technique which enables the visualisation of particles on a support or surface, e.g. a filter, 
and therefore it is used as a method for counting particles. As a downside, microscopy does not allow the 
identification of the particles’ chemical composition and thus is not able to distinguish between plastic 
materials and other species. For this reason, optical microscopy is often used in combination with different 
strategies to determine the nature of the observable particles. For the purpose of recognising microplastic 
particles, such strategies include simple approaches, like melting at contact with a hot needle or fluorescent 
staining, but also by hyphenation with Raman and FTIR spectroscopy. With the first approach, it may be 
possible to distinguish between plastic materials and other species, while only spectroscopy methods are able 
to identify each polymer (type of plastic). 

 

 

 

 

 

 

Microscopic image of irregularly shaped 
PET (polyethylene terephthalate) 
particles on a filter.  

The white bar indicates a length of 1000 
µm (1 mm).  

© EC JRC  
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4.7 Microscopy 

This section looks at microscopy as a detection method per se and microscopy combined with other 
approaches to determine the nature of the detected particles, such as fluorescent straining, melting on 
contact with a hot needle or combining it with py-GC/MS. Aspects of FTIR and Raman spectroscopy such as 
plastic identification techniques are covered elsewhere (sections 5.8 and 5.9, respectively). For the purpose 
of this analysis, ‘optical microscopy’ means microscopy without coupling to a spectroscopic technique and 
‘fluorescence microscopy’ refers to the detection of particle by fluorescence as a result of staining with a 
fluorescent dye (e.g. Nile Red). 

In this chapter, all extreme values have been included in the evaluation. However, two of them (L039, L131) 
were not considered in the graphical illustrations, because the values were one or more orders of magnitude 
larger than the indicative range. For the purpose of data evaluation and comparison in this section, all values 
that were reported as “>x” are assumed to be equal to x. 

4.7.1 Usage and general aspects of microscopy-based techniques 

A total of 63 values generated with optical microscopy or fluorescence microscopy have been reported for 
measuring the number concentrations of PET particles (value A), of plastic particles (value B) and of all 
particles (value C). An overview about the usage of the various techniques is given in Table 35. As expected, 
the majority of optical microscopy users reported a number concentration for all particles (value C) and the 
laboratories applying fluorescence microscopy submitted predominantly the number concentration of plastic 
particles (value B). 

One laboratory (L070, not listed in Table 35) reported having used fluorescence microscopy to produce the 
mass concentration of plastic particles (value E). The result obtained by this participant was 85.8 µg/L, which 
is below the indicative range for mass-based measurements (210-370 µg/L). 

Table 35: Number of values reported in each category (A, B, C) using optical or fluorescence microscopy. 

Technique 
Number of reported values 

A B C 

Optical microscopy 2 5 40 

Fluorescence microscopy 0 9 2 

Optical microscopy with melting approaches 1 2 0 

Optical microscopy combined with py-GC/MS 1 1 0 

 

Multiple reporting (i.e. values A&B, A&C, B&C or A&B&C) occurred frequently, often changing the technique 
for the verification of the particles’ nature (see also section 4.5). Among the participants that used optical 
microscopy, two laboratories reported results for all three values (A, B and C); two submitted only the total 
number of plastic particles (B); one provided values for B and C; eight delivered results for value C only. All 
the other 27 participants used optical microscopy for value C and other techniques (for instance Raman, FTIR 
or melting) for values B and/or A.  

Sources and scope of methods applied 

Participants indicated different sources of the microscopic method they applied. Fluorescent microscopy users 
developed their method in-house (n=8) or took it from the literature (n=8) (ra = 100%). A majority of 
participants, who applied optical microscopy (ra = 100%), used a method developed in-house (n=37), while 
others relied on methods taken from the literature (n=15), manufacturer application notes (n=7) or/and with 
a combination of more than one sources (n=7). 

Participants provided references to several peer-reviewed papers and other publications as literature source 
for optical (n=22) and fluorescence (n=6) microscopy methods. In particular, two papers were mentioned by 
several participants [Song et al. 2015, Prata et al. 2019] using an optical microscopy method.  
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Among the participants using fluorescence microscopy as detection method, 67% mentioned analysis of 
“water” as the scope of the method applied, referring to environmental (including river) water, bottled and 
tap water. Beverages, solid food, sediment, soil, biota, various other environmental matrices, and the edible 
parts of seafood (fish fillet, soft tissue of molluscs, soft tissue of crustaceans) were listed as well (ra = 100%). 
The kind of analytes/measurands (ra = 88%) referred mainly to synthetic polymers of different type, plastic, 
particles and fibres.  

Among the participants using optical microscopy as detection method, 77.5% described the scope of the 
method applied. More than half of them (n=23) indicated “water” or “water sample”  or “water matrix”, 
including fresh, sea/oceanic, estuarine/river/surface, clean, tap/domestic, mineral/drinking/bottle and 
wastewater. Food, seafood, feed, sediment, soil, mineral and environmental samples were mentioned as well. 
The kind of analytes/measurands (ra = 70%) referred mainly to plastic, microplastics and particles (inorganic 
or organic).   

Quality assurance measures 

More than half of the fluorescence microscopy users (57%) stated that the collected raw data met their 
criteria used for identification and quantification. 43% of participants reported difficulties in quantification 
and identification of polymer(s) due to: high contamination in the control; the presence of particles outside 
the effective filter area; loss of particles during the filtration step; the presence of particles lower than 70 µm 
Feret min dimension (ra = 78%).   

Optical microscopy users reported in most cases (80%) that their raw data met the criteria used for 
identification and quantification (ra = 88%). Effects by which data were affected, included agglomeration of 
particles on the filter and particles found outside the filtering area. In the latter case, participants counted all 
the particles found (inside and outside the filter area) but a loss of particles could not be excluded.   

Quality control (QC) samples were used by 67% of fluorescence microscopy users, to take into account 
contamination coming from the laboratory environment (ra = 100%). The QC samples were described as 
‘procedural blank samples’, ‘routinely blank sample to determine the background levels’, ‘water spiked with 
particles of different sizes and properties’, ‘plain water’, ‘water spiked with PET particles to test the staining 
methods’.  

Among the users of optical microscopy, more than half (65%) did not use QC samples (ra = 92.5%). Those 
who used controls, described them as dried or wet filters placed close to the working area, procedural blank 
samples, and observation of the pristine filter before filtration. Only one participant indicated the presence of 
fibres contamination in the QC sample.  

Unexpectedly, data distribution for participants who reported not having had a good compliance of raw data 
with the (in-house) criteria for quantification are almost all within the indicative range, while all the extreme 
values were found in the group that answered “Yes” to the question. In this group, data distribution is broader 
(Figure 66).  

 



 
98 

 

Figure 65: Comparison of measurement results for the total number of particles (value C) for cases where compliance 

(“Yes”) or non-compliance (“No”) was observed between raw data and the criteria used for the identification and 
quantification in optical microscopy. Extreme values reported by L131 (9,966 L-1) and L039 (5×107 L-1) are not included 

in the graph.  

 

 

 

 

 

 

 

 

 

Figure 66: Comparison of measurement results for the total number of particles (value C) for cases, where QC samples 

were used (“Yes”) or not (“No”) with optical microscopy. Extreme values reported by L131 (9,966 L-1) and L039 
(5×107 L-1) are not included in the graph. 

 

All but one of the reported values C that were classified as extreme values, were produced by laboratories 
that did not use quality control samples in the analysis of the study sample. On the other hand, a large 
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majority of the participants that actually used a QC sample submitted results for value C outside the indicative 
range (Figure 66).  

During the participant workshop, the study participants emphasised the importance of applying Quality 
Control (QC) measures during microplastic analysis. According to the participants’ experience, the use of 
procedural blank samples is the best choice, while the investigation of dried or wet filters placed close to the 
working area can still give indications of the background level. A combination of different checks can be even 
more advantageous. The inspection of the unloaded filter (i.e. before filtration) and in-house QC samples were 
also indicated as being useful. One participant shared that the acquisition of images at the optical microscope 
outside the laminar flow hood, where the sample was prepared, resulted in additional contamination. In their 
experience, the presence of particles different from PET were observed on the glass slide outside the filter 
area. Airborne contamination was indicated as another parameter to be checked in the context of QC, 
especially when performing experiments in a room, where other experiments are carried out as well. Finally, 
another participant shared that in his/her laboratory, as a standard procedure, the colour of the labcoat is 
noted down in order to be able to exclude more easily a potential contribution of labcoat fibres to the 
contamination. 

Interferences and irregularities encountered 

More than half of the optical microscopy users did not encounter any difficulties (58%) in the identification 
of the polymer(s) in the sample, while the remaining 42% described particle agglomeration, the particle 
number being too high to be analysed with py-GC/MS, problems with particles sticking on the filtration device 
and the presence of polymers different from PET (ra = 95%). A majority of fluorescence microscopy users 
(75%) encountered no such difficulties. However, two participants observed that particles were adhering to 
the upper side of the used cover slips and that particle size was too small for the employed FTIR -ATR 
apparatus (ra = 89%). Out of the 13 participants that did not use optical microscopy in combination with other 
techniques, 84.6% provided an answer and only 27% of them did not encounter any problems. The remaining 
73% explained that the selected method was not able to identify the polymers, or highlighted the presence 
of agglomerates, problems with visual identification of particles, poor contrast between particles and filter, 
and that the particle size was smaller than expected.  

The following interferences with fluorescence microscopy were reported: precipitation of the dye Nile Red 
(which was taken into account by the technical blank); contamination by other plastics identified with FTIR; 
the presence of fibres, particles, fragments, which were not stained by the dye; and very small fibres, which 
were found in the sample but not in the blank (ra = 89%).  

Optical microscopy users (ra = 77%) described the following problems: presence of fibres, dust, and air 
bubbles. Among the users of microscopy coupled with spectroscopic methods (ra  = 90%), only one participant 
found that the final result could have been compromised. The reason referred to the strong background of 
the silicon filter that could have hindered the identification of smaller particles during Raman investigation.  

While 78% of the fluorescence microscopy users described no irregularities during the analysis of the test 
sample, two participants indicated particles outside the effective filtering area and possible particle loss 
during loading and removing of the filter from the microscope stage (ra = 100%). Similarly, 83% of users of 
optical microscopy did not encounter any irregularities (ra = 90%), but six participants indicated a potential 
loss of particles during the filtration step due to: particles found outside the filtering area; the presence of 
black coloured particles smaller than 5 µm; presence of agglomerates and overlaid particles. 

All but one of the results for value C, provided by study participants, who reported irregularities during the 
sample analysis, fell outside the indicative range (see Figure 67). During the workshop, some participants 
explained that such irregularities comprised the loss of particles during the filtering process. Their experience 
was the opportunity to point out that a question related to the kind of filtering system used can be of interest 
for the aim of protocol harmonisation. 
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Figure 67: Comparison of measurement results for the total number of particles (value C) for cases where 

irregularities during the analysis using optical microscopy were observed (“Yes”) or not (“No”). Extreme values reported 
by L131 (9,966 L-1) and L039 (5×107 L-1) are not included in the graph. 

 

Harmonisation needs 

According to the study participants, several aspects related to microscopic analysis of microplastics need to 
be harmonised. This concerns in particular the sample preparation steps, including the use of additional 
substances, digestion, removal of organic content, as well as the filtering step. These aspects were deemed 
more relevant for harmonisation than microscope settings or software tools. 

4.7.2 Strategies to discriminate between PET, plastic and all particles 

The laboratories that used microscopy-based methods, described a variety of approaches to discriminate 
between PET or plastic and other particles. Most often (Fourier-Transform) Infrared ((FT-)IR) or Raman 
spectrometry was applied, which are techniques discussed in sections 4.8 and 4.9 of this report. Nine 
laboratories used florescence microscopy following a staining step. Optical microscopy was used by 8 
laboratories applying various approaches to discriminate between types of particles, including particle 
morphology and colour, melting upon contact with a hot needle or the use of a needle after digestion with 
hydrogen peroxide as an indication of the presence of plastic. One participating laboratory applied a 
combination of microscopy and pyrolysis-GC/MS (L129). An overview is given in Figure 68. 

Regarding the application of the various criteria for the differentiation between polymer and other particles, 
all study participants, who used fluorescence microscopy, indicated “staining of the particles”, as expected. 
For the Optical microscope users, these criteria are represented in Figure 68. One additional laboratory (L045), 
which used µFTIR for measuring values A and B, reported optical microscopy as technique for determining 
value C and, at the same time, indicated having used staining (besides IR spectrometry) to discriminate 
between plastic and all particles. 
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Figure 68: Frequency of criteria used by 

optical microscopists for the differentiation 
between polymer and other particles 

(ra = 88%). Multiple selection was possible. 

 

 

 

 

Table 36: Strategies applied to distinguish PET or plastic from other particles for the purpose of measuring the number 

concentration of PET particles (value A) and of plastic particles (value B) with optical-microscopy-based techniques 
(excluding fluorescence microscopy) 

 

A comparison of measurement results obtained for the number concentration of PET (value A) and/or plastic 
particles (value B), using optical microscopy, is given in Table 36. Out of this sub-group, four laboratories 
reported a value B, while another four partic ipants submitted both (values A and B) applying optical 
microscopy. Five laboratories used optical microscopy alone, while three used a combination of optical 
microscopy and another technique (Infra-Red (IR) spectroscopy, birefringence or py-GC/MS) to discriminate 
the plastic particles. L061 indicated “meIting in hot stage” as the method for counting the number of PET, but 
also mentioned the determination of birefringence without explaining further how this latter was 
implemented. L095 identified plastic particles (value B) with a melting technique and obviously concluded 
that the number of PET particles (value A) should be lower than value B. Laboratories L117 and L129 used 
IR spectroscopy and py-GC/MS, respectively. It should be noted that due to the study design the participating 
laboratories knew in advance that the particles in the samples were made of PET. 

As can be seen from Table 36, the measured PET particle concentration (value A) was between 268 L-1 and 
<786 L-1 and the plastic particle concentration (value B) varied between 29 L-1 and 1492 L-1. From these 9 
cases no impact of the various PET/plastic/other differentiation approaches on the measurement results can 
be observed. 

Lab 
code 

Value A Value B 

Method to distinguish PET or plastic from other 
particles [L-1] 

Analysis 
technique 

[L-1] 
Analysis 

technique 

L007 - - 29 OpMic (Not reported) 

L107 - - 37 melting Melting upon contact with hot needle 

L117 268 OpMic 300 OpMic IR spectrum 

L129 616 PY-GC/MS 616 PY-GC/MS Py-GC/MS 

L061 670 melting 753 melting Birefringence. Melting in hot stage. 

L095 <786 OpMic 786 OpMic Melting upon contact with hot needle 

L115 - - 1134 OpMic 
After 6 hrs in H2O2 the particles that are not plastic 

can be easily ripped apart with a needle. 

L121 - - 1492 OpMic (Not reported) 
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Figure 69 shows the results obtained for the number concentration of plastic particles (value B) produced 
with fluorescence and optical microscopy. In this case no impact of method choice can be observed.  

 

Figure 69: Reported number concentration of plastic particles (value B). Detection methods used: optical microscopy 

(OpMic, open circles) or fluorescence microscopy (Fluo, full circles), respectively. Dashed lines represent the borders of 
the indicative range. 

 

4.7.3 Measurement conditions for optical and fluorescence microscopy 

Working range 

The reported working range for fluorescence and optical microscopy in terms of number and size of particles 
are shown in Table 37. In addition, two participants pointed out that the lower limit of the number of particles 
depends on the background and one participant indicated that the upper limit for the number of particles 
depends on the size of the particles.  
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Table 37: Reported working ranges (lower and upper limits) of fluorescence and optical microscopy, including answer 

rates (ra – separate values for the upper and lower limit). 

 
Fluorescence microscopy Optical microscopy 

Lower limit Upper limit ra Lower limit Upper limit ra 

Number of 
particles 

0 – 20 200 – 10000 55% / 55% 0 – ∞ 300 – ∞ 50% / 40% 

Size of particles 
[µm] 

0.5 – 70 200 – ∞ 78% / 78% 1 – 43,892 500 – ∞ 68% / 50% 

 

Counting methods 

Several counting methods can be used to determine the number of particles. The following options were 
suggested in the study questionnaire: manual counting, image analysis with manual verification, automatic 
image analysis and ‘Other’. Most of the fluorescence microscopy users applied automatic image analysis for 
counting the number of particles. In contrast, more than half of the optical microscopy users applied manual 
counting (see Figure 70).  

 

 

Figure 70: Frequency of counting methods used by fluorescence (left, ra = 100%) and optical microscopy users (right, 

ra  = 97.5%). Multiple selection was possible. 

 

Image collection and analysis  

Several approaches can be used for the visualisation of the particles, such as bright- and dark-field 
illumination, fluorescence, chemical imaging (spectral mapping) and others (see Figure 71). Combinations of 
these approaches can be used as well.  
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Figure 71: Visualisation techniques applied with 

optical microscopy (ra = 88%). Multiple selection was 

possible. 

 

 

 

 

Half of the optical microscopy users applied bright field mode (n=23). Dark field mode was applied by 
10 participants, while 5 preferred chemical imaging / spectral mapping. In addition, four participants indicated 
having used a stereomicroscope, an IR camera (black/white contrast), a spectro-microscope with external light 
source and crossed polarized light, respectively (ra = 88%). It is self-evident that fluorescence was the 
technique used by all participants that stained the particles (as only fluorescent staining was applied in this 
study). In addition, 22% of the participants used the combination of fluorescence and bright- and/or dark-
field illumination (ra = 100%). 

The range of objective magnification used was quite large, ranging from 0.6x to 100x for fluorescence 
microscopy (ra = 78%) and 1.6x to 200x for optical microscopy (ra = 85%). 

Table 38 shows the choices of optical and fluorescence microscopy users regarding the approach to capture 
and analyse the images. Most often a black-and-white camera was chosen by optical microscopy users, while 
a colour camera was the preferred choice for fluorescence investigation. Camera resolution varied greatly. 
No binning (1x1) was reported for recording images for almost all the participants.  

Image stitching required the overlapping of several frames to obtain the image of part/entire filter. This can 
be achieved by automatic and manual stitching; in some instruments image stitching is not applicable and 
separate image analysis are used instead. For both optical and fluorescent microscopy users, automatic 
stitching and separate images were the most selected options.  

Table 38: Percentage of users applying various camera and imaging parameters when using optical  (OpMic) or 

fluorescence (Fluo) microscopy, including related answer rates (ra). 

Parameter Value 
Optical 

microscopy 
Fluorescence 
microscopy 

ra 

(OpMic / Fluo) 

Camera type 
black/white 78% 33% 

68% / 67% 
colour 22% 66% 

Pixel resolution Range (Megapixel) 1.3 - 1280 1.4 - 40 35% / 55% 

Binning applied 
1x1 93% 67% 

35% / 67% 
2x2 7% 33% 

Stitching applied 

manual 19% 14% 

65% / 78% 

automatic 39% 43% 

Not applicable 
(separate images 

used) 
42% 43% 

Software used 

In-built 48% 29% 

68% / 67% 
Commercial 18% 0% 

Open source 30% 43% 

Other 4% 29% 
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The evaluation of the number of particles can be supported by the use of software tools, such as inbuilt 
software of the instrument, commercial software, open-source software and others. ere the most selected 
options.  

Table 38 shows that almost half of the fluorescence microscopy users applied open-source software for 
counting the number of particles. The software used for image analysis included ImageJ, Adobe Photoshop, 
software developed in house based on MatLab and SINTEF Ocean, as well as software from the microscope 
manufacturers. 

For the optical microscope users, in-built software of the employed instrument was the most frequently used 
option for evaluating results. Open-source software and commercial software were used as well, even if at 
lesser extent. Between open-source software, ImageJ, IrfanView, Dinocapture were the most cited.  

The evaluation of a potential influence of measurement conditions on the measurement results did not reveal 
any clear trends. This is not surprising, as the number of cases in the optical and fluorescence microscopy 
group is relatively low, but the number of applicable parameters, instrument-settings and their combination 
is quite high. 

Fraction of the filter surface analysed 

The study participants, who submitted number concentration values (A, B and C), mostly analysed the whole 
filter surface (ra = 77%).  Six laboratories estimated the final result from the counting of only a part of the 
filter surface and in total reported three values A, four values B and five values C. Most of the laboratories 
using optical or fluorescence microscopy, analysed the whole filter area for particle counting (ra = 85% and 
100%, respectively). 

The fraction of the filter surface analysed varied between 33% and 50% (ra = 83%) and the approaches 
applied to select the surface to be analysed comprised a quarter of the filter (1 laboratory), a cross-shaped 
assembly (2), a helical assembly (1) and “other” without further specifying the approach (1). One 
fluorescence-microscopy user analysed 50% of the filter selecting the analysed area by “quarter of the filter”.  

A comparison of measurement results depending on whether the whole filter was used for particle counting 
or just a part of the filter is shown in Figure 72, from which it can be observed that the mean values of the 
data points in the groups ‘part of filter’ are higher than the mean  values of the groups ‘whole filter’. This 
suggests that the counting of only a part of the filter surface – in the framework of this study – led to a slight 
overestimation of the number of particles present. A probable cause for this is a non-equal distribution of 
particles across the filter surface.  During the workshop, study participants emphasised that homogeneity of 
the particles’ distribution on the filter surface is of fundamental importance when only a part of the filter 
surface is considered for analysis and that both over- and underestimation of the particle number can occur. 
It was also mentioned that a possible way to obtain an equal distribution is to properly control the sample 
pouring into the filtering system. 
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4.7.4 Staining procedure 

In case staining was applied (9 laboratories), three thirds of the laboratories (67%) stained the particles after 
the filtration step, whereas one third (33%) did the staining already after the reconstitution of the particle 
suspension directly in the 1L sample bottle (ra = 100%). Nearly all participants stained the particles with Nile 

Red, except one laboratory, which used Sudan IV
8
 (ra = 100%).  

The participants, after staining the sample, used mainly blue light to excite fluorescence of the stained 
particles, with two exceptions, of which one applied red light and the other ultraviolet (UV) light. A light-
emitting diode (LED) or a mercury discharge lamp were the main light sources for excitation. One participant 
used laser light and another a Crime-Lite 2 light source (Foster & Freeman) with a wavelength range of 445-
510 nm (see Table 39).  

  

                                     
8  The dye specified by the participant was “Susan IV”. After a careful bibliographic search, a typing error was assumed and Sud an IV considered instead, a diazo dye commonly used for the staining 

of lipids, triglycerides and lipoproteins.  

Figure 72: Comparison of measurement results for the number concentration of PET (A), plastic (B) and all particles(C) 

depending on whether the whole filter was used for particle counting (“Whole filter”) or just a part of the filter (“Part of 

filter”). Extreme values not shown; ra = 72%). 
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Table 39: Light source used for excitation and wavelength for excitation and emission selected by fluorescent 

microscopy users. 

Lab 
code 

Light source (for excitation) 
λ excitation (nm) 

 

λ emission (nm) 

 

L097 
Crime-Lite 2, 445-510nm, 

Foster &  Freeman 
445 529 

L034 High power LED 470 (not reported) 

L070 Mercury discharge lamp 480/40 (excitation filter) 527/30  (emission filter) 

L021 High power LED 470/40 525/50 

L060 (not reported) 467 - 498 513 - 556 

L062 Laser 445-510 (blue-green light) (not reported) 

L033 Mercury discharge lamp 632 648 

L014 High power LED 475 620 

L023 Mercury discharge lamp 330-380 (not reported) 

 

Besides the frequent usage of Nile Red, there is no common approach for the staining of particles and each 
participant described a different procedure to stain the sample and to solubilize the dye. A summary of 
reported data are shown in Figure 74 and Figure 73. 

Among the participants who applied a rinsing step after the staining, half rinsed with organic solvents 
(methanol, ethanol, isopropanol), while the remaining used aqueous solutions (water, 0.1% Triton X-100) 
(ra = 78%). 

 

Figure 73: Conditions for staining with Nile Red – Solvent or mixture of solvents (left, ra = 100%) and the dye’s 

concentration (right, ra = 100%) used. The data of the participant using the Sudan IV dye are not included in the pie 

charts 
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Figure 74: Conditions for staining with Nile Red – Solvent volume (left, ra = 100%) and incubation time (right, 

ra = 100%). The data of the participant using Sudan IV are not included in the pie charts. In that specific case, a volume 

of 1 mL was used as solvent and 30 min incubation time. 

 

Table 40: Comparison between the reported number of plastic particles (value B) and the conditions of staining, 

including the step at which staining was done (stage of staining). 

Lab 
code 

Number of 
plastic particles 

[L-1] 
Dye solvent mg/mL mL mg Stage of staining Time (min) 

L097 152 
Nile 
Red 

prepared at 100 µg 
mL-1 in acetone added 

to 60 mL of sample 
suspended in water 

0.001 6 0.006 
After digestion on 

the filter 
50 

L034 189 
Nile 
Red 

Ethanol 10 1 10 
After digestion on 

the filter 
5 

L070 243 
Nile 
Red 

hexane 0.5 0.2 0.1 After filtration 30 

L021 356 
Nile 
Red 

acetone 100 2 200 
Digestion; after 

filtration 
30 

L060 810 
Nile 
Red 

isopropanol 1 0.5 0.5 
Digestion; after 

filtration 
30 

L062 842 
Nile 
Red 

1) Acetone; 2) ethanol 10 10 100 after filtration 30 

L033 861 
Nile 
Red 

Methanol 1000 6 6000 
After 

reconstitution 
30 

L014 3233 
Nile 
Red 

Methanol 100 1 100 
After 

reconstitution 
30 

L023 3508 
Sudan 

IV 
acetone-alcohol-water 0.5 1 0.5 

After 
reconstitution 

30 

 

Details of the applied staining procedure in comparison with the reported measurement results (value B) are 
given in Table 40. Eight out of nine laboratories used Nile Red for staining and one participant applied Sudan 
IV. In the latter case, the measurement value for the number of plastic particles, was significantly above the 
indicative range (500 – 1100 L-1), while the Nile Red users found a broad range of values, four falling below, 
three within and one above the indicative range. A conclusion about the impact of the staining dye can 
therefore not be drawn. 
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The column “stage of staining” in Table 40 summarises the pre-treatment step of the sample and the phase, 
at which the staining was applied. Two out of three laboratories, which stained the particles directly after the 
sample reconstitution (L014, L023, L033), obtained a relatively high number of plastic particles (value B). 
Therefore, the step at which staining is done, might have an effect on the detected number of plastic particles. 
In any case, it should be considered that the dyes used (Nile Red, Sudan IV) have limited solubility in water 
and thus may precipitate (e.g. on the filter surface). The dye crystals may then be mistakenly classified as a 
target particle. 

During the participant workshop, several aspects of the staining procedure were discussed and the need for 
a harmonised protocol for particle staining was emphasised by several laboratory representatives. In addition, 
participants commented that a reduced dye concentration can reduce the background contribution as well as 
the formation of dye crystals. Moreover, the selection of the solvent can be critical for the stability of the 
particles. For instance, polystyrene is affected by the use of acetone. It was also mentioned that a high load 
of organic matter in the sample can interfere with the staining of the plastic particles. 

4.7.5 Sample preparation aspects 

Use of the whole 1L water sample or a parts of it 

While for the whole data set of this study no impact of the volume analysed was found (see section 4.4.1), 
there seems to exist an effect when focussing on the number concentration of plastic particles (value B) 
determined with fluorescence microscopy (see Table 41). The two participants, who analysed sub-samples 
instead of the whole 1L volume, found higher values than the other laboratories in this sub-group. However, 
considering the low number of cases, drawing a conclusion is difficult. 

Table 41: Correlation between the number of plastic particles (value B) and the use of 1L water sample.  

Lab 
code 

Number of plastic 
particles found  

[L-1] 

Use of the 
whole 1L 
sample? 

Volume of the  
sub-sample(s)  

[mL] 

Number of sub-samples 
analysed 

L097 152 Yes 
  

L034 189 Yes 
  

L070 243 Yes 
  

L021 356 Yes 
  

L060 810 Yes 
  

L062 842 Yes 
  

L033 861 Yes   

L014 3233 No 10 3 

L023 3508 No 250 4 

 

Sample pre-treatment procedures 

In the preparation of samples for the determination of values B, some laboratories applied a pre-treatment 
step using substances, such as detergents, enzymes and hydrogen peroxide (H2O2), even though the test item 
of this study was a simple water sample (see Table 42). Three out of four laboratories, which applied such a 
pre-treatment step, obtained a number of particles below the indicative range (500 – 1100 L-1). This suggests 
that such pre-treatment steps might be too aggressive for plastic materials. In addition, there is a possible 
risk of particle loss during transferring of the sample from one step to the other. However, the low number 
of laboratories does not enable to generalise this observation.  
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Table 42: Correlation between the number of plastic particles and use of additional substance (detergent, enzyme, 

H2O2) 

Lab 
code 

Number of 
plastic 

particles L-1 

Use of additional 
substances Step 

L097 152 Yes 
sample filtered on to nitrocellulose filter, filter dissolved in 10%KOH (aq) 

at 60'C for 16h 

L034 189 Yes 

We have used H202 in order to remove organic matter from the filter 
(after the 1 L sample was filtered). We used 2 mL of 15% H202with 2 

mL of ferrous sulfate 5 mM (as catalyzing agent). The filter under 
volume was subjected to 50°C for one hour in order to digest the non-

plastic matter. 

L070 243 No 
 

L021 356 Yes 
SDS 10% (100 mL), protease (20 mL)+ Tris HCl 1 M buffer (100 mL), 

cellulase (3x25 mL) +Tris HCl 1 M buffer (100 mL), H202 35% (100 mL), 
chitinase (5 mL) + NaOAc 1 M buffer (100 mL), H202 35% (100 mL) 

L060 810 Yes 
After filtration of the sample, approximately 500 µL of a 15% H202 

solution were added dropwise to the filter. The filter was then dried at 
20°C - 22°C for 16 h. 

L062 842 No 
 

L033 861 No 
 

L014 3233 No 
 

L023 3508 No 
 

 

Additional information about how PET particle stability can be affected, was provided by during the workshop. 
In the context of this study, according to the study participants, a sample pre-treatment was not considered 
a necessary step. However, when applied, the impact of chemical and enzymatic digestion protocols (Fenton, 
hydrogen peroxide, acidic and alkaline) on the sample need to be investigated. Some participants expressed 
that the use of H2O2 seems not to have an effect on the plastics’ stability, whereas acid digestion should be 
avoided. Fenton digestion was defined “tricky” to work with, probably due to the quite powerful reaction, which 
can occur when high load of organic matter is present in the sample. It was pointed out that during digestion 
temperature is another important parameter to take into account, since temperature higher than 60°C can 
compromise particle stability. One participant tested two digestion treatments on the PET particles and 
observed that 10% KOH at 60 °C for four hours can partly hydrolyse PET, with a quantified loss of 10%. On 
the other hand, no degradation was observed after oxidative treatment with H 2O2 at 15% or higher 
concentration at room temperature. A degradation of PET was observed when the treatment was done at a 
temperature higher than 40 °C.  

Type of filters used 

An overall assessment of the filters used is given in section 4.4.4. For the purpose of the analysis within the 
subgroup of optical microscopy users, the types of filters applied were grouped in five categories (cellulose, 
glass, metal, polymeric and silicon). A comparison of measurement results for the number concentration of 
all particles (values C) depending on the filter category is given Figure 75. From that figure it can be observed 
that the use of filters made of glass seems to correlate with lower measurement results, while the use of 
metallic filters (including also metal coated filters) seems to result – with one exception – in values above 
the indicative range. 

In the case of silicon filters, some of the results were considered as extreme values. However, considering 
the low number of results for some sub-categories, it is difficult to generalise such statements. The reason 
for these observations might be linked to different aspects or practices other than the applied type of filter, 
or because of a combination of several factors. 
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Figure 75: Comparison of reported number concentration results for all particles (value C) for different categories  of 

filters used. Method applied: Optical microscopy  

 

During the workshop, the study participants shared their experience regarding filter usage. Most of the 
participants adopted their habitual filter to run their experiments; others referred to literature review; finally, 
some of them considered the best optical contrast with the particles as a criterion. One of the participants 
shared the experience that combining the use of bright-field illumination with silicon filters resulted in a 
strong shining background that disturbed the particles’ visualisation. During the discussion, it was further 
specified that filters should be selected in relation to the kind of polymer to be analysed as well as to the 
kind of microscope and microscope settings ( i.e. dark field vs bright field) available in the laboratories. 
According to the participants’ experience, quality of the filter and different brands could have an impact on 
data quality as well. Selection of white filter with the PET material used in this study (white/transparent) 
reduced the contrast and thus the particle recognition can become difficult. Such a problem is generally not 
observed with samples derived from rivers, because plastics occurring in such an environment are mostly 
coloured. Moreover, it was discussed that a suitable strategy is needed for particle counting with the use of 
grids or marks on the glass slide / petri dish being a common strategy to ensure that the particles were not 
counted twice or not counted at all when collecting images.   

 

4.7.6 Reporting multiple values produced with optical microscopy 

Thirty-eight participants measured the total number of particles (value C) by using optical microscopy (OpMic) 
and two further laboratories used fluorescent microscopy (Fluo) as detection method. Out of the 38 optical 
microscopy users, eight provided only a value C, while the others also provided other values (A and/or B) (see 
Figure 76). It can be seen that, in this study, laboratories having submitted only value C, tend to find lower 
number of particles with only one falling into the indicative range. The re sults for value C reported by 
laboratories having reported other values (A and/or B) as well, span over the whole range depicted in Figure 
76.  
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Figure 76: Reported values for number concentration of particles (value C) generated by using optical microscopy. 

Results for L039 (50,000,000 L-1) and L131 (9,966 L-1) are not displayed because they are out of scale. Dashed lines 
represent the boundaries of the indicative range. Participants that provided only value C are indicated with an open 

circle.  
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Fourier Transform Infrared spectroscopy 
 

Fourier Transform Infrared (FTIR) spectroscopy it is one of the most diffused methods of infrared (IR) 
spectroscopy. When IR light interacts with a sample, a certain portion of the IR radiation is absorbed. The non-
absorbed portion passes through the sample (is transmitted) or is reflected. Depending on the instrument 
set-up, transmitted or reflected light is captured by the detector. Because the portion of absorbed radiation 
and as well the transmitted or reflected light is characteristic for each chemical substance, the resulting 
spectrum (intensity of detected radiation across the applied energy/wavelength band) represents a molecular 
‘fingerprint’ of the sample. Infrared spectroscopy is therefore a powerful tool for the analysis of chemical 
structures. In the specific case of FTIR, the instrument uses an interferometer and Fourier Transform 
mathematical analysis as a means to determine the IR spectrum that the analysts can use to identify or 
quantify the substance(s) contained in the sample under investigation. For chemical mapping purposes the IR 
light beam is usually coupled with a standard microscope set-up (micro-FTIR) provided with reflective focusing 
lenses and an automatized stage for large areas scanning (e.g. filters for micro-plastic recovery). Special 
array detectors (focal plane array – FPA) capable of scanning simultaneously several pixels can also be added 
to the system to speed-up analysis time.  

 

 

 

 

 

 

 

Schematic diagram of an interferometer, 
configured for FTIR.  

 

 

 

 

 

 

 

Source  of image: Petergans, Public domain, via Wikimedia Commons  
(https://commons.wikimedia.org/wiki/File:FTIR_Interferometer.png 
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4.8 Fourier Transform InfraRed Spectroscopy 

Fourier Transform Infrared (FTIR) spectroscopy is used as an identification technique which,h when coupled 
with microscopy, is referred to as ‘FTIR microscopy’ or ‘µFTIR’ for short. It enables identification and 
quantification of particles on a suitable surface, for example a filter. LDIR is another related technique utilising 
infrared microscopy, which however works with a laser light source and rapidly scanning optics. Both, FTIR 
and LDIR are covered by this section. 

FTIR microscopy was used by 37 laboratories reporting in total 37 values A, 30 values B, 10 values C (see 
Figure 62 on page 79) and even some mass concentration values, namely five values D, four values E and 
two values F (Figure 63 on page 80). LDIR was used by three participants of this study to produce results for 
values A, B and C each. One laboratory reported the use of both, FTIR and Raman spectroscopy for measuring 
values A and B. The latter results were considered in both categories.  

In order to simplify the statistical evaluation for cases reporting a “greater than” value, those results were 
considered as if the exact value (“equal to”) was reported. In case of one laboratory that reported two results 
measured with the same method, the average of the results was considered. One of the FTIR user laboratories 
(L032) reported an “A” value that falls in the category of extreme values, however, no objective reason was 
found among method parameters to explain the high number of detected particles. As the value was not far 
from other high values over the indicative range and was not compromising the graphical representation of 
results, it was included in the evaluation, but was labelled with a different symbol (full, black circle) in the 
figures.  

4.8.1 Instruments and spectrum acquisition 

The equipment used represents examples from various big instrument providers (Perkin-Elmer, Bruker, 
ThermoFisher, Agilent and Shimadzu). Compared to Raman instrument providers, small companies are 
typically missing from the landscape of FTIR manufacturers. Comparison of the reported PET particle numbers 
(“A”) among participants with instruments from different manufacturers show that the equipment brand has 
no observable effect on the results. The mean and median values calculated for each category fall in the 
indicative range. 

Among FTIR data acquisition modes, transmission is the most popular with 55%. This might be in correlation 
with the simplicity of the measurement, but also with the existence of available databases. Even if 
transmission type measurements have a strong limitation because of the low transmittance of thicker 
samples (larger particles), this type of measurement is often preferred to reflectance measurements when 
high roughness samples (such as microparticulate) may  result in diffuse reflection and/or transflection. The 
use of attenuated total reflectance (ATR) mode requires specific hardware and the contact-mode acquisition 
method might become time consuming and less performing in case of a high number of small particles. It 
may also be problematic due to the risk of contaminating the crystal with the sample. 

 

 

Figure 77: Acquisition mode (A, ra = 100%) and detector type (B, ra = 86%) used among the FTIR microscope user 

participants. 
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Figure 78: Number of 

PET particles detected 

using various 
acquisition modes 

 

 

 
 

 

Regarding the acquisition mode, no statistical difference could be found between groups (Student’s t-test) 
using reflection or transmission for collecting spectra. However, apart from one laboratory – which reported 
the presence of one PET particle – the PET number values provided by ATR users tend to be higher compared 
to values produced with the other two acquisition modes. Nearly all ATR users provided results that are outside 
the indicative range. 

The most typically used detector type is “Single element” detector with 50%, but solutions such as linear and 
focal plane array (FPA) detectors allowing faster imaging of the filter surface are present in similar ratio 
when counted all together. Between participants using FPA and linear array detectors for the analysis, 62% 
performed chemical mapping while 32% opted for single spectrum analysis (ra = 94%). Among participants 
performing analysis with single element detectors, 94% performed single spectrum analysis while only 5% 
implemented chemical mapping (ra = 100%). 

Because of low numbers of data in some groups, no statistically significant difference can be concluded 
between the performance of methods applying various detector types. Median and mean values fall in the 
indicative range for all categories and there are reported PET number values falling below the lower border 
of the indicative range in each user group (results not shown). 

The chosen number of spectral scans covers a wide range from 1 to 128 with many users applying an average 
number of 16-32 scans as a compromise between invested measurement time and spectrum signal-to-noise 
ratio. The number of averaged scans shows no correlation with the approach of analysing full or partial filter 
area. The typically applied spectral resolution is between 2 cm -1 and 8 cm-1, only a few users are applying 
lower spectral resolutions (up to 16 cm-1).  

The reported smallest detectable PET particle size is typically higher for FTIR than for Raman microscopy 
users. The reported sizes are in agreement with the known diffraction-limited performance of these 
techniques. The most frequently reported lower size detection limit from FTIR users is between 10 and 20 
µm. About 7.5% of FTIR microscope users reported a minimum detectable PET size that is higher than the 
size of some of the smaller particles present in the test sample. Two of the three LDIR users reported 5 µm 
as lower size limit.  

No correlation between the reported smallest detectable size and the registered number of PET particles was 
found (results not shown). Out of the PET particle numbers registered by the two participants who reported 
size limits far above the 30 µm cut-off, one fell below and the other above the indicative range. Normally a 
higher detection cut-off for particle size would be expected to result in a lower number of detected particles 
(because the ones smaller than the reported detection limit cannot, in principle, be detected).  
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4.8.2 Data evaluation 

The source of the database used for identification is typically the instrument provider for FTIR microscope 
users, with home-built databases as a second choice (see Figure 79). The former might be related to the type 
of instrument providers in the study: they are all well established companies that can provide good quality 
databases together with their software packages. Three quarters of the “Open database” users nominated 
the siMPLe platform (www.simple-plastics.eu) as information source, while with “Literature” data some users 
referred to peer-reviewed scientific articles. 

 

 

 

 

 

Figure 79: Origin of the database for PET 

identification in case of FTIR user participants 

(Answer rate: 100%) 

 

 

 

 

The PET number values reported by the participants using a database from the instrument provider, in-house 
or open databases fall in the indicative range, but users relying on reference spectra from literature all 
underestimated the PET particle number in the sample (see Figure 80). The three participants falling in this 
latter group used three different acquisition modes (transmittance, reflectance, micro-ATR) but only one of 
them (LDIR user) indicated that the spectral database from literature (containing transmission spectra) was 
adapted for the purpose of the measurements. 

 

 

 

Figure 80: Number of 

PET particles detected 
grouped by the type of 

reference database 

used for identification 

 

 

 

 

 

 

 

http://www.simple-plastics.eu/
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Most of the FTIR user participants (86%) have also spectra of non-plastic materials present in their database 
(ra = 100%). Users applying databases containing other spectra apart from plastic materials seem to be more 
successful in the identification of PET particles. All the values reported by the “No other materials in the 
database” group fall outside of the indicative range, typically underestimating the number of PET particles 
(see Figure 81).  

 

 

 

 

 

Figure 81: Number of PET 

particles detected, grouped 
by the presence (Yes) or 

absence (No) of other 
materials than plastic in 
the reference database. 

 

 

The low use of first and second derivatives in spectral identification shows that typically more identification 
methods rely directly on the spectra without analysing spectrum derivatives. The percentage of participants 
reporting the use of first and second derivatives was 34% and 23%, respectively. No statistically relevant 
difference can be found between groups considering first and second derivatives of spectra for polymer 
identification and laboratories relying directly on the comparison of the spectrum itself with reference data. 

Data pre-treatment might improve the recognition of spectra when compared to reference library. However, 
only about 20% of FTIR users indicated that they perform data pre-treatment before spectral recognition. 
About 80% of FTIR microscopists reported no data treatment before analysis. About 46% of the responders, 
who answered positively, indicated the use of baseline subtraction and 27% applied CO2 signal removal. With 
only 9%, smoothing seems to be an even less frequently applied procedure of FTIR spectrum treatment. The 
median and mean of reported data for both groups, those performing data pre-treatment and those not doing 
so, are both in the indicative range, but individual data are widespread in both categories. Thus, no final 
conclusion can be drawn, whether this step is relevant for the reliability of the polymer identification.  

The range of applied identification thresholds (minimum concordance between sample spectrum and 
reference spectrum) for FTIR is quite broad spanning from 30% to 90%, which might be influenced by the 
fact that the material composition was known to the participants. In such a case, according to the reported 
data, FTIR microscopists often (about 50%) accept also values even lower than 70%.  

About 72% of the participants, analysed the full filter area. Among them there are also participants with 
single element detector. The laboratories who analysed only partially the filter area used a single-element or 
a linear-array detector and typically applied single spectrum as the basis for material identification. This 
shows that the detector type is considered as a limiting factor in collecting information about a full filter by 
many participants. Most of the laboratories who applied chemical mapping (27% of the FTIR users) used a 
focal plane array detector and mapped the full filter area. 
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Figure 82: Scanning strategy in case of partial filter 

analysis (ra = 91%). 

 

 

 

 

Figure 82 shows that for partial filter area scanning often a randomised assembly was applied (55%) besides 
some other strategies, like analysing one quarter of a filter (18%) or following a cross-shaped assembly (9%).  

The median of the results reported by laboratories analysing the full filter and laboratories scanning only a 
partial filter area (see Figure 83) is similar and the mean values of both groups fall in the indicative range. 
However, the percentage of laboratories reporting values below the indicative range is higher for the group 
analysing the full filter, while the percentage of participants reporting results higher than the indicative range 
is larger in the partial filter area group. This latter case could be caused by the uncertainty produced by the 
multiplication of data depending on the analysed filter portion.  In general, this kind of multiplication strategy 
might easily result in both under- and overestimation of the expected value.  

 

 

 

 

Figure 83: Number of PET 

particles detected, grouped by 

whether the full filter area (Yes) 
or partial filter area (No) was 

analysed. 

 

 

The mean and median values of the number concentrations provided by participants applying chemical 
mapping or single spectrum analysis, respectively, are very close and fall in the middle of the indicative range. 
However, the single spectrum group clearly shows a wider spread of values (see Figure 84).   

Among FTIR users Anodisc filters are the most often used (19%), followed by silver (16%) and silicon (14%) 
based filters (see Figure 84A). Other non-polymer based materials, like glass (8%), steel (11%), gold and 
cellulose (3-3%) are also applied. A few participants applied various polymeric material based filters, among 
them polycarbonate (5%). From the reported number concentrations distribution analyses (Figure 84B) no 
particular correlation between the filter material type and the mean number concentration can be extracted. 
The selection of more than ten type of filter materials resulted in low number of participant laboratories in 
the individual filter groups, which does not allow solid conclusion to be drawn about the effect of filter 
material. 
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Figure 84: Number of 

PET particles detected, 
grouped by the approach 
to analyse the filter using 

chemical imaging or a 
single spectrum.  

 

 

 
 

 

 

 

Figure 84A: Filter types 

applied by µFTIR users. 

 

 

 

 

 

 

 

 

 

 

Figure 84B: Number of 

PET particles detected 
by µFTIR users, grouped 

by the filter types 

applied. 
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4.8.3 Non-PET particles 

The chart in Figure 85 shows the chemical nature and frequency of other type of particles detected by the 
participants. Natural origin particles are the most commonly reported ones, followed by other (inorganic) 
materials and by poly-acrylates among the polymers. 

82% of the FTIR users reported also number concentrations of plastic particles (values B). About 22% of the 
FTIR users found that the total number of microplastic particles was equal to the number of PET particles 
(A=B) and one laboratory (L045) reported that the PET particle number is higher than the plastic particle 
number (A>B) without reporting an exact value A. This finding is strange, as the number of plastic particles 
(value B) of course includes all PET particles (value A), and might therefore be an encoding error. Excluding 
L045, the average B/A ratio is 1.05, showing that on average 5% other plastics were found. One laboratory 
found B being higher than A and only one participant (L008) reported a much higher value for B than for A, 
resulting in a B/A ratio of 1.9. 

Figure 85: Non-PET particles found by 

study participants when analysing in the 
sample with µFTIR. P roportion 

(percentage) of laboratories that 

identified a specific polymer out of the 
number of all laboratories that detected 

non-PET particles. 94% of these 
laboratories reported more than one 

non-PET polymer.  

PA: polyacrylate,  

PS: polystyrene,  
PE: polyethylene,  

PC: polycarbonate,  
PLA: polylactic acid,  

PU: polyurethane,  
PVC: polyvinylchloride,  
PVA: polyvinylacetate,  

PBT: polybutylene terephthalate 

 
 

This laboratory detected the presence of various kinds of other plastics (polyvinyl chloride - PVC, polyacrylate 
- PA, polyvinyl acetate – PVA, and polyurethane) in the sample. They noted that method-based interference 
could be expected from the use of a silicon gasket, but the details provided in the questionnaire do not explain 
the high number of plastic particles detected. 

77% of the FTIR users reported also a result for the number concentration of all particles (value C). 43% of 
the FTIR users applied optical microscopy and one laboratory used SEM instead of the FTIR or LDIR microscopy 
techniques to determine the total concentration of particles. 10% of them found no particles other than PET 
in the sample. One of the participants (L124) found a very high C/A ratio of 190, with only 1 identified PET 
particle and various other plastic particles as well as matter of natural origin, including many fibres. Another 
participant (L134) reported a value C (6 L-1) value that was smaller than values A and B (755 L-1 and 761 L-1, 
respectively). As the number of all particles (value C) must be larger or equal to value B, this entry was 
considered an encoding error and not included in the C/A ratio calculation. After excluding these two results 
as well as L045 (see above), the average C/A ratio is 1.49 with the highest ratios being found in the case of 
participants who used optical microscopy to determine C. The same ratio for those laboratories who applied 
FTIR to determine C is 1.36 many of them reporting the presence of natural polyamide and cellulose type 
particulate materials. 

Five FTIR microscope user laboratories reported also mass concentrations. Mass concentrations were most 
probably estimated using image analysis tools to determine the 2D projection of particles, estimated 
thickness and the bulk density of the identified materials. Three of the five laboratories applied the inbuilt 
feature of the siMPle software for this, one laboratory used ImageJ for the image analysis and one participant 
reported the application of a software of the instrument provider. 
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Raman microscopy 
 

Raman microscopy combines the analytical capabilities of Raman spectroscopy with a microscope’s ability to 
obtain optical signals from small localised regions of a sample. Laser light is focused on the sample by using 
the objective of a microscope. When the laser light interacts with the sample, scattered light is produced, 
which is collected by the microscope and passed into a spectral analyser. Most of the light is the same 
wavelength as the incident laser light but a small fraction of the light has higher or lower wavelengths due 
to interactions (inelastic scattering) with the molecular bonds of the material. By measuring the difference in 
wavelength between inelastic scattered light and the incident light it is possible to produce a characteristic 
Raman spectrum, which is analogous to the previously discussed FTIR spectrum and can be used to help 
identify the material. Such a spectrum is unique for each molecule or crystal and can serve as a fingerprint 
for chemical identification of materials. Raman microscopy is insensitive to water but can be disturbed by 
fluorescence emission from the sample. Raman microscopes can be used for imaging (with theoretical 
resolution of less than 1 µm) or for measurements at selected single positions on an object under the 
microscope. Both strategies are known in the analysis of microplastic particles by Raman microscopy. 

 

Schematic diagram of a Raman microscope 
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4.9 Raman Spectroscopy 

The number of laboratories who provided data produced with Raman microscopy was 16 having submitted 
15 values A, 10 values B and one value C. One laboratory (L069) reported the use of both, Raman and FTIR 
microscopy for measuring values A and B, and these results were considered for the evaluation of both 
techniques. Answer rates (ra) were calculated as described above (section 2.5.1) and are given in the figure 
captions or/and in the text, as appropriate.  

In order to simplify the statistical evaluation for cases reporting a “greater than” value, those results were 
considered as if the exact value (“equal to”) were reported. No extreme value was identified among the results 
reported by Raman user laboratories. 

4.9.1 Instruments and spectrum acquisition 

The instruments used for Raman microscopy by the study participants represent various big instrument 
providers (Horiba, Renishaw, ThermoFisher) and - in contrast to FTIR microscopy - some smaller companies, 
namely WiTec, Unchained Labs and Spectroscopy&Imaging (S&I) as well. Because the number of Raman user 
participants in total is quite low, a detailed analysis of different aspects is only possible for certain factors 
(see below). Moreover, it needs to be taken into account that participants had preliminary information about 
the chemical composition of the sample.  

The mean values of reported PET particle numbers (value A) calculated for each of the five different Raman 
microscope manufacturers all fall in the indicative range. Therefore, no impact could be observed regarding 
the brand of equipment used. 

Most frequently, a 532 nm wavelength laser source is applied (80%) followed by the use of a 785 nm laser 
(2 participants, 13%). Only one laboratory applied a 488 nm laser. Independently from the wavelength of the 
light source, many participants (50%) limit the applied energy to ≤ 5 mW. This, most probably, is done in 
order to avoid the laser-induced damage of heat sensitive polymeric material. About one third of the 
laboratories used laser power in the 5-50 mW range and only two laboratories applied >50 mW (see also 
Figure 86). 

 

Figure 86: Laser wavelengths (left, ra = 88%) and applied laser power (in mW) (right, ra  = 82%) in the measurements 

performed by Raman microscopy. 

 

Three results reported when using the 532 nm laser are above the indicative range and one result is below 
(see Figure 87). Still, the mean and median calculated from all reported values in that category are inside the 
indicative range (not shown in the graph). The very low number of users of other laser wavelengths does not 
allow any conclusion to be drawn about the performance of methods working with a 488 nm or 785 nm laser 
sources. 
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Figure 87: Number of PET particles determined by Raman microscope users applying laser sources of various 

wavelengths 

 

The maximum applicable laser power could be linked to the laser wavelength, but many participants worked 
with reduced power rather than at full potency of their light source. Values produced using a laser power of 
5 mW or lower tend to result in higher values and the application of a laser power above 50  mW seem to 
produce lower values. A possible explanation for this latter effect could be micro plastic particles melting 
and/or signal degradation via thermal effects. In contrast, all results reported by participants working with an 
average laser power (5-50 mW) fall into the indicative range for the PET particle number concentration (see 
Figure 88).  

 

 

Figure 88: Number of PET particles detected by Raman microscope users applying various laser power: 5 mW or below 

(E≤5, full circles), between 5 and 50 mW (5<E≤50, open circles), above 50 mW (50<E, rhombs). Labels next to  the 
markers show the applied laser wavelength and filter material: PC polycarbonate, C cellulose based, Au/Al coated, Si 

silicon, PTFE polytetrafluorethylene. 
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Wavelength calibration of Raman instruments is needed to avoid the shift of peaks compared to the 
theoretically expected position and contributes to better spectrum recognition when confronting sample data 
with the spectra in the database. About 67% of the participants calibrated the light source or corrected the 
recorded spectra using a lamp with multiple lines or applied a silicon target. 20% of the responders did not 
apply any correction, while the answer was not clear in two cases (ra = 88%). Nevertheless, no statistically 
relevant difference was found between values produced by Raman spectroscopy with or without applying 
wavelength calibration. 

The number of scans that are averaged to generate the spectrum for chemical recognition affects the 
spectrum’s quality; a higher number of scans produce a lower signal-to-noise ratio. Still, the number of scans 
is much lower for Raman spectroscopy than for FTIR spectroscopy, with typical values between 1 and 5 
(ra = 59%) - most probably because the usually lower noise level in Raman spectra. The application of low 
scan numbers shows no correlation with scanning full or partial filter area in case of Raman users. The mean 
and median of number concentration data provided by single scan method users fall in the indicative range, 
as do values determined by using averaged spectra. 

The smallest detectable PET particle size (ra = 82%) is typically lower for Raman (ranging from 0.3 µm to 14 
µm) than for FTIR microscopy. About 43% of the µRaman users indicated a lower size limit of equal or less 
than 1 µm. All Raman microscope users reported size limits (all below 30  µm) that are fully compatible with 
the analysis of the test sample. 

4.9.2 Data evaluation 

Raman identification relied more often on independently generated “in -house" databases and spectral 
information found in the literature (included in the “Other” category) than on an instrument’s database (see 
Figure 89). Two of the four participants using the manufacturer’s database had Renishaw equipment. One of 
the reasons for preferring in-house databases (apart of the cost of buying a commercial one) might be that 
Raman spectra (peak intensity ratios) change with the excitation wavelength. 

 
 

 

 

 

Figure 89: Origin of the database for PET 

identification in case of Raman user 

participants (ra = 88%) 

 

 

 

The databases applied by most of the Raman microscopy users (93% – an even higher percentage than for 
FTIR databases) include spectra of non-plastic materials. The mean and median PET number concentration 
provided by these participants are both in the indicative range. The only participant who provided number 
results for PET particles and has answered “no” to this question applied literature data and in -house 
measurement on PET reference material for the identification of the test particles. 
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Figure 90: Number of PET particles found by Raman microscopy users and the presence (“Yes”, full circles) or absence 

(“No”, open circles) of spectra of non-plastic materials in the reference spectra database  

 

In-house database users are more frequent among Raman spectroscopy users than among FTIR 
spectroscopists (56% vs. 26%). No statistically relevant difference was found between the performance of 
methods based on the use of databases of various origin.  

The consideration of spectrum derivatives could theoretically contribute to a better recognition of spectra 
during the comparison with the entries of a database. A typical undesirable feature in Raman spectroscopy 
is baseline shift, which might be caused by a wide band from background fluorescence or scattering by matrix 
components. Because the first derivative of a steady baseline, irrespective of its offset, is zero, using the first 
derivative of spectra in the recognition process helps to decrease the influence of such baseline effects. The 
question of using first and second derivatives for spectral identification shows that for 21% and 29% of 
Raman users it is “not known” whether their instrument/software applies first and/or second derivatives for 
the comparison with database spectra (ra = 82%). The majority of Raman spectroscopists in this study relied 
on the direct analysis of spectra for identification purposes, 50% not using first and 64% not using second 
derivatives, respectively (ra = 82%). These percentages are slightly lower than those of FTIR users not 
considering derivatives during the analysis. Most probably, because no matrix effect (or any other component) 
was expected to interfere with the signal of the particles, no statistically significant difference was found 
between user groups based on whether or not they used first and second derivatives. 

Regarding data pre-treatment, a clear difference between FTIR and Raman users in this study was observed. 
About 66% of Raman users performed some data pre-treatment - usually at least a baseline subtraction 
(53% of respondents, ra = 82%) - before comparison with a database. Smoothing is more frequently applied 
(13%) in case of Raman spectra than for FTIR. Because of the possible baseline shift mentioned above, 
baseline correction is one of the most commonly applied processing steps applied by many participants. 
However, none of the applied processing steps shows a recognisable effect on the method performance in 
this study. 

The threshold for spectrum identification (minimum concordance between sample spectrum and reference 
spectrum) seems to be typically higher for Raman spectroscopy than for FTIR – for 78% of respondents it 
should be at least 60% (ra = 53%). However, the frequently applied relatively low threshold might be 
attributed to the fact that the identity of the plastic material was known to the study participants. 

About two thirds of the Raman spectroscopy users (72%) analysed the full filter area, a similar rate as for 
laboratories applying FTIR spectroscopy (ra = 88%). Among Raman spectroscopy users, only about 10% used 
chemical image analysis for the counting of particles, irrespective of the filter area investigated. 
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Among Raman spectroscopists, who did not investigate the whole filter surface, one laboratory chose a 
random assembly of filter parts, one the middle of the filter and two laboratories one third of the filter for 
analysis (ra = 100%). 

There seems to be no significant difference in the PET number concentrations obtained by the Raman 
microscopists analysing the full filter or only parts of it (see Figure 91). In the case of full filter analysis, both 
the mean and median fall in the indicative range of the PET particle concentration, while in the case of a 
partial filter surface analysis the mean falls below the indicative range (data not shown). 

 

Figure 91: Number of PET particles found by Raman microscope users depending on whether they have analysed the 

whole filter area “(Yes”) or only parts of the filter (“No”) – ra = 88%. 

 

Many Raman users chose silicon as filter material. Its advantage is the rigidness of the filter material, which 
offers a flat surface. In addition, the silicon signal can be easily distinguished from the spectra of other 
polymers. The second most frequent choice were metal coated filters providing a reflecting surface with good 
flatness and no specific Raman signal. Nitrocellulose, cellulose ester and (surprisingly) polymer based filters 
were applied as well. The single laboratory that used an uncoated polycarbonate filter, strongly 
underestimated the PET particle concentration in the sample. Apart from this, no clear effect of the filter 
material on the detected PET particle number can be observed (see also Figure 92). 
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Figure 92: Number of PET particles found by Raman microscope users depending on the applied filter type (r a = 94%) 

 

4.9.3 Non-PET particles 

Figure 93 shows the chemical nature and frequency of other type of particles detected by the participants by 
Raman microscopy. Contributions represent the number of laboratories by whom a certain material type was 
observed. Particles of natural origin and other (inorganic) materials are the most often registered ones, 
followed by polystyrene among the polymers. It was not clear from the responses of the laboratories, whether 
these observations were due to a false detection of PET particles or to contamination of the sample with 
other plastic particles.  

 

Figure 93: Non-PET particles found by study 

participants when analysing in the sample with 

µRaman. P roportion (percentage) of laboratories 
that identified a specific polymer out of the 

number of all laboratories that detected non-PET 
particles. All these laboratories reported more 

than one non-PET polymer, ra = 75%.  

PE: polyethylene,  
PTFE: polyethylene terephthalate,  

PS: polystyrene,  
PP : polypropylene 

 

 

 

73% of the Raman users reported also the number concentration of plastic particles (value B). One of the 
respondents found that the total number of microplastic particles was higher than the number of PET particles 
(B>A), but did not report an exact value for B. All other Raman users found a low number of particles of non-
PET plastic. Excluding L017 and L054 (the latter having not reported an exact value A), the average B/A ratio 
is 1.04, showing that on average about 4% of other plastics was detected. 

73% of the Raman users reported also a number concentration of all particles (value C) but only one 
laboratory used Raman microscopy to determine value C, the others applied optical microscopy. One of the 
participants (L038) found a very high C/A ratio of 254, with only 15 identified PET particles but this laboratory 
did not describe the nature of the other particles. After excluding this result as well as L054 (see above), the 
average C/A ratio is 2.03.  
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Particle sizing 
 

Particle sizing methods utilising different physical measurands provide different particle size descriptors. 
Among them, microscopy produces the 2D projection of the particles.Since the 2D projection of irregular 
shaped objects can be described with various size parameters that might be all valid, but usually not equal, 
reporting the size descriptor is as important as reporting the size value itself. 

Often applied descriptors are the minimum or maximum distance between two parallel tangents of the 
particle - called Feret min and Feret max diameters. Another typical choice is Heywood or equivalent-circle 
diameter, which is the diameter of a circle that has the same area as the 2D projection of the particle. Some 
image and particle analysis software also provide the opportunity to determine the axis length(s) of a fitted 
ellipse. Besides these popular size descriptors, many other types (such as Martin, Krumblein, equivalent 
square, etc.) exist.  

 
  

Some often applied particle  size  descriptors illustrated for various shaped particles 
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4.10 Particle sizing 

4.10.1 Particle size descriptors 

The most used particle size descriptor by the study participants was the Feret min diameter, which was used 
by nearly half of the laboratories (see Figure 94). The Martin and Krubein diameters did not appear among 
the answers. Heywood diameter is more known as „equivalent circle diameter” – those hits (or clear 
descriptions with the same meaning) were added to the „Heywood” category.  

Other size descriptors were Feret max as the second most applied and Heywood as third most used descriptor. 
Others defined size as „major axis of an ellipse”, „maximum length of the particle” or “longest dimension”. 
Some further entries are method-linked (e.g. “flow cytometry with calibration particles, measurement of the 
decrease in the intensity of light caused by the momentary passage of an individual particle through the light 
beam”) and cannot be easily compared with the aforementioned geometrical descriptors. The method-based 
descriptors were collected in the category ‘Various’. In four cases the reported size description is even less 
clear (such as „Using ImageJ to measure particles”, “largest distance” and non-specified). These results 
together with the low answer rate (ra = 69%) indicate that a seemingly high number of people working in the 
field uses a method without a clear size descriptor definition. 

 

  

 

Figure 94: Particle size descriptors used 

by the study participants. .(43 answers, 

ra = 75%, ). The category “various” 
contains some specific, non microscopy 
based method linked descriptors (see 

text). The category “not clear” contains 

entries that did not properly specify the 
size descriptor (see text below for 

example) 

 

 

 

 

 

 

Figure 95: PET particle number 

concentrations in laboratories grouped based 

on the most frequently applied size 
descriptor categories. The indicative range 

was determined considering Feret min 
diameter of the particles. 

 

 

 

None of the participants providing details on size descriptors reported PET particle number values that would 
fall in the category of extreme values. 



 
130 

The correlation between the most frequently applied size descriptors and the reported PET particle number is 
illustrated in Figure 95. The indicative range was determined considering the Feret min diameter of the  
particles. The median of PET number concentration results in the category Feret min is lower than that of 
Feret max and the median of results determined using the Heywood diameter falls in-between. Data of all 
three categories are spread widely, and the median of values reported by Feret max user laboratories falls 
close to the upper limit of the indicative range.  

4.10.2 Impact of the size cut-off value 

For the purpose of reporting the number and mass of detected particles in this study, a size cut-off value of 
30 µm was chosen (see section 2.1). The effect of this cut-off value on the reported PET particle number 
concentrations (value A) was tested by asking the participants to also provide the number of PET particles at 
cut-off values 5 µm smaller and 5 µm larger than 30 µm, i.e. at 25 µm and 35 µm. The small deliberate 
change of this parameter allowed to test the sensitivity of measurement results to the choice of cut-off value 
in the case of the selected test material. Results, where the reported number for 35 µm cut-off was higher 
than for 30 µm and where the number for 25 µm cut-off was lower than for 30 µm, were excluded from the 
evaluation assuming that those data were erroneously reported. In order to be consistent, the figures show 
data that were calculated only from results of laboratories using spectroscopic methods (as other optical 
methods are not supposed to be able to provide data specifically on PET particles). However, it has to be 
noted that no significant change was found when results of those four laboratories were included as well. 
There was no extreme A value reported by participants who provided PET particle numbers for different size 
cut-off scenarios.  

The numbers reported for the smaller and larger cut-off were compared to the number of PET particles found 
for 30 µm in case of each laboratory. The number percentages generated this way for the 25 and 35 µm size 
limit were averaged (all FTIR and Raman user laboratories) separately with 31 (ra = 56%) and 24 (ra = 44%) 
answers for 25 µm and 35 µm cut-offs, respectively, and compared to the theoretical number percentages 
calculated from size distribution results of the original particle suspension as measured by the study organiser 
using static light scattering and a PAMAS particle counter (see section 2.3).  The average results of participants 
fit well to the expected values. The effect of a 5 µm change in the lower size cut-off limit on the reported 
PET particle number concentration showed in average less than 5% variation of the reported value.   

 

Figure 96: Effect of different size cut-off values on the number of particles reported by the participants (% of number 

found at 30 µm cut-off) and compared to theoretically expected values (as measured by the ILC organiser by light 
scattering and particle counter methods) (ra = 57%) 
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4.10.3 Agglomerates 

Thirty study participants found agglomerates in the sample, while 31 did not observe agglomeration 
(ra = 70%). The reported ratios between agglomerates and single particles varied between 0.6 and 70, with a 
median of 5 over all values (ra = 55%). 

Figure 97 shows that for all three number concentrations (values A, B and C), the medians of registered 
particle numbers are slightly higher in the groups of laboratories reporting the presence of agglomerates 
compared to the medians in the groups that found no agglomerates. In addition, the first quartiles of the “no 
agglomerate” categories fall below the indicative range. Under the assumption that (i) laboratories, which 
found agglomerates, considered them as multiple particles (trying to estimate the number of individuals in 
the agglomerate) and that (ii) in the samples of participants, who did not see agglomerates, the latter were 
nevertheless present, the observed trend seems logic. However, in this study, it was not asked how 
participants counted detected agglomerates. In any case, undetected agglomerates will inevitably lead to an 
underestimation of the number of (individual) particles.  

 

 

In order to increase the reliability of the reported information about agglomeration in future studies, 
participants suggested that study organisers should clearly communicate how agglomerates should be 
considered and properly counted. Other participants proposed to look into the atmospheric conditions in the 
laboratories as they may influence the interaction and/or agglomeration of particles. 

  

Figure 97: Number concentrations of PET (A), plastic (B) and all particles (C) in laboratories reporting the presence of 

particle agglomerates (“Aggl.”) compared to results of laboratories not having detected agglomerates (“No aggl.”) in the 
sample - (ra = 70%). Three specifically high values are omitted from the figure: L018 1,717,00 L -1 (C – No aggl.), L058 

918,000 L-1 (B – No aggl.), L131 9,966 L-1 (C – Aggl) 
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4.11 Other Techniques 

Besides the techniques discussed in detail above, other techniques were used by some of the participating 
laboratories. An overview about such methods and the frequency of their usage is given in Table 43. 

Table 43: Other techniques applied in the ILC study and their frequency of use. 

Technique 
Number of reported values per category 

A B C D E F 

Gravimetric analysis - - - 3 3 14 

Scanning electron microscopy (SEM) 2 2 2 - - - 

Liquid chromatography (HPLC) after cleavage of the 
PET polymer to its monomers 

- - - 2 1 1 

Quantitative Nuclear Magnetic Resonance (NMR) 
spectroscopy 

- - - 1 - - 

Particle counting - - 1 - - - 

Flow cytometry - - 1 - - - 

Thermogravimetry (TGA) - - - 1 1 - 

 

The various techniques and the results obtained with them are discussed in the following sections. 

4.11.1 HPLC 

Two laboratories determined the mass concentration of PET with high-performance liquid chromatography 
(HPLC) after hydrolysing the polymer under basic conditions. The resulting monomer terephthalic acid is then 
quantified using high-performance liquid chromatography (HPLC) coupled with a UV detector [Müller et al. 
2020, Wang et al. 2017].  

The main difference between the two laboratories is in the solvent in which the hydrolysis was conducted. 
One laboratory used 1-butanol and the other 1-pentanol (Table 44). 

Table 44: Information on the two laboratories that analysed samples with HPLC 

Lab code L052 L111 

Mass concentration PET 90.4 µg L-1 383.2 ± 25 µg L-1 

Samples per ¼ of year 30 0 

Months of experience 12 0 

Rinse bottle before processing ? No Yes 

Type of filter Stainless steel (10mm, 6 µm) Nylon (47mm, 0.45 µm) 

Principle Hydrolysis solvent: 1-butanol Hydrolysis solvent: 1-pentanol 

Detector UV UV 

Comment by the laboratory  
(if any) 

‘It appears that we lost PET particles 
through the additional transfer step in the 

1 L bottle’ 
 

 

Laboratory L052 had more than two sample kits at its disposition. They prepared six of them following the 
procedure detailed in the reconstitution protocol (see Annex II) and obtained a measurement result by HPLC 
of 90.4 µg L-1. Two additional samples were prepared deviating from the reconstitution protocol. Here the 
reconstitution step (creation of the 1-litre sample by suspending the ‘NaCl carrier’ in water) was omitted. 
Instead, the ‘NaCl carrier’ was suspended with a lower volume of water/Triton solution. The resulting 
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suspension was transferred directly into the steel filter crucible. In this case, an average concentration of 
around 249 µg L-1 was obtained. 

Figure 64 (page 94) shows that the measurement result provided by laboratory L111 is close to and its 
uncertainty interval overlaps with the indicative range, while the mass concentration determined by L052 
using the reconstituted water sample was below the indicative range. It is therefore difficult to draw 
conclusions about the HPLC method. However, considering also the additional results obtained by L052 
directly from the NaCl salt cake, it seems that the HPLC method is a reliable method for the quantification of 
PET. A study with a higher number of laboratories involved would allow a more reliable statistical evaluation. 

Even though the relevant HPLC methods are specific for PET, laboratory L052 provided also results for values 
E and F. As the same value was given for all three mass concentrations, the laboratory obviously assumed 
that only PET particles were present in the sample. 

4.11.2 Quantitative H-NMR  

One laboratory (L125) quantified the mass concentration of PET with quantitative nuclear magnetic 
resonance (NMR) spectroscopy. Dissolved PET fibres with a fibre length of approx. 500 µm were used to 
produce the stock solution for the calibration curve. A JEOL® spectrometer with a 500 MHz 5mm TH ATM 
probe head was used for the measurements.  

To identify PET, four signals in the NMR spectrum were used (as reported by L125): The signal at 8.11 ppm 
represents the four protons of the terephthalate ring. The other three signals at 4.77 ppm, 4.62 ppm, and 
4.11 ppm are linked to the protons of the oxyethylene units (ester or ether functional groups). 

For the quantification of PET the integral of the signal regions was used, which is proportional to the number 
of H atoms and thus to the concentration of the analyte in the solution. 

The obtained mass concentration was 269 ± 47 µg L-1 and was therefore well within the indicative range. In 
conclusion, H-NMR seems to be a powerful technique for the quantification of PET. A dedicated study with 
more participants using the same technique would strengthen this hypothesis. 

4.11.3 Gravimetric analysis 

Gravimetry was primarily used to provide the total mass of all particles (value F). In most cases it was used 
as a supplementary method, while the PET or plastic particle number concentration (or mass concentration) 
was determined using (an)other technique(s). The mass of particles, as retained by the filter after a filtration 
step that nearly all participating laboratories applied during sample preparation, was measured by weighing 
the unloaded and loaded filter and determining the difference between the two.  

The obtained measurement results are shown in Figure 98 (only total amount of particles) and listed in Table 
45 together with selected aspects of the sample preparation carried out by each laboratory. It appears that 
those laboratories who reported mass-concentration values for PET or ‘plastic’, assumed that the sample only 
contained PET or ‘plastic’. An exemption is L025 who reported different values for PET, ‘plastic’ and the overall 
mass concentration of all particles. All three parameters were determined gravimetrically without however 
providing procedural details. 

Only four out of the seventeen results (23%) fall into the indicative range. Eleven (65%) results overestimated 
the expected mass concentration; three of them by more than a factor of 10.  

One laboratory observed that some of the salt - originating from the NaCl carrier - remained on the filter 
surface. Although almost all laboratories rinsed the filter after the filtration step (see Table 45), this residual 
salt may be among the reasons for the frequently observed overestimation of mass concentrations. 
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Table 45: Reported results of particle mass concentrations determined by gravimetric analysis and selected aspects of 

sample preparation 

Lab Code 
Value D 
[µg L-1]  

Value E 
[µg L-1]  

Value F 
[µg L-1]  

Other techniques 
applied on sample 

Rins ed bottle after 
trans fer to filter? 

Type of filter 
Rins ed filter after 

filtration of s ample? 

L022 700    - Yes  
Glas s (micro-)fibre, 47mm, 

1.2 µm Water 

L023   < 4000  
Fluores cence 
micros copy 

No 
Mixed cellulose ester, 

47mm, 0 .45µm 
No 

L025 170  200  250  - ND ND Water 

L039   59450   Micros copy (optical) No Silicon, 1.5µm No 

L059    350  SEM ND Silver membrane, 47mm, 
5 µm 

No 

L061   141 Micros copy (optical) 
TGA 

Yes  Silicon, 10mm, 17µm Yes  

L095 < 6156  < 6156  6156  Micros copy (optical) N/A 
Nitrocellulose, 47mm, 

0 .45µm 
No 

L096    570  
Micros copy (optical) 

µFTIR 
Yes  

Mixed cellulose ester 
membrane filters, 47mm, 

0 .45 µm 
Water 

L100    100  Micros copy (optical) Yes  

P olyamide monofilament 
(P A6 ) filter after filter 

conditioning, 100 mm, 25 
µm 

With the s ame 100 
mL of rins ing bottle 

L103   334 P y-GC/MS Yes  
RC60  then AnoDisc, 

70mm, 1 µm 
Water and methanol 

L107   1300  Micros copy (optical) Yes  Cellulos e, 17mm, 4 µm No 

L110    224 
P y-GC/MS 

Raman 
No Au/Al coated 10  mL water 

L112   960  
Micros copy (optical) 

µRaman Yes  
Nitrocellulose, 100mm, 

0 .025 µm Water, 100 mL 

L121   420  
Micros copy (optical) 

P y-GC/MS 
Yes  

Anodis c with PP ring, 
25mm, 0 .02µm 

Yes  

L124   3200  
Micros copy (optical) 

µFTIR 
Yes  Nylon, 32 µm Water, 3 L 

L127   473 
Micros copy (optical) 

µFTIR Yes  
P olycarbonate gold-

coated, 25mm, 0.8 µm 
40 /20  nm coating 

15 mL water, 5 mL 
1:1 triton, 3x 5 mL 

water 

L128  487  - Yes  
P olyamide microsieve, 

47mm, 25µm 
Water 50  mL 
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Figure 98: Results of total particle mass concentration determined by gravimetric analysis plotted in ascending order. 

The dotted lines mark the borders of the indicative range. 

 

4.11.4 Flow cytometry 

One laboratory (L018) analysed the number concentration of all particles (value C) with flow cytometry. The 
basic principle of flow cytometry is based on the measurement of light scattered by particles. The instrument 
used by the participant was equipped with 5 lasers (blue, red, violet, yellow, and UV) and measured the 
forward light scatter (FSC, related to size) and side light scatter (SSC, related to particle complexity).  

The particles, suspended in a sample fluid, passed a 488 nm laser light source, one at a time (hydrodynamic 
focusing). A detector positioned opposite to the light source measured the FSC and converted the light signal 
into an electrical signal. The measurement of FSC allowed discrimination of particle size, because FSC 
intensity is proportional to the relative dimensions. Polystyrene beads with different known dimensions were 
used to calibrate the instrument. The size and number of microplastic particles were determined by 
measuring, in total, 500 mL of suspension and repeating the measurement on 10 aliquots. At the end of the 
acquisition, the instrument provided the number of events/mL and total events acquired. 

The number concentration obtained by the laboratory was 1,717,200 particles L-1. The indicative range of the 
expected concentration is 500-1100 particles L-1. This corresponds to a 1500-times overestimation (in 
relation to the upper border of the indicative range). The information provided in the questionnaire does not 
allow the cause for this substantial overestimation to be identified. 

4.11.5 Scanning electron microscopy 

Four laboratories (L058, L059, L116, L122) determined the number concentration of PET, plastic or/and all 
particles (values A, B, C) with scanning electron microscopy (SEM) coupled to energy-dispersive spectroscopy 
(EDX). The obtained measurement results as well as the applied counting parameters are summarised in 
Table 46 and Table 47. Compared to the indicative range, the number concentration reported by laboratory 
L058 is several orders of magnitude higher, while the number concentration determined by laboratory L122 
is below that range. 
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To prepare the samples for SEM measurement, in three cases, the suspended sample was filtered (2x silver 
membranes, 1x stainless steel). In the fourth case, aliquots underwent acid treatment before nebulisation on 
aluminium stubs (see Table 47).  

Looking at the information provided by laboratory L058, the high number of particles in the ‘blank’ is striking 
and could possibly indicate an external contamination source. Moreover, this laboratory analysed 10 mL 
aliquots out of the 1L total volume of the test item and then back-calculated the total number of particles. 
In this way, uncertainties in the determination of the number concentration could possibly have been 
multiplied up. To remove potentially interfering non-plastic matter, the aliquots were moreover treated with 
37% nitric acid at 80°C for 2 hours before analysis. As PET is known not to be fully resistant to nitric acid at 
concentration above 30%, it is possible that some degradation of particles may have occurred, possibly 
resulting in the formation of additional smaller particles by breakup. Furthermore, the final step of dispersing 
the sample in dichloromethane prior to nebulising may potentially have dissolved some of the PET which 
would have been redeposited as solids of unknown form on the SEM sample stub. The combination of these 
four factors could possibly explain the high variation of measurement results and the deviations from the 
indicative range. 

Laboratory L122 observed agglomerates during the analysis. This might be a possible explanation for the 
slight underestimation of number of counted particles. 

 

Table 46: Methodological counting parameters for SEM analyses applied by the study participants. EDX – Energy-

dispersive x-ray spectroscopy; BSE – Energy-dispersive x-ray spectroscopy; BSE – Back scattered electron; NR – Not 
reported. 

Lab Code 
How was the  number o f 
particle s determined? 

Which  
visualisation  

te chn ique did  you 
app ly? 

What kind  o f image  
analysis software  did 

you use  fo r re sult 
e valuation ? 

How d id  you 
conclude the s ize 

o f a particle ? 

Add itional comments by the  
laborato ry 

L058 

Manual coun ting 

Afte r manual coun ting of 
the  number o f particle s in  
the  SEM fie lds we apply a 

statistical app roach. 

SEM EDX INCA Oxfo rd  Fe re t min  d iameter 

The  me thod does not use 
filtration  and  is the refore ab le 
to  re cove r and measure e ven 

nano  and microparticle s of le ss 
than  10 microns and up to  0.1 

microns. 

L059 Automatic image  analysis  SEM BSE 

Cre ate d  bay RJL 
Micro  & Analytic 
base d on ASPEX 

AFA-Analysis 

Fe re t min  d iameter 

"We  could  not me asure size and 
ide n tify the  particle s at the 

same  time . S ize was me asured 
on  SEM-EDX and identification 

was done on FTIR .” 

L116    Fe re t min  d iameter  

L122 NR  NR 
Fe re t max 
d iame te r 
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Table 47: Results of particle number concentration determined with SEM and selected aspects of sample preparation  

Lab 
Code  

Value  A  
[L-1] * 

Value  B  
[L-1] 

Value  C  
[L-1] 

Background 
le ve l **   

[L-1] 

Mass o f 
NaCl 

carrie r 
[mg] 

Use d  entire  
samp le  o r 
aliquo ts? 

Use  o f add itional 
substances during 

samp le  
p re paration? 

Type  o f filte r, 
d iame te r, pore size 

L058  
918000 ± 
179000 

 48000  273.4 
10 mL 
aliquo t 

Nitric Acid , 
d ich lo romethane 
fo r re moval o f 

non -plastic matte r. 

 

L059 889 926 1012 No  particle s 5 En tire   
S ilve r me mbrane, 

47mm, 5 µm 

L116   839 No  particle s 293.4 
2 po rtions 
o f 500 mL 

e ach  
 

Stain le ss steel, 
30mm, 26 µm 

L122 286   No  particle s 219.9 

1L was 
d ivide d  
ove r 4 
silve r 

me mbrane 
filte rs, 

he nce 250 
mL per one 
silve r filte r. 

 
S ilve r me mbrane, 

5mm, 0.8 µm 

* Indicative range: 500-1100 particles L-1  ** particle number in blank samples  

 

4.11.6 Particle counting 

One laboratory (L020) provided the number concentration of all particles (value C) using a liquid -borne 
particle counter (particle sizing system AccuSizer SIS 780 with Single Particle Optical Sensing technology). It 
is a technique based on measuring the scattering or obscuration of light when particles suspended in a water 
matrix pass through a narrow beam of light. In the instrument the liquid sample containing particulates passes 
through an optical cell though which a narrow laser beam is directed. When a particle passes though the 
beam, a transitory obscuration (by extinction or scattering) of the light occurs resulting in a pulse in the 
transmitted and scattered light exiting the cell. 

Particle sizing systems are not capable of distinguishing particles based on their polymer/material type, but 
they give a possibility to acquire particle counts in certain (very often freely adjustable) size bins. Participant 
L020 reported the number of particles with a size above 30 µm to be 767±74 L-1 (k=2), which was within the 
indicative range. Moreover, they also provided the number of particles with a size above 35 µm (707 L-1) and 
above 25 µm (947 L-1).   

A study with a higher number of laboratories involved would allow a more reliable statistical evaluation of 
this analytical technique. 

4.11.7 Thermogravimetric analysis 

Thermogravimetric analysis (TGA) uses heat to force reactions and physical changes in materials. TGA 
provides quantitative measurement of mass change in materials associated with transitions and thermal 
degradation. Characteristic thermogravimetric curves are given for specific materials and chemical 
compounds due to unique sequence from physicochemical reactions occurring over specific temperature 
ranges and heating rates. These unique characteristics are related to the molecular structure of the sample.  

One laboratory (L061) determined the mass concentration of the provided ILC sample with TGA and provided 
values for PET (113 µg L-1) and for plastic (127 µg L-1). These values are below the indicative range (see 
Figure 64 on page 94). With one laboratory only applying this technique, a statistical evaluation could however 
not be undertaken. 
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5 Conclusions  

This inter-laboratory comparison (ILC), with 98 datasets usable for evaluation, provided a comprehensive 
overview of the state of the art of microplastic analysis in water and in particular the quantification of the 
PET particles present in the samples. The large number of participating laboratories made this study a broad 
reaching exercise representing a wide spectrum of sectors and geographical regions. 

In the study, by considering both number- and mass-based approaches and having the possibility to report 
six different types of measured values, it was possible to take into consideration the broad range of 
capabilities of the various methods currently employed for microplastic analyses. As discussed in the 
introduction, achieving this level of flexibility required a degree of compromise in defining the exact nature 
of the test sample. As a consequence, the test samples used in the study were not tailored to be closely 
representative of any one type of ‘real-life’ sample but were appropriate for testing by a wide range of 
methods. In addition to the measurement results, a wealth of information was collected in a comprehensive 
questionnaire, reflecting the different practices applied in the community, such as measures to prevent cross-
contamination, sample preparation, measurement conditions, instrument settings, data analysis strategies 
and so on. 

As particle dispersions can exhibit temporal variability due to sedimentation or particle agglomeration, the 
test items in this study were distributed to the participants as a test kit comprising three components - water, 
detergent solution and a vial containing a defined amount of PET particles embedded in a sodium-chloride 
carrier. This kit, together with a detailed reconstitution protocol, permitted the participants to freshly create 
the final dispersed test sample prior to use so reducing variability. To reduce possible temporal variations in 
agglomeration state during storage and transport and later to facilitate handling and re-constitution, the PET 
particles were embedded and immobilised in a NaCl-carrier. The material’s homogeneity of 38% (particle 
number) and 26% (particle mass), respectively, was deemed satisfactory for this exercise, as microplastics 
analysis is still a developing area. The uniformity of obtained results for the mass of the NaCl-carrier by the 
participating laboratories demonstrated the workability of the reconstitution protocol. Feedback received 
during the participant workshop indicates that users were generally satisfied with the characteristics of the 
samples they received. These results demonstrate the suitability of the test kit concept for the future 
production and distribution of reference materials for microplastics in water. 

The measurement results in this study scatter almost evenly over the range of reported values, unlike 
conventional ILCs, which often result in a larger data population around a centre value. This applies to both, 
number- and mass-based results as well as across the different analysis techniques employed. Such an 
observation is not unusual in scientific areas that are still emerging and corroborates statements made 
elsewhere [SAPEA 2019] about the further need for harmonisation and standardisation in this field. 

The study participants used a variety of different analysis techniques to identify and quantify the number 
and/or mass of particles present in the test item. Methods well known from the relevant literature, such as 
µFTIR, µRaman and pyrolysis-GC/MS, were employed, but also techniques lacking specif icity for plastic 
materials, such as optical microscopy and gravimetric analysis. In addition, emerging or less frequently 
described techniques, such as LDIR, NMR and HPLC, the latter being specific for hydrolysable polymers like 
PET, were used. In addition, the techniques differ greatly in terms of the necessary financial investment, the 
required expertise and the analysis times per sample. In this study, no signle method or group of methods 
could be identified that systematically seemed to give results more consistent with the indicative ranges of 
results than others, which may be due to the limitations of the various techniques. 

The majority of participants applied a number of measures to prevent sample contamination during 
microplastics analysis, however it was difficult to derive conclusions about their influence on the 
measurements under the conditions of this study. For some specific measures (i.e. use of gloves, cleaning 
paper or labware made of polymers) a certain trend could be observed with respect to the number 
concentration of particles.  

Very few of the different sample preparation steps applied by the study participants could be identified as 
factors affecting the measurement results. Out of the various procedures applied, such as sub-sampling, 
homogenisation, filtration, chemical or enzymatic treatment and different practices in rinsing the sample 
bottle seem to have a minor effect on the number concentration of particles. It has to be considered though 
that the large variety of approaches and their combination complicates a detailed assessment. 

FTIR microscopy (µFTIR) was the technique most applied in this study, reflecting the observed trend in the 
scientific literature on the topic. LDIR users are present in much lower numbers suggesting that this variant 
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of IR micro-spectroscopy is still an emerging technique. Analysis of methodological details showed that there 
is ample room for harmonisation. Instrument set up, measurement modes, detector types, type of spectral 
libraries applied, data treatment protocols, and acceptance thresholds for the match of sample and reference 
spectrum show strong variations between participants. The majority of µFTIR users obtained PET number 
concentrations that fell within the indicative range, which demonstrates that µFTIR shows some robustness 
as analytical methodology for microplastics. However, no conclusions about the effect of measurement 
parameters on polymer identification performance can be drawn, as the identity of the material (PET) was 
known to the participants.  

Raman microscopy (µRaman) was the second choice after µFTIR for the determination of microplastic particle 
numbers. The lower popularity of the former is most likely due to its inherent limitations regarding coloured 
particles, fluorescence effects and samples with more complex matrices. Similarly to µFTIR, method details 
and choices of measurement parameters for µRaman show wide variations with no direct correlation with 
polymer identification performance. This outcome was also determined by the low number of participants in 
some sub-groups together with the fact that the identity of the polymer material was known to the 
participants. 

Optical microscopy was the main technique used to determine the total number of particles and, combined 
with strategies for the detection of PET and/or plastic particles, it was also occasionally applied for the 
counting of the latter. One such strategy is the staining of particles with a lipophilic fluorescent dye 
(fluorescence microscopy), which was predominantly used for the determination of plastic particles. The 
results are homogeneously distributed within, below and above the indicative range. Therefore, it was not 
possible to arrive at any conclusion on best practices about the use of optical microscopy or its suitability for 
particle counting.  

In the case of the thermo-analytical techniques, the number of participants was very small and this has 
hampered a systematic evaluation of results. Nonetheless, the few results that were submitted indicate that 
GC/MS after pyrolysis, with or without an intermediate sorption-desorption step, is a suitable technique for 
the identification and the quantification of PET in aqueous matrices. However, harmonisation of the 
quantification strategy and/or optimisation of the sample transfer could further improve the outcomes.  

Amongst the range of other methods used in this study quantitative H-NMR and HPLC, in particular, seem to 
be promising techniques, as the measurement results produced with them were within or close to the 
indicative mass range. However, such methods are niche applications as they lack sensitivity (NMR) or are 
restricted to certain polymers (HPLC).  

Only 69% of laboratories having delivered particle numbers also reported about an approach to determine 
the particle size. Well-known types of size descriptors, in particular the Feret min diameter, were mentioned, 
but also less defined sizing approaches. This suggests that a seemingly high number of people working in the 
field uses a counting method without a clear size descriptor definition. 

About half of the study participants having provided particle numbers observed the presence of agglomerates 
in the sample. In case of particles with the kind of irregular shape, which is characteristic of the test sample, 
the presence of agglomerates might negatively influence the recognition and counting of individual particles 
especially if automatic counting software is applied. This is in line with the finding that laboratories, which 
have not reported the presence of agglomerates, tend to find lower number of particles. 

Overall, this ILC gives a systematic and comprehensive picture of current methods and procedures applied 
for microplastic analysis. However, the scatter of measurement results is very high, revealing a substantial 
lack of inter-laboratory reproducibility, which seems to be largely independent of the analysis technique 
applied. This is a severe problem for the comparability of measurement results generated by different 
laboratories. Alas, no factor in the general laboratory practices, sample preparation, measurement conditions 
or data analysis could be identified that explained this outcome of the study. The resulting variability and 
incertianty, which presumably would be even more severe for matrices, which are more complex than (clean) 
water, hampers the further development of the scientific field and prevents the generation of reliable data 
on occurrence and distribution of microplastic in all kinds of matrices, such as water, air, soil as well as food. 
Finding the causes for the deficiencies in inter-laboratory reproducibility and harmonising practices 
accordingly is one of the challenges of microplastic analysis that have to be addressed, as a prerequisite of 
any standardisation efforts. This study is therefore a valuable step forward on the way to the harmonisation 
and standardisation of microplastic analysis. 
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Annex IV: Techniques used for evaluation of 
homogeneity of particle number and mass of PET to 
obtain the indicative ranges 

 

Optical microscopy for counting of particles 

At JRC-Lab2 seven NaCl carrier samples were analyzed by dissolving the salt with the 0.1% Triton-X 
solution directly in the vial. The suspension holding the particles was transferred directly onto a 47 mm 
0.2 µm Whatman black polycarbonate track edge filter (VWR, BE).  The PET particles retained by the filter 
membrane were counted using dark field microscopy. Photos were taken with a 6x magnification through 
a Zeiss stereo microscope, STEMI 2000-C (Munich, DE). In this this way, particles <30 µm were hardly 
visible and pixelated. About 15 images were manually stitched together to make up the whole filter area. 
The stitched images per filter were printed on A3 paper after which the particles were counted manually. 

At JRC-Lab1 the ILC reconstitution protocol shown in Annex II was followed. To minimise contamination, 
all steps of sample reconstitution and filtration were performed in a laminar flow hood, located inside a 
clean room. The PET suspensions were filtered over 25 mm Whatman Nucleopore Track-Etch membranes 
(cat. No. 110659, Sigma Aldrich). To ensure quantitative transfer of all the PET particles, the glass bottle 

was filled with an additional 190 ml of pure water
9
 and 10 ml of 0.1% v/v Triton X-100. The solution was 

used for rinsing the bottle and the intermediate glass cylinder and was then filtered as well. The 
remaining 10 ml solution of Triton X-100 was finally used to wash the funnel of the filtering system 
using a glass pipette. The polycarbonate filter was transferred to a glass petri dish and immediately 
analysed by dark field microscopy (Imager M2, Zeiss), objective 5X. Images were then analysed by 
counting particles using a Java-based image processing program (ImageJ). Data analysis was carried out 
independently by two operators using two approaches resulting in four data sets per vial from JRC-Lab1.   

● manual counting of the particles, performed on the 1x1 binning image, with the “Multi point” 
ImageJ function. 

● semi-automatic counting, performed on the 4x4 binning image, by using the ImageJ 
program function “Analyze Particle”. 

The total particle number was obtained by eliminating results for Feret min <30 µm.  

Unfortunately, it was not possible to completely automatize the measurement.  

 

At an independent external laboratory, the reconstitution protocol devised for the ILC was also followed. 
Filtration of the reconstituted water sample was carried out with a vacuum filtration system and a 
Buchner type funnel. A polycarbonate (PC) membrane (47 mm, nucleoporeTM Whatman, 0.4µm) was 
positioned at the bottom of the funnel to recover particles in suspension from the reconstituted water 
sample. The filters were then analyzed by optical microscopy in transmission mode. The magnification 
and contrast adjustment for counting of the particles were set to observe particles >30 µm. The 
transparency of the membrane was sufficient to provide a contrast which allowed distinguishing the 
particles as dark silhouettes on the membrane. An Olympus BX41microscope was coupled with a colour 
video camera to record optical images with a 10x magnification.  Two extended video images were 
recorded using the software (Labspec 6 – Horiba) per 47 mm filter membrane.  

Although the particles were clearly distinguishable from the substrate, the contrast was not high enough 
to run in automated mode using the Particle Finder software (Horiba). Instead, for particle recognition 
and counting, the selection of particles >30 µm was made by manual observation. The size of each single 
particle (to obtain a particle size distribution) was not measured because as explained above, the contrast 
of the optical images was not sufficient to run the image analysis software automatically. 

  

                                     
9
 

The pure water was obtained from a Milli -Q water purification system (Millipore). 
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Table A1: Counting results for PET particles > 30 µm in reconstituted water samples (JRC-lab1 & external 
laboratory) or by direct analysis of salt carrier (JRC-lab2), reported per vial.   

Vial number   JRC-Lab1
10

  JRC-Lab2  External laboratory  Mass of NaCl [g]  

3  988         0.284  

27        875     

37     765     0.294  

81        831     

101  784        0.296  

119  834        0.292  

123     693     0.295  

143        714     

164     826     0.295  

168  622        0.263  

204        819     

243  625        0.285  

252        821     

264     778     0.279  

265  712        0.281  

280        1106     

327     887     0.268  

342  629        0.269  

348        801     

400  696        0.278  

416        683     

436        1167     

445  783        0.280  

469     792     0.282  

507        835     

508  625        0.282  

509     816     0.284  

                                     
10 Reported results of JRC-lab1 in this table show the mean of four different measurements of the same filter. 
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Determination of the PET mass fraction 

Preparation of macroporous silica membranes for weighing of PET 

Macroporous silica membrane filters (1 x 1 cm, pore size 5 µm,  inter-pore distance 12 µm, 500 µm 
thickness) were obtained from Smart Membranes, Halle, DE. The empty filters were weighed as supplied 
using the scheme described in the next section. The NaCl-carrier was dissolved using 50 ml of the 0.1 % 
Triton X-100 surfactant and the vial was rinsed thoroughly several times to transfer all particles to the 
filter. All filtering took place in a Nuaire NU-164 clean bench. Thereafter the filters were dried at 60 °C 
overnight in a petri-dish with a slightly open lid. 

Substitution weighing 

Substitution weighing (or ‘weighing by substitution’) is a technique to enable weighing with higher 
precision and lower uncertainty by eliminating the influence of the drift from the balance used. The 
principle is to weigh items with unknown mass against a standard weight (with a mass as close as 
possible to the unknown) twice in a specific sequence: Standard-Unknown-Unknown-Standard (S-U-U-S). 
Thereafter the differences between U and S are calculated. Since the f irst pair of differences occur 
backwards in time (S-U) and the second difference forward in time (U-S), the influence from the 
(inevitable) linear drift of the balance is eliminated. This effect is demonstrated by the figure showing a 
sequence of five S-U-U-S weighings, by which ten results (U minus S) eventually are obtained. The 
substitution weighing procedure facilitates a better statistical control of the weighing result. Furthermore, 
it reveals effects of hygroscopicity and volatility of the item as well as temperature effects i.e. an item 
not being in thermal equilibrium with the surrounding environment in the balance’s weighing chamber. 
To illustrate the practical case when weighing microplastics, two photos are displayed below that show 
the mass calibration standards (wires) and the silica membrane with PET MP. 

 

Figure A1: Balance used for substitution weighing 

 

 

Figure A2: Graphs to demonstrate substitution weighing with ten pairs of weighing results: (a) weighings 
of the standard S; (b) weighings of the item with unknown mass U; (c) calculated difference between U 
and S. The violet points represent the average and the error bars ± one SD. 

Substitution weighing of MP-PET with an ultra-micro balance 

Weighing was performed on an ultra-micro balance UMX5-model (Mettler-Toledo AG, Greifensee, CH) 
using the principle of substitution weighing as described in Recommendation R111 of the International 
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Organisation of Legal Metrology (Organisation Internationale de Métrologie Légale, OIML) [OIML 2004]. 
This balance has a maximum load of 5 g with 0.1 µg resolution. Firstly, the empty filters were weighed 
and later the same filters loaded with PET particles were weighed again. Weighing of the filters was 
performed as a comparison weighing with a combination of at least three working mass standards of 
OIML class E2 (internal calibration certificate E3886) to give 90 or 92 mg. Each weighing cycle per filter 
took about ten minutes and the mass of the reference weights was recorded four times and the mass of 
the filters with or without PET was also recorded four times (2 x ABBA as described in OIML R111, Annex 
C). After each cycle, four values were obtained for the empty and loaded filters, respectively by calculating 
the difference to the reference weights. Thereafter the masses of the empty filters were subtracted from 
the loaded filters. The resulting masses corresponded (mainly) to PET present in the NaCl-carrier. Air 
pressure, relative humidity and temperature was monitored and recorded. The expanded uncertainty of 
each weighing was evaluated as given in ISO/IEC GUIDE 98-3:2008 [ISO 2008] taking the following 
uncertainty components into account: uncertainty of mass standards, dispersion from the weighing 
process, uncertainty from the balance and uncertainty in air parameters. Low relative humidity (< 30 % 
RH) at the time of weighing led to increased uncertainty.  

Table A2: Mass of PET micro-plastics in the NaCl-carrier per vial.  

Vial number   Mass of PET [µg]  Expanded uncertainty, U [µg]  

6  296.8  12  

15  349.7  12  

92  241.5  19  

132  319.6  8.9  

177  341.8  37*  

222  260.5  8.4  

258  322.6  11  

288  340.8  15  

359  256.6  36*  

389  237.1  11  

418  277.1  45*  

434  314.7  9.3  

441  303.5  25  

466  238.2  10  

* Increased uncertainty due to possible losses of PET particles because of too low relative humidity during weighing.  

 

Full details of the preparation of the reference material used in this ILC (including much more data using 
additional analytical techniques) are reported elsewhere [Seghers 2021]. 
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Annex V: Additional graphs and tables 

 

This annex contains supplementary information, figures and tables that are linked to various sections of 
the report. 

 

Additional information for section 2.5.3  Identification of extreme values 

Table A3: List of extreme values among the values of the number concentrations of PET particles, plastic 
particles and all particles.  

Number 
concentration 

Lab code  Value [L-1] Technique 

PET particles  L032 = 1964 FTIR 

Plastic particles  

L014 = 3233 Fluo 

L023 = 3508 Fluo 

L058 = 918000 SEM 

All particles  

L018 = 1717200 FC 

L023 > 3508 Fluo 

L098 = 1975 OpMic 

L123 = 2074 OpMic 

L094 = 2110 OpMic 

L079 > 2342 OpMic 

L038 = 3813 OpMic 

L131 = 9966 OpMic 

L039 = 50000000 OpMic 
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Table A4: List of extreme values among the values of the mass concentrations of PET particles, plastic 
particles and all particles. 

Mass 
concentration 

Lab code  Value [µg∙L-1] Technique 

PET particles  
L095 < 6156 Grav 

L003 = 6326 FTIR 

Plastic particles  

L095 < 6156 Grav 

L003 = 6328 FTIR 

L039 = 59450 PY-GC/MS 

All particles  

L124 = 3200 Grav 

L023 < 4000 Grav 

L095 = 6156 Grav 

L003 = 6334 FTIR 

 

Table A5: List of “higher than” or “lower than” entries among the values of the mass concentrations of 
PET particles, plastic particles and all particles. 

Mass 
concentration 

Lab code  Value [µg∙L-1] Technique 

PET particles 
L073 > 200 PY-GC/MS 

L095 < 6156 Grav 

Plastic particles 
L073 > 204 PY-GC/MS 

L095 < 6156 Grav 

All particles  L023 < 4000 Grav 
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Table A6: List of “higher than” or “lower than” entries among the values of the number concentrations 
of PET particles, plastic particles and all particles. 

Number 
concentration 

Lab code  Value [L-1] Technique 

PET particles  

L095 < 786 OpMic 

L036 > 298 FTIR 

L008 > 300 FTIR 

L120 > 820 FTIR 

L090 > 1300 FTIR 

L053 > 151 Raman 

L013 > 1016 Raman 

L017 > 1200 Raman 

Plastic particles  

L036 > 304 FTIR 

L008 > 570 FTIR 

L053 > 170 Raman 

L013 > 1025 Raman 

L017 > 1200 Raman 

All particles  

L033 > 941 Fluo 

L023 > 3508 Fluo 

L008 > 570 FTIR 

L099 > 15 OpMic 

L100 > 350 OpMic 

L036 > 351 OpMic 

L120 > 900 OpMic 

L013 > 1504 OpMic 

L079 > 2342 OpMic 
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Additional information for section 4.2: General laboratory practices  

Measures applied to prevent contamination during the analysis  

The participants were asked to select which measures against contamination with particles they applied 
during the study. 8 measures were proposed for selection: Work under laminar flow hood or equivalent 
measure; Natural fibre lab coats/clothing; Purification steps applied to solvents (e.g. filtration); Reagents 
tested for absence of microplastics; Use of gloves; Use of cleaning paper; Use of specific labware (e.g. 
non-polymer, metal, glass); Other. The last option was ‘None’. It was possible to choose more than one 
measures. Figure A3 presents the number of selected measures as reported by the participants in the 
questionnaire. 

 

Figure A3: Number of participants selecting ‘general practices’ options such as: Work under laminar flow 
hood or equivalent measure; Natural fibre lab coats/clothing; Purification steps applied to solvents; (e.g. 
filtration); Reagents tested for absence of microplastics; Use of gloves; Use of cleaning paper; Use of 
specific labware (e.g. non-polymer, metal, glass); Other; None. The labels are the numbers of Labs 
associated with the certain selection. 

 

The largest group of participants (30%) used 5 different measures, while 6 measures were selected only 
by 15%. 2 labs did not provide any information while 1 measure was used by 4 labs, including the one 
where no measures were applied.  

It seems that the number of applied measures did not influence the measurement of the number 
concentration of particles. Figures A4 and A5 show the values of plastic and all particles’ number 
concentration, sorted out according to the techniques used in the study and the measures applied against 
contamination with particulate matter. The labels over the markers reflect the measures reported by the 
participants. There are two main techniques used to determine plastic particles (Raman and FTIR) while 
in case of all particles – the dominating technique is optical microscopy. None of these factors seem to 
have much influence on the results, but to verify this observation it would require more statistical 
analysis.  

The values of mass concentration of plastic and all particles are shown in Figures A6 and A7. They are 
rather scarce which makes it difficult to draw statistically reliable conclusions. In case of plastic particles’ 
mass concentration, there is no value within the indicative range as for all particles – it is four values. 



 
A47 

 

Figure A4: Plastic particles’ number concentration as reported by the participants, with respect to the 
applied technique. Labels denote the specific measures taken by the Lab: W-Work under laminar flow 
hood or equivalent measure; C-Natural fibre lab coats/clothing; P-Purification steps applied to solvents; 
(e.g. filtration); R-Reagents tested for absence of microplastics; G-Use of gloves; U-Use of cleaning paper; 
L-Use of specific labware (e.g. non-polymer, metal, glass); O-Other; N-None. Extreme, “higher than” and 
“lower than” values are in the Table A7. 

 

Table A7: List of extreme, “higher than” and “lower than” values in the data set of plastic particles’ 
number concentration and measures to prevent contamination.  

Plastic Lab code  Concentration [L-1] Technique 
Measures against 
contamination 

Extreme 
values 

L014 = 3233 Fluo WC 

L023 = 3508 Fluo WCGUL 

L058 = 918000 SEM WCRGL 

“Higher 
than” 
values 

L036 > 304 FTIR WCPRGUL 

L008 > 570 FTIR CRGL 

L053 > 170 Raman WCGL 

L013 > 1025 Raman WCPRGL 

L017 > 1200 Raman (not reported) 
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Figure A5: All particles’ number concentration as reported by the participants, with respect to the applied technique . 

Labels denote the specific measures taken by the Lab: W-Work under laminar flow hood or equivalent measure; C-
Natural fibre lab coats/clothing; P -Purification steps applied to solvents; (e.g. filtration); R-Reagents tested for 
absence of microplastics; G-Use of gloves; U-Use of cleaning paper; L-Use of specific labware (e.g. non-polymer, 
metal, glass); O-Other; N-None. Extreme values and “higher than” / “lower than” values are in the Table A8 . 

 

Table A8: List of extreme, “higher than” and “lower than” values in the data set of all particles’ number concentration 

and measures against contamination . 

All Lab code  Concentration [L-1] Technique Measures against 
contamination 

Extreme values 

L098 = 1975 OpMic WCPRULO 

L123 = 2074 OpMic ULO 

L094 = 2110 OpMic WCRL 

L079 > 2342 OpMic WCPRLO 

L023 > 3508 Fluo WCGUL 

L038 = 3813 OpMic CPRGUL 

L131 = 9966 OpMic WCPRL 

L018 = 1717200 FC WPGLO 

L039 = 50 000 000 OpMic PLN 

“Higher than” 
values 

L033 > 941 Fluo WCPGL 

L008 > 570 FTIR CRGL 

L099 > 15 OpMic WCGL 

L100 > 350 OpMic LN 

L036 > 351 OpMic WCPRGUL 

L120 > 900 OpMic WPGUL 

L013 > 1504 OpMic WCPRGL 
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Figure A6: Plastic particles’ mass concentration as reported by the participants, with respect to the 
applied technique. Labels denote the specific measures taken by the Lab: W-Work under laminar flow 
hood or equivalent measure; C-Natural fibre lab coats/clothing; P-Purification steps applied to solvents 
(e.g. filtration); R-Reagents tested for absence of microplastics; G-Use of gloves; U-Use of cleaning paper; 
L-Use of specific labware (e.g. non-polymer, metal, glass); O-Other; N-None. Extreme values and “more 
than” and “less than” values are in the Table A9 .  

 

Table A9: List of extreme, “higher than” and “lower than” values in the data set of plastic particles’ mass 
concentration and measures against contamination .  

P lastic Lab code  Concentration [µg∙L-1] Technique Measures against 
contamination 

Extreme 
values 

L095 < 6156 Grav WCGUL 

L003 = 6328 FTIR WCPGL 

L039 = 59450 PY-GC/MS PLN 

“Higher 
than” value 

L073 > 204 PY-GC/MS CPRL 
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Figure A7: All particles’ mass concentration as reported by the participants, with respect to the applied technique. 

Labels denote the specific measures taken by the Lab: W-Work under laminar flow hood or equivalent measure; C-
Natural fibre lab coats/clothing; P -Purification steps applied to solvents (e.g. filtration); R-Reagents tested for absence 
of microplastics; G-Use of gloves; U-Use of cleaning paper; L-Use of specific labware (e.g. non-polymer, metal, glass); 

O-Other; N-None. Extreme values and “more than” and “less than” values are in the  Table A10 . 

 

Table A10: List of extreme, “higher than” and “lower than” values in the data set of all particles’ mass concentration 

and measures against contamination .  

All Lab code  
Concentration  
[µg∙L-1] 

Technique Measures against 
contamination 

Extreme 
values 

L124 = 3200 Grav N 

L023 < 4000 Grav WCGUL 

L095 = 6156 Grav WCGUL 

L003 = 6334 FTIR WCPGL 

 

Gloves 

The participants who admitted using gloves as a measure against contamination, were asked to provide the material of 
which the gloves were made and the brand. Figures A8 – A10 and Tables A11 – A13 show the values of particle number 
concentration (PET, plastic, and all, respectively) related to the techniques and the type of gloves used in the study.  

Nitrile gloves were mainly used by the participants. Additional statistical analysis would be an advantage to verify if 
using gloves had an influence on the measurements of the number concentration of particles.  
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Figure A8: PET particles’ number concentration as reported by the participants, with respect to the applied technique 

and a use/no use of gloves during the measurements. Labels denote the specific type of gloves. The markers without 
any label refer to the labs where gloves were not used. One lab (yellow circle) report ed using gloves but no details. 
Extreme, “more than” and “less than” values are in the Table A11.  

 

Table A11: List of extreme, “higher than” and “lower than” values in the data set of PET particles’ number 

concentration and use of gloves .  

PET Lab code  Concentration [L-1] Technique Gloves 

Extreme value L032 = 1964 FTIR not used 

“Higher than” and 
“lower than” values 

L036 > 298 FTIR nitrile 

L008 > 300 FTIR nitrile 

L120 > 820 FTIR nitrile 

L090 > 1300 FTIR non-woven 

L095 < 786 OpMic nitrile 

L053 > 151 Raman nitrile 

L013 > 1016 Raman nitrile 

L017 > 1200 Raman not reported 
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Figure A9: P lastic particles’ number concentration as reported by the participants, with respect to the applied 

technique and a use/no use of gloves during the measurements. Labels denote the specific type of gloves. The 
markers without any label refer to the labs where gloves were not used. One lab (yellow circle) reported using gloves 

but no details. Extreme, “more than” and “less than” values are in the Table A12. 

 

Table A12: List of extreme, “higher than” and “lower than” values in the data set of plastic particles’ number 

concentration and a use of gloves.  

Plastic Lab code  Concentration [L-1] Technique Gloves 

Extreme values 

L014 = 3233 Fluo  

L023 = 3508 Fluo nitrile 

L058 = 918000 SEM nitrile 

“Higher than” 
values 

L036 > 304 FTIR nitrile 

L008 > 570 FTIR nitrile 

L053 > 170 Raman nitrile 

L013 > 1025 Raman nitrile 

L017 > 1200 Raman  
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Figure A10: All particles’ number concentration as reported by the participants, with respect to the applied technique 

and a use/no use of gloves during the measurements. Labels denote the specific type of gloves. The markers without 
any label refer to the labs where gloves were not used. One lab (yellow circle) reported using gloves but no details. 

Extreme, “more than” and “less than” values are in the Table A13. 

 

Table A13: List of extreme, “higher than” and “lower than” values in the data set of all particles’ number 

concentration and a use of gloves.  

All Lab code  Concentration [L-1] Technique Gloves 

Extreme 
values 

L098 = 1975 OpMic not used 

L123 = 2074 OpMic not used 

L094 = 2110 OpMic not used 

L079 > 2342 OpMic not used 

L023 > 3508 Fluo nitrile 

L038 = 3813 OpMic nitrile 

L131 = 9966 OpMic not used 

L018 = 1717200 FC nitrile 

L039 = 50000000 OpMic not used 

“Higher 
than” 
values 

L033 > 941 Fluo nitrile 

L008 > 570 FTIR nitrile 

L099 > 15 OpMic nitrile 

L100 > 350 OpMic not used 

L036 > 351 OpMic nitrile 

L120 > 900 OpMic nitrile 

L013 > 1504 OpMic nitrile 
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There are not enough results to make any conclusion if using gloves during the measurements of the 
mass concentration could have an influence on the measurements. The results are shown in Figures A11 
and A12 in combination with Tables A14 and A15. 

 

Figure A11: P lastic particles’ mass concentration as reported by the participants, with respect to the applied 

technique and a use/no use of gloves during the measurements. Labels deno te the specific type of gloves. The 
markers without any label refer to the labs where gloves were not used. Extreme, “more than” and “less than” values 
are in the Table A14. 

 

Table A14: List of extreme values and “higher than” / “lower than” values in the data set of plastic particles’ mass 

concentration and use of gloves.  

Plastic Lab code  Concentration [µg∙L-1] Technique Gloves 

Extreme values 

L095 < 6156 Grav nitrile 

L003 = 6328 FTIR nitrile 

L039 = 59450 PY-GC/MS not used 

“Higher than” value L073 > 204 PY-GC/MS not used 
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Figure A12: All particles’ mass concentration as reported by the participants, with respect to the applied technique 

and a use/no use of gloves during the measurements. Labels denote the specific type of gloves. The markers without 
any label refer to the labs, where gloves were not used, except one (yellow circle), where it was not reported. Extreme, 
“more than” and “less than” values are in the table A15. 

 

Table A15: List of extreme, “higher than” and “lower than” values in the data set of all particles’ mass concentration 

and a use of gloves. 

All Lab code  Concentration [µg∙L-1] Technique Gloves 

Extreme 
values 

L124 = 3200 Grav not used 

L023 < 4000 Grav nitrile 

L095 = 6156 Grav nitrile 

L003 = 6333.944 FTIR nitrile 
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Cleaning paper  

Cleaning paper was used by 38% of the participants who measured PET particles’ number concentration; 
among those who measured plastic and all particles’ number concentration, it was used by 40% and 
39%, respectively. The participants were asked to provide the type and the brand of the used paper. The 
results are presented in Figure A13 – A15 and Tables A16 – A18.  

 

Figure A13:  PET particles’ number concentration as reported by the participants, with respect to the applied 

technique and a use/no use of cleaning paper during the measurements. Label s denote the specific type of paper. 

The markers without any label refer to the labs, where paper was not used. One lab (yellow circle) admitted using 
paper but did not provide details. Extreme, “higher than” and “lower than” values are in the Table A16 . 

 

Table A16: List of extreme, “higher than” and “lower than” values in the data set of PET particles’ number 

concentration and use of cleaning paper.  

PET Lab code  Concentration [L-1] Technique Cleaning paper 

Extreme value L032 = 1964 FTIR not used 

“Higher than” 
values 

L036 > 298 FTIR tissue 

L008 > 300 FTIR not used 

L120 > 820 FTIR wipes (brand) 

L090 > 1300 FTIR no details 

L095 < 786 OpMic no details 

L053 > 151 Raman not used 

L013 > 1016 Raman not used 

L017 > 1200 Raman not reported 
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Figure A14: P lastic particles’ number concentration as reported by the participants, with respect to the applied 

technique and a use/no use of cleaning paper during the measurements. Labels denote type of paper. The markers 
without any label refer to the labs, where cleaning paper was not used. Two labs (yellow circle) used paper but did 
not provide any details about it. Extreme, “higher than” and “lower than” values are in the Table  A17. 

 

Table A17: List of extreme, “higher than” and “lower than” values in the data set of plastic particles’ number 

concentration and use of cleaning paper.  

P lastic Lab code  Concentration [L-1] Technique Cleaning paper 

Extreme values 

L014 = 3233 Fluo not used 

L023 = 3508 Fluo no details 

L058 = 918000 SEM not used 

“Higher than” 
values 

L036 > 304 FTIR tissue 

L008 > 570 FTIR not used 

L053 > 170 Raman not used 

L013 > 1025 Raman not used 

L017 > 1200 Raman not reported 
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Figure A15: All particles’ number concentration as reported by the participants, with respect to the applied technique 

and a use/no use of cleaning paper during the measurements. Labels denote the specific type of paper. The markers 
without any label refer to the labs, where cleaning paper was not used. Two  labs (yellow circle) used it but did not 

provide any details about it. Extreme, “higher than” and “lower than” values are in the Table  A18. 

 

Table A18: List of extreme, “higher than” and “lower than” values in the data set of all particles’ number 

concentration and use of cleaning paper. 

All Lab code  Concentration [L-1] Technique Cleaning paper 

Extreme 
values 

L098 = 1975 OpMic only brand 

L123 = 2074 OpMic only brand 

L094 = 2110 OpMic not used 

L079 > 2342 OpMic not used 

L023 > 3508 Fluo no details 

L038 = 3813 OpMic cleaning cloth 

L131 = 9966 OpMic not used 

L018 = 1717200 FC not used 

L039 = 50000000 OpMic not used 

“Higher than” 
values 

L033 > 941 Fluo not used 

L008 > 570 FTIR not used 

L099 > 15 OpMic not used 

L100 > 350 OpMic not used 

L036 > 351 OpMic tissue 

L120 > 900 OpMic wipes (brand) 

L013 > 1504 OpMic not used 
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The values of the mass concentration along with the techniques and the type of the used cleaning paper 
are shown in Figures A16 and A17 in combination with Tables A19 and A20. However, due to scarcity of 
the results, it is not possible to verify if a use of cleaning paper was a critical factor for these 
measurements.  

 

Figure A16: P lastic particles’ mass concentration as reported by the partic ipants, with respect to the applied 

technique and a use/no use of cleaning paper during the measurements. Labels denote the specific type of paper. 
The markers without any label refer to the labs, where cleaning paper was not used. Extreme, “higher than” and 
“lower than” values are in the Table A19. 

 

Table A19: List of extreme, “higher than” and “lower than” valuein the data set of plastic particles’ mass 

concentration and a use of cleaning paper (no information was provided) 

Plastic Lab code  Concentration  
[µg∙L-1] 

Technique Cleaning paper 

Extreme values 

L095 < 6156 Grav no details 

L003 = 6328 FTIR not used 

L039 = 59450 PY-GC/MS not used 

“Higher than” value L073 > 204 PY-GC/MS not used 
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Figure A17: All particles’ mass concentration as reported by the participants, with respect to the applied technique 

and a use/no use of cleaning paper during the measurements. Labels denote the specific type of paper. The markers 

without any label refer to the labs, where cleaning paper was not used, except one lab (yellow circle), where nothing 
was reported. Extreme, “higher than” and “lower than” values are in the Table A20 . 

 

Table A20: List of extreme, “higher than” and “lower than” values in the data set of all particles’ mass concentration 

and use of cleaning paper.  

All Lab code  
Concentration  
[µg∙L-1] 

Technique Cleaning paper 

Extreme 
values 

L124 = 3200 Grav not used 

L023 < 4000 Grav no details 

L095 = 6156 Grav no details 

L003 = 6334 FTIR not used 
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Specific labware  

This measure was the most often applied by the participants – 80% and more of those who submitted 
the number concentration of PET/plastic/all particles. The participants who used the specific labware 
during the measurements were asked to specify the material. Most of the participants listed one or two 
materials (e.g. glass, stainless steel, Al foil, metal, etc). 4 laboratories provided only the type of labware 
without specifying a material.  

 

 

Figure A18: Number of participants reporting a use of specific labware with respect to the number of materials of 

which this labware was made . 
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The values of the number concentrations of PET/plastic/all concentrations with respect to the techniques 
and specific labware are shown in Figures A19 – A21 and Tables A21 – A23. 

 

Figure A19: PET particles number concentration as reported by the participants, with respect to the applied technique 

and a use/no use of special labware during the measurements. Labels denote the specific type o f labware material: 
G-glass; M-metal, non-specified; Al-foil and Al-filters; S-stainless steel; cotton; Ag-filter; PP-polypropylene; rubber; 
nitrile; plastics; labware. The markers without any label refer to the labs, where specific labware was used. Two 
participants (yellow circle) did use specific labware but did not reveal any details. Extreme, “higher than” and “lower 

than” values are in the Table A21. 

 

Table A21: List of extreme, “higher than” and “lower than” values in the data set of PET particles’ n umber 

concentration and a use of specific labware .  

PET Lab code  Concentration [L-1] Technique Labware material 

Extreme 
value 

L032 = 1964 FTIR G, S 

“Higher than” 
and “lower 
than” values 

L036 > 298 FTIR G, M 

L008 > 300 FTIR labware 

L120 > 820 FTIR G 

L090 > 1300 FTIR G, PP 

L095 < 786 OpMic G 

L053 > 151 Raman G 

L013 > 1016 Raman no details 

L017 > 1200 Raman not reported 
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Figure A20: P lastic particles’ number concentration as reported by the participants, with respe ct to the applied 

technique and a use/no use of special labware during the measurements. Labels denote the specific type of labware 
material: G-glass; M-metal, non-specified; Al-foil and Al-filters; S-stainless steel; cotton; Ag-filter; PP -polypropylene; 
rubber; nitrile; plastics; labware. The markers without any label refer to the labs, where specific labware was not 

used. Three participants (yellow circle) did use specific labware but did not reveal any details. Extreme, “higher than” 
and “lower than” values are in the Table A22. 

 

Table A22: List of extreme, “higher than” and “lower than” values in the data set of plastic particles’ number 

concentration and a use of specific labware . 

P lastic Lab code  Concentration [L-1] Technique Labware material 

Extreme 
values 

L014 = 3233 Fluo not used 

L023 = 3508 Fluo G 

L058 = 918000 SEM G, Al, cotton 

“Higher 
than” 
values 

L036 > 304 FTIR G, M 

L008 > 570 FTIR labware 

L053 > 170 Raman G 

L013 > 1025 Raman no details 

L017 > 1200 Raman not reported 
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Figure A21: All particles’ number concentration as reported by the participants, with respect to the applied technique 

and a use/no use of special labware during the measurements. Labels denote the specific type of labware material: 
G-glass; M-metal, non-specified; Al-foil and Al-filters; S-stainless steel; cotton; Ag-filter; PP-polypropylene; rubber; 
nitrile; plastics; labware. The markers without any label belong to the Labs who did not disclose this information. Two 
participants (yellow circle) did use specific labware but did not reveal any details. Extreme, “higher than” and “lower 

than” values are in the Table A23  

 

Table A23: List of extreme values and “higher than” / “lower than” values in the data set of all particles’ number 

concentration and a use of specific labware . 

All Lab code  Concentration [L-1] Technique Labware material 

Extreme 
values 

L098 = 1975 OpMic G 

L123 = 2074 OpMic G 

L094 = 2110 OpMic no details 

L079 > 2342 OpMic G 

L023 > 3508 Fluo G 

L038 = 3813 OpMic G 

L131 = 9966 OpMic G, M 

L018 = 1717200 FC G 

L039 = 50000000 OpMic G 

“More than” 
values 

L033 > 941 Fluo G, Al 

L008 > 570 FTIR labware 

L099 > 15 OpMic G 

L100 > 350 OpMic G 

L036 > 351 OpMic G, M 

L120 > 900 OpMic G 

L013 > 1504 OpMic no details  

 

The values of the mass concentration of plastic and all concentrations, as well as the techniques used 
for their determination and specific labware are presented in Figures A22 – A23 and Tables A24 – A25. 
The results are rather scarce for further statistical analysis.  
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Figure A22: P lastic particles’ mass concentration as reported by the participants, with respect to the applied 

technique and a use/no use of special labware during the measurements. Labels denote the specific typ e of labware 
material: G-glass; M-metal, non-specified; Al-foil and Al-filters; S-stainless steel; cotton; Ag-filter; PP -polypropylene; 
rubber; nitrile; plastics; labware. . The markers without any label refer to the labs where specific labware was not 

used. Extreme, “higher than” and “lower than” values are in the table A24. 

 

Table A24: List of extreme, “higher than” and “lower than” values in the data set of plastic particles’ mass 

concentration and a use of specific labware . 

P lastic Lab code  Concentration [µg∙L-1] Technique Labware material 

Extreme values 

L095 < 6156 Grav G 

L003 = 6328 FTIR G, S 

L039 = 59450 PY-GC/MS G 

“Higher than” 
value 

L073 > 204 PY-GC/MS nitrile, rubber 
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Figure A23: All particles’ mass concentration as reported by the participants, with respect to the applied technique 

and a use/no use of special labware during the measurements. Labels denote the specific type of labware material: 
G-glass; M-metal, non-specified; Al-foil and Al-filters; S-stainless steel; cotton; Ag-filter; PP-polypropylene; rubber; 
nitrile; plastics; labware. The markers without any label refer to the labs, where specific labware was not used, except 
one (yellow circle) where it was not reported. Extreme, “higher than” and “lower than” valu es are in the Table A25. 

 

Table A25: List of extreme values and “more than” and “less than” values in the data set of all particles’ mass 

concentration and use of specific labware . 

All Lab code  Concentration [µg∙L-1] Technique Labware material 

Extreme 
values 

L124 = 3200 Grav not used 

L023 < 4000 Grav G 

L095 = 6156 Grav G 

L003 = 6333.944 FTIR G, S 
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Labware made of polymers  

Labware made of polymers was used by 41% participants in the study. They were asked to specify 
labware and type of polymer. 26 participants mentioned only one polymer and 3 participants mentioned 
only labware, without specifying the polymer. 

 

Figure A24: Number of participants reporting a use of labware made of polymers with respect to the number of 

polymers reported by the participants . 

 

Figures A25 and A26 show the results of plastic and all particles’ determination with respect to the 
technique and the polymeric labware used during the measurements. 44% of the participants who 
determined the concentration of plastic particles and 32% of those who determined all particles’ number 
concentrations used labware made of polymers. As for the values of the mass concentrations of plastic 
and all particles, 44% and 40% (respectively) are associated with a use of polymeric labware. They are 
presented in Figures A27 – A28 and Tables A28 – A29.  
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Figure A25: P lastic particles’ number concentration as reported by the participants, with respect to the applied 

technique and a use/no use of labware made of polymers during the measurements. Labels denote the specific 

polymers: AC-acrylic material; CO-cotton; ETFE-ethylene tetrafluoroethylene; FEP -fluorinated ethylene propylene; 
FPE-fluorene polyester; MF-microfibre; PC-polycarbonate; PE-polyethylene (including HD and LD); PES-
polyethersulfone; PFA-perfluoroalkoxy alkanes; POM-polyoxymethylene; PP- polypropylene; PS-polystyrene; PSUL-
polysulfone; PTFE-polytetrafluoroethylene; PVDF-polyvinylidene fluoride; RU-rubber; SI-silicone. The markers without 

any label refer to the labs, where labware made of polymers was not used. Extreme, “higher than” and “lower than” 
values are in the Table A26 . 

 

Table A26: List of extreme, “higher than” and “lower than” values in the data set of plastic particles’ numbe r 

concentration and polymers used as labware . 

P lastic Lab code  Concentration [L-1] Technique Polymers 

Extreme 
values 

L014 = 3233 Fluo not used 

L023 = 3508 Fluo not used 

L058 = 918000 SEM not used 

“Higher than” 
values 

L036 > 304 FTIR HDPE 

L008 > 570 FTIR SI 

L053 > 170 Raman not used 

L013 > 1025 Raman not used 

L017 > 1200 Raman not used 
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Figure A26: All particles’ number concentration as reported by the participants, with respect to the applied technique 

and a use/no use of labware made of polymers during the measurements. Labels denote the specific polymers: AC -
acrylic material; CO-cotton; ETFE-ethylene tetrafluoroethylene; FEP -fluorinated ethylene propylene; FPE-fluorene 

polyester; MF-microfibre; PC-polycarbonate; PE-polyethylene (including HD and LD); PES-polyethersulfone; PFA-
perfluoroalkoxy alkanes; POM-polyoxymethylene; PP - polypropylene; PS-polystyrene; PSUL-polysulfone; PTFE-
polytetrafluoroethylene; PVDF-polyvinylidene fluoride; RU-rubber; SI-silicone. The markers without any label refer to 

the labs, where labware made of polymers was not used. Extreme, “higher than” and “lower than” values are in the 
Table A27. 

 

Table A27: List of extreme, “higher than” and “lower than” values in the data set of all particles’  number 

concentration and polymers used as labware . 

All Lab code  Concentration [L-1] Technique Polymers 

Extreme 
values 

L098 = 1975 OpMic PTFE, SI 

L123 = 2074 OpMic not used 

L094 = 2110 OpMic not used 

L079 > 2342 OpMic CO 

L023 > 3508 Fluo not used 

L038 = 3813 OpMic not used 

L131 = 9966 OpMic PTFE 

L018 = 1717200 FC PP , MF 

L039 = 50000000 OpMic not used 

“Higher 
than” values 

L033 > 941 Fluo not used 

L008 > 570 FTIR SI 

L099 > 15 OpMic GLASS 

L100 > 350 OpMic not used 

L036 > 351 OpMic HDPE 

L120 > 900 OpMic not used 

L013 > 1504 OpMic not used 
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Figure A27: P lastic particles’ mass concentration as reported by the participants, with respect to the applied 

technique and a use/no use of labware made of during the  measurements. Labels denote the specific polymers: AC-
acrylic material; CO-cotton; ETFE-ethylene tetrafluoroethylene; FEP -fluorinated ethylene propylene; FPE-fluorene 

polyester; MF-microfibre; PC-polycarbonate; PE-polyethylene (including HD and LD); PES-polyethersulfone; PFA-
perfluoroalkoxy alkanes; POM-polyoxymethylene; PP - polypropylene; PS-polystyrene; PSUL-polysulfone; PTFE-
polytetrafluoroethylene; PVDF-polyvinylidene fluoride; RU-rubber; SI-silicone. The markers without any label refer to 

the labs, where labware made of polymers was not used. Extreme, “higher than” and “lower th an” values are in the 
Table A28. 

 

Table A28: List of extreme values and “higher than” / “lower than” values in the data set of plastic particles’ mass 

concentration and polymers used as labware . 

P lastic Lab code  Concentration [µg∙L-1] Technique Polymers 

Extreme values 

L095 < 6156 Grav not used 

L003 = 6328 FTIR PP , FEP , ETFE 

L039 = 59450 PY-GC/MS not used 

“Higher than” value L073 > 204 PY-GC/MS not used 
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Figure A28: All particles’ mass concentration as reported by the participants, with respect to the applied technique 

and a use/no use of labware made of polymers during the measurements. Labels denote the specific polymers: AC -

acrylic material; CO-cotton; ETFE-ethylene tetrafluoroethylene; FEP -fluorinated ethylene propylene; FPE-fluorene 
polyester; MF-microfibre; PC-polycarbonate; PE-polyethylene (including HD and LD); PES-polyethersulfone; PFA-
perfluoroalkoxy alkanes; POM-polyoxymethylene; PP - polypropylene; PS-polystyrene; PSUL-polysulfone; PTFE-

polytetrafluoroethylene; PVDF-polyvinylidene fluoride; RU-rubber; SI-silicone. The markers without any label refer to 
the labs, where labware made of polymers was not used. Extreme, “higher than” and “lower than” values are in the 
Table A29. 

 

Table A29. List of extreme, “higher than” and “lower than” values in the data set of all particles’ mass concentration 

and polymers used as labware . 

All Lab code  Concentration [µg∙L-1] Technique Polymers 

Extreme 
values 

L124 = 3200 Grav not used 

L023 < 4000 Grav not used 

L095 = 6156 Grav not used 

L003 = 6333.944 FTIR PP , FEP , ETFE 
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Measures to reduce or remove interfering particles/matter from laboratory equipment or the 
immediate working area  

The participants were asked if they had taken any measures to reduce or remove interfering 
particles/matter from laboratory equipment or the immediate working area (incl. consumables, glassware, 
bench, air etc.) prior to analysis and to choose whatever was appropriate among the following: Rinsing 
with purified (filtered) water; Rinsing with organic solvents; Rinsing with detergents; Combustion of 
organic matter by heat (e.g. labware); Treatment with oxidizing agent (e.g. chromic acid,  NH4NO3 + heat, 
H2O2, K2S2O8); Other. Figure A29 shows how many participants selected a certain set of measures. 1 
measure was a major mode of operation, applied by 80% of the participants; 2 or 3 measured were 
applied less frequently.  

 

Figure A29: Number of participants vs. number of selected options out of the following: Rinsing with purified 

(filtered) water; Rinsing with organic solvents; Rinsing with detergents; Combustion of organic matter by heat (e.g. 

labware); Treatment with oxidizing agent (e.g. chromic acid, NH4NO3 + heat, H2O2, K2S2O8); Other. 

 

Figure A30 shows the values of plastic particles’ number concentration, along with the techniques used 
for their determination and the set of measures applied to remove particulate matter from the 
instruments and immediate working area. It comprises 91% of the submitted results who submitted this 
value. As it shows, the laboratories applied one or more measures. It does not show, however, that they 
had an influence on the results.  

Similarly, Figure A31 shows the values of all particles’ number concentration, submitted by the 
laboratories which confirmed application of one or more measures remove interfering particles/matter 
from laboratory equipment or the immediate working area. 
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Figure A30: P lastic particles’ number concentration as reported by the participants, who applied/did not apply 

measures to reduce or remove interfering particles/matter from laboratory equipment or the immediate working 
area. Symbols in labels refer to the measures: W-Rinsing with purified (filtered) water; S-Rinsing with organic 
solvents; D-Rinsing with detergents; C-Combustion of organic matter by heat (e.g. labware); T-Treatment with 
oxidizing agent; O-Other. The markers without any label refer to the labs, where no measures were applied, except 

one (yellow circle) where it was not reported. Extreme, “higher than” and “lower than” values are in the Table A30 . 

 

Table A30: List of extreme, “higher than” and “lower than” values in  the data set of plastic particles’ number 

concentration and measures to remove/reduce interfering particles.  

Plastic Lab code  Concentration [L-1] Technique Measures 

Extreme values 

L014 = 3233 Fluo W 

L023 = 3508 Fluo not applied 

L058 = 918000 SEM SW 

“Higher than” 
values 

L036 > 304 FTIR WD 

L008 > 570 FTIR SW 

L053 > 170 Raman SWDO 

L013 > 1025 Raman WD 

L017 > 1200 Raman not reported 
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Figure A31: All particles’ number concentration as reported by the participants, who applied/did not apply measures 

to reduce or remove interfering particles/matter from laboratory equipment or the immediate working area. Symbols 
refer to the measures: W-Rinsing with purified (filtered) water; S-Rinsing with organic solvents; D-Rinsing with 
detergents; C-Combustion of organic matter by heat (e.g. labware); T-Treatment with oxidizing agent; O-Other. The 
markers without any label refer to the labs, where no measures were applied, except one (yellow circle) where it was 

not reported. Extreme, “higher than” and “lower than” values are in the Table A31. 

 

Table A31: List of extreme, “higher than” and “lower than” values in the data set of all particles’ number 

concentration and measures to remove/reduce interfering particles.  

All Lab code  Concentration [L-1] Technique Measures 

Extreme 
values 

L098 = 1975 OpMic WO 

L123 = 2074 OpMic not applied 

L094 = 2110 OpMic not applied 

L079 > 2342 OpMic TSWD 

L023 > 3508 Fluo not applied 

L038 = 3813 OpMic not applied 

L131 = 9966 OpMic TSWO 

L018 = 1717200 FC W 

L039 = 50000000 OpMic TWD 

“More than” 
values 

L033 > 941 Fluo S 

L008 > 570 FTIR SW 

L099 > 15 OpMic W 

L100 > 350 OpMic not applied 

L036 > 351 OpMic WD 

L120 > 900 OpMic W 

L013 > 1504 OpMic WD 
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The values of the mass concentration of plastic particles are displayed in Figure A32. It doesn’t show that 
this factor had any influence on the measurements, but the results are too scarce to draw reliable 
conclusions.  

 

 

Figure A32: P lastic particles’ mass concentration as reported by the participants, who applied/did not apply 

measures to reduce or remove interfering particles/matter from laboratory equipment or the immediate working 
area. Symbols refer to the measures: W-Rinsing with purified (filtered) water; S-Rinsing with organic solvents; D-
Rinsing with detergents; C-Combustion of organic matter by heat (e.g. labware); T-Treatment with oxidizing agent; 

O-Other. The markers without any label refer to the labs, where no measures were applied, except one (yell ow circle) 
where it was not reported. Extreme, “higher than” and “lower than” values are in th e Table A32. 

 

Table A32: List of extreme, “higher than” and “lower than” values in the data set of plastic particles’ mass 

concentration and measures to remove/reduce interfering particles.  

Plastic Lab code  Concentration [µg∙L-1] Technique Measures 

Extreme values 

L095 < 6156 Grav TWD 

L003 = 6328 FTIR WD 

L039 = 59450 PY-GC/MS TWD 

“Higher than” value L073 > 204 PY-GC/MS C 

 

Similar effect can be observed for the mass concentrations of all particles (see Figure A33 and Table 
A33).  
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Figure A33: All particles’ mass concentration as reported by the participants, who applied/did not apply measures 

to reduce or remove interfering particles/matter from laboratory equipment or the immediate working area.  Symbols 
refer to the measures: W-Rinsing with purified (filtered) water; S-Rinsing with organic solvents; D-Rinsing with 

detergents; C-Combustion of organic matter by heat (e.g. labware); T-Treatment with oxidizing agent; O-Other. The 
markers without any label refer to the labs, where no measures were applied, except one (yellow circle) where it was 
not reported. Extreme, “higher than” and “lower than” values are in the Table A33. 

 

Table A33: List of extreme, “higher than” and “lower than” values in the data set of all particles’ mass concentration 

and measures to remove/reduce interfering particles.  

All Lab code  Concentration [µg∙L-1] Technique Measures 

Extreme 
values 

L124 = 3200 Grav not applied 

L023 < 4000 Grav not applied 

L095 = 6156 Grav TWD 

L003 = 6333.944 FTIR WD 
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Information about the level of background  

Information about the level of background was provided by 65% of the participants. They were asked to 
specify what the level of background was and how they dealt with it. The replies were then categorized, 
such as: “zero or null or low” (those who answered e.g. “0 MP particles were identified in the procedural 
blanks”), “concentration” (the level of background was expressed as the number concentration or mass 
concentration), “only number” (the replies such as “~ 1000 particles, including 5-10 microplastic particles, 
no PET particles”), “per filter” (e.g. “1 PU particle found on blank filter, no action as samples only contained 
PET”), “in the blank (sample)” (such as “less than 5 particles in blanks”), “below LOD/LOQ”, “number not 
mentioned” (type: “Blank (solution reconstitution, atmosphere while filtering, "negative" sample)  and 
positive control”), “few/some fibers”, “number and size” (where detailed information was given about 
numbers and sizes of background particles), “per sample” (e.g. “3 particles per sample”). There was one 
participant who replied: “Pretests showed significant number of particles” (category: “significant”) and one 
who indicated “> 5µm particle/sample – monitoring” (category: “only size”).  

 

 

Figure A34: Number of participants reporting information about the level of background as a function of the 

category related to the background level as described by the participants .  
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Figure A35 shows the values of the number concentration of plastic particles, together with the 
techniques applied for measurements and the confirmation that the level of background was known. A 
vast majority of the participants confirmed that, yet it did not seem like a critical factor in this study. A 
similar observation can be made for the values of all particles’ number concentration  

 

 

Figure A35: Number concentration of plastic particles related to background level knowledge: “Yes” are marked with 

blue circles; lack of answer – yellow circle, “No” is denoted with plain (not encircled) markers. Extreme, “higher than” 
and “lower than” values are in the Table A34. 

 

Table A34: List of extreme, “higher than” and “lower than” values in the data set of plastic particles’ number 

concentration and background level knowledge during ILC measurements . 

 Lab code  Concentration [L-1] Technique 
Background level 
knowledge 

Extreme 
values 

L014 = 3233 Fluo No 

L023 = 3508 Fluo No 

L058 = 918000 SEM Yes 

“Higher than” 
values 

L036 > 304 FTIR Yes 

L008 > 570 FTIR Yes 

L053 > 170 Raman Yes 

L013 > 1025 Raman not reported 

L017 > 1200 Raman No 
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Figure A36: Number concentration of all particles related to background level knowledge: “Yes” are marked with 

blue circles; lack of answer – yellow circle, “No” is denoted with plain (not encircled) markers. Extreme, “h igher than” 
and “lower than” values are in the Table A35. 

 

Table A35: List of extreme, “higher than” and “lower than” values in the data set of all particles’ number 

concentration and background level knowledge during ILC measurements . 

All Lab code  Concentration [L-1] Technique Background level knowledge 

Extreme 
values 

L098 = 1975 OpMic Yes 

L123 = 2074 OpMic Yes 

L094 = 2110 OpMic No 

L079 > 2342 OpMic No 

L023 > 3508 Fluo Yes 

L038 = 3813 OpMic Yes 

L131 = 9966 OpMic No 

L018 = 1717200 FC Yes 

L039 = 50000000 OpMic No 

“Higher 
than” 
values 

L033 > 941 Fluo No 

L008 > 570 FTIR No 

L099 > 15 OpMic Yes 

L100 > 350 OpMic Yes 

L036 > 351 OpMic No 

L120 > 900 OpMic Yes 

L013 > 1504 OpMic No 
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The mass concentration of plastic and all particles are again too scarce to make a reliable conclusion 
about the influence of the level of background.  

 

 

Figure A37: Mass concentration of plastic particles related to background level knowledge: “Yes” are marked with 

blue circles; lack of answer – yellow circle, “No” is denoted with plain (not encircled) markers. Extreme, “higher than” 
and “lower than” values are in the Table A36 . 

 

Table A36: List of extreme, “higher than” and “lower than” values in the data set of plastic particles’ ma ss 

concentration and background level knowledge.  

P lastic Lab code  Concentration [µg∙L-1] Technique Background level 
knowledge 

Extreme values 

L095 < 6156 Grav No 

L003 = 6328 FTIR No 

L039 = 59450 PY-GC/MS No 

“Higher than” value L073 > 204 PY-GC/MS Yes 
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Figure A38 Mass concentration of all particles related to background level knowledge: “Yes” are marked with blue 

circles; lack of answer – yellow circle, “No” is denoted with plain (not encircled) markers. Extreme, “higher th an” and 
“lower than” values are in the Table A37. 

 

Table A37: List of extreme, “higher than” and “lower than” values in the data set of all particles’ mass concentration 

and background level knowledge.  

All Lab code  Concentration [µg∙L-1] Technique Background level 
knowledge 

Extreme 
values 

L124 = 3200 Grav No 

L023 < 4000 Grav No 

L095 = 6156 Grav No 

L003 = 6334 FTIR No 
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Method evaluation  

70% of the participants, prior to this exercise, had the chance to evaluate whether the method used in 
this study was suitable for this particular type of analysis (PET in water). They were asked to choose all 
that is appropriate regarding method evaluation, that is: In-house experiments (H), Consultation of 
literature (L), Consultation of experts (other labs, training course etc.) (E), Ring trial/proficiency test (T), 
Manufacturer application note (M), Other (O). It was possible to select more than one options. The  number 
of applied approaches per laboratory are shown in Figure A39. 

 

 

                      Figure A39: Number of applied approaches to evaluate the applied analysis method.   
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Figure A40 shows the values of the number concentration of plastic particles, associated with the 
techniques and the options for method evaluations. 75% of the participants whose data are presented 
there, had more than one opportunity to verify if their method was suitable for analysis of microplastics 
in water. However, it does not really show that this could have been critical for the study.  

 

Figure A40: Number concentration of plastic particles related to method evaluation prior to ILC. Label explanation 

can be found on page A82. Markers without labels refer to the labs, where no method evaluation was p erformed, 
except one (yellow circle) where it was not reported in the questionnaire. Extreme, “higher than” and “lower than” 
values are in the Table A38. 

 

Table A38: List of extreme, “higher than” and “lower than” values in the data set of plastic particle s’ number 

concentration and method evaluation prior to ILC . 

P lastic Lab code  Concentration [L-1] Technique Method evaluation 

Extreme 
values 

L014 = 3233 Fluo H 

L023 = 3508 Fluo not applied 

L058 = 918000 SEM H 

“Higher than” 
values 

L053 > 170 Raman HLEM 

L036 > 304 FTIR HL 

L008 > 570 FTIR HLEM 

L013 > 1025 Raman HL 

L017 > 1200 Raman not reported 

 

The results of the number concentration of all particles are displayed in Figure A41. Again, no specific 
influence of the prior evaluation of the method on the results can be observed.   

In case of the mass concentration of plastic and all particles (Figures A42 – A43 and Tables A40 – A41, 
respectively), there is not sufficient number of the data points which would be a ground for reliable 
conclusion, if verifying the method prior to the study would actually be advantageous in the measurement 
process.  
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Figure A41: Number concentration of all particles related to method evaluation prior to ILC. Label explanation can 

be found on page A82. Markers without labels refer to the labs, where no method evaluation was applied, except one 
(yellow circle) where it was not reported in the questionnaire. Extreme, “higher than” and “lower than” values are in 
the Table A39 . 

 

Table A39: List of extreme, “higher than” and “lower than” values in the data set of all particles’ number 

concentration and method evaluation prior to ILC .  

All Lab code  Concentration [L-1] Technique Method evaluation 

Extreme 
values 

L098 = 1975 OpMic HT 

L123 = 2074 OpMic HM 

L094 = 2110 OpMic HLET 

L079 > 2342 OpMic HL 

L023 > 3508 Fluo not applied 

L038 = 3813 OpMic HL 

L131 = 9966 OpMic H 

L018 = 1717200 FC HL 

L039 = 50 000 000 OpMic not applied 

“Higher 
than” 
values 

L099 > 15 OpMic not applied 

L100 > 350 OpMic not applied 

L036 > 351 OpMic HL 

L008 > 570 FTIR HLEM 

L120 > 900 OpMic H 

L033 > 941 Fluo HL 

L013 > 1504 OpMic HL 
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Figure A42: Mass concentration of plastic particles related to method evaluation prior to ILC. Label ex planation can 

be found on page A82. Markers without labels refer to the labs, where no method evaluation was applied. Extreme, 

“higher than” and “lower than” values are in the Table A40 . 

 

Table A40: List of extreme, “higher than” and “lower than” values in  the data set of plastic particles’ mass 

concentration and method evaluation prior to ILC . 

P lastic Lab code  Concentration [µg∙L-1] Technique Method evaluation 

Extreme values 

L095 < 6156 Grav HL 

L003 = 6328 FTIR not applied 

L039 = 59450 PY-GC/MS not applied 

“Higher than” 
value 

L073 > 204 PY-GC/MS O 
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Figure A43: Mass concentration of all particles related to method evaluation prior to ILC. Label explanation can be 

found on page A82. Markers without labels refer to the labs, where no method evaluation was applied, except one 

(yellow circle) where it was not reported in the questionnaire. Extreme, “higher than” and “lower than” values are in 
the Table A41. 

 

Table A41: List of extreme, “higher than” and “lower than” values in the data set of all particles’ mass concentration 

and method evaluation prior to ILC. 

All Lab code  Concentration [µg∙L-1] Technique Method evaluation 

Extreme values 

L124 = 3200 Grav not applied 

L023 < 4000 Grav not applied 

L095 = 6156 Grav HL 

L003 = 6333.944 FTIR not applied 
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Additional information for section 4.3 Reconstitution protocol  

Additional graphs regarding a use of reconstitution protocol (whether it was followed and/or sufficiently 
clear) and the values of number concentration of plastic particles (Figure A44, Table A42), all particles 
(Figure A45, Table A43), the mass concentration of plastic particles (Figure A46, Table A44) and all 
particles (Figure A47, Table A45).   

 

 

Figure A44: P lastic particles’ number concentration related to the applied techniques. The circles point out the  labs 

that reported the reconstitution protocol not followed (yellow) or not clear (blue).  The comments from the Labs 
regarding the reconstitution protocol can be found in the table below. The arrows up show the “>” values, the arrows 

down – the “<” values. Extreme values are presented in Table A42.  

 

Table A42: List of extreme values in the data set of plastic particles’ number concentration and comments regarding 

the reconstitution protocol.  

Plastic Lab code  Concentration [L-1] Technique Reconstitution protocol 

Extreme 
values 

L014 = 3233 Fluo 
Sufficiently clear 

Followed 

L023 = 3508 Fluo 
Sufficiently clear 

Followed 

L058 = 918000 SEM 
Sufficiently clear 

Followed 
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Figure A45: All particles’ number concentration related to the applied techniques. The circles point out the labs that 

reported the reconstitution protocol not followed (yellow) or not clear (blue).  The comments from the Labs regarding 

the reconstitution protocol can be found in the table below. The arrows up show the “>” values, the arrows down – 
the “<” values. Extreme values are presented in Table A43.  

 

Table A43: List of extreme values in the data set of all particles’ number concentration and comments regarding 

the reconstitution protocol .  

All Lab code  Concentration [L-1] Technique Reconstitution protocol 

Extreme 
values 

L018 = 1 717 200 FC 
Sufficiently clear 

Followed 

L023 > 3 508 Fluo 
Sufficiently clear 

Followed 

L123 = 2 074 OpMic 
Sufficiently clear 

Followed 

L094 = 2 110 OpMic 
Sufficiently clear 

Followed 

L079 > 2 342 OpMic 
Sufficiently clear 

Followed  

L038 = 3 813 OpMic 
Sufficiently clear 

Followed 

L131 = 9 966 OpMic 
Sufficiently clear 

Not followed11 

L039 = 50 000 000 OpMic 
Sufficiently clear 

Followed 

L098 = 1 975 OpMic 
Sufficiently clear 

Followed 

                                     

11 Comment from the participant: “The 1-L clear glass bottle was found to have a comparatively small neck. It was assumed that its inside would not be completely accessible for rinsing. To 

avoid the risk of leaving particles behind, we used a 2 L glass beaker (cleaned like the f iltration device and already used in the blank sample preparation) and performed all steps of the 

reconstitution protocol that required rinsing/pouring into the 1 L bottle (steps 2, 3, 4) as pouring/rinsing into the 2L glass beaker. As a final step, we poured the 950 mL of deionised water 

from the 1 L bottle into the 2 L beaker. The movement of the liquid induced by the pouring was used to homogenize the particl es. The 1 L glass bottle, its cap and the 10 mL vial that 

contained the NaCl carrier were subsequently rinsed with 200 mL ultrapure water (MilliQ: deionised water filtered through a 0.2 µm filter).” 
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Figure A46: P lastic particles’ mass concentration in relationship to the applied techniques. The arrows are assigned 

to the labs that reported not following (yellow) or not understanding (blue) the reconstitution protocol. Ex treme values 
are presented in Table A44. 

 

Table A44: List of extreme values and “more than” and “less than” values in the data set of plastic particles’ mass 

concentration and comments regarding the reconstitution protocol.  

Plastic Lab code  Concentration [µg∙L-1] Technique Reconstitution protocol 

Extreme values 

L095 < 6 156 Grav 
Sufficiently clear 

Followed 

L003 = 6 328 FTIR 
Sufficiently clear 

Followed 

L039 = 5 9450 PY-GC/MS 
Sufficiently clear 

Followed 
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Figure A47: All particles’ mass concentration in relationship to the applied techniques. The arrows are assigned to 

the labs that reported not following (yellow) or not understanding (blue) the reconstitution protocol. The comments 
from the Labs regarding the reconstitution protocol can be found in the table below. Extreme values are presented 
in Table A45. 

 

Table A45: List of extreme values in the data set of all particles’ mass concentration and comments regarding the 

reconstitution protocol . 

All Lab code  Concentration [µg∙L-1] Technique Reconstitution protocol 

Extreme 
values 

L124 = 3 200 Grav 
Sufficiently clear 

Followed 

L023 < 4 000 Grav 
Sufficiently clear 

Followed 

L095 = 6 156 Grav 
Sufficiently clear 

Followed 

L003 = 6333.944 FTIR 
Sufficiently clear 

Followed 
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Additional information for section 4.4 Sample preparation 

Sample volume analysed 

 

 

Figure A48: Mass of particles (F) found for different sample quantities and partitions (closed circles: 1-litre sample 

as a whole; open circles: 1-litre sample split into sub-samples; diamonds: only part of the 1-litre sample used) 

 

Rinsing and homogenisation 

 

 

 

 

Figure A49: Mass of particles (F) depending on whether the sample bo ttle is rinsed after pouring the water sample 

or not 
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Figure A50: Mass of PET particles (D) depending on whether an homogenisation step was applied  

 

 

 

Figure A51: Mass of plastic particles (E) depending on whether an homogenisation step was applied  
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Figure A52: Mass of particles (F) depending on whether a homogenisation step was applied 

 

Influence of the sonication on particle number concentration 

 

As shown in Figures A53 – A55, for the PET particles, the plastic particle and all particles concentration, 
respectively, there is no difference between sonication and shaking the sample. 

 

 

Figure A53: Influence of the sonication on PET particles concentration 
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Figure A54: Influence of the sonication on P lastic particles concentration  

 

 

Figure A55: Influence of the all particles concentration 
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Use of additional substances and removal of non-plastic matter 

 

 

Figure A56: Comparison of measured all particle concentrations (C) with (full circles) and without (open circles) 

application of a treatment serving the removal of non-plastic matter. 

 

 

Figure A57: Comparison of measured all particle concentrations (C) with (full circles) and without (open circles) 

application of a treatment serving the removal of non-plastic matter. 
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Filtration 

 

 

Figure A58: Comparison of measured of all particle number concentrations (values C) for the different types of 

filter materials. 

 

 

 

Figure A59: Comparison of measured of PET mass concentration (values D) for the different types of filter materials. 
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Figure A60: Comparison of measured of all particles mass concentration (values F ) for the different types of filter 

materials 
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Concentration of the sample before analysis 

10 laboratories reported to have concentrated the sample. The laboratories and the description of 
concentration procedure are summarized in Table A46. 

 

Table A46: Concentration of the sample before analysis  

Lab 
code  

Description 
Concentration factor  

(if any) 

L003 Redispersion in DI water 100 

L023 Suspension after filtration 20 

L045 
Yes, only the size fraction <100µm was concentrated from 80 mm 
 steel filter to a 13 mm silicon membrane filter 

38 

L074 Evaporation of solvent (EtOH, 50%) on a Kevley Slide   

L075 
Concentration onto 47 mm diameter 5µm stainless steel mesh of the 
whole sample 

1 

L097 
Sample filtered on to nitrocellulose filter, filter dissolved in 100ml 
10%KOH (aq) at 60'C for 16h 

10 

L110 Gold-coated filter --> 5mL EtOH   

L115 
Filtration procedure, 1 L was in the end concentrated on one Sartorius 
filter, pore size 0.45 µm, diameter 45 mm 

20 

L119 
Filtration procedure on glass micro (fibre) filter, diameter 47 mm and pore 
size 0.7µm 

 

L125 
The glass frit was rinsed with 20 mL deionized water and collected  
in a 20 mL glass jar. The water was then reduced to dryness in a drying 
cabinet at 60 ° C. (only for MP samples) 

  

 

Measures to prevent particle loss 

Half of the laboratories (48 out of 98) applied measures to prevent a potential loss of particles during 
further manipulation and analysis. The principal measure was to cover the sample with aluminium foil, 
glass slide or a petri dish. 
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Additional sample preparation step 

11 laboratories applied additional sample steps, which are described in Table A47.  

 

Table A47: Additional sample preparation step 

Lab code Additional step 

L060 preparation for Py-GC/MS analysis 

L125 Deuteration for NMR analysis 

L123 Drying filter in oven 

L084 Drying filter in oven 

L097 Density separation to remove high density particles 

L121 Removal of PP ring and grinding of inorganic filter 

L053 All stages in clean cell environment 

L111 hydrolysis of PET, liquid/liquid extraction and re-protonation of terephtahlic acid. 

L074 Transfer onto microscope Kevley slide using glass pipettes 

L090 Transfer of particles from membrane to gold mirror  

L050 Transfer particle on anodisc filter 

 

Obviously, the additional steps applied depend on the analytical method used to measure the particle 
number or concentration. 
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Additional information for section 4.7 Microscopy 

The type of filter used in the filtration step was investigated to look for potential effect on the detected 
number of plastics.  

 

                   Table A48: Correlation between the number of plastics and the type of filter    

Lab code Number of 
plastics [L-1] 

Type of filter 

L097 152 Nitrocellulose 

L034 189 Glass (micro-)fibre 

L070 243 Glass (micro-)fibre 

L021 356 Stainless steel 

L060 810 Glass (micro-)fibre 

L062 842 Stainless steel 

L033 861 Polycarbonate (track-etched) 

L014 3233 Aquamarijn micro sieves 

L023 3508 mixed cellulose ester 

 

Looking at the data set, several type of filters were used by the participants and it becomes difficult to 
make a correlation between the number of plastics reported and the type of filters. 

The use of a quality control (QC) sample during the analysis of the water samples was then considered 
for potential effect on particle counting. 

Looking at the data, several type of control quality samples were applied but the low number of 
participants and the wide distribution of quality control sample does not enable to make any correlation 
with the reported number of plastics. 
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Table A49: Correlation between the number of plastics and the quality control sample . 

Lab 
code 

Number of 
plastics [L-1] 

(QC) Type of quality control (QC) 

L097 152 Yes procedural blank analysed alongside sample 

L034 189 Yes We have used two blank samples to determine if any 
contamination with microplastics occurs. The blanks returned 
uncontaminated. 

L070 243 Yes Spiked a MilliQ water sample with a known number of different 
sizes(63µm - 4400 µm), properties (Poly propylene, PET spheres 
& Cellulose acetate spheres), fibres and densities 0.9g - 1.3g) 

L021 356 No 

 

L060 810 No 

 

L062 842 Yes We have validated the system with a range of different polymer 
types including PET. We have also looked at carry over 
(equipment blanks) and routinely run blank samples to determine 
background levels. 

L033 861 Yes PET particles to check our staining method (staining and 
incubation of sample in water not only on filter) 

L014 3233 Yes blank water 

L023 3508 No 

 

 

The presence of other interference(s) in the sample was then taken into account as a possible source of 
effect on the number of plastics, since many participants detected them. However, it is difficult to make 
a correlation between the number of particles and the presence of other interferences, being these of 
different nature.  
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Table A50: Correlation between the number of plastics and the presence of interference(s) in the sample  

Lab 
code 

Number 
of 
plastics 
[L-1] 

Other 
interference(s) 

Specify the other interference(s) 

L097 152 Other 
interference(s) 

precipitate of Nile Red stain, various fluorescent particles 
discounted due to subtraction of background control 

L034 189 None   

L070 243 None   

L021 356 Other 
interference(s) 

Majority of contamination was PES-plastic, which were 
identified with FTIR after analyzes 

L060 810 None   

L062 842 None   

L033 861 Other 
interference(s) 

fibers, particles/fragments not dyed by nile red 

L014 3233 Other 
interference(s) 

very small fibers in the sample but not in the blank 

L023 3508     

 

Only two participants reported the presence of agglomerate in the sample, as indicated in the following 
table. Due to this low number, it is not possible to consider this a potential effect for the determined 
particle number. 

 

Table A51: Correlation between the number of plastics and the observation of agglomerates in the sample  

Lab code Number of 
plastics [L-1] 

Presence of 
agglomerate 

Ratio between agglomerates and 
(unagglomerated) single particles 

L097 152 No 
 

L034 189 No 
 

L070 243 Yes 5 

L021 356 
  

L060 810 No 
 

L062 842 No 
 

L033 861 Yes 6 

L014 3233 No 
 

L023 3508 
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By looking at the Box&whisker plot (Figure A61), the only group that presents a median inside the 
indicative range is the one composed by participants that applied manual stitching. In the group that used 
Automatic stitching a broader distribution is visible with respect to the others two groups and the median 
value is above the indicative range, while for the participants that applied no stitching and used instead 
separate images the median value for reported data distribution is at the lower limit of the indicative 
range.  

 

Figure A61: Box&Whisker plot about the performing of image stitching for the detection of the total number of 

particles C with OpMic method (value for Number concentration of all particles 9966 is not included in the graph 

because it is out of scale). 
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Additional information for section 4.8 Fourier Transform InfraRed Spectroscopy 

 

Mainly equipment produced by big FTIR microscope providers are present in the laboratories involved in 
the study. The figure below suggests also that no statistically relevant difference can be found in  the 
measurement results between instruments from various providers. 

 
 

Figure A62: (A) Instrument manufacturers among FTIR equipment used by the participants (Answer rate: 100%)   (B) 

Number of PET particles detected by the different instrument brand users (Answer rate: 100%) (B) Number of PET 
particles detected by the different Raman instrument brand users 

 

The chosen number of spectral scans is typically ≤ 32. The usually applied spectral resolution is between 
2 cm-1 and 8 cm-1, only few FTIR users are applying higher or lower spectral resolutions. 

 

Figure A63: Typically applied scan numbers (A) and spectral resolutions (B) by FTIR microscopy users. (Answer rates: 

95% and 86% for A and B, respectively)  

 

Few FTIR microscope users reported a minimum detectable PET particle size that is higher than the 
suggested cut-off limit, most of them reported lower size detection limit between 1 and 30 µm.  
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Figure A64: Lower size limit of detection reported by FTIR user participants (Answer rate: 98%)  

 

Non-plastic materials are present in the database at 86% of the participants. This seems to be one of 
the few method parameters that shows a statistically relevant effect on the results (see main body of 
the report). 

 

Figure A65: Presence of non-plastic particles in the database of FTIR users (Answer rate 100%)  

 

The next figures illustrate the low use of first and second derivatives in spectral identification process 
and no statistically relevant difference between the results of groups that apply or do not apply them.  

 

Figure A66: Ratio of FTIR laboratories using or not using first (A) and second (B) derivatives for spectral identification 

(Answer rates: 93% and 90% for A and B, respectively)  
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Figure A67: Number of PET particles detected by groups considering (Yes) and not considering (No) first (A) and 

second (B) derivatives of spectra at comparison with reference database  

 

Data pre-treatment is applied by only about 20% of FTIR users. It means usually baseline subtraction 
and CO2 signal removal. Mean and median results from both data-pre-treating and non-treating groups 
fall in the indicative range. There is no statistically relevant amount of data available to draw conclusion 
about the pre-treatment process elements. 

 

 

 

Figure A68: Data pre-treatment (A) and applied treatment types (B) among FTIR participants (Answer rates 98% 

and 26% for A and B, respectively)  

 

Figure A69: (A) Number of PET particles detected by groups considering the implementation of numerical data pre-

treatment (any kind, category: yes) or row spectra processing (category: no). (B) Number of PET particles detected by 
groups applying various additional data treatment before spectrum identification   
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The applied identification thresholds (minimum concordance between sample spectrum and reference 
spectrum) for FTIR are often in the range of 60-80%, but values ≤ 50% were also reported. 

 

Figure A70: Reported identification threshold values for FTIR (Answer rate: 83%)   

 

Only about 27% of the FTIR users identified PET particles based on chemical mapping, a larger group of 
the laboratories relies on single element detector and analysis of single spectra. PET particle number 
concentration results do not suggest superiority of any of the technical solutions. 

 

 

Figure A71:  (A) Chemical mapping versus single spectrum analysis approach among the FTIR microscope user 

participants (Answer rate: 98%) and (B) Number of PET particles detected by groups using various type of detectors 
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About 28% of the participants analysed only partial filter area, with many of them analysing ≤ 25% of 
the filter.    

 

Figure A72: Scanning of full filter area (A) and analysed % (B) in case of partial filter area for FTIR users (Answer 

rates 100% and 17% for A and B, respectively). The ratio between participants not analysing full filters (answers 

“no” to question A ) and participants indicating filter analysed area is 58% .  

 

Because of the low number of responders, no statistically relevant conclusion can be drawn from the 
data related to the scanning strategy in case of partial filter analysis – as it is illustrated by the figure 
below. 

 

Figure A73: Number of PET particles detected by groups not analysing the full filter, grouped according to the 

analysis method.  
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Additional information for section 4.9: Raman Spectroscopy 

Smaller instrument provider companies are also present in the assortment of Raman microscopes of 
participants. 

 

 

Figure A74:  (A) Instrument manufacturers among Raman equipment used by the participants (Answer rate: 100%).  

 

The good practice of instrument calibration/ wavenumber correction is applied by 67% of responders. 
Scan numbers typically fall in the range of 1-5. 

 

Figure A75: Calibration/correction (A) and number of scans (B) reported by Raman microscope users  (Answer rates: 

88% and 59% for A and B, respectively)  

 

Figure A76: (A) Effect of wavelength calibration on the number of PET particles found by Raman microscope 

users, (B) Effect of number of scans on the number of PET particles found by Raman users .  
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All responding Raman microscope users reported lower detectable size limit that was higher than the 
lower cut-off value (30 micron). 

 

Figure A77: Smallest detectable PET particle size  reported by Raman microscope users (Answer rate: 82%)  

 

Majority of the Raman users has also non-plastic materials in their database. In-house databases are 
often built by users and applied instead of the database provided by instrument manufacturer. 

 

 

Figure A78: (A) P resence of non-plastic materials in the database used for analysis in case of Raman users 

(Ansver rate: 88%),  (B) Effect of database origin on the number of PET particles found by Raman microscope users 
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The figures below illustrate the low use of first and second derivatives in spectral identification process 
and no statistically relevant difference between the results of groups that apply or do not apply them. 

 

 

Figure A79: Consideration of first (A) and second (B) derivatives at spectrum identification in case of Raman users 

(Answer rates: 82% for both A and B)  

 

  

Figure A80: Effect of the use of first and second derivatives in spectral recognition on the number of PET particles 

found by Raman microscope users  
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Data pre-treatment is applied by about 66% of Raman users, meaning usually baseline subtraction and 
smoothing. No improvement of the results due to data pre-treatment is suggested by the collected data.   

Identification threshold values often fall in the 60-70% range with some participants accepting ≤50% 
values, as well. 

 

Figure A81: (A) P roportion of Raman microscope users various data pre -treatment methods (Answer rate 82%), (B) 

Reported identification threshold values for Raman users (Answer rate: 53%)   

 

Figure A82: The number of PET particles found by Raman microscope users (A) depending on data pre-treatment 

before spectral recognition (B) depending on data pre -treatment type in the “Yes” group in A   
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Only about 10% of the Raman users identified PET particles based on chemical mapping, about half of 
the responders used dark field imaging to identify particles for subsequent analysis. 

 

  

Figure A83: Image analysis method distribution among Raman users (A, answer rate 88%)) and among users who 

analysed the full filter area (B).  

 

About 73% of the responders analysed the full filter. Partial filter area analysis means the scanning of 
≤50% of the total area. 

 

Figure A84: Ratio of participants analysing the full filter area among Raman users  (A) and analysed % (B) in case 

of partial filter area (Answer ratios: 88% and 100% for A and B, respectively) .  
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Annex VI: Statistical evaluation for the comparison 
of analysis techniques 

 

Statistical evaluation for the comparison of analysis techniques 

Welch’s t-test, which is a two-sided t-test for unequal variances and/or unequal sample sizes, was applied 
using a confidence level of 90% (α = 0.1) and the null hypothesis that the two population means looked 
at are equal. To this end, the funtion “t-test: two-sample assuming unequal variances” of the Microsoft 
Excel add-in “Analysis ToolPak” was used.  

The results of this analysis are listed below for selected pairs of techniques (or group of techniques), 
grouped by the type of value (A, B, C or D). The means of the two groups were statistically different 
according to the test, if the modulus (absolute value) of the t value (tStat) is greater than the critical value 
(tCritical), i.e. 

│tStat │> tCritical two-tail  

If this condition is fullfilled, the t value (tStat ) is marked green; in the opposing case, tStat is marked red. 

Abbreviations of techniques see section 2.4.4; “Mic” includes all non-spectroscopic microscopy techniques 
(OpMic, melting, OpMic+pyGCMS). 

 

Value A (number concentration of PET particles) 

  FTIR Raman 

Mean 701.6842 838.625 

Variance 238507.3 161716.5 

Observations 38 16 

Hypothesized Mean Difference 0 
 

df 34 
 

t Stat -1.06986 
 

P(T<=t) two-tail 0.29222 
 

t Critical two-tail 1.690924   
   

  FTIR LDIR 

Mean 701.6842 295 

Variance 238507.3 1525 

Observations 38 3 

Hypothesized Mean Difference 0 
 

df 39 
 

t Stat 4.937277 
 

P(T<=t) two-tail 1.53E-05 
 

t Critical two-tail 1.684875   
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  Raman LDIR 

Mean 838.625 295 

Variance 161716.5 1525 

Observations 16 3 

Hypothesized Mean Difference 0 
 

df 16 
 

t Stat 5.276268 
 

P(T<=t) two-tail 7.53E-05 
 

t Critical two-tail 1.745884   
   

 

Value B (number concentration of plastic particles) 

  FTIR Raman 

Mean 620.4839 916.5455 

Variance 172960 138111.1 

Observations 31 11 

Hypothesized Mean Difference 0  
df 20  
t Stat -2.19849  
P(T<=t) two-tail 0.039851  
t Critical two-tail 1.724718   

   
  FTIR LDIR 

Mean 620.4839 299 

Variance 172960 1261 

Observations 31 3 

Hypothesized Mean Difference 0  
df 32  
t Stat 4.150447  
P(T<=t) two-tail 0.000229  
t Critical two-tail 1.693889   

   
  Raman LDIR 

Mean 916.5455 299 

Variance 138111.1 1261 

Observations 11 3 

Hypothesized Mean Difference 0  
df 11  
t Stat 5.421262  
P(T<=t) two-tail 0.00021  
t Critical two-tail 1.795885   
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  FTIR Fluo 

Mean 620.4839 493.2857 

Variance 172960 107946.6 

Observations 31 7 

Hypothesized Mean Difference 0  
df 11  
t Stat 0.877745  
P(T<=t) two-tail 0.398848  
t Critical two-tail 1.795885   

   
  Raman Fluo 

Mean 916.5455 493.2857 

Variance 138111.1 107946.6 

Observations 11 7 

Hypothesized Mean Difference 0  
df 14  
t Stat 2.530523  
P(T<=t) two-tail 0.024007  
t Critical two-tail 1.76131   

   
  Fluo Mic 

Mean 493.2857 643.375 

Variance 107946.6 265291.4 

Observations 7 8 

Hypothesized Mean Difference 0  
df 12  
t Stat -0.68094  
P(T<=t) two-tail 0.508835  
t Critical two-tail 1.782288   

   
  FTIR Mic 

Mean 620.4839 643.375 

Variance 172960 265291.4 

Observations 31 8 

Hypothesized Mean Difference 0  
df 9  
t Stat -0.1163  
P(T<=t) two-tail 0.909968  
t Critical two-tail 1.833113   
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  Raman Mic 

Mean 916.5455 643.375 

Variance 138111.1 265291.4 

Observations 11 8 

Hypothesized Mean Difference 0  
df 12  
t Stat 1.2776  
P(T<=t) two-tail 0.225554  
t Critical two-tail 1.782288   

 

Value C (number concentration of all particles) 

  OpMic FTIR 

Mean 670.4706 432.4444 

Variance 247718.1 101320.8 

Observations 34 9 

Hypothesized Mean Difference 0  
df 20  
t Stat 1.74794  
P(T<=t) two-tail 0.095811  
t Critical two-tail 1.724718   

 

Value D (mass concentration of PET particles) 

  py-GCMS TED-GCMS 

Mean 255.3611 352.6267 

Variance 40649.86 27650.68 

Observations 9 3 

Hypothesized Mean Difference 0  
df 4  
t Stat -0.82998  
P(T<=t) two-tail 0.453213  
t Critical two-tail 2.131847   

   
  py-GCMS FTIR 

Mean 255.3611 443.7925 

Variance 40649.86 68190.09 

Observations 9 4 

Hypothesized Mean Difference 0  
df 5  
t Stat -1.28318  
P(T<=t) two-tail 0.255685  
t Critical two-tail 2.015048   
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  TED-GCMS FTIR 

Mean 352.6267 443.7925 

Variance 27650.68 68190.09 

Observations 3 4 

Hypothesized Mean Difference 0  
df 5  
t Stat -0.56253  
P(T<=t) two-tail 0.598038  
t Critical two-tail 2.015048   
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GETTING IN TOUCH WITH THE EU 

In person 

All over the  European Union there are hundreds of Europe Direct information centres. You can find the address of the centre 
nearest you at: https://europa.eu/european-union/contact_en 

On the phone or by email 

Europe Direct is a service that answers your questions about the  European Union. You can contact this service :  

- by freephone: 00 800 6 7 8 9 10 11 (certain operators may charge for these calls), 

- at the  following standard number: +32 22999696, or 

- by e lectronic mail via: https://europa.eu/european-union/contact_en 

FINDING INFORMATION ABOUT THE EU 

Online 

Information about the  European Union in all the official languages of the EU is available  on the Europa website at: 
https://europa.eu/european-union/index_en 

EU publications 

You can download or order free and priced EU publications from EU Bookshop at: https://publications.europa.eu/en/publications. 
Multip le  copies of free publications may be obtained by contacting Europe Direct or your local information centre  (see 

https://europa.eu/european-union/contact_en). 

https://europa.eu/european-union/contact_en
https://europa.eu/european-union/contact_en
https://europa.eu/european-union/index_en
https://publications.europa.eu/en/publications
https://europa.eu/european-union/contact_en
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