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Abstract

Plastics have been instrumental in providing innovative solutions to societingte their versatility, durability,
and adaptability. As a result, plastic manufacturing has seen an exponential increase, with global production
reaching almost 390 million tons in 2021 (57 million tons in Europe).

This surge in plastic production héesd to the proliferation of micre and nanoplastics, which are small plastic
particles generally less than 5 millimetres in siZEhese particles originate from various sources like cigarette
filters, textile fibres, cleaning products, personal care iterasd also from tyre wear and weathered plastic
products. Unfortunately, their small size and persistence have resulted in their widespread presence in land,
water, food, and air, posing significant environmental risks and potential threats to human health.

The European Commission (EC) has responded to this pollatioh health challenge through key policy
documents like the Green Deal and the European Strategy for Plastics

Although there has been considerable research on the presence of microplasticd,ivater, and food, their
occurrence in the air, both indoors and outdoors, has not been given sufficient attestidar. Limited data
exists on the quantitative characterization of microplastics in urkzard norurbanatmospheres, but this data

is growing. However, the atmospheric emission rates from specific materials, actions, and environments are
largely unknown at present-urthermore, there is a scarcity of data regarding particles smaller than 3 um,
which arespecifically those capable of reachirdgep into the lungs.

The introduction of regulatory instruments must be rooted in scientific evidence, and effective monitoring tools
are required to assess their implementation and impact. Currently, the absence-fufrfipurpose technologies
and harmorised methods is hindering progress this regard

This reportaddresses some of thesechallenges, whiclare pivotal for a precise evaluation of the presence of
micro- and nanglastics and their potential impact on health and the environmdhtaims to systematically
review and evaluate the available published literature on methodologies used to megsungarily micro-
plastic (to a lower extent also nanoplastiic) the airas well as theirsources and transport
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1 Introduction

Plastics have been instrumental in providing innovative solutions to society, owing to their versatility, durability,
and adaptability. As a result, plastimanufacturing has seen an exponential increase, with global production
reaching almost 390 million tons in 2021 (57 million tons in Europ#)

Micre and nanoplastics, which are small plastic particlégcluding elastomers)generally less than 5
millimetresin size, originate from various sources like cigarette filters, texilees, cleaning products, personal
care itens, and even dust fromyres and weathered plastic products. Unfortunately, these tiny particles are
persistent pollutants, leading to a rapid rise in their presence in land, water, food, and air, posing environmental
risks and potential threats to human ladth.

Recognizing thergency to address plastigollution and marine litter, the European Union (EU) has taken action
to promote a circular and resoureefficient plastics economy. Specific regulations and targets are in place for
single-use plastics, plgtic packaging, microplastics, and Hiased, biodegradable, and compostable plastics.

The European Commission (EC) has responded to this pollution challenge through key policy documents like the
Green Deal and the European Strategy for Plasfjsleading torestrictions under REALCandthe adoption of

a methodology required for monitoring purposesider the Drinking Water Directive (DWIB) and a newly
proposed Regulationn preventing pellet losses (SWD(2023) 332 finaldditionally, regulatory measures are

being considered for areas such as groundwater, wastewater, sludge, tyres, textdsting machines, and

more.

Whilethe presence of microplastics soil, water, and food has been extensively studied, its occurrence in the
air, both indoors and outdoors, has received less attentjéh Existing research has primarily focused on
deposition sample$5], providinglimited information about the smallest size fractions, such as Rhoracic
particles) and PM (alveolar particles), which may carry potential health risks. Accurate atmospheric
concentration data is crucial for assessing human inhalation risk and understandingriomge transpor{6].

However, the lack of standardi®d methodologies for sampling, treatment/extraction, and
identification/quantification of micre and nanoplastics in air has led to low comparability of results from
different studies.

The introduction of regulatornynstruments must be rooted in scientific evidence, and effective monitoring tools
are required to assess their implementation and impact. Currently, the absence-fufrfipurpose technologies
and harmonized methods is hindering progress.

The development oftandardid analytical methods is urgently needed to address plastic pollution in the air
and better understand its impact on health and the environment.

Thus, this report aims to systematically review and evaluate the available published liter§2H-2023) on
the main sources ofmicro and nanoplastics in the aiand the analytical methodsemployed for their
identification andquantification.



2 What are nano - and microplastics?

Plasticsand elastomershave become indispensable in our lives, offericmnvenience, lighter weight, and cest
effectiveness compared to alternative materials. However, improper disposal and insufficient recycling practices
lead to their presence in the environmeffigure 1) where they persist for centuries, breaking dowtoismaller
fragments known as microplastid¥’]. These microplastics are solid particles comprising various polgneer
polymermixtures, functional additives, and possible residual impurities.

Definitions [8], [9]

Microplastics (M$):
Plastic particles equal to or greater thanpgin and less than 5nm in (aerodynamic) diameter

Nanoplastics (N§):
Plastic particles less than fim in (aerodynamic) diameter

Plastics:
Material which containgis an essential ingredient a high polymer and which, at some stage in its processing
into finished products, can be shaped by flow (ISO 24187:2023)

Elastomers:
Macromolecular matgal which returns rapidly tots initial dimensions and shape after substtal
deformation by a weak stress and release of stre@SO 24187:2023)

The introduction of microplastics into the environment stems from various sources, including ingredients in
cigarette filters, textile fibes, cleaning products, personal care iteras,well asparticulatesfrom vehicletyres.
Additionally, larger plastic items disintegrate over time due to exposure to the stind, and ocean waves,
releasing nore microplastics. flese particles find theiway into rivers, and ultimatelyhe oceans

Microplastics can be categorized into two types: primary and secondary.

Primary microplastics encompass tiny particles intentidyal

designed for commercial purposes, found in products lil Figure 1. Plastic waste accumulated at the
cosmetics, as well as microfibs shed from clothing and other =~ ™Murazzi’ on the island of Pellestrina (Italy)
textiles, such as fishing nets.

On the other hand, secondary microplastics are particles resulti

from the breakdown of larger plagt items like plastic bottles,
paclaging boxes and filmsThis degradation is primarilgaused by
exposure to environmental factors, partilarly the sun's radiation,
ocean wavesand grinding by sandSecondarymicroplastics can ¢
also originatefrom vehicletyre undergoing wear and tear as the)ﬁ\
come into contact with the road surfacas well as from paint
during the application process or due to exposure to solar radiati
cooling, heating, drying, and rain.

An additional concern arises with the pexe of nanoplastics,
formed from the further degradation ofmicroplastic particles
Nanoplastics pose a higher risk as they are more easily taken
by organisms and are likely to have greater ecological and hea
implications compared to microplastidd.0].

Source: photo by Otmar Geiss



3 Sources of airborne micro- and (nano)plastics

The potatial sources of atmospheric MiR indoorand outdoor environments are numerous, as plastic products
are ubiquitous in everyday life. They can be determined based on the MP characteristicehémical
composition, morphology, size antblou) and on the human activitiesi.g. location, population density,
meteorological conditions A study, carried out during a COVID lockdown and after the human activities went
back to track, showed an increa of MP deposition rate highlighting the effect of human activity and the fact
that MPsources are mainly locdllL1].

Microplastics inndoor and outdoor environments hawdistinct potential sourcegdescribed in the following
sections) Sources mentionedn the literatureprimarily focus on microplastics, as the detection of nanoplastics
remains challenging. Considering that nanoplastics are often generated through the degradaf
microplastics, it can be inferred that the sources are likely to be the same.

Abundance of MPs in indoor environments is generally more important than in outdoor environments due to the
confined spaces[(2]-[16]). Table 1compares the indoor and outdoor concentrations of several selected
studies. Outdoor and indoor concentrations may be comparable when the sampling is performdimareas

[17].

Table 1. Indoor/outdoor concentrations comparison

Reference Indoor concentration Outdoor concentration
Dris, 2017 [12] 1.0- 60.0 fibresm™ 0.3- 1.5 fibresm
Liao, 2021 [16] 1583 + 1180 MPsm 189 + 85 MPsm™3
Chen, 2022 [13] 46 + 55 MPsm™ 28 £ 24 MPsm®
Perera, 2022 [14] 0.13- 0.93 MB M3 0.01- 0.23MPsm™3
Perera, 2023 [15] 0.47 - 2.25 MPsm™3 0.17 + 0.06 MPsm™

Sourcepwn production

3.1 Sizes and shapes of microplastic s in the air

Microplastics can take the form of fragmenté$ipres, foams, spherules, or films, with fragments arfithres
being the most prevalentribreshape is characteristic of textiles, carpets and upholstery, and is the principal,
if not the only, shape found in indoor environments. Tieous particlesin the air are not necessarily plastics,
and the majority are natural or cellulosiéibres, although the proportion of synthetic micfibre in the
atmosphere is increasinflL8]. The predominance dibre identification in the majority of size range studied is
probably due to thei low mass to surface area ratio, which facilitate their resuspension via transport or
dispersion[19]. The smallest size ranges (< 50my) studied in the literature may increase the proportion of
other MP shapes notably the fragments. For instance, Fan et al (2022) showed that the percentage of fragment
was higher in the class size of 1@5 um while forfibres the higher percentage was in the size class of 300
500 pum [20]. Liu et al. (2022) showed that, irhe valley basin of Lanzhou city (China), the predominant shape
depended on size range: MPs >1000 pm are primarily fibres (88 %) and MPs in the 50 100 um size range are
mainly fragmens [11]. Similar outcomes were observed by Liao et al. (2024here fragments were
predominant in the 5100 pm size range for both indoor and outdoor environments [16]. These results can
explain why a majority ofibres are observed in the atmospheric MPs studies since in gend@lminimum

size studied can be higher (> 25650 pum). The probability of having more diverse shapes with higher density
than fibre in the smallestsize ranges is supported by O’Brien et al. 2023[21].

3.2 Relevance of the polymer type for identifying  microplastic sources

Identifying the polymer type is anothelapproachto identify potential MP sourcs. Indeed, once the polymer
type is determined, it can providealuablecluesin narrowing down the possible sources. To do spgcialized



techniques are required to analyse the chemical composition of the microplastic particles, as detailed in section
5. Table 2describes the main applications of severaidely usedpolymers.Polymer applications are vast,
ranging from automotive and packaging tdothingand hausehold products, to name a few.

Table 2. Main applications of the different plastid®2], [23]

Polymer name

Acronym

Main applications

Polyethylene terephthalat{ PET/PES| A Textile fibre: clothing, home furnishings (curtains, carpets, sheets, upholstery...)
and other polyesters A Packaging: containers for food, beverages, and-fiood items €.g.cleaning
products)
A Paint
Polyamide (Nylon) PA A Textile fibre: clothing, carpetfishing nets
A Automotive parts
A Electrical components
Polyethylene PE A Packaging bottles (HDPE) and films (LDPE)
High density polyethylenel HDPE |A Medical and healthcare (personal protective equipment, containers and bag
Low density plyethylene |LDPE ~ headers...)
A Pipes, Hoses & Fittings
A Household products (kitchenware, housewares, ice boxes, buckets...)
A Agriculture(greenhouse, mulching...)
A Electrical: Wire and cable insulation and jacketing
Polystyrene PS PS:
Expanded polystyrene EPS A akeout packaging, disposable cutlery and cups
A CD cases
A Laboratory equipment
EPS:

A Building and Construction (insulation properties)

A Food packaging (thermal insulating properties) and food service containers
A Transport packaging

A Other products (sports helmets, infant car seats...)

Polypropylene PP Rigid (bottles, pots...) or flexible (film)
A Packaging (food, personal care, medical dabware, household chemicals)
A Consumer Goods: housewares, furniture, appliances, luggage, toys...
A Automotive parts
A Textile fibre: clothing, carpets, upholstergpes
A Medical and lab equipment (disposable syringes, vials, intravenous bottles, pil
containers.)
Polyvinyl chloride PvC A Construction (widow frames, pipes, roof lining, roofing membranes, house
siding...)
A Household products (curtain rails, flooring, laminates, shower curtains, hosepi
furniture...)
A Packaging (transparent packs, blisters, pharmatizal tablets blisters, cling film)
A Sports equipment
A Waterproof clothing and shoes
A Electrical: wire and cable insulation, plugs, sockets...
Polyurethane PUR or |Flexible or rigid foam, coatings, adhesives
PU A Textile fibre (Spandex, sports clothes...)
A Automotive: bumpers, interiors, car body, doors, windows...
A Household products (flooring, Furnishings, refrigerator and freezer thermal
insulation systems, finishes...)
A Building and Construction (insulation properties...)
A Electronics
A Paint
StyreneButadienerubber [A SBR |A Tyres
Polyacrylonitrile PAN A Textile fibre

A Production of carbon fibre

Sourceown production




3.3 Occurrence and sources of i ndoor microplastics

On average pople tend to spendapproximately 90% of their timendoors (at home, at work, atchool, in
stores...J24]. It is known that hdoor environments have higher concentrations of some pollutants (including
from plastics[25]) than outdoor environment@mpacting the human healttj26]. These higher concentrations
in enclosed spaces implies chronic exposure to [27%

The MPs in indoor environments may come from wear and tear of textiles, flooring, packaging mateuiding
materials or furniture Figure 2 Table3). The MP occurrence is closely linked to the human actaiitycan be
influenced by the occupancy, the cleaning halatsd/orthe air conditioningSeveral of hese parametes will
be further discussed in the following ssbctions.

Figure 2. Principal sources of MPs in indoor environngent

Sourcepwn production

Table 3. Indoor sources with their main polymer types

Indoor source Main polymers

3D printer PLA, ABS, PETG

Textiles (clothing, curtains...) PETPESPA

Packaging materials PET, PP, PE, PS

Floor (rugs, carpet, flooring) PA, PETPESPP, PVC
Paint and wall finishes Acrylicpolymers PUR, PES
Household objects (furniture, kitchenware, toys...) PP, PE

Air conditioning PET, Ryon

Sourcepwn production

3.3.1 Textiles

Textiles(e.g.clothing, furniture or carpetare one of the main reported sources of airboridPs due to the
particle shapes (predominance dibres) and composition (predominance of PES, PA and P# primary
processes that contrilte to the degradation and release of MPs from textiles are wear and tear and abrasion.
Moreover, studies have demonstratéidat drying processafter laundry can involve the release dibres into
the air [28], [29] Textile damage usually occurs during the washing process av&y contribute more



significantly to fabric deteriorationcompared tonormal use of textilg30]. Therefore, during the drying process
(line drying otumble drying release offibres can besubstantial

3.3.2 Floor covering

The influence ofhe floor coveringvas also mentioned in several studies whikighlighted the release ofibres

from carpets[17], [24], [28], [29] Theamount of released MPs can be higher in homes with carpet on the floor.
For instance Dris et al.(2017) observed that between the two studied apartments, the one with more carpet
on the floor had more MPs than the one witho[d2]. Soltani et al. (2021) observed a significant difference
between the dust deposition concentration and the main floor covering in the 32 Austrabames studied with

the average being 60 % highein homes with carpet (233%ibres/m?/day) than in homes without (1484
fibres/m?/day) [31]. However, others studies did not see significant difference in concentrations between
carpeted and norcarpeted lomes|[27], [33] Another(maybemore relevan} way of identifying theinfluence

of floor coveringon airborneMPsis by poymer type, which has shown to be dependent on the floor covering.
Thus, PE, PES, PA, amutylic polymerswere characteristic of carpeted floors while polyvinyl were more
characteristics of wooden floor@robably coming from the woodefinishing) and linoleum floor$31]. Soltani

et al. (2022) compared the MPs in dust deposition in 108 homes from 29 countries. They observed a higher
amount of PE in carpetettlomes compared to other type of floor as well as a higher amount of paiyVin
homes with wooden floof27].

3.3.3 Occupancy

In the literature, there is no consensus on the influence of occupanctherMP levels. Seral studies found

that there areno significant differences in MP concentratid@7], [31}[33]) while others observed a significant
effect ([13], [34], [35]). For exampleBahrinaet al. (2020) observedvPconcentrationsn dust depositiortwice

as high in offices and schools (compared to homes) where the number of people and therefore the human
activities are greatef34]. Chen et al. (2022) collected indoair samples fromnail salonsand foundhigher MP
cone@ntrations in salonswith higher numberof occupants[13]. Another study carried out in schools from
kindergarten to the university highlighted the influence of the numberpefplein the indoor spaces anthe
duration of human activityon MP abundancf85].

3.3.4 Cleaning habit

The ¢eaning habithas also been shown to influence the MP occurrence in indoor environments. Setitalni
(2021) studied the effect of the vacuum cleaner use and frequency am@&2ghomes sampledn the Sydney

area (Australia)31]. Theresults show that MPs deposition ratés inversely proportionalto the frequency of
vacuum cleaneuse, with a significantly higher concentration in households that use the vacuum cleaner once
a month than in those thause it once a week. Soltamit al. (2022) confirmed those observations in a larger
study assessing the influence of the vacuum cleaner use and frequency in 29 countries (108 locations
categorized by income). They observed a significant decrease of thel@p@sition rate while increasing the
use of the vacuum cleaner from once a week to twice a month to once a month or lessvorth noting that

this trend was observed irrespective tiie countryincome as long as the use of the vacuum cleaner was
applied consistently[27]. These works showhow cleaning habits specifically vacuuming, can reduce the
depositionof MPin indoor environments.

3.3.5 Air flow (air conditioning)

Air flow has the ability (awvind) to transport MPs in the air. In indoor environment the air flow can be induced
by the air conditioning (A/C) but can also be generated by a fan, people movements (walking, dancing...) or
shutting doors. The air flow is not an actual source of MPs, éaav, it can resuspend the settled particles and
increase MP airborne concentration and the MP deposition [28¢& A number of studies have reported an
increase in the particle fallout concentratiof3¢], [36) or suspendedVP concentratiorl13] with the use of
ventilation systems and A/C in particular. The A/C type may also play a role in the abundance of MP in air.
Indeed, Uddin et al. (2022) compared different types of air conditioner: centeaitpsplit unit and packer unit

[33], and measured MP occurrence in the respirable (PM10) and inhalable (PM2.5) fractions. Téw Mgh
concentrations were found in locations using split unit and the lowest in locations using a central plant. The air
circulation and filter use being different for each A/C typeanother studyChen et al. (2022) suggest that air
conditioners (spliunit) and more precisely A/C filters can both trap and release MPs in the air. When an A/C is

10



used for a long time (> 35 days), it accumulaeéMPs on the filter and releasethem into indoor spaces at
varyingdistances from the A/@37]. Consequently, A/C is an important factor influencing tHe &bundance in
indoor environments due to its ability to resuspend deposited particles, to trap them and release them into the
room.

3.4 Occurrence and sources of o utdoor microplastics

The main possible sources of MPs in outdoor environmertslocal and detemined by atmospheric MP
deposition[38], [39] Figure 3presentsthe main sources of atmospheric MPstime outdoor environmentand
Table 4showsthe main associated polymers. The transport sector is a major contributor to MPs in air due to
tyre wear and road dusf40]. In addition,other human activities areimportant factors in MP pollutionlike
agriculture, constructiorpaintand industry as well as landfill erosion. Finaltg;emission fromocears should

not be overlooked as source of MP emissions into the atmosph8exeral studies reporthat MPs in urban
outdoor environments are higher than rural or suburban environméh4g, [16], [41], [42]Urbanemissions are
closely linked to human activity and population dendity], [41], [43] The nature and sources of MPs change
with the type of anthropogenic activities (residential, industrial, commercial...).

The ocean, tyre wear and road dust, as major contributors of MPs in air, are discussed in ntaileirdéhe
following subsections

Figure 3. Principal sources of MPs in outdoor environnmgent

TYRE WEAR & ROAD DUST

LANDFILL

AGRICULTURE

OCEAN

INDUSTRY

CONSTRUCTION WORK

Source: wn production

Table 4. Outdoor sources with their main polymer types

Outdoor sources Main polymers

Tyre wear SBR, PBR

Road dust SBS, SIS, EVA, PA, PE
Construction work PC, PVC, EPS

Paint(s) PES, PUR, PVA

Agriculture PE

Industry Not specific(large variety of polymers)
Landfill Not specific(large variety of polymers)
Ocean Not specific(large variety of polymers)

Source: own production
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3.4.1 Road dust

Road surfaces are typically asphalbr concretebased. Asphalts are composed of minerals, sands, fillers and
bitumen binder, while concreseare mixtures of sand, cement and coarse aggregates. The term-+wedr is

used tocharacterize material emitted from the road surface. Roadsugspension or road dust on the other
hand consists of particles generated by various mechanical processes (abrasion, crushing, impact,
degradation...) of natural materials (e.g.rock, soil, ore...) or anthropogenic materials (tyres, bitumen, road paint,
construction, vehicle exhaust emission resuspension...) [44], [45] [46]. This dust can become airborne, primarily

by the friction oftyres moving am roads. Road dust can be an important pathway for pollutants to environmental
compartments via wind or water runoff. MPs in road dust can come directly from the soafhce components

(e.g. asphalt and road markinghd vehiclegmainly tyres)but alsofrom atmospheric deposition particularly in
urban and industrial areas. The main polymers originating from wear of car tyres, road pavement (where
polymer modified bitumen are used) and road marking paints are: styrbatadiene rubber (SBR) and
polybutadigne rubber (PBR) from tyrestyrene butadiene styreng SBS) from bitumen and styrerisoprene
styrene (SIS), ethylene vinyl acetate (EVA), polyamide (PA) and polyacrylate from road marké4 PlaBince

the range of secondary sources daficroplasticsin road dust is wider, the range of polymer types is also wider.

In the literature the mosfrequently mentioned polymers are PES and PA from textile, PP, PS, PET and PE from
packaging and PVC from constructipt8], [49]

3.4.2 Tyre wear

Tyre wear is considered ag main contribubr to microplastics emissions into the environme@lobally, tread
wear from road tyres results in approximately 6 milli@annes (t) oftyre particlesbeing emitted annually50].
The estimated mass of tyre wear generated in 2014 was 1,120,000 t for the United States and 1,327,000 t
for the EU[51]; howevermore conservative estimates assuarhalf of this figure [52]. The major part of tyre
wearends up in the soil, another part enters wastewater treatment plants, and another ons gmih surface
water (6-23%).Theestimatedamountenterirg in the airborne phasés between 2 and 5%453], [54](Figure 4)
A typical tyre tread consists of approximately 460% rubber polymers20-45% reinforcing/filler agents, 5
15% chemical additivesThe exact composition depends on the tyre arsdapplication (for truckspassenger
cars or other vehicles Rubber polymers typically reported are butadiene rubber and/or styfamediene
rubber, and natural rubbe55], [56]. The size distribution oparticlesderived from tyres spans over a wide
range[57], [58]. Typically, based on road samples, the mass distribution peaks at @0 pm [54], [59}[61] .
A peak in the 25 pm rangeis also foundin some studied57], [58], 2]-[64].

Figure 4. Fate of tyrewear particles in the environment based ¢65], [66]with data from [50], [51], [67], [68]
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Tyres Contribution to Ambieftarticulate Matter (PM)

In general, road transport is responsible for -I6% of Particulate Matter below 1Gm (PM10)[69]. This
percentage can be much higher in cities and near rofid3], [71] Tyres contribute 531% to road transport
PM10 (based on the overview table [fi0]), which would translate to 0.3% to 4.5% tyres contribution to total
PM10. In general, this estimate is in good agreement with field measurements. For example, measurements of
airborne concentrations of tyre and roadear particles in urban and rural areas of France, Japan, and the
United States found 0.22% contribution to PM1Q72]. The annual average mass fraction of tyres in PM10
was 1.8% at an urban background site in Switzerland, but 10.5% at an mtexbside sitg73].

Based on source apportionment studies tyres contribut&% to PM10 in traffic sites and 040.4% to PM2.5
[74]. AnEEA report mentioned 4% contribution to PM10 an 2% contribution to P63}k A review found tyre
contribution <10% to total PM10 in most studig35]. However, the data are sparse, in many cases 20 years
old, and most estimates are indirdg calculated with only a few observational studies.

Emissions Factors of Tyre Wear and PM

The tyres wear (abrasion) rate is determined by the difference in the tyre mass before and after driving a
specific distance (usually 5,000 15,000 km). Recenttadies with actual orroad testing reported abrasion
rates for passenger cars (expressed per vehick&)y:86 mgkm for four vehicles, with a fifth one 193 mg/km
probably due to wheels misalignmef6], 95-136 mg/km for 100 tyres (scatter58-171 mg/km)[76], 67 (x20)
mg/kmfor 18 tyres[77]. Another study found normalised factors 86-126 mg/km/t for50 tyres[78]. Emission
inventories give a value of 57.3 mg/kmj80]. These values are in agreement with the rough approximation that
a 10-15 kg tyre loses 10%of its mass after 50,000 km use, which results in 8020 mg/km.Emission factors

of studies conducted beforthe year 2000 are summarized elsewhef6]. Recent emission factors for buses,
light commercial vehicle and motorcycles aralmost nonexistent.

In genera) PM10 is assumed to b@-5% of total tyre wear PM2.5 is assumed to b&0% of PM10[74]. The
emission factorused in inventoriess 5.8-8.7 mg/km for PM10for motorway and urban driving81]. One of he
latest reviewsin 2021 [82] cited similar studies with older reviewms 2014 [57]; the most recent studies cité
were published in 2013 for tyre wear. ThHast reviewin 2023 [83] includeda more recenttudy of 2020 [62],
which reported®M10 2 mg/kmand another recent ong3] ten times lower Roadside measurements estimated
tyre fleet PM10 emissionsfiiom passing vehicle$% were heavy-duty vehicles) to b 0-11 mg/km[84].

In particular,for electric vehiclesthere are no studies on the impact of electrification on tyre emissions. Most
studies assume arincrease due @ the higher weight This is based on findings that positive relationship
between vehicle weight and neaxhaust emissiongxists especially for PM deriving from dust resuspension
[85], [86].

Particle number emission factors are evexarcer One of the first studies reported valués a range3.7 to
31x10% particleskm [87]. An onroad study could hardly distinguish them from the backgrduavels and only
at 120 kmh avalue ofto 1x10'* particleskm was determined88]. A recent study found on average emission
levels of to 1x10° particleskm [89]. Other researchers reported values between to 1¥1particleskm (for
>23 nm) to 15x10* particleskm (for >6 nm)[90]. It should be mentioned that the reported values include road
wearand resuspensioparticles, which can be a significant portidfurthermore, the reported numbers include
both solid and volatile particles. For exampgbarticle number emissions froronetyre, measured in the chassis
dynamometer, were 3.810° particlegkm/tyre and ~0.&10° particlegkm/tyre with hot samplingillustrating a
strong emission of volatile particlef1]. Higher emissions were observed on the road, duéhwinfluence of
background particles.

3.4.3 Oceans

Oceans are known to be a major reservoir/sink of plastic debris with an estimated quantity of 117 to 320 Mt
[92]. The greatest proportion of marine plastic waste originates from continental sources and is transported to
the beaches and the oceans by rivers, wind or human activities (inland and offshore activities). Given this large
plastic reserwir, ocears can be a substantial source of MPBepending on size and density of the particles, MP
can be carried from the water intthe atmosphere. Brahney et al. (2021) estimated that atmospheric MPs in
the western United States came mainly from secomgae-emission sources with oceans accounting for 11 %
behind the roads (84%]J40]. Evangeliouet al. (2022) modelling suggestea prevalence of the ocea MP
emissions on the basis of several assumptiof@3]. MP emission fronbcean can occur through sea spray
aerosols via wave action and bubble burst ejecti@d], [95] Allen et al. (2020) determined potential ocean MP
emission on the French Atlantic coast by sea spray. The main plastics found were asSoR&N>50%), PET,
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PS, PVC, PP corresponding to the most produced plé8&tsAnother study from Caracci et al (2023), assessed

the aerosol composition (PM10) in an Atlantic negbuth axis (from Vigo (Spain) to Punta Aasn(Chile)]94].

They support the importance of the sea spray aerosol as a source of airborne MPs and nanoplastics (NPs). The
mostfrequentlyidentified polymers were PE and polyisoprene [84]. Bubble burst generation under controlled
laboratory conditions demonstrated that MP and NPs are aerosolized during wave action via sea spray aerosols
[96], [97] The particle concentration is highly size dependent with a number of particle aerosolized much larger
in the smalest size range. Particlewith sizes above 10 pm exhibit much less aerosolization [96], [97] Also,

less dense plastics as PE showed a lower aerosolization compared [9ap.S

4 Long-range transport of airborne micro - and nanoplastic s

Quantitative measurements ahicro- and nanoplasti¢gMNB-concentrations in the atmospherare still limited.
However, MR deposition has been observed and quantified at many remote locations including the Pyrenees
[5], the Alps[98]-[101], US conservation aregd02], the Andeq103], the Iranian Plateal104], the Tibetan
Plateau[105], the Arctid106], [L07]and the Antarctid108]. This suggests that atmospheritansportation(or

a combination of atmospéric and marine transportatior) of MNP particles is effective, potentially spaying
remote sites located up to thousands of km from sources. While seawater could be a significant source of
atmosphericMNP particles in coastal areas (via sea spray and bubble bujsttion (section 3.4.3) MNP
deposition at remote continental locations can be attributed to atmospheric transport only. The magnitude of
this process indicates that the atmospheric boundary layer contaigmificant amounts of MIR particles.
Factors infuencing the motion and concentration of MPstlire atmosphere comprise transport (wind flow and
direction), deposition (precipitation, scavenging, and sedimentation) and dispersion (local turb\jEp@k)
Modelling shows that MR transport is very sensitive to the particle size.

In manyof thesestudies, the number of atmospheric MNparticles collected is very limited {aw tens), making
the statistics onparticle shape and nature lessignificant. Furthermore, due to differences in sampling and
analytical methodsapplied the comparabilityof results is limited. Figure Selates the average microplastic
particle concentations to the locations where measurements have been performéthny atmospheric MR
studies either focus on tyre and brake wear ignore these particle types and quantifjon-elastomer plastic
particulates only. This segregation can create a biased pgrten on the atmospheric ancentration and
transport of MNP particles.

Figure 5. Numberconcentrations of microplastic (MP) particles observed in various environments across the world. Owing
to differences in particle collection and analyses, these data not rigorously comparable. Only the data from Bushehr
port possiby include NP particles (< 1 pm)
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4.1 Atmospheric concentrations of micro/nanoplastics and their contribution to
PM10

In urban areas, MR number concentrations rangirigppm 0.7 to 5700 m3 (Figure5) have been observedhiey

refer to number concentrations of MP patiies with dimensions in the rang25- 500 pum). Microplasticiumber
concentrations are extremely low compared to the total number of partitlaghe urban atmosphere, which is
typically around 10000 cnf (i.e.10 billion per cubic meter]110]. The contribution of MP particles to the total
number of particles larger than 500 um (typically from several tens of thousands to several tens of millions
per cubic meter in than atmosphere) is also most probably very small. However, there is a deep lack of
knowledge regarding NP particles (size < 1 um) since they are currently not efficienithcted and/or detected.
Microplastigoarticles measured in Beijing, China, werestly in the range 5- 20 um[111]. Assuming all these
particles sized 10 pm5700 MP particles per cubic meter would yield 3 pg®®M10 (assuming spherical
particles with adensity of1 g cn®). Assuming a more probable lognormal size distribution as usually observed
at polluted loations, these5700 MP m?® wouldaccount forabout 0.05 pg m* PM10 only. As a comparison, the
concentration of tyre wear particles in PM10 at an urban background site in Leipzig (DE) was estimated (from
Zn measurements) to 0.2 0.4 ug m® [112]. In short, it can be expected that MP particlagently contribute

a marginal to insignificant fraction to PM10 mass concentrations in polluted urban air.

There is very little information regding the air concentration of MR particles at renote locations where they
could end up throughatmospheric lag-range transpot only. One study reports about MP particle
measurements performed at 2900 m a.s.| in the Pyrenees (Allen et al., 2021). They measured on average
0.23+0.15 MP nr# in the size range 3.5 um (limit of guantification in this study)20 pm (agodynamic
diameters). This is once more negligible compared to the median number concentration of particles between
3.4 um and 10 pm measured at this site during the same period (15000)nHowever, the occurrence of MP

in the free troposphere demonstrasehe possible atmospheric loagange, transcontinental and transoceanic

MP transportParticles observed in the free troposphere were classified as fragments (70%) and fibres (30%).
They consisted of PE (44%), PS (18%), PVC (15%), PET (14%) and PP5[10%)

4.2 Deposition fluxes

Atmospheric deposition of MNin inhabited areas is very probably negligible as compared to local production.

At a marine site in the Canadian Arctic, the mean atmospheric deposition(rftie at which particulate matter

is deposited onto a given surface area over a certain period of firmEmicroparticles was evaluated tbe
2400+1200 m2 day* [113]. Fibres (80%) and fragments (20%) were observed, of which 50% had a “length”

less than 800 um (no particles smaller than 100 um were detected). Only a quast these microparticles

could be identified as MP particles, consisting mainly of PET and PP. Owing to the huge size of the MP patrticles
observed, their deposition flux in the Arctic could be similar to or greater than that of black careasured

at Point Barrow, Utgiagvik, USA [114] (about 1 mg C nf day?), at least at marine locations.

Regardingcontinental pristine environments, Allen et g2019) reported about MP particle deposition
measurements performed in the Pyrenees at 1425 m a.s.l. They observed a daily particle deposition of 365 +
69 m2day? from November 2017 to March 2018. Particles were classified as fragments (67%), films (20%)
and fibres (12%). 85% of the fragments were smaller than 50 um, while fibre length was mostly below 900
pm (35% between 200 and 300 um). Film particle size ranged mainly (>70%) between 50 and 150 pm.
Predominant plastics were PS (41%s fragments, PE (2%), PP (18%), PVC (7%) and PET (2%). Fibres were
primarily PP and PET. Considering the particle number size distribution determined by Allen et al (2019), and
typical film thickness (25 pum) and fibre diamet (12 um) valuesa MP deposition flux of about50 pg ni? day

!was estimated For comparison, the deposition flux of soot on the other side of the Pyrenees during the same
period at a similar altitude (1200 m a.s.l.) was about 550 pg?rday? [115].

In the samearea, a temporalarchiveestablishedby Allen et al. (2021jrom the analysis of a peat core sampled
in an ombrotrophic peatland (fed solelpy atmospheric deposition of nutrients and precipitation) revealed an
increase of the MP deposition rate over the last century (from almost zero in the 40’s to nearly 200 MPs m2
day?), in a trend similar tothat of the Euopean plastic production and waste managem¢h16].

1 As measured withcondensation particle counters, which detect all particles bigger than 10 nm.
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4.3 Modelling viewpoint

Modelling studies spefitally dealing with airborne MR are still very few, probablpecause little is known
about MNP sources (emission processes, emission rates, particle nursizer distribution, sizesegregated
chemical composition...).

MNP emissions woule expected to mainly occur idensely populated areas. However, Agalysingthe
deposition of plastigarticlesin protected areas of the United States, Brahney e{&02] state that while urban
centres indeedcontribute to enissions,also resuspension from soils or watere major sources for wet
deposited MPIn contrast,dry-deposited(and smaller)MP particlescould come from longerange or global
transport.

Combining their observations with an atmospheric transport modégianhey et al.[40] calculated that
atmospheric MP in the western USA come primarily from secondasmession sources including roads (84%),
the ocean (11%), and agricultural soi(dust). This suggsts that MNP particles arenowadays ubiquitous in
various conpartments of the Earth systemand may travel long distances, not only via purely aspheric
transport, but alsdollowing deposition / remobilisation cycles (the saalled grasshopper effect).

Longrange transport oftyre-wear particles TWP3$ and brakewear particles BWP$ was specifically studied

by Evangeliou et a[117]. They addressed the PM10 and PM2.5 size fractions, neglecting the MP/NP usual
distinction. Direct TWP emissions (no remobilisation) were estimatednga®etween <0.1 mg mMyr?! (Arctic,
Sahara, Amazonia, Antarctic) and > 100 mg?mr? (eastern USA, @étern Europe, China, Japan), while BWP
emissions were about 20 times less. Running their model for various particle number size distributions in
emissbns and assuming that TWPs and BWPs are hydrophobic, they estimated atmospheric global mean
concentrations up to 50 ng rfor both TWP and BWP (in PM10), and maxima (in 0.5° x 0.5° grid cells) of 1.8
and 1.4 pug m?® (in PM10) for TWP and BWP, respectivéW/P was calculated to deposit on lands (65%) and
oceans (35%), 10% being deposited on snow and ice. The spatial distribution of BWP deposition was similar
(72:28 on lands vs oceans, 14% of the global emissions on snow and ice).

Making use of the measureamts by Brahney et ain the USA, Evangeliou et §83] computed sourcespecific
emissions of MPs (2500 um) in western USA and calculated global emissions by extrapolating regional
emissions They estimated that continental emissions of plastic mifragments ranged between < 1 mg th

yr! (remote areas) to > 20 mg m yr! (e.g. in eastern USA, Europe, India, China), while emissions of micro
fibres range between < 1 mg ryr?® (remote areas) to > 100 mg M yr! (e.g. in central Europe, India, China).
The most striking feature of their global emission map is the majontihution of oceans to the atmospheric
emissions of plastic micrdragments (up to 50 to 130 mg n? yr! from mid latitude oceans in both
hemispheres), due to the accumulation of insoluble plastic debris at the sea surfacerewthey can be re
emitted as sea spray aerosols. These emissions result in global mean surface concentrations of about 3 ng m
% for both plastic micrefragments and fibres, corresponding to appimately a few items per cubic meter.
Deposition was computed to mostly occur near sowrdele to the limited transport of the large fragmestand
fibre-sizes considered in this work. Deposition rates up to ca 30 nmigymt in north-easternUSA, central Europe
and north-easternChina, and up to > 100 mg rhyr? in mid-latitude oceans (fast sa spray deposition) were
estimated for plastic micrefragments, while values ranging from < 1 mg-fryr* on the oceans up to 200 mg

m2 yrt in central Europe, India, and eastern China were estimated for rfibres. The comparison of the
model outputswith observation data indicates that the model generally underestimated concentrations (mean
bias =-57%) and overestimated deposition rates (+39%). This is probably due to the fact that NP particles were
not considered, while e.g., Tidalle[118] detected plastic particles mostly in the 150 500 nm range in the
colloidal fraction of surface seawater collected in the Atlantic Ocean.

Confronting the results of these vanus modelling studies shows that MP emission rates, atmospheric
concentrations, transport and deposition are very sensitive to the size distribution and shape of MP particles
emitted. NP can undoubtedly be transported over much larger distances in thesghere. However, NP are
generally not detected in field studies, making it quite impossible to check models performance levels regarding
this size fraction.
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5 Practices for sampling and analysing microplastics ina ir

In order to get an overview about the knowledge base regarding currently used approaches for sampling, sample
preparation, detection and quantification of microplastics in air, a systematic examination of the scientific
literature was conducted. Besidesraincluding ambient (outdoor) and indoor air, also deposition, and dust
matrices were considered.

The methodology used for the literature search and its outcome are described in the following section (5.1)
while the findings on analytical approaches arersmarised in sections 5.25.6.

5.1 Literature r eview methodology

Conventional search tools such as Scopus, Science Direct, PubMed, and Google Scholar (section 5.1.1) were
employed, as well as the "Tool for Innovation Monitoring (TIM Analytics)" developHi®ysection 5.1.2).

Throughout the screening process, the primary focus was placed on evaluating the methodologies employed in
each study for sampling, sample preparation, and detection of microplastics. By adopting this approach, the
goal was to gather eliable and relevant information from the selected publications.

5.1.1 Analysis of the existing literature following the PRISMA methodology

The systematic literature review was conducted based on a simplified version of the ‘Preferred Reporting ltems
for Systemadic Reviews and Met&nalysis (PRISMA) methodology [119].

A systematic review is a review of a clearly formulated question that uses systematic review and explicit
methods to identify, select and critically appraise relevant research and to collect and analyse data from the
studies thatare included in the review.

Systematic reviews are essential tools for summarising evidence accurately and reljaBB]. Systematic
reviews should be reported fully and transparently to allow readers to assess the strengths and weaknesses of
the investigation[121].

5.1.1.1 Definition of the parameters upon which the systematic review was based

Table 5includes the parameters that have been used for the systematic literature search.

Table 5. Definition of the parameters upowhich the systematic review was based

Parameter Value

Research question The objective of this systematic review is to identify and analyse publis
scientific information pertaining to the measurement and detection of plas
particles, both in nanoand microscale, present in the air. This review v
specifically focus on sources that provide comprehensive details regarding
sampling methodology employed, the analysis techniques utilized, and
guantification of plastic concentrations in the air.

Searched databases Scopus, Science Direct, PubMed and Google Scholar

Source type Journals, books, conference proceedings

Location of keywords Article title, abstracts, and keywords
(search terms)

Languages Limited to English

Search period 2010 - May 2023

Sourceown production
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5.1.1.2 Search terms and hits

A summary of the search results obtained with the approach described in Table 5, applying two to ten different
search terms depending on the database, is provided in Table 6. It presents the total numbigs generated,

along with the number of hits that were subsequently selected for further analysis.

Table 6. Number of hits for each database and search term

figr

Scopus

further analysis

Search Term “Plastic particles” “Microplastics” AND “air” “Nanoplastic” | “plastic” AND
AND “air” AND “air” “inhalation”
Total Hits/Selected fo 92/14 532/80 85/13 273/35
further analysis
Search Term “nanoplastic” AND “microplastic” AND “inhalation” “plastic” AND | “plastic” AND
“inhalation” “indoor air” “outdoor air”
Total Hits/Selectedfor 37/5 130/27 361/10 67/15

Search Term

“plastic analysis”
AND “air”

“plastic measurements” AND “air”

Total Hits/Selected fo
further analysis

23/0

25/0

Science Direct

Search Term

“Microplastic” AND
“air

”

“Nanoplastic” AND “air”

Total Hits/Selected fo
further analysis

290/78

56/14

PubMed

Search Term

“Microplastic” AND

air

“Nanoplastic” AND “air”

“Airborne” AND
“plastic”

Total Hits/Selected fo
further analysis

358/86

67/15

153/19

Google Scholar

Search Term

“Microplastic” AND
“air’

“Nanoplastic” AND “air”

Total Hits/Selected fo
further analysis

Selection not
possible due to too
many hits (> 5000)

Selection not possible due to to
many hits (> 5000)

Source: own production

18




5.1.1.3 General comments

Scopus andcience Direct databases have very powerful filtering engines and provided similar hits.

PubMed and Google Scholar listed a few papers that were not detected by Scopus and Science Direct. Due to
the very high number of hits obtained with Google Scholardetailed analyses was possible.

A total of 251 potentially relevant documents were detected in total. The complete list can be found in annex
1.

Basic statistics on the identified and selected documents

FromFigure6 it clearly appears that the researchnoplastic particles in air has started becoming bifgher
interest to the scientific community from 2019 onwards and can therefore be considered as a relatively new
field of research.

Figure 6. Number of eocuments(journals, books, conference proceedingg)year
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Figure Tillustrates the geographic distribution of institutions responsifdeithors and ceauthors)for publishing
the identified studies. Notably, China emerges as the leading country with the highest number ofbediatnis
in this scientific field, followed by several Anglophone nations (UK, USA, Canada, and Austiciiegelection
of EU countries.

Figure 7. Number of dcumentsby geographical origin
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5.1.2 Identification and a nalysis of the existing literature using TIM Analytics

The Tool for Innovation Monitoring M Analyticshttp://www.timanalytics.eliis a series of analytics tools
developed by the Joint Research Centre to interpret vast itiicate datasets with policy relevance. It can be
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http://www.timanalytics.eu/

tailored to support different stages of EU poliapaking across various domains, such as impact evaluation,
detecting emerging technological trends, or gaining insights into regional innovation. Tdghkisvedby linking
datasets of semistructured data together to build domains of information relevant for policy. Once linked, TIM
processes the data using text mining techniques to build an index for each data item containing all the fields
and their vaues, enriched with additional data generated by TIM using semantic extraction techniques or
clustering algorithms, for example. Users can query this index to build subsets of data that are then visualised
through various types of graphs.

The TIM suite inades three tools that extract information from news, patents, scientific publmadi, and EU
funded R&D projects andelies on data from the following databases: Scopus, European Patent Office, and
CORDIS.

A query with the following string was conducted

Query -

Explanation of the fields included in the query:

Ti_abs_key: Documents containing the searched terms in the title or in the abstract or in the author keywords
are retrieved

emm_year: Time frame in which documents are retrieved [year TO year]

Using this pecfic query string,168 relevant documentsvere identified.

Figure8 illustrates the numbemand quotaof relevant articles, book chapters, conference proceedings, patents,
EU projects, and reviews published since 198@tus May 2023) According to thisanalysis, he majority of
research on microand nanoparticles in air was conducted from 2018 onwards, which aligns with the findings
of the structured literature research describedbove (see Figure 6)The pinkpart of each bar represents the
number of published review studies. These review studies make up a significant portion of the total documents
and possibly indicate the interest of numersuesearch groups in the topic.

Figure 8. Relevant articles(green) bod chapters(orange) conference proceedindtight blue) patents(red) EU projects
(dark blue)and reviews(pink)published since 1996 detected with TIM Analytics
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TIM Analytics provides versatile ways to analyse selected docusyémtluding:

Networks of collaboration

a) Organisations
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Organistions refer to institutions or companies affiliated with authors of scientific publications, applicants of
patents, or beneficiaries of EU Framework program grants.

These graphgFigure9), alsoknown as sociograms, depittie "social network" of organggions. Each node
represents an organation, and the links between nodes signify collaboration between dngansations These
collaborations could involve epublishing, cepatenting, orco-granting of EU projects. The thickness of the node
indicates the intensity of collaboration, measured by the number of common documents.

Groups oforgansationssharing the same colour tend to collaborate more among themselves than with others,
forming distinct communities of nodes.

These graphs allow the study of collaboration patterns amanganiations engaged in publishing, patenting,
or EUfunded projects.

Figure 9. Collaboration betweenrgansationsin the field of nane microplastics in air
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The sociogram highlights that a significant number of studies focusing on microplastics in air are being
conducted by Chinese institutions, notably The East China Normal University and the Chinese Academy of
Sciences. In Europe, adiinstitutions in this area include Sorbonne University in France, Imperial College and
King's College in London, Cardiff University, and the University of Aveiro. Notably, the University of California in
the USA demonstrates collaboration with both Clie@nd European institutions.

b} Countries

In this type of graph, each node represents a country, and the links between nodes signify collaboration between
two organisatiors located in different countries. Similar torganisationgraphs, these links correspd to ce
publishing,co-patenting, or cegranting of EU projects across different geographical locatiqi$gure 1Q. The
thickness of the node indicates the intensity of collaboration, measured by the number of common documents.
Groups of countries sharinthe same colour suggest a higher tendency to collaborate among themselves than
with others.
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Figure 10. Collaboration between twmrgansationslocated in different countriegleft: Worldwide, right: E\dountries)in
the field of nane microplastics in air
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c) Keywords

“Keywordgrams” provide visualisations of the keywords attributed to the documents (Figure 1). These
keywords can be sourced directly from the documents or calculated by TIN bsit processing algorithms. In
a keyword graph, each node represents a keyword.

The link between two keywords indicates that at least one document contains both keywords. The thickness of
the node reflects the number of documents containing that spediégyword.

Figure 11. Keywords attributed to the documentslentified as being relevant for nanand microplastic analysis in air
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5.1.3 Relevant Standards/Guidances

Microplastics analysis, in particular in air, is a relatively new fietempared to other areas of environmental
analysis and although the number of scientific publications has increased in the last years, the lacksiktent
methods, protocols, and criteria for the detection, measurement, and analysis of microplasticlpaniresent
in the air, hinders the comparability of resultStandardigtion helps to ensure that measurements are accurate
and comparable across different studies.

Standardisition in this field involves several aspects, including sample collection, $angpocessing,
identification, and quantification of microplastics. The following are some key elementtasfdardistion in
microplastic air analysis:

1. SamplingStandardistion involves developing guidelines for selecting appropriate sampling locations, the
duration of sampling, and the volume of air to be collected. It may also include recommendations on sampling
equipment and the use of blank samples for quality control.

2. Sample processing:Standardied protocols specify how air samples should be processed to
extract/concentrate particulate matter, e.g. by filtration, and to separate from these microplastic particles. This
latter may involve, for example, digestion or&ration techniques.

3. ldentification Standardisition includes the use of consistent methods for identifying microplastics. This may
involve visual identification using microscopy, spectroscopic analysis, or the use of specialized techniques like
Fouriertransform infrared spectroscopy (FTIR), Raman spectroscoplgesmo-analytical techniques such as
pyrolysis GEMS.

4. QuantificationStandardied procedures aralsoneeded for quantifying théotal abundanceor concentration
of microplastics in air samples. This may involve counting the number of particles, measuring their size, or
estimating their mass.

5. Quality controlStandardigtion involves implementing quality control measures to ensure the reliability and
accuracy of data. This may include tlanalysis of replicates, theise of reference materials, blank samples,
and participation atinter-laboratory comparisons to validateralytical methods and assess measurement
uncertainties.

European and Internation&tandardisition Organisations, such as CENEuropean leveand ISCat worldwide

level, play a crucial role in establishing standards that enhance the comparability ofsueament results and
reduce technical barriers to trade, thereby facilitating the smooth functioning of the Single European Market.
Through the Vienna Agreement, ISO and CEN optimise the utilization of resourstesidfardistion efforts by
exchanging inbrmation, promoting transparency of CEN's activities to ISO members, and avoiding duplication
of standardistion work.

The Organisation for Economic ©peration and Development (OECD) develops and publishes a set of
guidelines known as OECD test guidetindhese internationally recognized asthndardi®d methods are
designed for testing the safety and environmental impact of chemicals, products, and substances. Covering
diverse areas such as toxicology, ecotoxicology, environmental fate and behaviodirptaysicalchemical
properties, these guidelines offer detailed instructions on conducting experiments or studies to evaluate
potential hazards and risks associated with various substances. Regulatory authorities, industry players, and
research institutios rely on these guidelines to generate data concerning the safety and environmental
properties of chemicals and products. The application of these guidelines facilitates the assessment of chemical
substances for regulatory purposes, including registratidassification, and risk assessment.

While both OECD and ISO are internatiommbanisatiors, the OECD concentrates on policy analysis and
recommendations to promote economic growth and wellbeing, while ISO is primarily involved in the
development and pulication of international standards to ensure consistency and quality in different areas.

To ensure access to the latest information regarding relevant standards and guidelines pertaining to
microplastics in air, thorough examination has been conductedtlom websites of the aforementioned
organisatiors (Table 7)
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Table 7. Standardisition bodies and their corresponding

websites

Standardis ation Body

Website(s)

European Committee for Standardization (CEN/CENE|

https://www.cencenelec.eu/abecen/

International Organization for Standardization (ISO)

https://www.iso.org/standards.html
https://www.iso.org/standardsatalogue/browseby-tc.html

Organisation  for  Economic and

Development (OECD)

Guperation

https://www.oecd.org/chemicalsafety/, and irrtpzaular the
test guideline program

https://www.oecd.org/chemicalsafety/testing/oecd
guidelinestesting-chemicalsrelated-documents.htm and
its section 1 related to the physical and chemical
characterization https://www.oeed
ilibrary.org/environment/oeeduidelinesfor-the-testing of-
chemicalssection1-physicalchemicat
properties_20745753

Source: own production

To broaden the scope of the review and explore related aspects that may be relevant to the study of

microplastics in air, additional search terms and areas were considered. This involved examining technical
committees within ISOrad CEN, as well athe OEO test guidelines. The following specific areas were deemed

of interest: plastics, air (both indoor and outdoor), rubber and rubber products, reference materials, and

construction products (particularly emissions of dangerous substances). Although matiyeo$tandards

retrieved primarily focus on the measurement and analysis of particulate matter (PM) in the air rather than
specifically targeting microplastic particles, these standards provide essential guidance and methodologies for

sampling particles irair, which can be adapted for the sampling and analysis of microplastics in the future.

A summary of the relevant information gathered is provided below in a tabulated for(iatble 8)

Table 8. 1SO/CEN documenésid an OECD test guidelines directly odirectly relevant for micro/nano plastic analysis

Domain

Document

Abstract

CEN Standards

Ambient Air

CEN EN
Ambient air - Standard
gravimetric measurement
method for the determination
of the PM10 or PM2,5 mas:
concentration of suspende(
particulate matter

12341:2023

This European Standard describes a standard method for determining
PM10 or PM2,5 mass concentrations of suspended particulate matte
ambient air by sampling the particulate matter on filters and weighing the
by means of a balance

Ambient Air

CEN EN 14907:2005 -

Ambient Air Quality Standard
Gravimetric Measuremen|
Method for the Determination|
of the PM2.5 Mass Fraction g
Suspended Particulate Matte

This European Standard describes a standard method for determining
PM2,5 nass concentration of suspended particulate matter in ambient air
sampling the particulate matter on filters and weighing them by means o
balance.

ISO Standards

Microplastic
textiles

from

ISO 44842:2023:
Microplastics from textiles
sources. Part2: Qualitative
and Quantitative analysis of
microplastics

This standard deals with the qualitative and quantitative analysis
microplastics (from the textile sector) to define the morphology, polyn
type, particle number, dimensional distribution , aegipress the results in
terms of estimated surface area and mass of microplastics per unit
sample. It applies to the analysis of microplastics in different samp
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Domain

Document

Abstract

(including air samples) related to the production, processing, treatment
use of textles.

Microplastics

ISO 24187:2023: Principle
for  the analysis of
microplastics present in the
environment.

This standard that specifies minimum requirements as basis for futy
specific norms. It includes unique partiedize classification of plasticyse
of certain apparatus for sampling, sample preparation and determination
representative sample quantities. It does not include requirements
monitoring actions.

ISO 1600027:2014 Indoor air

ISO 1600027:2014 specifies a method giving an index for the numerid

Indoor air - Part 27: Determination of| concentration of fibrous structures with fibres equal or greater than 0,2 ||
settled fibrous dust on| in diameter in settled dusbn surfaces and their classification into specif
surfaces by SEM (scannin substance groups (e.g. chrysotile, amphibole asbestos, other inorganic fili
electron microscopy) (direq It is primarily applicable to indoor areas, but it is also suitable for cert
method) outdoor situations. A sampling technique foollection of settled dust using
adhesive tape is described. The method incorporates an analytical me
for evaluation of the collected samples by scanning electron microscopy.
result can be specified in asbestos structures per unit area and/orstfias
into four different loading classes. The analytical sensitivity depends on
area examined and can be as low as 10 structures/cm2.

ISO 1600034:2018 Indoor | This document specifies the general strategies for determining
Indoor air Air- Part 34: Strategies for the| concentration of airborne particles indoors and covers the size range f
measurement of airborne| approximately 1 nm to 100 pm. In addition, this document describes meth
particles for identifying typical indoor particle sources and gives generg
recommendations for obtaining a representative sample. The main sou
of indoor particulate matter are described in this document, together
indoor particle dynamics. Various measurement methods are descri
along with treir advantages, disadvantages and areas of application, as
as some general sampling recommendations. Measurement strategies
determining airborne particles indoors are discussed, including reference
studies with more specific sampling recomnasations.

ISO 1600037:2019 Indoor | This document specifies the measurement methods and strategies
Indoor air Air- Part 37: Measurement of determining the PM2,5 mass concentrations of suspended particulate mg
PM2,5 mass concentration (PM) in idoor air. It can also be used for determining PM10 ma
concentration. The reference method principle consists of collecting PM2
a filter after separation of the particles by an impaction head and weighi
them by means of a balance. Measurement prdoee and main
requirements are similar to the conditions specified in EN 12341.
Plastics ISO/TR 21960:2020: Plastiq This document summarizes current scientific literature on the occurrasic
— Environmental aspects— | macroplastics and microplastics, in the environment and biota. It giveg
State of knowledge and overview of testing methods, including sampling from various environme
methodologies matrix, sample preparation and analysis. Further, chemical and phyg
testing methods for the idenfication and quantification of plastics arg
described. This document gives recommendations for three steps neceg
for the standardigtion of methods towards harmonized procedures f
sampling, sample preparation and analysis.

ISO/TS 21396:201Rubber- | This document specifies a method for the determination of the soil

Rubber and rubbel Determination  of  mass| sediment mass concentration (ug/g) of tyre and road wear particles (TRW

producs concentration of tire and road in environmental samples. It establishes principles for soil or sedim|
wear particles (TRWP) in sq sample collection, the generation of pyrolysis fragments from the sam
and sediments and the quantification of the generated polymer fragments. The quied

) polymer mass is used to calculate the concentration of TRWP in so
PyrolysisGC/MS method sediment. These quantities are expressed on a TRWP basis, which ing
the mass of tyre tread and mass of road wear encrustations, and can alsq

expressed on a tyre rubber poher or tyre tread basis.
ISO 72701:2020 | This document specifies a method for the identification of polymers,

Rubber and rubbel Rubber- Analysis by pyrolytic blends of polymers, in raw rubbers and in vulcanized or unvulcani

products gas-chromatographic compounds from pyrograms (pyrolysgas chromatographic patterns

methods

Part 1: Identification of
polymers (single polymers an
polymer blends)

obtained under the same conditions. This documéntnot intended for
quantitative analysis.
The method applies first and foremost to single polymers. When
pyrogram indicates a characteristic hydrocarbon, the method is g
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Plastics Plastics
identification using Ramar
spectrometric methods

Domain Document Abstract
applicable to blends. The method can be also applicable to other type
polymer when verified by the analyst in each particular case.
ISO/DIS 22638 (DRAFT) This document specifies a method for the gengom of tyre and road wear

Rubber and rubbel Generation and collection o| particles (TRWP) in a road simulator laboratory that is representative

products tyre and road wear particles actual driving conditions. Guidance is provided for the road simulator syst
(TRWP) test pavement and tyres, vacuum collection system, monitoring, 4§
Road simulator laboratony reporting
method This method is applicable for the collection of TRWP from a known paven

and tyre type under realistic driving conditions without the inference of rg
surface contaminants (i.e. brake dust, exhaust, grease, etc.).
Air Quality ISO 7708:1995 Air qudly | Defines sampling conventions for particle size fractions for use in asses
Particle size fraction| possible health effects of airborne particles in the workplace and ambi
definitions for healthrelated | environment. Defines conventions ftime inhalable, thoracic and respirabl
sampling fractions; extrathoracic and tracheobronchial conventions may be calcul
from the defined conventions. The conventions should not be useq
association with limit values defined in other terms, for example foritin
values of fibres defined in terms of their length and diameter.

ISO/DIS 677%DRAFT) This document is applicable to the qualitative analysis of plastic material

Plastics their original form by Raman spectroscopy. It describes procedureg

determine the composition of unknown general plastics and mlaljier film
plastics.

Reference materials

ISO Guide 33:201Reference
materials - Good practice in
using reference materials

ISO Guide 33:2015 describes good practice in using reference mate
(RMs), and certified reference materials (CRMSs) in particular, in measure
processes. These uses include the assessment of precision and truene
measurement methods, quality comt, assigning values to materialg
calibration, and the establishment of conventional scales.

Reference Materials

ISO Guide 80:2014

Reference materials -
Guidance for the irhouse
preparation of quality control
materials (QCMs)

ISO Guide 80 outlines the essential characteristics of reference materialg
quality control (QC) purposes, and describes the processes by which the
be prepared by competent staff within the facility in which they will be us
(i.e. where instabiljtdue to transportation conditions is avoided). The cont
of this Guide also applies to inherently stable materials, which can
transported to other locations without risk of any significant change in ]
property values of interest.

OECD Test Guidiets

Size and
distribution
nanomaterials

size
of

Test No. 125: Nanomateria
Particle Size and Siz
Distribution of Nanomaterials

This Test Guideline, covering nanomaterials spanning from 1 nm to 1000
is intendedfor particle size and particle size distribution measurements
nanomaterials. The TG includes the following methods: Atomic F
Microscopy (AFM), Centrifugal Liquid Sedimentation (CLS)/Anal
Ultracentrifugation (AUC), Dynamic Light Scattering SPLDifferential
Mobility Analysis System (DMAS), (Nano)Particle Tracking Analysis (PTA
Small Angle XRay Scattering (SAXS), Scanning Electron Microscopy (
and Transmission Electron Microscopy (TEM).

Source: own production

5.2 Outcome of structure d literature review

The systematic literature review in sectidnl yielded approximately 250 articles, which were subsequently
screened for their specific relevance the objectives of this study. The screening process involved reviewing

the abstracts, he methodological, and the results sections of each article. T&j@esents the studies that,
based on our judgment, were deemed most relevant.ofe of the primary ains of this study was to review

existing analytical methods for determining suspendedcro- and nanoplastics, the majority of papers listed

in the table pertain to methods based on active sampling.
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A key observation across all studies is their successful detection and measurement of plastic particles in the
air. The concentration, size, cposition, and shape of these particles varied depending on the study area,
microenvironment of sample collection, and methodological approach (sampling, sample preparation, and
analysis).

A notable finding concerns the shape of detected particles. While some studies mainly reported fibres, others
primarily detected fragments. Iifable9, studies focusing on fibres were commonly associated with deposition
samples or indoor locations, posgitiue to typical indoor sources such as textiles and the relatively larger size
of fibres, resulting in faster deposition rates. Conversely, studies focusing on fragrsleaped particles were
more prevalent in large cities

In terms of polymer ypes, not # studies inTable9 distinguished between fibre and fragment shapes. However,

those that did, revealed dominant polymer types for fibres, including natural cellulose (NC), polyamide (PA),
polyethylene terephthalate (PET), Rayon, polyethylene, polyadrii®r(PAN), and polysulfone (PES). For
sampled fragments, the dominant polymer types were polypropylene (PP), polyethylene (PE), polyethylene
terephthalate (PET), polystyrene (PS), polysulfone (PES), polyvinylchloride (PVC), polyamide (PA), polycarbonate
and polyacrylonitrile (PAN). These patterns roughly correlate with their respective global production tonnages.

Figures 1214 display the concentration ranges reportéuthe studies listed irTable9 for outdoorair, indoor

air, and deposition sampledzigure 12reveals that in most studies, outdoor concentration ranges were below
10 items per cubic meter (items/m3). However, a few studies detected substantially higher concentrations above
100 items/m3. Notably, two of these studies conductednsaling inlarge Chinese cities.

Figure 12. Concentration ranges of plastic particle®utdoor$
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Figure 13illustrates the reported particle concentrations in indoor environments. In contrast to the wider
concentration ranges seen in ambieair samples, indoor air samples exhibit shorter concentration spans.
However, the limited number of studies hinders a robust statistical evaluation.

2 Pleasenote that the differencesin the range ofconcentrations shown in Figure Xhd Figure 5 are duéo the utilisation of different
data sources for datanalysis.
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Figure 13. Concentrationanges of plastic particles indoors
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Fgure 14 presens the deposition ranges reporteid the studies listed inable9. Please note that all reported
ranges pertain to ambient samples, except for the range reported in the study by Dris et 3. \Wh&hrefers
to indoor samples

Figure 14. Concentration ranges of plastic particlesleposition samples
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The subsequent sections delve into the discussion of sampling methods, sample preparation techniques, and
analytical approaches employed for measuring plastic particles



Table 9. Collection of the principal identified studies

(4]

In parallel, outdoor air was sampled i
one site.

The deposition rate of thdibres and
their concentration in settled dusi
collected from vacuum cleaner bag
were also esimated.

Passive sampling of dust fall to
estimate the deposition rate of fibres
Quartz fibre GF/A Whatman filters (1.
ym, 47 mm) were exposed once per
season at each of the locations.

Passive sampling at 1.2 m heigh
Durationvaried between 4 and 15 days

Study title and reference Study area and | Matrix Sampling Method Analysis Method Dominant shapes Size-Range Dominant polymer | Concentration

microenvironment(s Dust, TPM, ... . e type

) . i = Sampled volume/Sampling | Identification process [um] yp
duration

A first overview of textile fibers,| France, Paris TSP, depositign| Pump, 8 L/min of indoor air on quart| Couried with stereomicroscope anq Looked only at fibres 50-2500 Natural (cellulose): 67% Indoors: 160 fibresim?®
including microplastics, in indoor an . . . ) settled dust from| fiber GF/A Whatman filters (1.6 um, 47 | identified by pFTIR . g ) ) 5
outdoor environmentsDris et al, 2017 Three different indoor sites: two privat \.3c,um cleaner bag | mm), V=25 m? Most frequent 50 Petroch_emlcal derived: 33% (P| Outdoors: 0.31.5 fibresm

apartments and one office. 450 predominant)

Deposition raténdoors1586 -
11,130 fibres/day/n?

substrate

A Flowthrough Passive Sampler fo| Oudoors on Lhasa campus of th| TSP Sampling with novel passive samplg Focalplane microscopéor morphology,| Fibres 4454 % 10-100: 24-40% | Cellophane 4968 % Average: 0.150.25 items/n?
Microplastics in Air, Dong et a023 | Institute of Tibetan Plateau Research and comparison with active sampling | size and colour )
6] Film 22-25 % 100-300: 23 | PES 1016 %
Active sampling: 100 L/min, V=594 m® | Polymer typeidentification withmicro- 31%
FTIR Fragments 1833 % PA 1317 %
300-1000:  27-
Foam 13 % 33% PE 35 %
1000-2000: 7- | PP 46%
10%
Plastic rain in protected areas of th{ Conservation areas of the United Statg Deposition Both wet atmospheric deposition| FTIR spectroscopy particle mapping| Microfibres: 70% Paticles: 4188 | Particles: PE, PR Deposition rates:
United States, Brahney et al.2020 collected at weelong intervals while| reflection mode pm polyvinylacetate s/
[102] precipiation  occurred and  dry (cotton, polyester, nylon) ' . Around 50 plastics/rfiday
atmospheric_ deposit?on,collected at Particles: 30% zlvti)(rj(tes.lg)Z%OOO
monthly or bimonthly intervals
Evidence of free tropospheric and lon¢ France, AlpsRic du Midi (high &itude | PMo PM10 sampler, quartz fibre filtef pRaman(each filter was analysed for| Fragments: 51% Particles: <20 HDPE 44% Average 0.23 MP/f
range transport of microplastic at Pi{ long-term monitoring station) membrane. total plastic presencg Filters were| _ 100, . ] 0
du Midi Observatory, Allen et a2021 analysed using the crossection | FiPres: 49% Fibres: < 30 PS 18%
[5] Samples wereollected over an average analysis method PVC 15%
of 8 days V=880 m® per sample 0
PET 14%
PP10%
Mix in both fibres and fragmentg
Atmospheric microplastic over th{ China, South Sea TSP How rate: 100 L/min; V=53-259 m® of | Stereomicroscopéor shape and colour| Fibres: 80% 58-1800 PET, PP, PA, PEP, W\ PR| 0-7.7 items/100n? air
South China Sea and East Indian Oce;| ) ) air ) . PEVA
abundance. distribution and sourcd Suspeéded  atmospheric  particles The sizes of particles were measured | Fragments: 20%
Wang et aI.’2020 [122] cdlected during a cruise in 2019 the ImageJ software
Identification: Micro Fourier Transforn
Infrared Spectrometer in transmissio
mode
A novel application of| Spain, Agricultural aregCartagena) PMo, PMs PSMP samplings were performed wit| Thermogravimetric analysis couple{ ND ND Study limited to analysis of PS | Mean  concentrations  of
thermogravimetry mass spectrometry 150 mm diameter fiberglass filters with massspectrometry polystyrene found in the PM1(
for polystyrene quantification in the . and PM2.5 fractions were 2.0¢
PM10 and PM2.5 fractions of airborn PM10 and PM2.5 inlets and 1.81 ng m®
microplastics, Cost&omez, 2023 Sampling time: 24h, flowate: 30nv/h,
[123] V=720 n?
A Preliminary Assessment of Siz¢ Kuwait indoor environments TSP and A sixstage ambient viable cascadq Optical microscoy for identification | Fibres 91% 0.45- 2800 pm ND MP concentration in the indog
Fractionated Microplastics in Indod impactor and quantification. N air in Kuwait varied between
AerosoKuwait's Baseline, Uddin et < 0.65 Hm . ) o . _ | Fragments 9% 3.2 and 27.1 particles n?
al.,2022 [33] 0.651.1 um | Flow:30 L min? for 360 min. V=10m? Verification using hot needle and micro (TSP)
' 1.1-2.1 um ) Raman spectroscopy (Ramantdanot
21.3.3 pm The samples were collected directly on evaluated thoroughly)
3347 um the impactor plates withoutusing any
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Study title and reference

Study area and

microenvironment(s)

Sampling Method

Sampled
duration

volume/Sampling

Analysis Method

Identification process

Dominant shapes

Size-Range

[um]

Dominant
type

polymer

Concentration

Matrix

[Dust, TPM, ...]
4.7-7.0 pm
> 7.0 um

Origin of Synthetic Particles in Honey

Germany

Natural Samplers

Opticaldissecting microscope

No attempts were made to

No attempts were

No attempts were made to

Fibres and fragments rangec

Pol. J.Food Nutr. SclLiebezeit et al., determine fibre lengths or| made to | determine fibre lengths or| from 10 to 336 kg* and 2 to
2015 [124] 47 ho_neys and 22 polymer type. determine  fibre | polymer type. 82 kg* honey, respectively
flowering plants lengths or
were analysed for | t
their load of polymertype.
syrthetic fibres and
fragments.
Accurate quantification and transpor| China, Megacities TSP GF/A glass microfiber filters (Whatmar Stereomicroscopy Fibres:43% 12.35 to | PET, Epoxy resin, PE, alkyd re{ 0-2n m3, with a mean value
estimation of suspended atmospheri UK), each with a 1.6m pore size and a| . . . . a0 2191.32pm rayon, PP, PA, PS of 0.41nm?3
microplastics in megacities 90 mm diameter FTIR;quped with a mercury cadmiun Fragments: 48%
Implications for human health.Liu et te”l,”'dﬁ (M(_:T)I detector W"’I‘S chosen Microbeads: 9%
al., 2019 [125] verify these isolated microplastics Fibres:
PET (87%)
PE
Rayon
Airborne and marine microplastics fror| Baltic SeaResearch Cruise TSP Specifically designed “Deposition Box” p-Raman (for the airborne ones) an| Fibres 98% PES 39.5% Gdansk harbour (161 + 75
an oceanographic survey at thBaltic » FTIR (for marine ones) 0 0 m3)
Sea: An emerging role of asea Deposition Fragments 2% PC 35.5% open Baltc cel
interaction? Ferrero et a022 [126
2022 [126] PE 11.8% 24 +9m?)
PU 5.3% Gotland island
PA 2.6% (45 £ 20 m™3),
PET 5.3%
A Novel Strategy to Directly Quantiff China, Cities PM2,5 Quiartz fiberfilters (90 mm diameter pyGCM8MS ND ND Corresponding values varied i
Polyethylene Microplastics in PM2 . o . the range of 0.813.7 pg m?®
Based on PyrolysiSas How rate'_O.l nTﬁmm—l, Sampling time:| 1/32 of the (?ollected fl_ler was use_d for (mean of 5 pg m3 and
ChromatographyTandem Mass 23.5h V=141 each detection (very time expensive) median of 3.5 pg n?) in
Spectrometry. Luo et a023 [127] Zhengzhou,
4.2-16.3 pg m® (mean of
10.2 pg m® and median of
10.5 pg m?®) in Taiyuan
0.3-8 pg m® (mean of 5.2 pg
m-3 and median of 6.5 pg m
3) in Guangzhou
Airborne emissions of microplastii Emissions of microplastic fibeefrom | TSP Sampling volume of 55 m3/h Optical microscope for total particl§ ND ND ND Fibres:1.6 + 1.8 fibres/ni
fibres from domestic laundry dmrs. | residentid dryers into air investigated count and characterisation (colou
0’Brien. 2020 [29] Samples  were cqllected onto morphology, size)
Whatman GF/A glass filter (1.6 pm)
FTIR and pyGCM#ly for confirmation
of PET (material of blanket)
Airborne microplastic concentration Germany, Weser River Catchment i| TSP Flow: 3.4 L/min, t=3h, V= 0.6m UFTIR Irregular shape: 79% Air: 433 pm In air PE 78% Air:
and deposition across the Weser Riv] Northwest and Central Germany . o0 — i ] 91 + 47 particles per m
catchment; Kernchen et a2022 [128] Cascade  impactof p-Raman Spherical: 21% Deposition: 10 | Deposition (most common): N
PM10 600 um Deposition:

Deposition samples

no fibres in air but in

deposition samples

PP, PE, PET, PS, PVC,

99 + 85 particles per M per
day (>11pm)
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Study title and reference Study area and | Matrix Sampling Method Analysis Method Dominant shapes Size-Range Dominant polymer | Concentration
microenvironment(s Dust, TPM, ... . I type
) L i = Sampled volume/Sampling | Identification process [um] yp
duration
Airborne Microplastic Concentrations | China, Megacities TSP Flow rate: 100 L/min, V=1 n Identification and enumerattionby a | Fragments: 88.2% <100pm: 94,7% | PE, PP, PS, PET, PA, PVC 230 - 358 items/m?
Five Megacities of Ndhnern and . . combination of Nile Red (NR
Southeast Chin&Ztu et al.,2021 [129] Airborme particles were collected 0 gtaining/fluorescence  detection  an
glass mlcroflper filters (Whatman GF/i micro-Fourier transfom spectroscopy
0.7 pm pore size, 90 mm diameter). (L-FTIR)
Airborne microplastic particl§ Spain, Barcelona TSP Flow: 10 L/min, sampling duration: 1.5 Optical microscopy for visual inspectig ND Fibres Polyamide, PA (51%), polyest{ Buses: (17.3 + 2.4 MPsAn
concentrations and characterization i 3h, v=0.91.8 n?* and characterisation(colour, length or <100pm: 64% PES (48%) and PP (1%) ) "
indoor urban  microenvironmentg BUSS, subways, houses - ¢ fiters (20 ) area). Fragments Subways: 5.8 + 1.9 MPs
TorresAgullo et al.2022 [130 ylon net fiiters Hm pore Size,
g ? [130] hydrophilic membrane, 25 mm diametel Polymer dentification was ¢rformed <100pm: 78% Houses4.8 + 1.6 MPs/rh
through pFTIR analysis. Particles were
removed from filter after visual
inspection and analysed with FTIR.
Airborne microplastics and fibers il Portugal, Aveiro. TSP Flow rate of 5 L min® for 24 h, V=7,2| Optical microscopevith Nile Red. ND ND ND 1.1 synthetic particles ¥
indoor residential environments il . ) . ) m3 (fibre and nonfibre
Aveiro, Portugal; Xumiao et aRp21 Alrborne mlcroplastl(_:s andfibres in ) ) ) microplastics).
[131] indoor and outdoor air Quartz fibre filters (pore size of 2.2 ym
Airborne microplastics in a suburbal] USA, Arizona TSP Flow rate of 1.13 n? min? for 24 h, | Optical microscopy Fibres: > 82% (5-5000) pm PVC (19%) 0.02 to 1.1 microplastics/r
location in the desert southwest V=1600 n?
Occurrence and identificatiol p-Raman spectroscopy was usetb PES, and PS were the ma
challenges; Chandrakanthan et a Quartz fibre filters identify the chemical composition o polymers identified.
2023 [132]' microplastics.
Atmospheric deposition o] Canada, Ontario Deposition Bulk precipitation collectors Stereomicroscope Fibres: 85% Fragments: 20 | PA: 24% 4-9 mp/t/day
anthropogenic particles an( ) . . 1eo 3500 pm (most < 100
microplastics in souttcentral Oario, Of the_z an‘thropogenlc particles tha| Fragments: 15% 200um) PET: 19%
Canada, Welsh et aR022 [133] were identifed, 20% were randomly
' selected and tested using a hot need
to determine the proportion that werd
plastic ~ (i.e., polymers with
petrochemical base).
Atmospheric microplastic deposition i UK, London Deposition Optical Microscopyor counting+ FTIR| Mosty fibres Fibres: <100pm Fibres: 771 + 167 particles/nt/d
an urban environment and ar for identification ) PAN 67 %
evaluation of transport; Wright et al, Fragments: 75 | peg18.8%
2020 [134] 100 pm PA 9.4%
Fragments:
PP, PVC, PE, PET, PS
Atmospheric  microplastics at ¢ ChinaGuangzhou TSP, total Screening with ®reoscopic microscopg 12.96 to 333.62 | PET 53% 0.01-0.44 items/n?
southern China metropolis: Occurrend atmospheric . L pm 0
deposition flux, exposure risk an deposition and HFTIR for compositional verification ¢ Rayon 53% 65.94 + 7.53 items/m/d
washout effect of rainfall; Yuan et al. rainfall suspected particles PE (Annual deposition flux)
2023 [135]
PP
Emission of airborne microplastic| China, Shangai TSP Flow: 100 Lmin, t=1h, V=6ni Stereomicroscope 50 - 1000 pm Rayon (most abundant) 2.5+ 1.3 n/nf
from municipal solid waste ransfer ) . . -
stations in downtown: Het al.: 2022 Quartz fiber filters (Whatman GF/A, por Suspected MPs were identified by-
[136] ' h size 1.6 pm, diameter 90 mm FTIR in transmission mode
Household indoor microplastics withii UK, Humber Region Deposition Deposition Microscopy and FTIR Fibre>Fragments> 250-5000 pm PET (63%) 1414 MP m? day* + 1022

the Humber region(United Kingdom)]
Quantification and chemical
characterisation of parties present.
Jenner at al.2021 [32]

Film>Sphere> Foam

PA
PP
PE
PAN
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Study title and reference Study area and | Matrix Sampling Method Analysis Method Dominant shapes Size-Range Dominant polymer | Concentration
microenvironment(s Dust, TPM, ... . e type
) L i = Sampled volume/Sampling | Identification process [um] yp
duration
PE
Inhalable microplastics prevails in air| China, Shangai TSP How rate of 2.5 m3h for 4 h.v=10 m®* | Raman microscopy Dominant shape: fragmen| 2.40-2181.48 ym | PE (74%) 15.56 to 93.32 N/ni
Exploring the size dection limit; Xie et (85%)
al., 2022 [137] Indoor and outdoor PES (9%)
samples
PVQ3%)
Cotton (1.4%)
PP(0.6%)
Rubber (0.18%)
Microplastic occurrence in settle| Iran, Schools Dust Optical microscop and TENEDX for 500 pm to 1000 | PET 50% 195 MPs-d of dust
indoor dust in shools. Nematollahi et selected particles pm 0
al.,2022 [28] PP 35%
PS10 %
Microplastics Differ Between Indod USA, California TSP Flow: 11.7 Lmin'?, t=8h, V=5,6 m Microscope (fluorescence followin| Fibres+fragments PS 46% indoor (3.3t2.9 fibres and
and Outdoor Air Masses: Insights frol L ) | staining with Nile Red} FTIR + Raman 12.6+ 8.0 fragments m?
Multiple Microscopy Methodologie| glas§ mlcroflber_fllter (GF/A or GF filte| PET 36% _ _
Gaston et al.2020 [138] nominal pore size of 1.em; 47mm PE 9% outdoor air (0.6t0.6 fibres
diameter ° and 5.6+ 3.2 fragments m3
Microplastics in dust from differenf China Dust Dust samples Stereomicroscope and FTIR Fibre predominant (8®0% | 50 - 1000 PE 62 - 3861 MPs/g
indoor environments. Zhu et aR022 . depending on indool
(139] Indoor envionments environment) PP
PES
PC
PS
PA
Outdoor Atmospheric  Microplastiq UK Deposition FTIR Film-shaped (67%) 10 - 500 PE (31%) 3055 + 5072 MP m? day*
within the Humber Region (Unite : 0 0 (1164 median).
Kingdom): Quantification anGhemical| ©utdoors Fibre (9%) Nylon (28%)
Characterisation of Bposited Particles Fragment (24%) PET (6%)
Present; Jener et al.,2022 [140]
PS (3%)
PP (3%)
Plastic in the air?t Spider webs as| Germany, midsized city Natural ~ samplers pyGGMS dominant polymer was ®ET (d| 114 pg/mg to 108 pg/mg
spatial and temporal mirror for| spider nets 36.0% of total MP spider web sample.
microplastics including tire wea
particles in uban air; Grossmann et al PvC
2022 [141] Tyretread
Direct analysis of airborng Japan,Tokushima TSP, PM, PMs Flow: 20L min?, t=2 weeks, V=403 th | pyGEMS TSP
microplastics collected on quartz filter . . PS 0.090.25 ng/mt
by pyrolysisgaschromatography/mass A multinozzle cascade impact (MC SBR 2.36.3 ng/nf
spectrometry; Mizuguchi eal., 2023 sampler to collect airborne particulate
[142] ' ” with classificationPM10 and PM2,5 PM2.510
PP 0.36-0.83 ng/mt
PS 0.440.109 ng/n?
PM2,5
PP 35 ng/m
PS 0.7 ng/rh
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deposition within the Metropolitan are;
of Hamburg, Germany Klein and
Fischer2019 [145]

UV light within a photo box and under
fluorescence microscope

pRaman for identification of singlg
particles

dominating
fibres

compared to

copolymers are dominating
significantly (48.8 and 22.0%,
respectively)

Study title and reference Study area and | Matrix Sampling Method Analysis Method Dominant shapes Size-Range Dominant polymer | Concentration
microenvironment(s Dust, TPM, ... . I type
) L i = Sampled volume/Sampling | Identification process [um] yp
duration
Source and potential risk assessmel China, Shangai TSP Flow: 100 Lmin', time: 1h, V=6 m Enumerated by Micrdibres comprised 67% PET, PE, PES, PAN, PAA, Ray 0to 4.18 n/n?
of suspended atmospheric L ) ) of all SAMPs, followed by
microplastics in ShanghaiLiu et al., Whatman GF{A glass ml_croflber filter] stereomicroscope and fragments and granules
2019 [143] (1.6pm pore size, 9Gnm diametey) identified bypFTR comprising 30% and 3% of
SAMPs, respectively.

Characteristic of microplastics in th{ China, Dongguan Deposition digital microscope Fibre foam, film,fragment < 200-4200 RY, PE, PP, PS 175 to 313 particles/nt/day
atmospheric fallout from Dongguar . . -
city, China:prelimirary research and Samples were initially identified by
first evidence; Cai et al2017 [144] visual obs_er\_/atlon based on th

common criteria

suspected samples, p-FTIR analysis
Microplastic abundance in atmospher| Gemany, Hamburg Deposition Particles andfibres were counted undel fragments were significantly polyethylenes/ethylvinyl acetaty 136.5 and 512.0 microplastic

particles per ri/day

Sourcepwn production
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A method for the analysis of microand nanoplastics comprises three main partSigurel5):
a) Sampling and collection
b) Sample preparation

c) Sample Analysis

Figure 15 . Methodological parts of method for the analysis of microplastics

SAMPLE COLLECTION & TRANSFER SAMPLE TREATMENT ANALYSIS

ACTIVE FILTRATION RESUSPENSION DIGESTION DENSITY FILTRATION / OBSERVATION, IDENTIFICATION & QUANTIFICATION
SAM PLI NG : SEPARATION - CONCENTRATION

PASSIVE o FILTRATION RESUSPENS\ON

L h ﬂ

Each of these parts are discussénl the following sections.

Sourcepwn production

5.3 Sampling and collection methods

Due to the nature of atmospheric plastic particles as a complex and emerging contamination slasdardigd
sampling protocols are not yet established. Consequently, various sampling collection methods are employed
across published studie3his sometimes makes comparison of the obtained results difficult.

Broadly, sample collection methodologies fall inthree categories (sed-igure 16): active sampling for
collecting particles suspended in air, passive sampling for atmospheric fallout colle¢tieposition) and
(active)dust collection

Figure 16. Sample collection methodologies

Suspended particles sampler Atmospheric fallout collector  Dust collection

Sourcepwn production

Each of these sample collection methods comes with its own set of advantages and disadvantagies, ave
summariged inTablel0.
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Table 10. Advantages and disadvantages of active and passive sampling

Active sampling Passive Sampling
(Suspended particles) (Dust fallout)
Advantages Generally shorter sampling times Longer sampling times
Sampling of all suspended In most cases no electricity
particles (unselective) required
Disadvantages High volume pump required Selective forarger and denser
Electricity required particles, depositing particles

Source: own production

5.3.1 Active pumped samplers

Active air sampling methodology is a widely accepted and traditional approach for monitatimgspheric
pollutants. It has been used sineglong time to conentrate various types of airborne pollutants, such as PM10,
PM2.5, or microbes, onto filters for subsequent identification and quantification. This method involves using a
pump to collect particulates or aerosols by passing air through a membrane housadniembraneholder,
cassette, or sizeselective sampler. Compared to passive sampling methods, active sampling is faster but
requires electricity.

The selection of the filter material largely depends on the analytical technique used for sample analysis.
Canmonly used membranes include mixed cellulose, polycarbonate, PTFE, PVCjumunxide, silver, and
glassfibre. For pyrolysiggas chromatography mass spectrometry (€MS), the filter material should not
contain organic materials (e.g., mixed cellulagePVC), while for microscopic and spectroscopic methods, the
smoothness of the filter mateal plays a crucial role. Table $hows that the majority of studies use gladibre

filters with a 'pore size' ranging from 0.7 to 20 um for sample collectiona&3ifibre filters have been
presumablyfavoured due to their extensive use in traditional higlolume particulate sampling for decades.
The most commonly used 'pore size' is 1.6 pm, which strikes a good balance between collection efficiency and
achievableflow rate. It is important to note that glasdibre filters do not contain pores by nature; the equivalent
pore size is determined through filtration measurements of particles with known sizes. Moreover, air samples
have much higher retention efficiency ogared to liquid samples. Gladtre filters with a declared pore size

of 1.6 um can retain particles down to approximately 0.3 um in diameter.

Another important parameter is the total amount of sampled air, which should be cheggmopriately based

on the analytical technique used for detection and analysis of plasticshénstudies mentioned iTable9, the

flow rates (Figure 17 right) range from 5 to 2500 L min (50th percentile = 50 L mid), andthe collected
volume (Figee 17, left) ranges from 0.6 to 1600 r (50th percentile: 10 ). The concentration of micrand
nanoplastics suspended in the air varies depending on the sampling point and the associated level of pollution.
However, for initial exploratory sampling, kdv rate of 50 L mint over a 3-hour period resulting in a sampling
volume of around 10 r could be considered.
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Figure 17. Cumulative distributions of the flowate (right) and the sampled volume (left) in trstudies included ifTable
9. Statistical robustness is limited by the relativtew number of available studies
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Size selective sampling

Without the use of sizeselective inlets, the saalled total suspended particulate (TSP) is collected on the filter
membrane as done i most stulies listed inTable9. However, it may be necessary to selectively preselect
particles within a defined hydrodynamic diameter range. Particles smaller than 10 pm are of particular concern
as they can enter the human respiratory systeammd penetrate deeply into the lungs, causing adverse health
effects. Preselection by size can be achieved using cyclonic flow inlets, cascade impactor inlets, or virtual
impactors. Size preselection becomes especially relevant when samples are analyisgdthisrmaoanalytical
techniques that determine polymer mass but do not pravidformation on particle size.

5.3.1.1 Alternative active sampling techniques

Alternative to concentrating particulates on filter membranes, particles can be trapped using sampling)(was
bottles or impingers, as demonstrated in a study by Xie anenarkers[137]. In this method, filter flasks are
connected by a rubber tube, and a lomgck funnel is used to suction air. The total suspended particulates are
then trapped in the sampling bottlélled with ultrapure water(Figure 19. Approximately 10 rhof air was
collected for andysis. The collected samples weirgtially treated with hydrochloric acid to remove carbonates
and then filtered using glassibre filters before analysis.

Figure 18. Impinger mpling device

PUMP

Sourcepwn production

5.3.2 Passive atmospheric deposition

To date, the majority of published research on atmospheric microplastics has been conducted using passive
collectors (toal deposition). Table thcludes only a smalkelecton.

The principle of passive sampling relies on the fact that large solid (and liquid) particles, typically larger than
10 um in hydrodynamic diameter, are collected via gravitational settling. Particulate matter in the atmosphere
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naturally settles to theground due to gravity or external forces such as precipitation and wind [43]. The duration
of passive sampling varies depending on the precipitation rate of plastic particles and can range from days to
months. Passive sampling devices, or fallout collestof known area, can be as simple as a glass funnel, a
glass bucket[146], [147] or a petridish, glass beaker$148], or commercially available options. To avoid
particle loss during transfer from, for example, a petlish to the filter, glassfibre filters can also be directly
exposed for a defined period of timg.49].

At the end of the sampling period, the surfaces of the collection devices are rinsed, and the collected fallout is
typically transferred and concentrated onto a filter for further alyais[27].

Depending on the meteorological conditions, the deposition can be wet or dry. Wet deposition resutisein
particles[150], [151] Jiaet al. (2022) foundthat the MP sizesvere larger after dry depositiorthan after wet
deposition[151]. Potential interferences of atmospheric deposition may include bird droppings, insects, algae
(in case of wet deposition sampling), and larger plant materials. Commercial samplingesesften incorporate

bird rings to prevent bird droppings, and sieving can remove patrticles larger than 1 um. Particle blowout by wind
can be minimized by adding a small amount of water to the collection de{iée].

A standardiged metallic/glass system developed by the Norwegian Institute of Air Research (NILU) has been
widely used for passive sampling of atmospheric deposition. This-fisendly plasticfree equipment provides
an effective optioA.

Since only particles with a hydrodynamic diameter greater than 10 um tend to gravitationally settle, smaller
particles are not collected with this methodology. As a result, direct comparison with pumped atmospheric
samples is not possible

Results obtainedrom passive atmospheric deposition samples are expressed in mass (polymer) x (sampling
area)* x time™.

5.3.3 Deposited dust

Deposited dust (dustfall) refers to air particles that settle out over a given area and time under the influence
of gravity. Asdescribed in section 3.2, this deposition can be collected on a defined surface area and over a
specific period. Alternatively, already settled dust can be collected and analysed.

In the latter case, samples can be collected from horizontal and flat aoefs in specific micr@nvironments.
Surfaces of wall shelves, cabinets, and floors are particularly suitable for this type of sampling. A brush made
of horsetail strands or a steel dustpan can be used for sampling, and the collected particles are sulbglgque
extracted (washed) with ultrapure water for pattticremoval[28]. In studies by Zhu et a[139] and Dris et al.

[12], samples were collected from vacuum cleaner bags.

Results of particles detected in depted dust are expressed as the mass of polymer per mass of dust.

Before analysis, most of these samples require sample preparation to remove interfering matrix components.
Sample clearup procedues are described in section4

5.3.4 Biomonitoring as sampling m ethod

Simple and costeffective complementary toolso active and passive samplirgye the biomonitoring techniques
[153]. Airborne pollutantsincluding microplastic particleare adsorbed by a variety of biological materials that
are sampled inle area of interest Typical matricesinclude mosse$§154], lichen[42], pdant leaves[155], honey
[124] and flowering plants and spider netd41]. Biomonitoring methods offer advantages in terms of not
requiring powessupply and maintenance, leading to lower sampling costs.

For example, GroBmann et §l41] usedspider webs as a collection medium for microplastics in a faided
German city. The spider webs were then treated with Fenton's reagent and measured using pygelysis
chromatographymass spectrometry to detect specific polymeglated indicator compouts. The study
detectedtyre wear particles and other microplastics in all samples.

3 https://innovation.nilu.no/wpontent/uploads/sites/14/2020/04/innovation_nilu_Atmospheric_Microplastic_Collector_2020.pdf
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Roblin and ceauthors [154] collected Hylocomium splendens from three lake catchments remote from
anthropogenic disturdnces and emission sources. They successfully detected anthropogeniditmiesan all
moss samples.

In the INSIGNAU project, funded by the European Union, microplastics were monitored in bees, air filters, and
the newly developed ihive passive samgr called APITrap. Microplastics were detected in samples collected
using all three sampling methods.

Biomonitoring techniques are interesting and can be used as a complementary approach to conventional air
sampling methodg156].

5.4 Sample Preparation

There is currently netandardiged method for the preparation of airborne microplastic samples. In the sargplin
methods described in section., plastic particles are noselectively sampled. Environmental matrices
containing microplastics usually coexist with organic materials. The amount of other substances suspended in
the air collected during sampling varies depending on the location and duration of sampling. Somes# th
substances or particulates may interfere with the analytical technique used for sample analysis, necessitating
their removal before accurate characteasion and quantification of microplastics (MPs). The -preatment

aims to separate microplastics &#m impurities, eliminate pollutants attached to microplastics, concentrate the
microplastics, and prepare them for identificatiamd quantification

Table 11outlines the general steps involved in a sample preparation protfer], with further details provided
in sections 5.4.1 to &.4.

Table 11. General sample préreatment procedure

Step Purpose
Sieving with stainless steel mesh Removal of very large undesired matrix componen
Digestion Reduction of organic matter, interfering with mo

analytical techniques

Density separation Separation of plastic particles from other interferin
materials

Filtration concentration step of plastic particles Concentration/enrichmentof plastic particles in
defined surface area

Source: own production

Samples collected through active sampling aatimospheric fallout may require slightly different sample
preparation procedures.d¥l all studies listed inTable9 have undergone all of these preatment steps, with

some conducting only partial or no pteeatment at all [4]. However, it appears that the detection rate of
synthetic polymers significantly improved in most studies after the digestion and flotation process. This
indicates that the presereof organic matterhinders the identification of plastic particles, espetyah studies

where analysis was performed using a combination of optical microscopy and FTIR [49]. Specific sample
preparation protocols for suspended aerosols, dry and wet depositiordsdast are proposed in section45.

Eachsample preparation steps discussd in the following subsections.

4 INSIGNIAU is funded by the European Union under grant N° 09.200200/2021/864096/SER/ ENV.D.2.
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5.4.1 Sieving with stainless steel mesh

This step helps reducindarge-sized environmental impurities, such as leaves, stones, hair, and paper.
Researchers often use stainless steel sieves with a pore size of 5 mm,cacasionally stainless steel sieves
with pore sizes of <5 mm (e.g., 2.5 mm, 2 mm, and 150 pm) [32].

5.4.2 Density separation (flotation)

In this process, the sample is mixed with a solution of defined density and continuously stirred for a specified
period, after which it is allowetb settle. This separates lowensity microplastic particles from highatensity
impurities, such as mineral mattgb1],[52]. A solution with a density range of 1-6.8 g mL! appears optimal

for density separations of plastic patrticles.

Zinc chloridgwith a density of 1.6 mg mt) is commonly used for preparing airborne MPs samples due to its
low cost and low toxicity to humani49], [158] Other salt solutions suitable for thisyppose are summarisd
in Table12, and the densities of the most commauolymers are provideth Table13.

Table 12. Salt solution and their densities used for density separation of miptastics

Salt Solutions Density Remarks
[9 mL]
NacCl 1.2 +: Cheap

-: PVC and PET multiple washing
for recoverynecessary

ZnC} 15-17 +: Recovery up to 95%, cheap
(most frequently used) A Concentration = 700 ¢ | -: Hazardous
Nal 1.6 +: Greater density than NaCl

-: Costly, blackens cellulose

NaBr 1.37-1.6 +: Recovery rates 8100 %

ZnBg 1.7 +: Recovery rates 99%,

-: Expensive, environ. hazardous

Source: own production

Detailed procedure for density separation with ZnCl _, (from Rodrigues et al[159]):

U Assembly of the density separator (if available)
U Add 50 mL of ZnGlsolution (concentration = 700 g/L) to the dried sample.
Note: Stir the Zngkolution during at least 24 tbefore adding to the sample.
U Addthe sample tothe density separator (or beaker)
U Rinse the glass bottle with ZnClolution to transfer all remainingolids to the density separator
U Cover loosely with aluminium foil
0 Allow solids tosettle 1 h at room tempeature
0 Collect floating MPs into a flask with foeps and a glass Pasteur pipette

0 Remove the Mohr’s pinch clamp. Drain settled solids (if presentand ZnGlsolution into a flask
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U Rinse the density separator several times with a squirt bottle filled witstiled water to transfer all solids
to the flask containing recovered MPs

U  Stir the flask with MPs and th#ask with ZnGl for 10/15 min

U Vacuum filtration

Filter the Zn@ solutionand settled solids (if presemthrough a 0.45 pm clean membrane filter.
U Store the reused sation in a glass bottle at 4 °C

U Rinse the filtration setup with a squirt bottle filled with distilled water several tintesensure that no MPs
arelost

U Once filtration iscomplete, carefully remove the membrarand put itin a Petridish
U Place the Petri disin 40 °C drying ogn for 3-5 days

0 Visual inspection

Table 13. Densities of most common polymers

Polymer Density

[g cm]
Light Density Polymers | PS 0.96-1.06
EPS 0.01-0.05
PP 0.85-0.92
LDPE 0.89-0.93
HDPE 0.94-0.98

PA, PAG,6 1.12-1.22

PU 1.20-1.26
High Density Polymers PET 1.38-1.41
PVC 1.38-1.41
PTFE 2.10-2.30

Source: own production

5.4.3 Digestion

After density separation, a podgteatment process is carried oub remove unwanted materials from the MPs
using chemical solutions such as acids, alkalis, enzymes, and oxidizers (e.g., hydrogen p¢&@}idehe
application of acids and alkalis in treatments has the potential to induce hydrolysis in polyesters and
polyamides. Oxidative digestion with hydrogen peroxide at a controlled temperature and digestion time
(depending on the amount of organic residues) has proven to be effective in many cases. In fact, digestion with
30% HO, is the only method reported for th sample preparation of airborne MH460]. Temperature
significantly affects the duration of digestion, with 30%:,8, taking 7-8 days to degrade impurities at 225

°C, while this duration shortens to less than 1 day at-60@ °C. Temperatures exceeding 70 °C may damage
the microplastic surfacg161]. Additionally, the addition of FeS@o HO, (Fenton's reaget) can further
eliminate persistent organic pollutan{d62]. Enzymatic digestion using sodium dodecy! sulfate in combination
with enzymes has also been reported in several studies.
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5.4.4 Filtration concentration step of plastic particles

This step concentrates microplastics onto a substrd63][164]. The choice of substrate depends on the
analytical technique used fosample analysis. For instance, glass microfiber filters are suitable for p{fsC
analysis, while flat Anodisc filters may be preferable for microscopic and spectroscopic mefhd8k

After filtration, the filters may bewet and need to be dried before analysis. In order to accomplish this, the
filters are transferred to a glass petri dish and covered with the correspondilagglid. The petri dishes are
then placed in an oven at 40 °C for approximately 4 hours to facilitate drying. Once dried, the filters can be
stored at room temperature in the dark.

5.45 Proposed sample preparation protocols for suspended aerosols, dry/ wet
depositions and dust

5.4.5.1 Suspended aerosols

a) Extraction step
U Collected (on filter) MPs and NPs atispersed irultrapurewaterin a sonicating batfj160]
<or in alternative>
U Collected (on filter) MPs and NPs amashed to glass beaker with deionized watmd/or ethanol

In some of the studies included ifable 9 the extraction step is combined witlhé digestion/treatment
step. This reduces the probability of particle losses:

U Samples on quartz fiber filters aréirectly transferredto a 15% HO, solutionand left to react for
eight days at room temperature (20°C) to remove natural organic matter without damaging
microplasticg131] [6]

The extraction step can also be done directly with hydrogen peroxide:

U  The airborne particles collected on the filters wesashed into a glass beaker usirig30 mL of 30%
H.O; and then heated to 70C for 1 h to dgest natural organic materialfl29]

b) Digestion/treatment
U The extracted sample material is treated wig9% HO, for 8 days
<or in alternative>

U 10 mL aqueous 0.05 M Feljlsolution prepared from FeSG&x7H20and 10 mL of 30% hydrogen
peroxde are added separately to the aqueous extracts tdiminate natural organic matterThe
mixtures were left to stand for 5 min on a lab bench at room temperature and thereafter heated to
60 °C on a hot platd132].

c) Density separation
U With ZnCj solution (1.51.7 g/mL)
d) Filtration
U The solutions arevacuum filtered througha filter suitable for the selected analysis technique. The
filters are thenovendried at70- 80 °C until complete dryess.

5.4.5.2 Dryl/wet depositions (Fallout -samples)

Wet deposition [145]

U  The bulk volume of each sample determined using a glass measuring cylinder

0 200 mL of each sample arghen transferred into a glass beaker and covered with a watch glaks.
there is<200 ml deposition inthe buk sampler, the whole sample isansferred into the jar.

a) Digestion/treatment

U To eliminate the organic matter, each sample was treated with sodium hypochlorite solution
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b) Density separation
c) Filtration
U0 Samples ardiltered on suitable filterusing a dass vacuum filtration device

U The glass beakers and the gla vacuum filtration device are thoroughly rinsed with ultrapuvater to
remove possible adhering microplastic particles.

U The filters aretransferred to glass petri dishes, additionally coveredhwaluminum foil and left to dry
for 24 h at room temperature under a fume hood

Dry deposition [32]
a) Sieving

U If necessary, samples can be sieved througthinless steel sieves (mesh: 2 mm, 2.5 mm or 5 mm) to
remove large debris

b) Digestion/treatment
U Each beaker was washed three times w2B0 ml of 30% hydrogen peroxide solution {&)

Each sample was placed in a shaking incubator at 55 °C to ensure no destruction of polymers with a
low degradation temperature (Allen et al., 2019), and rotated at 65 rpm for 3 days.

c) Density separation

U After sieving, MPs arelensity separated from the dust using ZnGblution (1.6 g/mL or 1.78 g/mL)
d) Filtration

U Suspension is filtered oa filter, suitable for the analytical technique chosen for analysis

Alowed to dry at room temperature in the dark forminimum of 24 h.

5.4.5.3 Dust [160][139] [165] [12]
a) Sieving

U Dust samples were usually sieved through stainless steel sieves (mesh: 2 mm, 2.5 mm or 5 mm) to
remove large debris

d) Sample transfer
U Transferdefined mass ofdust samples to 100 mL glass Erlenmeyer flasks

e) Digestion/treatment
U Toremove organic matter in dust, street dust samples were treated @d0-300 mL 30% HO; for
8 days before separatioifor until bubble formation ceased).

b) Density separation
U After sievng, MPs were density separated from the dust using ZnCI2 solution (1.6 g/mL or 1.78 g/mL)
(Sonication 1h, shaking 2h, settling 1h)

c) Filtration

5.5 Analytical Methods

A wide array of analytical techniques are available for the detection, identification, andtifieation of plastic
particles, each capable of providing different types of information, such as particle number concentration, shape,
polymer mass concentration, polymer idég, and particle size. Table 1lgpresents a summary of the key
characteristics of these main techniques employed in the analysis of microplastics.
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Table 14. Main characteristics, strengths and weaknesses of some of the main analytical techniques used for the

analysis of microplastics

Analytical Technique Advantages Disadvantages Detection Limit Information
that can be
obtained

FluorescencéMicroscopy Easy No chemical identification | 5-10 um Number

. . Concentration
Fast High probability of false
) . positives Shape
Relatively mexpensive
) . . Difficult for detection of Size
Erowdes information on transparent particles
size, number and shape
u-Raman Spectroscopy Chemical identification Expensive > 5 um (size) Number
. . . . Concentration
Analysis nordestructive Timeconsuming
. Shape
Interferences by pigments
Size

Chemical identity

W-FTIR Spectroscopy

Chemical identification

Analysis nordestructive

Expensive

Timeconsuming

>10-20 pm (size)

Number
Concentration

Shape
Size

Chemical identity

Thermoanalytical Analysis

Less expensivecompared
to Raman and FTIR

Sample
(preparation)
impact on result

workup
has less

Chemical identification and
(semi}quantification  of
airborne MPs and NP
without further sample
preparation steps may be
possible

Destructive
Limited linear range
Complexdata evaluation

Challenging calibratior

procedure

Limit amount of sample can
be transferred in sample
holder

Large sample amount lead
to system
overload/saturation and/of
contamination

Detection limit in
mass

Depends on
polymer and split
ratio set on
injector

Mass

Chemical identity

Source: own production

In many studies listed in Table,% combination of analytical techniques was applitdidentify and quantify

sampled micro/nanglastics present on the filter. For instance, techniques like uFTIR or pRaman were frequently
utilized to determine the type of microplastic polymer, preceded by optical analysis of the microplastic particles
onthe filter membrane[157]. Initially,particles on the filters were sorted under an optical microscope, and then

suspected plastic particles were further confirmed and identified as micropla$tids].

In the following sections, the analytical principles and advantages/disadvantages of the most common

techniques aredetailed

5.5.1 Microscopic Methods

Microscopes play a crucial role in countiniggtic particles and characteiiisg their physical morphology. They
are commonly used to identify suspected MPs and classify them based on their physical characteristics, s
as sizecolour, and shape. However,igimportant to be cautious, as anthropogenic particles other than plastics

(like fly ash, road paint particles, and naturf@res) can be mistakenly identified as MPs.
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The error rate associated with using ormyicroscopes has been reported to be relevant; for examiibees are
easier to identify than other shapes, and brigbbloursare easier to distinguish than white and transparent
colours[41].

Considering these limitations, relying solely on optical mscapy may introduce deviations in the final
guantitative results of MPs, and it is advisable to combine this technique with a method that allows for chemical
confirmation. Nevertheless, optical microscopy remains a significant method for the qualitatiygaantitative
separation of MPs from other particlg§466].

To save time, researchers sometimanalysedefined parts or sections of the filter, extrapolating the obtained
results to represent the entire sample. This approach assumes that particles are evenly distributed on the filter
surface during the ampling proces$32].

5.5.1.1 Optical Micr oscopy

Optical detection is one of the most common and straightforward methods widely employed to describe the
structural characteristics of MPs based on their physical properties, suatokmir, shape, and siz§l67]. The
identification criteria for microplastics include:

U Plasticsshould lack of biogeit (cellular) structure

U Hbres are expected to have a relatively even or consistent thickndsaatheirlength andexhibitthree
dimensional bending

U Fagments and films are expectkto have relatively uniforncolouring anddemonstrate varyindevelk of
transparencyandbr clarity

U Aged plasticas typically found in environmental samples, often display embrittled and weathered surfaces,
with irregular shapesnd broken and sharp edges

U Colar serves as an essential identifier for plastics, ranging from tsparent and various shades of white
to bright orange, hles, greens, purples, and black

5.5.1.2 Stereomicroscopy

Stereomicroscopy differs from classical optical microscopy in that its illumination comes from above, providing
a three-dimensional examination of thetudied sample. It observes the sample from two slightly different
angles, allowing for the collection of two images needed for stereoscopic vision.

In the majority of examined studies, the magnification of the used microscopes ranged between x6 and x100.
The detection limit of this technique depends on the technical details of the microscope, particularly the
magnification. The most common limit for the morphological description of suspected MPs is up to a size of 50
pm. Stereoscopic microscopy is a popular and useful tool for MPs analysis due to its simplicity, speed, and-cost
effectiveness in categorizing them.

However, despite the straightforward nature of this microscopic approach, its accuracy in identifying polymers
is often limited without the use otomplementary techniques. The precision of the results strongly depends on
the subjectivity and experience of the researcher, which may lead to potential-omeunderestimation of
plastic particle abundancgl67].

5.5.1.3 Fluorescence Microscopy

Fluorescence microscopy is utilized in certain studies to enbasigual identification. Samples are treated with
a dye that selectively renders hydrophobic surfaces, like plastics, fluorescent. In fluorescence, MPs primarily
absorb UV light at 306400 nm and emit blue (456480 nm) or purple (408450 nm) fluorescencg60].

Nile red, a lipidsoluble fluorescent dye, is commonly used to stain hydrophobic materials such as polymers.
Nile Red staining techniques can help distinguish synthetic from natural particles. However, the selectivity of
Nile Red is not perfect, as see plant materials caralso be stained by Nile Re&urthermore, certain polymers,

like rubber, do not exhibit fluorescence and cannot be identified using this technique.

Polymers that can be stained with Nile Red include polyethylene terephthalate (B&ypropylene (PP),
polystyrene (PS), polyethylene (PE), nylon (PA), polyester, and elastane (polyurethane). However, not all plastic
polymers are stained to the same extent. For example, polypropylene (PP) and unaltered polyethylene (PE) are
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strongly staned, while polyethylene terephthalate (PET) or weathered PE show less fluorescence after staining
[168].

On the other hand, polymers as for example cellulose, polyacrylonitrile or natural cditboes cannot be
identified under a fluoresence microscopfl67].

5.5.1.4 Scanning electron microsc opy

Scanning Electron Microscopy (SEM) is renowned for its exceptional resolution, making it a valuable tool for
discerning intricate details of microplastic surfacd469]. When combined with Energy Dispersivaay
Spectroscopy (EDS), SEM becomes capable of detecting elements present on the micrepitéetie, including
attached heavy metals. Despite these advantages, SEM suffers from certain drawbacks, such as high costs and
reduced flexibility when analysg a large number of samplefl44].

One significant limitation of this technique is its inalyiito reveal the chemical composition of the investigated
particles. This restrictdd capacity to fully characteris the nature of the microplastics under examination.

5.5.2 Spectroscopic Methods

Fourier transform infrared (FTIR/UFTIR) spectroscopy and RarRaman spectroscopy are widely employed
analytical techniques for the identification and quantification of microplastic particles. FTIR is effective in
identifying plastic polymer types with particle sizes greater than 20 pm, while Raman spectroscopy can discern
particles as small as 5 pm [170].

5.5.2.1 Fourier-transform infrared spectroscopy (FTIR/ uFTIR

FTIR has been used extensively as a tool for characterization and mapping for particle counting and size
distribution. It determines the composition (molecular structure) of particles by examining the sample within
the infrared wavelength range of 4084000 cm™ [171]. During analysis, certain wavelengths are absorbed by
the particle being studied. By studying the absorbed wavelengths and applying the Fourier Transformrunctio
a spectrum describing the particle’'s composition is generated. This spectrum is then compared with reference
libraries and/or analysed for its individual chemical structure to define the particle’s composition. FTIR offers
an advantage over classical grioscopic methods by enabling the detection and characterizatich@particles

and the possibility of automating particle spectral analysis using polymer spectral libr@igls

Figure 19. Schematic drawing of FIR spectromicroscope (in transmissiomode)
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Source: JRC Technical report JRC125383

FTIR microscopes (UFTIR) used to creatd®images combine traditional microscopy WEFIR spectroscopy
(Figure 19. To create a chemical image, the initial step involves obtaining a digital image o$#imeple using

the microscope, followed by selecting a region of interest for analysis. In the subsequent step, IR data is
collected across the entire selected region, producing an IR spectrum for each point on the sample. With every
point in the region ofrnterest corresponding to an HR spectrum, all spectra can be analysed to identify the
particle of interest. This analysis can be performed manually or automatically using computer software or even
artificial intelligence algorithms. After analysis, eacbmpound is assigned a unique colour, and the pixels on
the image are coloured based on the compound present at each point, creating the chemical image.
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To detect IR light after interacting with the sample and create the spectrurFicroscopes employarious
detector options. One such option is the singlement detector, which obtains an IR spectrum at one point on
the sample. However, analysing an entire region this way can be-towsuming.

Alternatively, special imaging detectors can be used|uding line array or focal plane array (FPA) detectors.
Line array detectors are a costffective pseudeimaging solution, comprising multiple singidement detectors
arranged in a line to capture several spectra simultaneously. The sample is then sddimeeby-line, and the
lines of spectra are stitched together to create the chemical image. FPA detectors represent theofttite-

art technology for FAIR imaging, consisting of an array of IR detectors arranged in a square (e.g., 64 x 64
detectors). Wh this configuration, thousands of spectra can be captured in a single shot, akin to a digital
camera.

FTIR equipped with a confocal microscope (UFTIR) and focal Plane Array (FPA) with Mercury Cadmium Telluride
(MCT) liquid nitrogecooled detectors haseduced the practicdy detectable particle size towards the
diffraction limit. In theory, for infrared (IR), this limit is 10 pm (particle diameter) as the entire wavelength must
pass through the material. However, due to the normally weathered surfacersfironmental microplastic
samples, reliable signals below ~20 pm are challenging to obtain. MCT detectors necessitate cooling with liquid
nitrogen to minimize noise created by dark energy passing through the detector, requéfiing of the liquid
nitrogen dewar at least every 8 hours for most machines.

Some early studies employed Attenuated Total Reflectance (ATR) to obtain spectra from a particle. This method
involves placing individual particles (large enough to be manipulated using tweezers) betiwe points before
running the analysis. However, the minimum size that can be physically manipulated for ATR limits its practical
use for atmospheric microplastics to around 50 {72].

5.5.2.2 Raman/ pRaman

Raman spectromicroscopy combines the optical microscopy's visualizing capabilities (dowwmnip ith the
analytical power of Raman spectroscopy. In this technique, a sample (e.qg., particles captured on a filter) is placed
on the motorized stage of the microscope. After imaging the filter, Raman spectra are collected either at single
particle pogtions or by mapping a selected area of inteste(Figure 20Q.

Figure 20. Schematic drawing of Raman speomicroscop

Aperture Grating

Mirror

mm Confocal pinhole
Notch filter

I Detector

(CCD camera)

\
»

Reference

Spectrum

Source: JRTechnical report JRC125383

Raman spectroscopy identifies polymer types primarily based on the backscattered lighferent frequencies
generated by molecular vibrationgl73] [174]. While both Raman and FTIR are classified as vibrational
spectroscopy methods, Raman differs from FTIR in its use of a higher frequency laser (typically 532 nm) to
excite the material's surface until it emits photons. These photons are usually emitted énwith the laser
(Rayleigh scatter), but approximately 1 in-I@hotons are emitted at right angles, known as Raman scattering.
The advancements of pFTIR and pRaman spectroscopy (FTIR and Raman adapted for microparticle analysis

rather than meso or macrparticle analysis) enable the direct analysis of small microplastics on filters without
the need for visual presorting, opening up possibilities for automation.

Raman spectroscopy is relatively new to microplastics research and lacks the extensive histodustrial
polymer research, resulting in less weléveloped libraries for identification. However, as pRaman usage
increases, it is expected that similar library resources will evolve, providing identification and comparison
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functionalities equivalehto the current detailed and available pFTIR libraries. Figures 21 and 2d8isplay two
examples of polymers identified on sample filters.

Figure 21. Raman spectrum of polyester fibre
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The initial purchase costs of pRaman are higher than its pFTIR counterpart, mainly due to Raman's use of
Thermo Electrically Cooled (TEC) detectors, which eliminate the need for liquid nitrogen cooling. This simplifies
operation, reduces costs, and enables overnight operation without supervision, sirggetée runtime per day.

Figure 22. Raman spectrum of filter spiked with polyethylene particles

Sourcepwn production

Nonetheless, there are certain factors that can affect the measurement accuracy. The main issue with short
wavelength Raman lasers ftuorescence. The wavelengths commonly used for Raman spectroscopy are very
close to many maximum excitation wavelengths, causing the particles to fluoresce. This fluorescence can
obscure the signal and hinder the analgsof chemical bondsFluorescencean be caused by inorganic
substances, such as clay minerals or dust particles, as well as organic matter, such as humic substances,
pigments, and microbiological specimens, actingmgurities in the sample$65].

5.5.3 Thermoanalytical Methods
Thermoanalyticalmethods coupled with mass spectrometrstarted playing a role in the anaysis of

microplastics such as pyrolysigias chromatographymass spectrometry (pyG®IS) and Thermal Extraction
Desorption Gas Chromatography Mass Spectrometry {EBEMS). These &hniques allow for the identification
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and massbased quantification of microplastics, but they do not directly provide information on particle size,
morphology, and number.

5.5.3.1 Pyrolysis -gas chromatography -mass spectrometry (pyGC-MS)

Pyrolysis gas chromatogrdyy with mass spectrometry(pyGG-MS) isthe most widely used technique among
the thermoanalytical methodsPyGEMS involveghe thermal decomposition (cracking) of MPs samples in an
inert gas medium. The specific polymer breakdown markers and their indidatts can beused for the
identification and (semiguantification of the polymergFigure 23.

Figure 23. Configurationof a typical pyrolgiss GC/MS system
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Each polymer produces uniquecbmposition products (Figure p4vhich serve as fingerprints for identification.
Polymer identity is confirmed by the presence of specific indicator compounds. The intensity of these indicator
ions is proportional to the amount of pyragd product and is used for quantification againexternal
calibration curves.

Figure 24 . Characteristic fingerprints and specific indicator ions of polyethylene (PE), polypropylene (PP), polystyrene (PS)
and polyamide6
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For each identified polymer, a separate calibration curve is necessary. These calibration curves are generated
by weighing known amounts of polymer into sample holders, with an wftriarobalance allowing precise
weighing within about 5 pg. For smaller alste masses, accurate amounts of polymers are dissolved in
solvents, and aliquots of these solutions are transferred to the sample holder. After solvent evapordt®n, t
polymer residues are pyrolgsl. However, it should be noted that each polymer mayuiegja different solvent,

and dissolution is often achieved only under harsh conditions. Alternatively, lower absolute masses on the
calibration curve can be achieved by "diluting" the polymer standard with an inert matrix, if the standard material
is sufficiently homogeneous and consists of small particles. Commercial diluted standards have recently
become availablg175].
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Figure 25. Examples of sample holders used in two different types of pyrolysers
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PyGEMS has an advantage over FTIR aRdman for the analysis of airborne samples, requiring less-pre
treatment and allowing simultaneous analysis of organic additives present in MPs.

However, one disadvantage of thermoanalytical techniques, including p¥SCis the inability to define the
number of particles or their shapes using this method. Additionally, the transfer of the filter into the very small
sample holders (vials or cups) pra#s technical challenges.ifall 13 mm glass fibre filters can be entirely
transferred into certain sampleups, depading on the cup size (Figure 25

If this technique can be demonstrated as robust, it holds the potential to offer higher throughput, resulting in
reduced analysis time compared to numerous other techniques. However, it is important to notehibat
technique is still in the developmental stage, and there are presently no established routine methods, standards,
or standard operating procedures available for the analysis of microplastics. Recently, two papers have been
published that explore thelirect analysis of airborne microplastics collected on quartz filters using pWs;
without the need for sample preparatiotjl42], [176] By eliminating the sample preparation stage, py®&IS

could become a significantly faster analytical technique when compared to spectroscopic methods.
Nevertheless, the presence of other inorganic and organic materials may interfere with the targeted polymers
during the pyGEMS analysis.

5.5.3.2 Thermal Extraction - Desorption Gas Chromatography Mass Spectrometry (TED -GG MS)

TEDGCMS relies on a thermal extréion/pyrolysis of the sample on the TGA balance inside the TGA furnace,
combined with solidbhase extraction of complex volatile hydrocarbons released at high temperatures. In the
second step, the soligphase adsorber is transferred to the TGC/MS analysisystem. There, the polymer
breakdown markers are thermally desorbed in the introduction system and analysed by tHd%&y/stem for
polymer identification and (semijuantification.

TEDGCMS shows promise for analysing air filtration fractions withoudditional sample preparation steps, as

it eliminates most of the environmental matrix. An additional advantage is that it enables the analysis of
significantly larger sample quantities (up to 100 mg) without the risk of system overload or contamination,
allowing analysis of more representative samples.

The main drawbacks of using TEBGMS are similar to those of pyGMS, with an emphasis on complex data
interpretation, extensive and timeonsuming method development, and the inability for partiblg particle
analysis[170]. The high purchasing cost of this complex system nadgo limit its wider diffusion.

5.5.4 Other Methods

5.5.4.1 Liquid chromatography coupled to UV detector and/or mass -spectrometers

LCGbased methodautilising alkaliassisted thermal depolymerisation are employed for the identification and
guantification of esterbased polymers like PET and PC. PET, a-mmiglecularweight polymer, is obtained
through the esterification of terephthalic acid (TPA) aathylene glycol. On the other hand, PC is a high
molecularweight polymer formed by bisphenol A (BPA) linked by carbonate groups.-bas&€ll techniques,

the concentrations of TPA and BPA are measured after the sample undergoes depolymerisation, allmwing f
the calculation of PET and PC concentrations.

However, some interferences may arise during the analysis. TPA can be produced not only from the
depolymerisation of PET but also from the depolymerisation of polybutylene terephthalate (PBT) and
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polytrimethylene terephthalate (PTT). However, as the concentrations of PBT and PTT are very low, and their
properties and applications are very similar to those of PET, &&iCentrationscan be used as a proxy to
estimate the total concentrations of PBT, PTT, a&d P

LCbased techniques allow for direct treatment and identification of the sample without the need for sieving,
digestion, density separation, dnfiltration, thereby avoidingpossible contamination caused by the
pretreatment procedur§l77], [178]

5.5.5 Final considerations concerning the analysis of nanoplastics

Detecting nanoplastics in environmental samples remains a nascent field. While an&lgiatmiques discussed
earlier may be effectivefor the detection of microplastigsthey struggle to identify particles smaller than 5
micrometers. Further research is crucial to develop reliable meshfmt characterizingplastic particles and

fibres in the low micrometer and nanometer range.

5.6 Quality control and quality assurance practices in micro- and nanoplastic
analysis

Micro and nanoplastics are found everywhere, making it crucial to implement stringent measures to prevent
sample contamination duringthe sampling, prereatment, and analysis processes. Below are some
recommended best practices to achieve this.

5.6.1 Workstation

If possible and if available, procedures should be conducted inside a clean room under the laminar flow hood

The laminar flow hod (or any other available fume hood) should be maintaihby cleaning with ethanol and
paper towels, ideally followed by cleaning with a duster which attracts and retains dust particles

Benches should beleaned with ethanol

5.6.2 Clothing

The usage of synthetic textiles should be avoided as much as posgliaig].

(Coloured) cotton laboratory coatswith the sleeves pulled up whenever possible [23]nd singleuse nitrile
gloves[180] should beworn during all procedures [71]

Clothes should ideally be cleaned with a lint roller to remove any loose fift88].

A fibre could be taken from the lab coat during each day of laboratory analysis and analysed under the optical
microscope to check for fibres with similar appearance in sample3?].

5.6.3 Reagents and materials

All solutions used should bereviously filtered
Only glass and metal materials should be usgz8].

Prior to use, all glassware should be washed once with filtered 70% ethanol and three times with filtered (0.45
pm) ultrapure water [26] before being immediately wrapped in foil [29].

All samples and equipment should lmevered with glass petri digs oraluminiumfoil after cleanirg [16].

If using glass bottles, all plastic components shobleiremoved. The bottleshouldthen befilled with ultrapure
water and placed in a sonicating bath for 5 min to remove any potential particles from the inside surface.

All openings, includinfottles, fltration unit and beakers, should beovered with aluminium foil to prevent
airborne contaminatiorf134].
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5.6.4 Preparation of f ilters

Glass fibre filters arecarefully wrapped witraluminiumfoil and heatedat 450 °C for 4h prior to u® [16].

Once conditioned, filters shoulohly be manipulated inside the laminar flow hood, includingmisfer to Petri
dishes, mounting in the sample inlet, and transfer to Petri dishes after aerosol colleftRit.

5.6.5 Sampling step

Suspended particulate sampleand passive samplarshould berinsed with filtered pure water (Whatman GF/A,
1.6 pm) and/or with ethanobefore use[135].

During samplingpersonnel should movaway from the sampler to prevent contaminatiofi36], possibly
downwind

After collection, the collected samples should freserved in a dusfree glass petri dish, wrapped in aluniimm
foil and transported back to the laboratory horizonta]y36].

5.6.6 Sample preparation step

Duringall sample preparation steps such as digestion and/or flotation separation, samples shoutdvueszed
with a watch glassor aluminium foil

5.6.7 Sample analysis step

The entire procesef sample ickentification and measurement should ideally be doimea dustfree room[136].

5.6.8 Blanks

Running blanks is imptant to account for background contamination during sampling, laboratory procedures,
quantification and characterizan of nane and microplastics

A procedurali(e., field) blank filter should bacquired for each sampling date by exposing a filterdahigh the
entire field sampling protocol, but without drawing airrtugh the filter. The filter isubjected to the same
laboratory digestion and identificatioprocesses as the actual samplé6].
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6 Conclusions

Micre and nanoplastics are widespread in the environment, even infiltrating the atmosphere. However,
guantifying their pregnce in the air presents numerous challenges. The absenstaofdardi®d sampling and
analysis methods complicates crossudy comparisons. Furthermore, each analytical technique available has
varying size or mass detection limits and selectivity, reswdtin different studies focusing on distinct particle

size ranges, leaving gaps in coverage. In the context of airborne particles, discrepancies in size detection limits
hinder the assessment of human exposure to microplastics through inhalation, a cfactak in understanding

their potential health and environmental repercussions. To obtain accurate results, alsis imperative to
prevent contamination during both the sampling process and sample analysis, thereby minimizing the risk of
false data.

Thi report addresses some of these challenges, which are pivotal for a precise evaluation of the presence of
microplastics and their potential impact on health and the environment. Most previous studies have primarily
relied on optical microscopy and spectampic methods like Raman or FTIR. These techniques enable the
identification of particles down to approximately-50 um in size. However, particles that penetrate deep into
the lungs typically measure less than 3 um (Bronchus3 iam; Bronchiole: -2 um; Alveoli; 0.1 um), and
optical or spectroscopic methods currently cannot detect particles of this size. A possible strategy to encompass
these smaller particles could involve combining the sampling of PM2.5 and PM1 and utilizing pyrolyMSGC

or other thermoanalytical methods for analysis. The primary challenge here is to collect a sufficient mass on
the filter to reach the mass detection limit.

Further research is necessary to tackle these challengestanestablishstandardigd protocols that facilitée
comparisons across different studies.
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