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Exposure of humans to microplastics in the environment and the
risks of adverse effects.

Preamble

Information included in the following sections was identified through a comprehensive search
of published and grey literature. Published literature was identified using two databases,
Scopus and PubMed, which were interrogated using the following search string, applied to
the Title, Abstract or Keywords for an unlimited period of time:

microplastic* OR nanoplastic* AND Human

The search resulted in 451 papers, the titles and abstracts of which were screened for
relevance. First tier screening provided 104 papers considered suitable for secondary
screening through review of the full paper.

Of the 451 papers identified in the initial search, 11 related to nanoplastics either specifically
or in conjunction with microplastics, with 6 of these addressing a potential impact on human
health following exposure through all routes.

Grey literature, including, for example, government and industry reports/publications,
opinions from authoritative bodies, white papers and working papers, were identified
through a general ‘Google’ search and by interrogation of specific websites including, but not
limited to, the US EPA, ECHA, EFSA, WHO, and the Water Research Foundation. Screening of
the identified grey literature was then carried out and information considered of relevance
was included in this document.

1.0 What do we mean by microplastics?

Synthetic polymers provide a wide range of mechanical and functional properties that are not
possible to achieve with naturally occurring polymers such as proteins and cellulose. As a
consequence, they have become one of the most important classes of materials in modern
society, being used in numerous commercial applications ranging from packaging materials
to medical devices (Andrady and Neal., 2009; Thompson et al.,, 2009). In Europe, sector-
specific plastic usage has been reported as around 40% for packaging, 20% for building and
construction, 10% for the automotive industry, 6% for electrical and electronic products, 4%
for household leisure and sports, 3% for agriculture and 17% for all other uses (Plastics
Europe, 2017%).

Four classes of synthetic polymers have previously been defined, namely: (i) thermoplastic
polymers or “plastics”; (ii) thermosetting polymers or “thermoplastics”; (iii) elastomers; and
(iv) synthetic fibres. Of these, members of group (ii) and some that fit into groups (iii) and (iv)
are not strictly considered as plastics as they do not show thermoplastic behaviours. Although
thermoplastic polymers (including polyethylene (PE), polypropylene (PP), polystyrene (PS),
polyvinylchloride (PVC), polyethyleneterephtalate (PET) and polyurethane (PUR)) are most

1 https://www.plasticseurope.org/en/about-plastics/healthcare).

1


https://www.plasticseurope.org/en/about-plastics/healthcare

IEH Consulting Ltd.
Ruth Bevan - December 2019

frequently found in the environment, polymer particles in the environment stem from all
types of synthetic polymers and are all referred to as ‘plastics’ in the literature and by the
scientific community. Some newly-introduced bio-based plastics (for example, polylactic acid)
and also biodegradable plastics (for example, oxo-degradable polyolefins) are also likely to be
found as microplastics in the environment as degradation of these is not complete under
environmental conditions (Lambert and Wagner, 2017).

In addition to residual monomers, commercial synthetic polymers are formulated with small
amounts of additives (around 4% of total weight) which depend on the end use (Lehner et al.,
2019). Additives can include plasticisers (phthalates), inert fillers, brominated flame
retardants, bisphenol analogues, surfactants, antioxidants, pigments, dispergents, lubricants,
antistatics, nanoparticles or nanofibers, biocides and fragrances, many of which are
considered hazardous to human health (Bouwmeester et al., 2015). Additives are, in the main,
not bound to the polymer and are free to migrate to the surface of the plastic and be released
(Kolemans et al.,, 2014); for example, leaching of bisphenol A has been shown from
polycarbonate plastic during its lifecycle (Sajiki and Yonekubo, 2003). Although efforts have
been made to reduce the use of additives considered to be hazardous, these substances may
be present in the environment as a result of historical use.

The widespread use of plastics has led to an increase in plastic waste which has accumulated
in the environment. Macroplastic objects (i.e. >5mm) degrade into microplastics (< 5 mm)
due to a combination of chemical and physical processes (Gewert et al., 2015). These include:
photodegradation by UV in sunlight which is able to break chemical bonds (Yousif and
Haddad, 2013); oxidation, which increases the absorption of UV (Cao et al., 1999); hydrolysis
of polyesters and polyamides which results in reduced mechanical strength, causing bulk and
surface stress gradients that lead to cracking (Maniar et al., 1991; Merdas et al., 1993); and
mechanical forces that contribute to the fragmentation process. It is important to note that
the degradation process can also affect the additives present in the synthetic polymers,
resulting in changes to their chemical structure and physical properties (Lehner et al., 2019).

Microplastics thus comprise a highly heterogeneous population varying in size, shape, density
and chemical composition. An internationally recognised definition of microplastics has not
been derived; typical dimensions of between 1 um and 5000 um (da Costa et al., 2016;
Kolemans et al., 2019), between 0.1 um and 1000 um (Wright and Kelly, 2017) and between
0.1 um and 5000 um (EFSA, 2016) have been proposed in the literature. A distinction is made
between primary microplastics that are purposely manufactured as such, and secondary
microplastics that originate from fragmentation of larger items (EFSA, 2016). It is also
acknowledged that microplastics continue to degrade to form plastic nanomaterials (Gigault
etal., 2016; Koelmans et al., 2015; Lehner et al., 2019) that may differ in chemical and physical
properties compared to the macroscopic materials (Murty et al., 2013) and in their interaction
with living organisms, including humans (Zhang et al., 2012). Currently available literature is
unable to provide clarity on many issues relating to nano-sized plastic materials and their
potential impacts, which inhibits our ability to carry out human health risk assessments.
Deficiencies include, but are not limited to: understanding of the fate of nanoplastics in the
aquatic environment; the long-term fate of ingested nanoplastics in both aquatic organisms
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and humans; the occurrence of further degradation following ingestion; the ability of
nanoparticles to cross the gut-intestinal epithelial barrier; and the toxicity of nanoplastic
particles in humans or experimental species. Although nano-sized plastic materials may
therefore be of potential concern to human health, the data are currently not available to
assess this, and the question is not considered further here.

2.0 How are humans potentially exposed to microplastics?

Lehner et al., (2019) report that the production of polymers (including thermoplastics,
thermosets, elastomers, biodegradable and bio-based plastics) has increased significantly
over the last 60 years (data to 2016), reaching 335 million metric tons worldwide in 2016.
Concurrent with this increase in production has been the accumulation of plastics and their
degradation products in the environment, particularly of plastics designed for single-use.
Although macroplastics constitute the main source of plastic litter and are known to impact
on wildlife, microplastics affect a greater number of organisms, including primary consumers
in the food chain (Cole et al., 2013; Li, et al., 2015; Brate et al., 2016). The trophic transfer of
microplastics has been reported in the wild (Welden et al., 2018) and under laboratory
conditions (Farrell and Nelson 2013; Setala et al., 2013; Mattsson et al., 2017; Nelms et al.,
2018) suggesting a possible increased risk to top predators (Ferreira et al., 2018).

In addition to microplastics produced by fragmentation of macroplastics, microplastic
materials have been purposely manufactured in the form of microbeads for incorporation
into personal care products and as plastic microfibres for clothing. All are directly released
into the environment through waste water effluent, and although reduction in content occurs
during conventional waste water treatment (>98%), Murphy et al. (2016) estimated that 65
million microplastics are released into receiving waters daily at one site. It should be noted
that some countries have introduced bans and/or restrictions on the use of microbeads which
will impact on future levels, but not historic releases. Microplastics have become ubiquitous
in the environment, being reported in waters worldwide (marine and freshwater) including
remote locations and deep-sea habitats (Obbard et al., 2014; Lusher et al., 2015; Ivar do Sul
et al., 2013; Eerkes-Medrano et al., 2015; Akdogan and Guven, 2019).

Galafassi et al. (2019) have reviewed the available literature relating to the major sources of
environmental microplastics, including plastic litter, microbeads in PCPs, washing of synthetic
clothes, tyre dust and the weathering of some paints. There is increasing evidence for
exposure of humans to microplastics through all routes, with ingestion (diet and drinking
water) and, potentially, inhalation predominating (Wright and Kelly, 2017). These are
explored in further detail in the sections below; however, it should be noted that, as discussed
by Toussaint et al. (2019), estimates of human dietary exposure are limited due to a lack of
standardised methodologies.

2.1 Oral exposure to microplastics
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2.1.1 Foods

Limited data are available on the occurrence of microplastics in a diverse range of foods
including seafoods (fish, shrimp and bivalves), honey, beer and table salt. Comparison
between studies is often difficult due to differences in the way that microplastic content is
measured and expressed, e.g. some studies report the number of particles per organism and
in others as numbers of particles per g wet weight, etc.

Seafood is an important dietary component worldwide, providing around 20% of animal
protein intake to approximately 3 billion people (FAO, 2012). Fish studies have demonstrated
ingestion of microplastics in the laboratory setting and in situ by commercial species including
herring, whiting, haddock, cod and tuna. Authors reported that the ingestion of particles by
fish as a percentage of the sample population ranged from a minimum of 2.6% (North Sea) to
a maximum of 36.5% (English Channel); however, the numbers of particles ingested per
individual were low, with a highest mean of 2. A number of microplastic types were identified,
including PE, PP, PET, SA, PA, PS and PVC, with sizes ranging between 130 and >10,000 um
(Foekema et al., 2013; Lusher et al., 2013; Boerger et al., 2010; Romeo et al., 2015; Avio et al.,
2015).

Microplastics present in the gastrointestinal tract (GIT) of fish and/or crustaceans are unlikely
to result in direct exposure of humans as fish gut is not normally consumed. However, recent
studies have shown microplastics to be present in edible tissues of commercially important
species of fish (Akhbarizadeh et al., 2018; Abassi et al., 2018) and in crustaceans (Abassi et al.,
2018), which may be of higher concern for human consumers. Akhbarizadeh et al. (2018)
estimated the mean intake of microplastics through consumption of 300g fish muscle per
week (recommended intake portion) to be 555, 240, 233 and 169 ‘particles’ for P. incus,
E.coioides, A. djedaba and S. jello species respectively. Abassi et al. (2108) estimated
microplastic levels in the fish species P. indicus, S.tumbil, S. sihama, C. abbreviatus and in the
crustacean P. semisulcatus (tiger prawn) to be from 0.16 ‘particles’ per g in C. abbreviatus up
to 1.5 ’particles’ per g in P. semisulcatus.

At the current time, a more significant source of human dietary exposure to microplastics is
considered to be through the consumption of shellfish (bivalve molluscs) as these organisms
filter large volumes of water and retain particles for ingestion. In contrast to fish, the GIT of
shellfish is usually consumed when eaten by humans. Laboratory studies and those in situ
show evidence to support the capture and ingestion of microplastics by bivalves. China has
the greatest general aquaculture production volume (>60%) worldwide and it has been
reported that commercially popular shellfish species show a mean number of 4 particles per
g. Particles were shown to be comprised of PE, PET and PA, with 60% in the size range 5 -
250um (maximum 5000um) (Li et al., 2015). The presence of microplastics in wild and farmed
mussels from Canada and Belgium have also been reported (Mathalon and Hill, 2014; Van
Cauwenberghe and Janssen, 2014; De Witte et al., 2014). Higher numbers of particles were
identified in farmed compared to wild mussels (375 per 5 mussels compared to 175 per 5
mussels, respectively) in Canada, which was suggested by Mathalon and Hill to be due to PP
culture lines, although no particle composition analysis was carried out. In comparison, the
mean number of microplastic particles reported in wild mussels from two Belgian studies
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were much lower (0.37 and 0.36 - 0.47 particles/g). No compositional analyses were carried
out for these; however, the most common class sizes were reported as between 5 — 25um
and 200 — 1500pum by Van Cauwenberghe and Janssen, and De Witte and colleagues
respectively.

Other potential human dietary sources of microplastics have been reported. Synthetic
microfibres and fragments have been identified in honey and sugar. Average numbers of
fibres (minimum 40 um in length) and fragments (10 — 20 um in length) per kg of honey were
measured as 174 and 8 respectively. In sugar, levels of 217 fibres and 32 fragments per kg
were reported. The authors confirmed the fibres and fragments to be of synthetic origin
(using negative staining with Rose Bengal), although compositional analysis was not carried
out. The authors concluded that synthetic microfibres and microplastics must be airborne in
order for such contamination to occur, and further showed fibres and fragments to be present
in rain water and on flowers (Liebezeit and Liebezeit, 2013). A number of German beer brands
(n=24) were reported to contain microplastics, with counts ranging from 0.002 to 0.079
fibres/mL, 0.012 to 0.109 fragments/mL and 0.002 to 0.066 granules/mL, although these were
not confirmed as being plastic using spectrophotometric methods. The authors considered
likely sources to be airborne particles, materials used during beer processing, impurities on
bottle surfaces, and contamination of raw materials (Liebezeit and Liebezeit, 2014). Sea-salt
for human consumption has also been found to contain microplastics, thought to originate
from coastal water contamination. PET and PE types have mainly been reported, with levels
between 0.55 and 0.681 particles/g salt and size range of 45 — 4300 um (Yang et al., 2015).

Although there is a lack of experimental data on the impact of processing on microplastic
levels in foods, EFSA considers that it is possible for levels to increase due to the release of
microplastics from processing aids, water, air, machinery and textiles (EFSA, 2016).

2.1.2 Drinking water and sources

Microplastics have been shown to be widely distributed in freshwater bodies, including on
the water surface, in the water column and in lake sediments, at levels similar to those found
in the marine environment (Eerkes-Medrano et al., 2015; Li et al., 2018). The concentrations
of microplastics in freshwaters and sediments shows considerable variation and may be
associated with levels of human activity (Eerkes-Medrano et al., 2015; Li et al., 2018; Rezania
et al., 2108). Levels ranging from a few microplastic particles to thousands/m3 have been
reported in freshwaters (Horton et al., 2017; Rezania et al., 2018; Di et al., 2019; Novotna et
al., 2019) and up to several thousand particles/kg in sediment (Hurley et al., 2018; Rezania et
al., 2018; Di et al., 2019; Novotna et al., 2019).

A number of studies have reported the presence of microplastics in bottled and tap drinking
water from different sources (for example, Kosuth et al., 2018; Mason et al., 2018; Mintenig
et al., 2019; Schymanski et al., 2018; Pivokonsky et al., 2018;) at levels between zero and 10*
microplastic particles/L. The most commonly identified microplastics were comprised of PP,
nylon, PS, PE and PEST, with a range of shapes including fragments, film, fibre, foam and
pellet. A comparison with levels reported in freshwater is not possible as freshwater studies
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targeted larger particles (compared with < 300 um in drinking water studies), meaning that
total particle numbers were much lower as smaller particles were not captured.

In a comprehensive review of literature, Kolemans and colleagues (2019) identified around
50 studies that provided concentration data for microplastics in drinking water or its
freshwater sources (surface, ground and waste waters). As the studies varied considerably in
sampling methods, isolation, purification and identification of microplastics and in the level
of quality assurance employed, the authors used a scoring system to carry out a quantitative
evaluation of study quality to find consensus in the data reported. Their findings showed that
microplastics are frequenly found in fresh and drinking waters with a range of measured
concentrations between 1 x 102 and 102 particles/m3; this wide range may have been partly
due to the generally inconsistent quality assurance in sampling and analysis. Of the
microplastics present globally, the most common types were PE and PP, with PS > PVC > PET,
reflecting global use patterns and the higher densities of the latter two plastics which settle
at a faster rate. A range of shapes were identified including fragments, fibres, film, foam and
pellets.

2.2 Exposure to microplastics through inhalation

There is growing evidence that inhalation is an important human route of exposure to
microplastics in the environment. Around 60 million metric tons of synthetic plastic fibres
were produced in 2016 for the textile industry, which included an increased level of fine-
diameter (1 -5 um) plastic fibres (Gasperi et al., 2018). These types of fibres have been shown
to be shed into the environment during wear and/or washing and drying (Cesa et al., 2017;
Napper and Thompson, 2016) and are subject to degradation, fragmenting into finer,
inhalable particles. Fibrous microparticles also settle as dust on floors and surfaces which may
be ingested, especially by infants and children.

Sludge by-products from WWTPs, that are applied to agricultural lands as a standard practice,
have been reported to contain synthetic clothing fibres that persist in the sludge and soil up
to 5 years post application, although some have been detected in soils 15 years post
application (Zubris et al., 2005). This has been proposed to represent a persistent terrestrial
contaminant, potentially allowing wind-driven transport from dried sludge-based fertilizers
to occur; other proposed sources are the release of fibres from degraded PE agricultural
sheets and from drying clothes (Wright and Kelly, 2017).

Atmospheric fallout in two suburbs of Paris has been shown to contain microplastics,
comprised mainly of fibres, with around 30% confirmed as being of plastic origin. The
abundance of fibres was found to be higher in urban areas than in suburban areas, with an
average of 110 + 96 particles/m?/d; rainfall was associated with the highest levels recorded
which indicates the potential for atmospheric particles to be washed out and contribute to other
soil/ water levels. The diameter of fibres varied between 7 and 15 um and length between 100
and 500 um (50 um limit of detection) (Dris et al., 2016). In a subsequent study the authors
compared fibres found in indoor and outdoor air. Concentrations of fibres in indoor air ranged
between 1.0 and 60.0 fibres/m3 compared with a range of 0.3 to 1.5 fibres/m3 in outdoor air.
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Of the fibre types identified in indoor air, one third were of plastic origin. Settled dust found
in the indoor environment contained between 190 and 670 fibres/mg, which the authors
state may be a source of exposure in children through ingestion (Dris et al., 2017).

Tyre dust is increasingly acknowledged as a source of microplastics in air, as synthetic rubber
is considered a variation on plastic (hydrocarbon-based polymer) (Sommer et al., 2018; Kole
et al., 2017; Wright and Kelly, 2017). Tyre abrasion products are present in ambient
particulate matter (PM), making up between 0.05 and 0.70 mg/m3 of the PM10 fraction in
studies across Japan, Europe and the USA (Unice et al., 2012; Panko et al., 2013); tyre wear
particles also contribute significantly to man-made particles in the aquatic environment
(Wagner, 2018). Deposited urban dust in Tehran was reported to contain microplastic
particles at a concentration of between 88 and 605 particles per 30g dust, with size
distribution 250 — 500 um (Dehghani et al., 2017). Abbasi and colleagues (2019) assessed
ingestible and/or inhalable microplastic particles (MP) and microrubber particles (MR) in
street and airborne dust samples in a city in Iran. In street dust particles < 5 mm an average
of 900 and 250 MP and MR particles were measured, ranging in size between < 100 and >1000
um. In comparison, airborne dust contained around 1 MP per m3 in the size range 2 to 100
um, with only MR fragments present (Abbasi et al., 2019).

Occupational studies in polymer textile workers show that the potential risk through
inhalation exposure is dependent on size, shape and concentration of particles. Workers in
the nylon flock industry have shown a higher prevalence of respiratory irritation (Warheit et
al., 2001); also, Pimentel et al. (1975) reported interstitial fibrosis and granulomatous lesions
considered to contain acrylic, polyester and/or nylon dust, in lung biopsies from textile
workers (including nylon, polyester, ployolefin and acrylic) who presented with symptoms
comparable to allergic alveolitis. Although the exposure levels experienced by the workers
were considerably higher than environmental levels, the study showed uptake and
persistence of microplastics triggering localised biological responses. The bio-persistence of
plastic microfibres in lung tissue has also been reported in non-neoplastic and malignant lung
tissue, with fibres present in the deep lung (Pauly et al., 1998)

Fibre dimension is relevant to potential toxicity, as fibres longer than 15 to 20 um are
inefficiently cleared from the lung by either alveolar macrophages or the mucociliary
escalator (Warheit et al., 2001). Porter et al. (1999) showed that nylon fibres of a respirable
size (average 2 um diameter by 14 um length) were retained for up to 29 days in exposed rats
and caused an acute inflammatory response. Warheit et al. (2003) found no significant
changes to lung weight, pulmonary inflammation or macrophage function in male rats
exposed to shorter and wider nylon fibres (mean 9.8 um length and 1.6 um diameter). It has
been suggested that the level of fibres present, the site of deposition and the potential for
chemical desorbtion from the fibre all have the potential to contribute to overall toxicity
(Pauly et al., 1998).

The ability of microplastics to accumulate is also a factor that will impact potential toxicity.
They are resistant to chemical degradation in vivo, with retention time being dependent on
microplastic characteristics such as size, shape, solubility and surface chemistry (including
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wettability), biological factors including the site of deposition, and particle interactions with
biological structures.

2.3 Exposure to microplastics through the dermal route

Dermal contact with microplastics is feasible through direct application of, for example,
personal care products including facial scrubs, or indirect exposure via water containing
microplastics during washing. However, as uptake across the skin requires penetration of the
stratum corneum, which is limited to particles <100 nm, skin absorption of microplastics is
unlikely. It is feasible, however, for nanoplastics to have a higher potential for dermal
absorption (Sykes et al., 2014).

3.0 Microplastics analysis

The prevalence of microplastics in the environment has been well documented; however,
there are considerable differences in the levels reported which are likely to stem from the
present inherent difficulties in carrying out such measurements. This impacts on study
comparison and indicates the need to develop and implement standardised methods for the
sampling, quantification and characterisation of microplastics has been recognised (Silva et
al., 2018).

From a human perspective, accurate exposure measurements are required to enable health
risk assessments to be made. At the current time, microplastics in extracts from biological
samples are separated for size using filtration devices or sieves with different mesh sizes; a
filter with pore sizes between 1 and 1.6 um is commonly used to collect all microplastics.
Visual sorting using categories such as source, shape, erosion and colour is often carried out
prior to quantitation. Quantitation is achieved through counting, with or without the use of
tagging dyes. Visual assisted microscopy can allow a detection limit in the low um range, with
smaller particles requiring electron microscopic techniques (Hidalgo-Ruz et al., 2012; Fries et
al.,, 2013). Identification of microplastics is achieved using Fourier Transform Infra-red
spectroscopy (FTIR) or Raman spectroscopy, allowing detection of particles of between 10-20
um and 1-20 um, respectively. Pyrolysis and GC/MS are also used for determination of
particles, according to their mass, typically of size > 500 um and provide information on the
polymer and additives present; liquid chromatography/ MS is mostly used for analysis of
chemicals bound to microplastics (Renner et al., 2019; Silva et al., 2018).

4.0 Potential toxicity of microplastics
4.1 Toxicokinetics

Based on the current level of knowledge, the main route of human exposure to microplastics
is likely to be through ingestion of food and drinking water, with some intake via inhalation
of indoor and outdoor air also possible.
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The gut wall has an epithelial lining that prevents direct transport of microplastics into the
body, and paracellular uptake (i.e. through the tight junctions of the epithelial cell layer) is
not considered possible due to the small size of the tight junction channels (1.5 nm). Uptake
of microplastics (0.1 to 10 um) from the GIT is proposed to occur via endocytosis (i.e.
formation of internal vesicles by the cell plasma membrane) by the M cells of Peyer’s patches
(lymphoid nodules in the mucosa of the small bowel), with subsequent transport to mucosal
lymphoid tissue, or via paracellular uptake with subsequent phagocytosis (a type of larger
scale endocytosis by cells (macrophages) that have this specific function) and transport to
lymphatic systems, with eventual elimination from the body (Galloway, 2015); however,
specific data to support this for microplastics is limited. Particle size is recognised as a critical
factor in both the pathway and the extent of absorption. Yoo and colleagues (2011) has
proposed that for endocytosis the upper particle size limit is around 0.5 pum and that
phagocytosis occurs with particles > 0.5 um (Yoo et al., 2011).

Translocation of microplastics across the gut into the lymphatic system has been shown in
humans for particles between 0.2 and 150 um diameter, in dogs for particles between 3 and
100 um, in rabbits for particles between 0.1 and 10 um and in rodents for particles between
30 and 40 um (Hussain et al., 2001). Absorption is however limited. In rats, an in vivo study
using 2 um latex particles administered as either a single oral dose or through extended
feeding showed that only between 0.04 — 0.3% of particles were absorbed. The site of
absorption differed with length of exposure, being at villous sites after a single dose and
Peyer’s patch sites after multiple feeds (Carr et al., 2012). An in vitro study with healthy
human rectal mucosal tissue, reported that 0.2% of 3 um polylactide-co-glycolide
microparticles were absorbed. This increased to 0.45% in tissue from individuals with
inflammatory bowel disease, indicating the increased permeability of the gut associated with
this condition (Schmidt et al., 2013).

Less information is available regarding the distribution of microplastics following absorption
(any route). Yoo et al. (2011) reported that microparticles of > 0.2 um in lymph undergo
elimination via splenic filtration whilst microplastics in the blood are removed via the liver
into bile and faeces. Only the smallest microplastics (< 1.5 um) are thought to be able to
penetrate into organs (Yoo et al., 2011). EFSA and the FAO considered that the absorption of
microplastics via the GIT is low, estimating that >90% is eliminated via the faeces. Uptake of
microplastics > 150 um in size was suggested to be unlikely, whilst that of microplastics < 150
um is limited to < 0.3%; only those particles < 20 um in size were thought to be able to reach
organs. Both organisations comment that absorption and distribution may be more significant
for nanoplastics, but the data are too limited to determine this at present (EFSA, 2016; FAO,
2017).

Deng and colleagues (2017) have reported the uptake and distribution of 5 and 20 um
fluorescent PS microplastics in mice exposed for 4 weeks via the oral route to doses of 0.01,
0.1 and 0.5 mg/day (Deng et al., 2017). Translocation to the liver and kidney was apparent,
with particles detected one week following cessation of exposure. These findings have
however been questioned, with the dose considered very high in comparison to human
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exposure levels and the test groups too small for meaningful conclusions to be drawn
(Braeuning, 2018).

In the lung, mucociliary clearance is most likely for inhaled microplastics > 1 um, with uptake
across the epithelium possible for smaller particles. For particles small enough to deposit in
the deep lung, penetration of the thinner lung lining fluid and contact with the epithelium is
plausible, allowing translocation via diffusion or active cellular uptake into epithelium (Ruge
et al., 2013). It is known that for some poorly soluble particles and fibres (e.g. silica, asbestos)
inhalation can result in adverse effects in the lung. The importance of a range of physical
properties, including size, shape, surface area and surface properties, in determining the
degree of response to exposure is well reported in the literature (Wright and Kelly, 2017).

Toxicity-based toxicokinetic/toxicodynamic (TBTK/TD) modelling has been used to estimate
organ bioaccumulation and biomarker responses following exposure of mice to 5 or 20 um PS
microplastics; published datasets were used. The authors reported that the gut had the
highest bioaccumulation factor (BCF) of 8 when exposed to 5 um microplastics, with a mean
residence time of 17 days. Threshold concentrations for the most sensitive biomarkers were
8 +5and 0.71 £ 0.14 pug/g bw for 5 and 20 um particles respectively, indicating that particle
size influences TK/TD behaviour in mice (Yang et al., 2019).

4.2 Potential toxicity of microplastic constituents

Laboratory studies with freshwater species exposed to microplastics have shown toxicity
related to both physical and chemical properties (SAPEA, 2019). The relevance to human
health impact assessment of studies on aquatic organisms is undetermined but in general
mammals are consider more appropriate models for humans. In a meta-analysis, Foley et al.
(2019) assessed the potential impacts of microplastic exposure on consumption (and
feeding), growth, reproduction and survival of fish and aquatic invertebrates (Foley et al.,
2019). The authors reported that negative effects were found for all categories; however, the
effects were highly variable across taxa, with the most consistent being a reduction in
consumption of natural prey. Similar laboratory studies have also been conducted in a
number of marine species. Negative effects have been reported on feeding efficiency
(zooplankton, lungworms and fish), oxygen consumption (lungworms and crabs), and early
stage development of marine biota, and in molluscs for a range of toxicities related to the
immune response, oxidative stress and neurotoxicty (SAPEA, 2019).

One of the major limitations of laboratory studies is considered to be the high concentrations
of microplastics used, which are significantly higher than reported environmental levels.
Indeed, FAO concludes that in wild aquatic organisms, microplastics have only been found in
the GIT in small numbers and that there is currently no evidence to suggest that ingestion will
impact negatively on wild and farmed populations (FAO, 2017). In addition, the studies have
tended to use small spherical polystyrene microplastics which are not representative of those
found in the environment (Lambert et al., 2017). The impact on a wider range of aquatic
organisms is unknown, particularly at different trophic levels (SAPEA, 2019).

10
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Although plausible routes of exposure of humans to microplastics have been described, it
remains unknown whether microplastics (and their associated component and adsorbed
chemicals) are transferred to humans via the diet and/or inhalation (Wright and Kelly, 2017).
A number of potential adverse effects in humans following microplastic exposure have been
explored and reported in the literature, and these are detailed below.

4.2.1 Physical effects

The physical effects of ingested microplastics are less well defined than the chemical effects.
Currently available data suggest several potentially hazardous effects including local
inflammation, disruption of the gut microbiome and altered lipid metabolism (Smith et al.,
2018).

Physical properties including size, shape, surface functional groups, surface charge, buoyancy
and hydrophobicity affect the uptake of microplastics, and hence potential toxicity. The
potential for translocation increases with decreasing particle size, as does the surface area to
volume ratio which allows increased cellular interactions and cellular uptake and adsorption
of biologically significant molecules and proteins. This may include adsorption of
environmental toxins (see section below). Increased surface area can lead to enhanced
degradation, potentially generating smaller particles that are more easily absorbed, although
the extent to which this can happen in humans is not clear (Gewert et al., 2015). Although it
is known that the shape of particles and fibres influences uptake and clearance in the lung,
the impact of these following ingestion is unclear.

As with other particles and fibres, Wright and Kelly (2017) propose that the biopersistence of
microplastics in vivo has the potential to lead to a number of biological responses including
inflammation, genotoxicity, oxidative stress, apoptosis and necrosis. In turn, these conditions,
when sustained, can lead to tissue damage, fibrosis and carcinogenesis (Wright and Kelly,
2017). As reported by Deng et al. (2017), administration of PS particles (5 and 20 um) to mice
for 28 days by oral gavage was associated with inflammation of the liver, coincident with the
presence of lipid droplets at doses of 0.1 and 0.5 mg/day. Lu et al. (2018) also reported altered
lipid metabolism and gut microbiota diversity (compared to controls) in male mice exposed
for 5 weeks to PS particles of 0.5 and 50 um at a level of 1 mg/L in drinking water. A reduced
level of intestinal mucus secretion and impaired intestinal barrier function has been reported
in mice exposed to PS particles (5 um) at either 100 or 1000ug/L in drinking water for 6 weeks
(Jin et al., 2019); as noted by Lu et al., (2018) altered gut microbiota diversity was also
apparent. Interpretation of all these findings for human relevance is difficult as the levels used
are considerably higher than those found environmentally; however, they are consistent with
a prolonged presence in the gut lumen.

4.2.2 Chemical toxicity

Chemical toxicity resulting from exposure to microplastics could be due to polymer
composition, the leaching of unbound chemicals and residual monomers, endogenous
additives, or adsorbed hydrophobic organic contaminants.

4.2.2.1 Polymers
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The WHO reported that the most prevalent polymers detected in fresh and drinking waters
are polypropylene, polyethylene, polystyrene, polyvinylchloride and polyethylenetere-
phthalate (WHO, 2019). A brief summary of available toxicity data of relevance to oral
exposure is given below.

4.2.2.1.1 Polypropylene (PP)

ECETOC (1994) reported that PP has low acute toxicity with an oral LDso in rats of > 5000
mg/kg bw (no further details given). Pulmonary toxicity was not apparent in rats administered
PP fibres at doses of 0, 15, 30 or 60 mg/m?3 (fibres of geometric mean diameter 1.6 um with
46% <1um and geometric mean length of 30.3 um) for 90 days (6h/d, 5d/w). Carcinogenicity
studies are not available for PP, however the monomer, propylene, has been shown not to
increase tumour incidence in Fischer 344/N rats exposed by inhalation (6hd, 5d/w) for 103
weeks to propylene at doses of 0, 8600 and 17,200 mg/m?3 in a study carried out to NTP
protocols (NTP, 1985). Similarly, in B6C3F1 mice treated under the same conditions and at the
same doses, no evidence of an increase in tumour incidence was recorded (NTP, 1985). These
findings are supported by evidence from human epidemiology studies, the combined weight
of which does not support a link between polypropylene exposure and (colorectal) cancer
(ECETOC, 1994). PP has been evaluated by IARC as “not classifiable as to its carcinogenicity in
humans” (Group 3).

In vitro studies reported by Hwang et al. (2019) have been carried out to assess the
cytotoxicity of PP microplastic particles of around 20 um and between 20 and 200 um
diameter at concentrations up to 500 pg/L. In parallel studies, DMSO was added to the PP
microplastic particles to improve dispersibility, thereby increasing the chance of contact with
cells, and a powdered form of the particles was also prepared. Cytotoxicity was assessed
against a range of cell types (human dermal fibroblasts, macrophages, murine macrophages
and red blood cells) through analysis of cytokine production, ROS production, polarization
and cell proliferation. The authors reported that PP microplastic particles and the powdered
form showed low cytotoxicity. However, when treated with DMSO, particles in the size range
of around 20 um showed cytotoxicity to peripheral blood mononuclear cells (PBMCs) and
murine macrophages as a result of increased ROS production, which was size and
concentration dependent. The importance of direct contact was therefore demonstrated,
which allows induction of cytokines from immune cells rather than the microplastic particles
causing direct toxicity.

4.2.2.1.2 Polyethylene (PE)

The toxicity of PE has been reviewed by The Cosmetic Ingredient Review (CIR) Expert Panel
(CIR, 2007). With regard to oral exposure specifically, PE has low acute toxicity which is
influenced by molecular weight; an oral LDso of >2000 mg/kg was reported in rats for PE with
an average molecular weight of 450, which increased to > 5000 mg/kg for PE with an average
molecular weight of 655 (CIR, 2007). The CIR Expert Panel also reported a lack of adverse
effects in male and female rats administered PE (unknown molecular weight) at 7.95 g/kg bw
(single dose gavage) or at levels of 1.25%, 2.50%, and 5.00% in the diet for 90 days (no further
details given). In mutagenicity studies, PE with a molecular weight of 450 did not increase
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mutation frequency in Salmonella typhimurium strains TA1535, TA1537, TA98, and TA100 or
in E. coli WP2uvrA when tested at concentrations of 1, 10, 30, 100, 300, and 1000 pg/plate.
As IARC has also evaluated PE as “not classifiable as to its carcinogenicity in humans” (Group
3), it is therefore not considered to be genotoxic.

4.2.2.1.3 Polystyrene (PS)

Luo et al. (2019) evaluated the effects of maternal exposure to PS microplastic particles of 5
um diameter at concentrations of 100 and 1000 pg/L in drinking water, in ICR mice during
pregnancy and lactation (compliance to OECD guidelines was not stated by the authors).
Potential effects on offspring were evaluated in the F1 (at PND 42 and 280) and F2 (at PND
42) generations. The authors reported that maternal exposure to PS microplastic particles
was associated with altered glycolipid metabolism-related physiological indexes in serum and
liver of dams and the F1 and F2 generations. In addition, in exposed dams, metabolic disorder
associated with gut microbiota dysbiosis and gut barrier dysfunction was reported.

Polystyrene has been shown to be negative for mutagenicity in Salmonella typhimurium
strains TA100, TA1535, TA97 and TA98 in the presence and absence of S9 at doses up to
10,000 pg/plate, with assays carried out to OECD Guideline 471 (NTP, 20192).

4.2.2.1.4 Polyvinylchloride (PVC)

IARC has evaluated the available evidence for the carcinogenicity of PVC and concluded that
it is “not classifiable as to its carcinogenicity in humans” (Group 3).

4.2.2.1.5 Polyethyleneterephthalate (PET)

In a subchronic study, rats were administered technical grade PET at levels between 5 and
400 mg/kg bw/day, or pure PET at levels between 5 and 100 mg/kg bw/day, for 12 weeks (no
further details given). No changes in behaviour, body weight gain, biochemical indices of
blood serum, urine, or haematology analyses, or in relative weights of internal organs, was
apparent (HSDB, 2009).

PET was tested as a potential mutagen when used for the manufacture of beverage bottles.
Leachates were obtained using mineral water stored under static (up to 6 months storage at
25°c) conditions, with or without daylight or under dynamic (shaking at 40°C for up to 48h)
conditions. Mutagenic potential of concentrated leachate samples was assessed according to
the Ames protocol (pre-OECD Guidelines) using Salmonella typhimurium strains TA98 and
TA100, with and without S9 activation. Mutagenicity was apparent in TA98 with S9 activation
for samples stored for 1 month under static conditions in daylight and in the dark. This
correlated with a peak measurement of total organic carbon. The authors considered this to
be evidence of ‘slight mutagenicity’ of the leachate, with storage under daylight conditions
giving higher activity. However, supporting evidence to confirm the presence of mutagenic
compounds migrating from PET bottles using unconcentrated samples in direct tests (i.e.
Salmonella strains grown directly in sterilised PET bottles and in glass flasks) did not show
positive results, which the authors concluded was due to low levels present in unconcentrated

2 https://ntp.niehs.nih.gov/whatwestudy/testpgm/status/ts-9003536.html
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leachate. For risk assessment purposes these findings are considered inconclusive and are not
included for further consideration.

Merski et al. (2008) carried out a 90-day oral toxicity study to OECD Guideline 408 with a
spunbound PE and PET polymer fabric. Spraque-Dawley CD rats were administered ground
fabric in the diet at levels of 0.5, 2.5 and 5%. No toxicologically relevant treatment related
effects were apparent. In addition, the authors performed a Salmonella reverse mutation
assay to OECD Guideline 471 using an extraction of the ground fibre. No mutagenic response
was found in either the presence or absence of S9 in Salmonella strains TA98, TA100, TA102,
TA1535 and TA1537.

4.2.2.2 Unbound monomers and additives

Monomers present as a result of incomplete polymerisation, or chemical additives included
during manufacture, can leach from microplastics into the surrounding medium (including
animal tissues following ingestion), as they are not chemically bound within the polymer
matrix (Browne et al., 2013; Rochman et al., 2013). Commonly used additives include
organophosphorus flame retardants (OPFRs). Deng et al., reported findings from a 90-day
study in which mice where concurrently exposed to two OPFRs and PE and PS microplastics
(2 pug/L in drinking water). The authors reported increased toxicity of OPFRs in the presence
of microplastic particles and proposed that the action of the microplastics on the gut mucosa
enhanced the uptake of OPFRs, resulting in increased toxicity (Deng et al., 2018). However, it
is unclear whether the effects were due to the OPFRs or caused by the presence of the
microplastics themselves.

4.2.2.3 Adsorbed components

Microplastics have a hydrophobic surface which facilitates the adsorption and concentration
of organic contaminants and heavy metals also present in environmental milieu, thereby
having the potential to act as a vector. These include priority pollutants listed under the
Stockholm Convention, namely: polycyclic aromatic hydrocarbons (PAHs), organochlorine
pesticides, polychlorinated biphenyls (PCBs), cadmium, zinc, nickel and lead (Mato et al.,
2001; Ogata et al., 2009; Holmes et al., 2012; Rochman et al., 2014). Mato et al. estimated
the concentration factor of POPs by microplastics to be in the order of 10° (Mato et al., 2001),
and high levels of PCBs, PAHs and organochlorine pesticides in microplastics have been
reported (Bouwmeester et al., 2015). Concerns have been raised that microplastics allow the
transfer of hazardous POPs to aquatic animals and subsequently to humans. Data on the
levels of metals associated with microplastics are limited.

4.2.3 Biofilms

The surfaces of microplastics in the environment are rapidly colonised by microbes, with
biofilms becoming well established after 7 days in water (Harrison et al., 2014; Lobelle and
Cunliffe, 2011). The plastic-associated communities are also referred to as “plastispheres”.
Physicochemical properties of microplastics that encourage biofilm formation include surface
roughness (Nauendorf et al., 2016) and hydrophobicity (Rummel et al., 2017). The
composition of the biofilms associated with microplastics has been reported to contain lower
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taxon richness, diversity and evenness in comparison to those on non-plastic substrates
(McCormick et al., 2016). Interestingly, a large proportion of the bacterial and fungal strains
identified on microplastics represent genera able to degrade plastic polymers, including
Pseudomonas, Arcobacter spp., Erythrobacter, Streptococcus, Staphylococcus, Aspergillus,
Penicillium, and Phanerochaete (Bhardwaj et al., 2012; McCormick et al., 2014). Zettler et al.
(2013) reported that biofilms on microplastics could also contain harmful pathogens (e.g.
Vibrio spp.) and Arias-Andres and colleagues that microplastics could potentiate the
distribution of antibiotic resistance determinants in the environment (Arias-Andres et al.,
2018).

5.0 Existing risk assessments of human health effects following exposure
to microplastics

Microplastics have been most widely studied in the context of marine pollution, with
potential human exposure pathways and associated risks to health only being more recently
recognised. Thus, the database relating to any adverse health effects resulting from exposure
of humans to environmental microplastics through any route is limited. In addition, when
assessing risk, it should also be noted that reported measurements of exposure may be
underestimated due to current technical limitations in sampling and analysis. Also,
microplastics are also present as a mixture of particles that vary in size, shape and chemical
composition, and in the degree to which POPs and biofilms are adsorbed to their surface. All
of these present challenges to traditional human health risk assessment approaches.

The WHO has published a summary of evidence examining the potential risks to human health
from exposure to microplastics in drinking water (WHO, 2019). They considered the potential
hazards of microplastics to be: the particles themselves, which present a physical hazard;
chemicals (unbound monomers, additives, and sorbed chemicals from the environment); and
microorganisms that may attach to and colonize microplastics - known as biofilms. With
regard to microplastic particles posing a physical hazard, the WHO considered that there was
insufficient data to draw any firm conclusions; however, they also noted that those studies
judged as reliable did not indicate any adverse health effects.

As the residual levels of monomers present in microplastics have not been determined, WHO
was unable to assess these against available guidance values. For additives and sorbed
chemicals that had been reported to be present in microplastics, were considered to be of
toxicological concern and for which adequate/accepted points of departure had been
derived, an MOE assessment was undertaken. This was carried out using a conservative
drinking water exposure scenario and indicated that health impacts were likely to be low.
When assessing potential health risks from biofilms present on microplastic particles, the
WHO considered that the relative contribution from these, compared to other particles that
bind pathogens and human/livestock waste present in drinking water, was likely to be low.
The WHO report highlighted the need for robust toxicological and/or epidemiological studies
that could inform more accurate human health risk assessment for microplastic ingestion,
including from drinking water.

15



IEH Consulting Ltd.
Ruth Bevan - December 2019

In an evaluation of the potential health impact to humans of microplastics in food,
Bouwmeester et al. (2015) considered that any such assessment should distinguish between
particle toxicity per se and that of the additives and/or adhering contaminants. The authors
acknowledged that fish and shellfish are likely to be an important dietary source of
microplastics in the human diet, but quantitative data on the levels of microplastics are not
available for a large proportion of these to allow dietary exposure assessment. Other foods
were also suggested to contribute to total dietary exposure, with microplastics being found
in honey, sugar, salt and beer. As the toxicity of the particles has not been studied, a full risk
assessment is not possible. The authors suggest that due to the size of microplastics, transport
across cellular membranes is unlikely and any adverse effects are expected to be local effects
on the immune system and inflammation of the gut (Bouwmeester et al., 2015).

The authors acknowledged the unique nature of microplastics in containing adsorbed POPs
and leachable additives that require separate consideration. They estimated that
consumption of 300 g of mussels (average portion) from the Belgian coast would result in
ingestion of 300 plastic particles containing 0.25 pg of PCBs. If all of this was released following
consumption it would contribute only 0.0001% of the average daily dietary exposure to PCBs.
In the same way, Bouwmeester and colleagues (2015) estimated that the same portion of
mussels would contain around 0.06 ug of BPA, contributing approximately 0.25% of daily
dietary exposure. Based on the very limited data available, the authors concluded that other
additives and adsorbed POPs would give similar levels of exposure which they considered
negligible (Bouwmeester et al., 2015).

In a Scientific Opinion on the presence of microplastics in seafood, EFSA (2016) assessed the
possible transfer of additives and adsorbed chemical contaminants to edible tissues and
carried out an estimation of human exposure through this route. They reported that some
information is available to estimate exposure for bisphenol A, polycyclic aromatic
hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs), but data on metals and other
contaminants is lacking. EFSA estimated that consumption of an average portion of Chinese
mussels (225 g) would be associated with an intake of 900 plastic particles, representing 7 ug
of plastics. In turn, this would result in an increase in exposure to PCBs of <0.006% and to
PAHs of <0.004%, assuming worst case exposure levels and complete release from the
microplastics following consumption. Using the same intake data, EFSA calculated that the
intake of additives from 7 pg of plastics would be 4% of the total weight, or 0.28 pg. Using
BPA as the only additive, in a worst-case scenario, this would contribute < 2% of dietary
exposure; the authors commented that the exposure to other additives would be at a similar
level and was considered as a small effect (EFSA, 2016).

In a review of cross-discipline scientific literature, Wright and Kelly (2017) evaluated the
potential human health impacts of exposure to microplastics through the diet and/or
inhalation. They suggested that uptake of microplastics through these routes is plausible,
supported by evidence of plastic microfibres in lung biopsies and demonstration of
biopersistent particles < 100 um being able to cross the GIT epithelium. They consider that
microplastics <2.5 um and fibres are of the highest concern in the lung. In the GIT, larger
microplastics are considered to be of concern due to the ability of M cells in Peyer’s patches
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to engulf microplastics of micrometer size, and also due to persorption. Wright and Kelly
(date?) consider that any toxicity of microplastics is likely to be dose dependent and due to
inflammation caused by their biopersistence and unique hydrophobicity and surface
chemistries. The importance of recognising deposited and airborne microplastics and
microrubbers in ambient air as a source of human exposure through both inhalation and
ingestion to enable an understanding of human health impacts, has been emphasised by
Abbasi et al. (2019).

Welle and Franz (2018) evaluated current literature on microplastics in bottled mineral water,
assessing human exposure from this source and the potential for adverse health effects to
occur following ingestion. The authors estimated exposure to microplastics using reported
levels and, assuming total release of unbound components, found no concern for consumer
safety. Further, it was considered that based on available toxicokinetic data, absorption from
the Gl tract was likely to be marginal, if occurring at all. The requirement for better data on
which to base exposure estimates and risk assessments was again highlighted.

Eerkes-Medrano et al. (2019) have carried out a review of data relating to microplastics in
drinking water to assess whether the impact of this on human health can be determined. The
authors identified large data gaps in both human exposure measurements and hazard data
which, they say, precludes adequate risk characterisation of microplastics from any route of
exposure at the current time. They conclude that improved exposure assessments would
require advances in QA, QC, the development of proficiency testing schemes (including
appropriate certified standards) and advances in analytical capacity to enable the
measurement of nano-microplastics. In addition, in terms of hazard characterisation,
toxicological data are required to understand the toxicokinetics of microplastics, potential
mechanisms of toxicity and dose-response relationships, and also to identify any
subpopulations that may be at an increased risk from exposure.

6.0 Summary of findings in relation to human health effects

e The presence of microplastics in the environment is widespread but any associated risks
to human health are difficult to quantify.

e One of the key issues in assessing risks to human health is the considerable variability in
the physical and chemical properties of microplastics to which humans are exposed.

e Standard methods for the identification, quantification and analysis of microplastics in
foods and biological specimens are not available, making comparison of study findings
difficult.

e Epidemiological studies to assess uptake and potential effects following exposure to
microplastics are not available.

e |tis estimated that uptake of microplastics in the GIT is restricted to those < 150 um and
limited to around < 0.3% of the dose. Only particles < 20 um in size are thought to be able
to reach organs.
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e There is very limited data from experimental studies to assess the toxicokinetics and
potential toxicity of microplastics, though animal studies on toxicity of some common
polymers are generally reassuring.

e At the current level of understanding, the following hazards and potential effects are
considered to be relevant to humans exposed to microplastics through the diet or
inhalation:

0 Physical effects which may be associated with local inflammation, altered gut
microbiome and altered lipid metabolism;

O Chemical hazards associated with residual monomers and/or additives that
have known adverse human health effects. The contribution from
microplastics of these chemicals to total daily exposure from the diet is
expected to be low or insignificant;

0 Chemical hazards associated with adsorbed POPs that have known adverse
human health effects. The contribution from microplastics of these chemicals
to daily exposure from the diet is expected to be low or insignificant;

0 Adsorbed microbial pathogens associated with biofilms, are thought to be of
low risk.

0 Thereis potential risk to the lungs from any suitably small low solubility particle
or fibre inhaled in sufficient quantity, however this is considered unlikely for
microplastics in the environment.
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