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Abstract.
Since the mass production of polymers 80 years ago, inexpensive manufacturing techniques
have been optimised, and a plethora of lightweight, durable, inert and corrosion-resistant
plastics found numerous practical applications replacing wood, metals, skin and other
natural materials. Global plastic production in 2016 was estimated at 335 million metric
tones. Plastics very quickly spread worldwide and their disintegration into microplastic in the
aquatic and the marine environment became an emerging environmental problem. In the
last 40 years the world production of plastic resins increased 25-fold, while recovery of the
waste material remained below 5%. It is estimated that between 8-12 million metric tons of
plastic waste enters the oceans every year; eventually break down into small particles. These
tiny plastic particles—known as microplastics—are entering the food chain and being fed
into marine species which are consumed by humans. The question inevitably has been what
toxic damage they are infering to biological aquatic and marine species and if consumed
whether they could harm cells and tissue in the human gut. Numerous studies have been
commissioned and their results revealed that microplastic pollutants are widespread and
ubiquitous within the marine environment. Also, they adher to waterborne organic
pollutants (adsorbed on the large porous surface) and are leaching plasticisers (stabilizers,
plasticizers, flame retardants, colours) which are considered toxic. The harm to biota is much
greater than intially thought because they are ingested and absorbed in the digestive system
and tissues of marine biota. Also, microplastic toxicity increases because they can absorb
other dissolved toxic substances from the aquatic environmen. Finally, their persistence and
bioaccumulation can be dangerous to marine species. The European Marine Strategy
Framework Directive and the United States Microbead Free Waters Act have projected goals
to protect the marine environment from microplastic pollution. In the last decade, studies
revealed high concentrations of microplastics in marine species that inevitably raised
questions on microplastics in seafood (fish and shellfish). High consumption in some
countries of seafood raised concerns about the potential effects on human health. Scientists
agree that there are at present major challenges and gaps in our understanding of toxic
mechanisms and controversial findings on health risks from consumption of seafood. So,
there is a need for more research regarding the level of potential exposure and associated
health risk to micro- and nano-sized plastics. At present, there is no enough knowledge for
the detailed toxic mechanism and metabolism. Also, toxciological information available
about the fate of microplastics in the human body following ingestion through contaminated
food consumption is lacking.
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Introduction: Polymer production and plastic pesristent pollutants
In the last decades, plastic production have boosted the chemical industry
but also the global economy because plastic materials are highly flexible, durable,
and cheap, transforming a vast array of commercial products. They are used for food
packaging, shopping bags, consumer products like toys, clothing and smartphones,
as well as for car parts, medical appliances and many other useful commercial items
covering human needs for highly specalised applications. 1,2
The accelerated rate of production of plastic materials and their widespread
use for various commercial applications made plastics one of the most common and
persistent pollutants in the aquatic environment, in particular the ocean waters and
beaches worldwide. Between 1960 and 2000, the world production of plastic resins
increased 25-fold, while recovery of the material remained below 5%.3,4

Figure 1. It is estimated that 8-12 million tonnes of plastic waste enter the aquatic
environment each year and more than 50 trillion microplastic particles litter are
found in the Eart’s oceans and seas. United Nations Ocean Conference (2017) called
countries to implement long-term and robust strategies to reduce the use of plastics
and microplastics, such as plastic bags and single use plastics.

For more than 50 years, global production of plastic has continued to rise
every year. Global production in 2016 was 335 million metric tones, generating
revenues for plastic manufacturers of about US$ 750 billion. But at the same time,
every year in the range of 8-12 million tonnes of plastic end up as waste (municipal
and industrial) on land, beaches, rivers and oceans. Plastic waste because of its
toxicity endangers terrestrial, aquatic and marine organisms. But the most important
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and emerging threat of plastic pollution is the breaking down into ever smaller
pieces (microplastics) which can wind up in the food chain with unknown
consequences and can potential cause widespread contamination of food and with
dangerous consequences to humans. In the last 30 years, plastics became the fastest
growing segment of the municipal waste stream in the advanced industrial countries
(USA, W. Europe, Japan, etc) but also in developing copuntries in Africa and Asia.5,6

Accumulation and fragmentation of plastic items: ‘microplastics’
For many years environmentalists have sounded the alarm that waste plastic
in the aquatic environment inevitably will break down into smaller plastic pieces
which retain all the toxic properties of the polymeric material. Monitoring and
analysis of water samples under the microscope showed that tiny plastic particles
sizes in nanometers are pervasive in the Earth’s oceans. The presence of tiny plastic
fragments (plastic particles < 5 mm in diameter, including particles as small as 10
nanometres, nm = 10-9 m) is causing concern among environmentalists and
toxicologists for its adverse effects on marine speciers and health effects on humans
as consumers of marine food prodcuts. Microplastics pollution in the open ocean
was first highlighted by Carpenter and Smith (1972) in the Sargasso sea surface (in
concentrations averaging 3,500 pieces and 290 g per square kilometer).7

Figure 2. The dangers of plastics, and more specifically microplastics, is increasingly
grabbing the world’s attention [http://aftruth.com/cultural/sas-marine-life-andfreshwaters-face-the-dangers-of-microplastics/].
The initial impression among toxicologists was that the concentration of
microplastics in the sea water was very low and its toxicological rik was
insignificance. But in the last decade there is renewed scientific interest in the
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commissioned and their results revealed that these pollutants are widespread and
ubiquitous within the marine environment. Microplastics adher to waterborne
organic pollutants (adsorbed on the large porous surface) and with time are prone in
leaching plasticisers (stabilizers, plasticizers, flame retardants, colours, to improve
the properties of polymers) which are considered toxic. The potential to cause harm
to biota is much greater than intially thought because they are ingested and
absorbed in the digestive system and tissues of marine biota. Also, their toxicity
increases because they can absorb other dissolved toxic substances from the aquatic
environment and because of their persistence and bioaccumulation can be
dangerous to marine species. 8,9
The investigations of the last decade on the global abundance and
distribution of microplastics revealed that the accumulation varies geographically,
with locations, hydrodynamic conditions, environmental pressure, and accumulation
time. Owing to their small size, microplastics are considered bioavailable to
organisms throughout the food-web. Scientists suggest that it is imperative to have
proper regulations and strict rules on the production of polymers, use and waste
recycling in order to reduce the occurrence of microplastics in the aquatic
environment, otherwise microplastic pollution will eventually threaten oceans,
marine biota and human livelihood.10

Figure 3. Microplastics come from larger plastic debris that degrades into smaller
and smaller pieces with time. These tiny plastic particles pass easily through the
water filtration systems and end up in the seas and oceans of the Earth posing a
potential threat to aquatic life.
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Global distribution and abundance of microplastic
Monitoring studies showed that, on average, around 80% of ocean plastic
comes from land-based sources, via rivers. A smaller percentage of plastic litter arise
from ocean-based sources such as fisheries, aquaculture, commercial cruise and
private ships. Microplastic abundance and distribution worldwide appears
particularly in seashores, seas and oceans. To confirm the widespread presence of
microplastics, scientists investigated plastic polution in remote areas (ie.g. islands of
Maldives, Indian Ocean). The investigation used for reliable identification of plastic
debris the Fourrier Transform-Infra Red (FT-IR) spectroscopy. Despite the
remoteness from inhabited areas, analysis showed that the islands have a
considerable amount of plastic debris.11 In the last decade a number of studies
explored the presence of microplastics in unusual places (e.g. Goa coast, India,
Equatorial Atlantic) in the marine environment.12-15
Polymers are a special case of waste because are well known for their
durability and persistence under mechanical tear and ware. But plastic litter in the
aquatic environment will eventually deteriorate into fragments due to exposure to
weathering, wind tear, UV radiation, mechanical stress and oxidative degradation.
The rate and extent of deterioration of plastics into smaller pieces in the natural
environment remains largely unknown because of a number of parameters, despite
experimental tests under various conditions. The fragmentation into smaller pieces
is connected mainly with environmental factors and the type of polymers. These
factors are wave currents, tides, cyclones, temperature, wind directions, salinity of
water, biofouling, UV light exposure (photodegradation), thermal oxidation,
hydrolysis and bacterial degradation. Another fact is that breakdown of plastic items
occur faster in water than at air.16,17
Wave currents, tides, cyclones, wind directions and river dynamics are some
environmental factors that have been studied in detail for their contribution to the
fragmentation of plastic litter into microplastics. But the microplastics are expected
to continue fragmenting, reaching nano sizes (diameter less than <1µm). The
results is that microplastics in the environment are heterogeneous in size and in
shape, presenting a challenge for standardised monitoring. 18-22
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Weathering of plastic waste in the aquatic environment
Polymer waste in the marine environment is exposed to sunlight, oxidants and
physical stress, and over time it weathers and degrades. Weathering processes lead to
fragmentation into smaller pieces and the generation of microplastic, release by
extraction of chemical additives (plasticisers) and adsorption of other pollutants into
their porous surfaces. The result is the production of nanoplastics and chemical
fragments cleaved from the polymer backbone which are spread in every direction
and occupy large volumes of marine water.23, 24
The degradation results of weathering of plastics depend on the chemistry of
the polymer, bulk morphology and the physical characteristics of exposure (friction
of sea currents, solar radiation, higher temperatures, oxidants, etc). Biodegradation
by microorganisms that have the ability to degrade different types of plastic is a
slow process. Some bacterial strains can produce and store bioplastics using
carbon sources under suitable fermentation conditions. Biodegradion causes partial
chemical change of the polymeric material by reducing its average molecular weights
(break down of chemical bonds). Complete degradation or mineralization will form
carbon dioxide and water, but it takes years. Exposure to solar ultra violet radiation
(UV) is the most significant external parameter that results in rapid breaking polymer
chain bonds and leads to the complete degradation of plastic waste. Also, solar
radiation initiates autocatalytic thermal oxidation that is primary responsible for the
degradation process.25
Polymer fragments that are formed by abiotic degradation can pass through
cellular membranes and are biodegraded within the microbial cells by cellular
enzymes. Also, microbes excrete extracellular enzymes that can act on certain plastic
polymers. Under environmental conditions degradation of microplastics proceeds
faster than meso- and macroplastic, because of a higher surface to volume ratio.
Surface cracking makes the inside of the plastic material available for further
degradattion, which eventually leads to embrittlement and disintegration into very
smaller size micro- and nano-particles of polymeric nature. The smaller size polymers
retain all the properties and toxicological adverse effects on aquatic organsims. 26-28
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Classification of microplastic pollution and synthetic fibers
Any plastic item measuring less than 5 mm (1 mm =10-3 m) is classified as
microplastic. Of course there are also smaller sizes of microplastics in the marine
environment of a few microns in diameter (10¯6 m) or even smaller in sizes of
nanometers (10¯9 m). The microplastics released directly into the environment
through domestic waste or industrial effluents are called primary microplastics.
Secondary microplastics are the result of further gradual degradation/fragmentation
of larger plastic particles and biodegradation.
A recent study (2017) in the northern Gulf of Mexico counted the highest
reported globally microplastics concentrations collected on the inner continental
shelf. Total microplastic concentrations ranged from 4.8 to 8.2 particles per cubic
meter (m¯3). Microplastic concentrations were greater than the abundances of all
but four of the five most abundant taxa from bongo nets and were not statistically
different from the abundances of any of the most numerous taxa from neuston nets.
Microplastics were of irregular shaped with sharp or rounded edges, or fibres were
thread-likemicroplastic items. Sizes of microplastics and zooplankton partially or
completely overlapped, suggesting the potential for confusion with natural prey. 29
Identification of microplastics is very important because can be confused
with other materials (FT-IR and Raman spectroscopy are recommended for
identification). For example, by using scanning electron microscopy combined with
energy dispersive X-ray spectroscopy (SEM–EDS), scientists showed that numerous
particles, which had been visually identified as microplastics, were aluminium
silicates from coal ash and coal fly ash. Further analyses are required to
unequivocally identify microplastics and to obtain information on their resin
composition.30-32
The invention of nylon in 1931 created a revolution (with commerical
production from 1939) in synthetic textiles because it was the first non-cellulose
fiber made directly from petrochemicals.The synthetic man-made fibers for most of
the textiles are polyamides (nylon), polyesters, acrylics, polyolefins, vinyl, and
elastomeric fibers. It is estimated that 70% of all textile items are made from

7

synthetic polymers. In 2016, worldwide, 65 million tonnes of plastic was produced to
be used for textile fibres.33
Textiles release fibers to the environment during production, use, and at endof-life disposal. Also, fibers released from domestic washing machines and textile
waste are breaking down slowly into microplastic fibers causing widespread
environmental pollution. Plastic microfibers (5 mm--100 nm) from textiles have been
identified in ecosystems in all regions of the Earth and have been estimated to
comprise up to 35% of primary microplastics in marine environments, a major
proportion of microplastics on coastal shorelines with sludge from waste water
treatment plants. For some scientists textile microfibers present risks on ecological
systems and potentially on human health. A review explored the potential to include
a metric for microplastic pollution in tools that have been developed to quantify the
environmental performance of apparel (clothes) and home textiles.34

Figure 4. Every day millions of microscopic plastic fibers are released into the aquatic
environment from synthetic clothes. Figures (a) and (b) are plastic fragments (broken
down packaging, microbeads and litter), while figures (c) and (d) are plastic
microfibers released from clothes and were by far the most commonly found plastic
in the Ottawa River.[https://www.trustedclothes.com/blog/2017/06/10/ worldocean-day-plastic-microfibres-contaminating-oceans/ ].
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Monitoring studies for microfibers (mainly from synthetic textiles) have been
found in sediment samples from shorelines across a range of global locations. The
proportional representation of the main synthetic fibers was polyester 56%, acrylic
23%, polypropylene 7%, polyethylene 6% and polyamide 3%, representing the
relative amounts in the variety of synthetic textiles.35,36

Physical impact of microplastics in the aquatic environment
Despite the increasing number of studies on microplastic pollution in the last
decade there is a knowledge gap. A recent review (2018) by scientists of the
University of York (England) examined 300 studies on the physical impact of
microplastics in the aquatic environment. Most of the studies confirm that is not yet
enough evidence to conclude that microplastics do or do not cause harm to the
natural environment. The scientific evidence for microplastics acting as a vector for
hydrophobic organic compounds to accumulate in organisms is also weak. The
review concludes that the concentrations of microplastic particles detected in the
natural environment are orders of magnitude lower than those reported to affect
feeding, reproduction, growth, tissue inflammation and mortality in marine
organisms. The reviewers noticed that there is mismatch between the particle types,
size ranges, and concentrations of microplastics used in laboratory tests and those
measured in the environment monitoring. The study revealed that small fragments
and fibers of microplastics are the dominant plastic pollutants. They concluded that
there is a need for more holistic monitoring in microplatic studies alongside more
environmentally realistic adverse effects studies on the particle sizes and material
types of microplastic that pollute the environment.37
Personal care products are plastic items that are axpanding dramatically in
the last decades and as single-ued products contribute to microplastic pollution of
terrestrial and aquatic environments. The additional problem of these materials is
that as plastic products contain a number of additives (plasticisers, stabilisers, flame
retardants, pigments and antimicrobial compounds) which are leached out and
dissolve in the water. Preliminary estimates from a number of studies indicate that
the contribution of personal care products to the overall amount of microplastics in
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the environment is of minor relevance. But abrasion and fragmentation of larger
plastic items into micro- and nano-plastics is considered as much more relevant
threat to the marine environment. Based on the evaluated data from many studies,
the lowest concentrations eliciting adverse effects in aquatic organisms exposed via
the water are by a factor of approx. 104 higher than maximum microplastic
concentrations found in marine waters. But abundance of microplastic is expected
to further increase in the near future.38 The majority of environmentalists are
worried that micro- and nano-plastic waste in the aquatic environment is an
emerging problem of environmental urgency. 39
Plastic waste provides additional dificulties in quatification studies. At the
nanoscale, plastics are difficult to detect and can be transported in air, soil, and
water environments and loads, transformations, transport, and fate of plastics in
various environments are not very accurate. Scientist agree that there are
knowledge gaps that need to be addressed to improve our ability to predict the risks
associated with these ubiquitous pollutants in the environment by understanding
their mobility, aggregation behaviour and their potential to enhance the transport of
other pollutants.40
The mitigation efforts of microplastic pollution need better quantitative
estimates and better future microplastic research. There is a suggestion among
scientists that at present there is an understimation on microplastic pollution and
efforts on national and international scale must be increased to tackle the problem
(regulation of plastic products and materials, starting with certain bans of
microplastics in personal care products). A recent study (2018) reviewed 50
published aquatic surveys. The review found that up to, approximatelly, 80% of
studies only account for plastics ≥ 300 μm in diameter. Also, the review surveyed
770 personal care products to determine the occurrence, concentration and size
distribution of polyethylene (PE) microbeads. Particle concentrations ranged from
1.9 to 71.9 mg g−1 of product or 1,649 to 31,266 particles g−1 of product. The large
majority (> 95%) of particles in products surveyed were less than the 300 μm
minimum diameter, indicating that previous environmental surveys could be
underestimating microplastic environmental pollution.41
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A review (2018) collected data from a number of studies for occurrence and
distribution of microplastic pollution (fragments, fibers, foams) in both marine and
freshwater environments, including rivers, lakes, wastewater treatment plants, and
in the aquatic biota. The conclusion of the reviewers was: a) the sampling and
detection of microplastics in the majority of studies in the marine environment
performed in sediments and some of them in water, b) in terms of colour of plastic
waste there were mostly black, blue and white, c) the dominant types of
microplastics in the studies were Polyethylene (PE), Polypropylene (PP) and textile
fibers, and d) the range per kilogram of dry sediment of microplastics was between 3
and 150 items per kg and the concentration of 2 to 100 microplastics/kg of dry
sediment. In terms of microplastics pollution in biota, the majority of ingested
microplastics were accumulated in gastrointestinal tracts and stomachs of aquatic
biota (whales, shellfish, pelagic and demersal fish, turtles, bivalves-mussels, marine
invertebrates, etc) and their range was 1 to 20 items in different types of fishes. The
studies on wastewater treatment plants found that primary and secondary
treatment can remove most of the microplastics (removal efficiency 70-99%), while
tertiary treatment was not effective. The effluent waters contained up to 0.25-1
microplastic per cubic meter (m−3).42
The increasing number of publications on the microplastic pollution
inevitably produces growing concerns among scientists, environmental organizations
and municipal authorities on the potential effects on the quality of fesh water and
oxidative damage to marine biota and disturbances in marine ecosystems. For
example, Canada’s environmental authorites suggested recently that few studies
have assessed the presence, fate, and effects of microplastics in Canadian water
bodies. There is a need to address the gaps identified by research, with a particular
focus on the aquatic species and conditions found in Canadian aquatic systems. 43
In the last years, a number of research publications investigated microplastics
and extensive reviews described the importance and distribution of microplastics in
the marine environment. Also, these publications collected and analysed data on the
sources of microplastics in various aquatic bodies, seas and oceans, the fate of
plastic waste, the weathgering/degradating processes into micro- and nano- plastics
and potential solutions to solve this crucial and emerging waste problem.44-47
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Physical impact of microplastics on marine organisms
All monitoring studies in recent years determined high concentrations of
microplastics that have accumulated in oceans and sediments worldwide, with
maximum concentrations reaching 100,000 particles per cubic metre (m3). The
marine species can ingest microplastics because of their small size with uncertain
consequences for the health of the organism.48-51
Recent studies have demonstrated that zooplankton can ingest microplastics
because of their minute sizes. Copepods are a group of small size zooplankton
crustaceans (1-5 mm) found in nearly every freshwater and saltwater that are major
food organisms for small fish.52

Figure 5. Copepods (zooplankton) small crustaceans found in the marine and
freshwater habitats. Copepods are key trophic link between primary producers and
higher trophic marine organisms. On the right, copepod with ingested microplastics
(fluorescent beads) which influence feeding capacity, fecundity and survival [Photo
credit: Five Films in collaboration with Plymouth Marine Laboratory (England)]
One of the greatest challenges to aquatic ecologists is untangling the natural
processes which regulate phytoplankton and zooplankton in the primary trophic
level in aquatic ecosystems. Scientists devoted much effort to studying the physical
and biochemical basis of algal food quality variation for herbivorous zooplankton in
freshwater and marine planktonic systems. Plankton size is in the range of 2 to 200
micrometers (μm). Phytoplankton are photosynthetic and a primary producers and
zooplankton are heterotrophic consuming smaller plankton in aquatic environments.
A study (2018) on the trophic levels of aquatic ecosystems (plankton and
zooplankton) demonstrated that ingestion of microplastics can significantly alter
feeding of the pelagic copepod Calanus helgolandicus after exposure to 20 μm (10-6
m) polystyrene (PS) beads and cultured algae for 24 hours. The experiment showed
that copepod had smaller feeding capacity, by ingesting fewer algal cells and less
12

carbon biomass. Also, prolonged exposure to PS microplastics significantly decreased
copepods’ reproductive output, and caused energetic depletion over time.
Experimenters concluded that microplastics impede feeding in copepods, which over
time lead to sustained reduction in ingested carbon biomass. 52
A large number of studies were published in the last years with results on the
ingestion of microplastics by aquatic species. In 2018, scientists published a critical
review on studies of microplastic ingestion by aquatic biota and summarized the
available research data on microplastic presence, behaviour and effects on aquatic
organisms. The monitoring was contacted in the field and in the laboratory. Their
studies described the ecotoxicological consequences of microplastic ingestion. The
conclusions were: a) despite their widespread detection in field-based studies,
polypropylene (PP), polyester (PE) and polyamide (PA) plastic particles were underrepresented in laboratory studies, b) synthetic fibers and plastic fragments (sizes
800–1600 μm) are the most common form of microplastics reported in in the
digestive system of aquatic animals collected from the field, c) most studies have
been conducted on fish. Reviewers concluded that there is a need to understand the
mechanism of action and ecotoxicological effects on environmentally relevant
concentrations of microplastics in aquatic organism health.53
Another toxicological aspect of microplastics ingestion that was investigated
is their ability to adsorb persistant organic pollutants from the surrounding aquatic
environment due to their large porous surface. These toxic and persistent chemicals
can be trasfered in the aquatic organisms from ingestion at all trophic levels. Once
ingested, microplastics can induce mechanical damage, sub-lethal effects, and
various cellular responses, further modulated by possible release of adsorbed
chemicals or additives. The mussels, Mytilus galloprovincialis were used in an
ecotoxicological study with microplastics and their interaction with polycyclic
aromatic hydrocarbon BaP [carcinogenic, benzo(a)pyrene]. Mussels were exposed
for 4 weeks to 10 mg/L of low-density polyethylene (LDPE) microparticles (both
virgin and pre-contaminated with BaP. Tissue localization of microplastics was
histologically evaluated. Also, chemicals were analysed and biomarkers covering
molecular, biochemical and cellular levels allowed to evaluate BaP bioaccumulation.
Finally, measrements were performed for alterations of immune system, antioxidant
13

defenses, onset of oxidative stress, peroxisomal proliferation, genotoxicity, and
neurotoxicity. The results showed that microplastics were localized in hemolymph,
gills, and especially digestive tissues where a potential transfer of BaP was also
observed. Significant alterations were measured on the immune system, while more
limited effects occurred on the oxidative status, neurotoxicity, and genotoxicity of
the test organism.54
Ingestion or uptake of microplastics by aquatic and in particular by marine
organisms in polluted areas has been investigated by numerous studies in the last
decade.

55-57

A pilot study on microplastics in mussels found an average load of

0.13±0.14 total microplastics per gram [g-1] w.w. was recorded in commercial
mussels (Mytilus edulis and Mytilus galloprovincialis) from five European countries
(France, Italy, Denmark, Spain and The Netherlands).58
Macro- and microplastics are well known from studies that are accumulated
by planktonic and invertebrate organisms, being transferred along food chains.
Negative consequences to aquatic organsims include loss of nutritional value of diet,
physical tissue damages, exposure to pathogens and exposure to toxic additives.
Complex ecotoxicological effects are increasingly reported in new studies in the last
years, but the fate and impact of microplastics in the marine environment are still far
to be fully clarified.59
Most studies are using aquatic species in the laboratory with exposure and
ingestion of microplastics. A sentinel organism is considered the small freshwater
planktonic crustacean Daphnia magna. The increasing number of studies with this
crustacean may reflect its widespread use in ecotoxicology laboratories for direct
monitoring of enironmental pollution and comparison with clean sites.60-62
A recent experiment (2018) exposed Daphnia magna to 25, 50, and 100 mg/L
of fluorescent green polyethylene (PE) microbeads at size of 63–75 μm, and analysed
the crustraceans for ingested plastic microbeads. The analysis found substantial
amounts of microplastyics. The number of ingested beads increased with increasing
particle concentration and exposure time. However, no significant effect on survival
and reproduction was observed although the gut of D. magna was filled with plastic
microbeads.63
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Figure 6. Fluorescent polyethylene microbeads in μm (10-6) size ingested by Daphnia
magna. Ingestion of microplastics by Daphnia magna at an exposure concentration
of 100 mg/Litter (A: 5-days exposure, B: 21-days exposure, round green shapes in
the organism's gut are microplastic particles).
Microplastic pollution and ingested microbeads were contacted in freshwater
fish Danio rerio (zebrafish). The zebrafish is a widely used vertebrate model organism
in scientific research, ecotoxicology (vertebrate development and gene function) and
in drug development. A recent study investigated the combined chronic toxicity and
health risk (accumulation in gill, gut and liver) in zebrafish by exposure to cadmium
(Cd) and microplastics

(3 weeks).

Analyses

of biochemical

biomarkers,

histopathological observation and functional gene expression demonstrated that the
presence of microplastics enhanced the toxicity of Cd, causing oxidative damage and
inflammation in zebrafish tissues.64

Common Goby - Pomatoschistus microp

Zebrafish, Danio rerio

Mussels Mytilus edulis

Lugworm Arenicola marina

Figure 7. Microplastic pollution and adverse effects was tested in various aquatic
organisms which are used widely in ecotoxicological studies.
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Exposure to various types of microplastics (PA, PE, PP, PVC) for zebrafish
(Danio rerio) and Caenorhabditis elegans showed different biological toxicity. Low
lethality or no lethality was observed in D. rerio after exposure for 10 days. But,
exposure to 5 mg.m−2 microplastics for two days significantly inhibited survival rates,
body length and reproduction of C. elegans. Exposure to microplastics showed
oxidative stress, reduction of calcium levels but increased expression of the
glutathione S-transferase-4 enzyme in the intestine. Investigators cocluded that
these findings suggested intestinal damage is a key effect of microplastics; and that
the toxicity of microplastics is closely dependent on their size, rather than their
composition.65
Other aquatic organisms used in ecotoxicological studies for the toxic effects
of microplastic were the marine fish Pomatoschistus microps, the blue mussele
Mytilus edulis and annelid lugworm Arenicola marine. All these studies revealed
adverse toxicological effects on the function and development of aquatic species and
negative ecological functioning of biogenic habitats. 66-69
The European Marine Strategy Framework Directive and the United States
Microbead Free Waters Act70 are credited for being ambitious in their goals for
protecting the marine environment from microplastics pollution. As a result, the
microplastic pollution of marine environments and the incidence of microplastic
ingestion by fish are rapidly receiving an increase in overdue attention. Recent
studies regarding the negative effects of micro‐ and nanoplastic ingestion by fish and
other aquatic organisms have increased the awareness of the scientific community.
Analysis of the data shows that the occurrence of microplastics in the
gastrointestinal tract of fish is ephemeral, with low accumulation potential in the
gastrointestinal tract, although translocation to the liver may occur. Nevertheless,
the total load of micro‐ and nanoplastics that will pass through the gastrointestinal
tract of a fish in its lifetime is likely high and will keep increasing in the future. This
may pose a risk because there is evidence that micro‐ and nanoplastic ingestion can
interfere with fish health. Observed effects of microplastics ingestion include (but
are not necessarily limited to) intestinal blockage, physical damage, histopathological
alterations in the intestines, change in behavior, change in lipid metabolism, and
transfer.71,72
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Groups of aquatic organism used in ecotoxicological studies with
microplastics
In the last decades numerous ecotoxicological studies have been focused on
the adverse effects of microplastics in marine organisms (around 70% of the total
studies) and much less on freshwater organisms. Inevitably, there is a lack of
knowledge on ecotoxicological mechanisms of microplastics in the freshwater
environment. Also, freshwater organisms are directly affected by terrestrail runoff,
wastewater (municipal and industrial) and other discharges that contain high
concentrations of microplatics and highly polluted sediments thus increasing the
possibility for additve or synergistic effects. 73-75
A recent study (2018) analyzed the sources and fate of microplastics in the
water sewage and runoff for the extensive urban area of Paris (as a megacity) with
appropriate sampling strategies. The study found that high fiber concentrations
were concentrated in the study area as a result of the atmospheric fallout. Also, the
study at the scale of the Parisian agglomeration, wastewater treatment plant
disposals and combined sewer overflows represent the major sources of
microplastics.76
Most ecotoxicological studies on microplastics use mainly fish as a marine
test organism (25%), mollucs, small and large crustacea, annelid worms, mammals,
echinoderms, birds, porifera, reptiles and rotifers. molluscs and freshwater benthic
crustaceans.77 A recent study (2019) in five UK Wastewater Treatment Works
quantified microplastics particles in river organisms upstreame and downstream.
Macroinvertebrates were collected and concentrations were up to 0.14 microplastics
per mg of tissue in all sites.78
The planktonic crustacean Daphnia magna was used in laboratory studies for
the ecotoxicological effects in the aquatic environment. The large number of studies
of Daphnia magna reflects the widespread use of this zooplankton in ecotoxicology
laboratories for measurements of environmental toxic pollutants. In a recent
experiment when concentrations of microplastics increased the intake by D. magna
did not increase if algae were present. This result suggests that D. magna are
selectively avoiding eating plastics. But when adult D. magna exposed to
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microplastics for 21 days showed mortality after 7 days of exposure.79 Other
experiments showed that degraded macro plastics into microplastics were also toxic
to D. magna. Their concentrations increased substantially in the inter-brood period
and affected reproduction at high concentrations whereas responses to cosmetic
microplastics found no such effect and effects were restricted to the level of
nutrition.80 This result contrasts with the effect of polyethylene microplastics (PE),
where ingestion of high concentrations of small size microbeads (around 1 µm) led
to the immobilisation of D. magna. This is an interesting ecotoxicological result on
the toxicity of microplastics at high concetrations.81 In another experiment D. magna
was exposed to fibers (ground polyethylene terephthalate, PET) from textiles. The
results showed that fibers were toxic to unfed D. magna but no mortality occured
when animals had been fed.82
Other commonly studied species for the microplastic pollution effects were
freshwater fish Danio rerio. Some of these studies investigated the toxiciological
mechanisms of microplastics. An example was the study (2017) that investigated the
direct and indirect toxic effects of microplastics and nanoplastics toward zebrafish
(Danio rerio) larvae locomotor activity. Four principal components were
reconstituted in terms of oxidative stress, body length, nervous and visual system
related genes explaining 84% of total variance. Furthermore, oxidative damage and
body length reduction were evaluated to be main reasons for the hypoactivity.
Scientists concluded that nanoplastics alone suppressed zebrafish larvae locomotor
activity and both plastic particles can change the larvae swimming behaviour
providing new insights into plastic particles' effects on zebrafish larvae improving the
understanding of their environmental risks to the aquatic environment. 83
Other aquatic organisms used in ecotoxicological studies for microplastic
pollution were the common goby, a marine fish Pomatoschistus microps, the marine
mollusc blue mussel Mytilus edulis; and the annelid lugworm Arenicola marina. Most
studies for the aquatic taxa, showed negative effects on growth, reproduction and
even survival after exposure to microplastics. Organisms that serve as prey to larger
predators, e.g., zooplankton, may be particularly susceptible to negative impacts of
exposure to microplastic pollution, with potential for ramifications throughout the
food web. Scientists suggested that future work should focus on whether
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microplastics may be affecting aquatic organisms more subtly, e.g., by influencing
exposure to contaminants and pathogens, or by acting at a molecular level. 84

Uptake of microplastics by marine species
The accumulation of studies on microplastic pollution in the last decade have
demonstrated the uptake of microplastics in more than 100 marine species, from
zooplankton to whales, including mussels, crabs, fish, planktivorous sharks, sea
reptiles and seabirds. In some species, ingestion is reported in over 80% of
individuals in sampled populations. Microplastics can be mistaken as food, whether
unintentionally capturing them while filter- or deposit-feeding or mistaking them for
prey when foraging, or as a trophic transfer. In some species, microplastics can be
taken into the body when they become entrapped by gill structures.85-87
Microplastics and nanoplastics have the same size with phytoplankton and
zooplankton species. A study found that 56% of surface neustonic/planktonic
samples from the Mediterranean Sea contained microplastic particles. 88

Figure 8. It is estimated that more than 100 marine species and marine animals
(birds, fish, invertebrates), have been found to have ingested plastic waste and
microplastics.
[https://www.nurdlehunt.org.uk/whats-the-problem/eaten-byanimals.htm]. Image from Surfrider foundation:[ http://www.surfrider.org/jimsblog/entry/eating-from-a-food-chain-were-tainting-with-plastic].
[https://plastictides.wordpress.com/ 2014/07/08/microplastic-ingestion/]
Marine filter feeder animals (baleen whales, fish, clams and krill) are fed by
straining suspended matter and food particles from seawater. It has been
established by various studies that microplastics which are attached to microalgae
are more easily captured by filter feeders than free microplastics in the water
column. After microplastics are assimilated into the organism they accumulate in the
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gut, translocate into other tissues or are excreted, depending on the size and
composition. Studies found that Nephrops norvegicus (known variously as the
Norway lobster, Dublin Bay prawn, or scampi) had polypropylene microfilaments in
their ingestion system. This finding further corroborates the potential for trophic
transfer and ecological impactsof microplastic waste.89
Marine megafauna (filter-feeding sharks, baleen whales, mobulid rays) have
been affected by microplastic pollution. Recent research on these flagship species
highlights potential exposure to microplastic and plastic-associated toxic
substances.90

Figure 9. Scientific studies revealed that filter feeding marine animals like whale
sharks accidentally ingest considerable amounts of micro-plastics. Both the
humpback whale and the peregrine shark are swallowing the water and by filtering
the microplastic is absorbed in their tissue and the toxic additives.

Is the microplastic absorption dangerous to marine species? Uncertainties
remain regarding the extent of harm caused to marine species directly by ingestion
of microplastics, and over the contribution they make to overall exposures to
hazardous chemicals. Some studies report little or no physical or chemical harm to
marine biota. But some other studies suggest that additive chemicals in microplastics
might be released inside the organisms after ingestion.91-95
The ingestion of microplastics inevitably will lead to extraction of toxic
additives (such as flame retardants, plasticizers, antioxidants, UV stabilisers, and
pigments) in the digestive glands and gills of marine species with unknown at
present adverse effects. The mussel Mytilus galloprovincialis has been used for
investigations of exposure to microplastics (PE, PS) which are contaminated with
toixc additive (such as carcinogenic polyaromatic hydrocarbons, PAHs). Most studies
20

showed that bioaccumulation of these chemicals measured in the digestive gland
and gills of mussels. Also, another organism tested was lugworm, Arenicola marina,
exposed to microplastics with adsorbed pollutants (nonylphenol and phenanthrene)
and other highly toxic additive chemical (Triclosan, an antibacterial and antifungal
agent present in some consumer products and brominated diphenyl ethers PBDE
which is a flame retardant). Microplastics can become vectors for carrying and
transfering by desorption of toxic hydrophobic organic chemicals into the tissues of
marine organisms. 96,97

Figure 10. A representative photo of beachhopper (Platorchestia smithi) following
72 hour exposure to microplastics, showing green circles from polyethylene (PE)
microplastic particles that have moved through the gut cacae and into the gills
(located behind the coxal plates) of the beachhopper. [Tosetto L, Brown C, Williamson
JE. Microplastics on beaches: ingestion and behavioural consequences for beachhoppers.
Mar Biol 163:199i-2016].

The toxicity of microplastics can cause changes in the behaviour of marine
species. Despite an increasing body of research into microplastics, few studies have
explored how consumption changes complex behaviours such as predator
avoidance and social interactions. An investigation (2016) assessed the impacts of
microplastics on the ecology of coastal biota using beachhoppers (Platorchestia
smithi) as model organisms. Beachhoppers were exposed to marine-contaminated
microplastics to understand effects on survival and behaviour and were readily
ingested and accumulated within the organisms. Exposure tests showed that
microplastic consumption can affect beachhopper survival. Individuals also
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displayed reduced jump height and an increase in weight. Overall, these results
show that short-term ingestion of microplastics has an impact on survival and
behaviou of beachhoppers.98
Mussels are for many decades the sentinel species of ecotoxicological
studies because they have wide distribution, ease to sample, high abundance, low
mobility and ecological importance. The sensitivity of mussels to toxic pollutants,
together with their capacity to accumulate them, made mussels good bioindicators
to aquatic pollution. According to a recent review (2019) mussels is proposed to be
established as an ecological bioindicator for microplastic pollution worldwide (for
field and laboratory investigations). Many studies in the last decade used mussels as
a representative marine species for monitoring uptake of microplastics and adverse
health effects. Microplastic abundance in field-collected mussels is closely related to
human activity. Additionally, laboratory studies demonstrate that mussels are good
model organisms for microplastic uptake, accumulation and toxicity. 99

Microplastics as emerging pollutants in seafood chain and food
security
High concentrations of microplastics in marine species have established
scientifically the negative impact on their health. Inevitably, intake of microplastics
from seafood (fish and shellfish) and high consumption in some countries cause
concern about the potential effects on human health. Scientists agree that there are
at present major challenges and gaps in understanding of toixc mechanisms and
controversial findings on health risks from consumption of seafood. So, there is a
need for more research regarding the level of potential exposure and associated
health risk to micro- and nano-sized plastics. At present, there is no detailed
mechanism and toxciological information available about the fate of microplastics in
the human body following ingestion of the polymeric particles through
contaminated food consumption.
In the last years toxicologists have argued that ingested microplastics (from
food consumption) may accumulate and extert localized particle toxicity (from
leaching chemicals and adsorbed environmental pollutants. Chronic exposure can be
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more important and dose dependent, but a robust evidence-base of exposure levels
(particularly from seafood) is currently lacking. 100 Microplastics can undoubtedly be
hazardous to human health due to toxicity of associated chemicals or as a
consequence of particle toxicity, the extent to which microplastics in individual food
products and beverages contribute to hazardous levels is debatable. Another line of
argument argues that considering the enormous use of plastic materials in our
everyday lives, microplastics from food products and beverages likely only constitute
a minor exposure pathway for plastic particles and associated chemicals to
humans.101
The ecological impacts of microplastic pollution is a global problem and only
now is recognised in all dimensions. But seafood safety and consequently human
health are more complex problems of toxicological concern. Human can be exposed
on a daily basis to microplastics from various uses of plastic products and through
breathing polluted air. It is of concern that information on the occurrence and levels
of exposure to microplastics from plastic products (utensils, furniture, textiles) is
scarce, exposure levels are in general largely unknown, and the potential effects on
consumers are poorly understood. Additionally, scientists are concerned that
understanding the processes and toxicological mechanisms involved in the entry and
assimilation of microplastics in human tissues and their potential effects on human
health is a priority research area and should be explored urgently in the near
future.102
`

A recent study (2018) measured the presence of microplastics in seawater

and mussels (Mytilus edulis) from coastal waters of the United Kingdom (UK)., as
well as supermarket sources. Seawater samples taken from 6 locations displayed
3.5 ± 2.0 microplastic debris items/L. Analysis in wild mussels sampled from 8
locations displayed 0.7 to 2.9 items/g of mussel tissues. Analysis of mussels from UK
supermarkets, displayed microplastics in pre-cooked mussels (1.4 items/g) compared
with mussels supplied live (0.9 items/g). Scientific conclusion: The microplastic levels
detected in the supermarket bought mussels present a route for human exposure
and suggests that their quantification be included as food safety management
measures as well as for environmental monitoring health measures.103
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Other scientists emphasized the fact that more than 600 marine species have
been investigated with microplastic particles in their digestive tract and tissues at
different trophic levels. Also, the porous surface of microplastics facilitate the
sorption of pollutants from seawater. But research is lacking on the bioaccumulation
factors for higher trophic organisms and impacts on wider marine food webs remain
unknown. At present there are few studies that have attempted to track the fate of
microplastics and mixed pollutants through a complex marine food web using
environmentally relevant concentrations to identify the real level of risk.
Toxicologists argued that there has been no attempt to understand the transfer of
microplastics and associated pollutants from seafood to humans and the
implications for human health.104
Another recent study (2018) made a more complex risk assessment. First,
researchers assessed microplastic amounts of contaminated mussels (coast of
Scotland) and risk to humans via consumption of these mussels. Second, they
determined the potential exposure of humans to household dust fibers (in the air)
during a meal to compare with amounts of microplastic present in edible mussels.
The comparison, established that the risk of plastic ingestion via mussel consumption
is minimal when compared to fibre exposure during a meal via dust fallout in a
household.105

Food and Agriculture Organization (FAO) on microplastics
(Global Oceans Action Summit for Food Seciurity and Blue Growth).
One of the recommendations of the Global Oceans Action Summit for Food
Security

and

Blue

Growth

(22

to

25

APRIL

2014)

(http://www.

globaloceansactionsummit.com/) to the Food and Agriculture Organization of the
United Nations (FAO, Rome), The International Maritime Organization (IMO, London)
and the United Nations Environment Programme (UNEP, New York) initiated work
together with the Group of Experts on the Scientific Aspects of Marine
Environmental Protection (GESAMP, scientific advisory body of the United Nations.
With experts in a range of disciplines relevant to marine environmental protection) to
improve the knowledge base on microplastics in the marine environment and
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provide policy advice on this topic. As a result, UNEP approached GESAMP, FAO and
other partners with a proposal to contribute to the global assessment on sources,
fate and impacts of microplastics on the marine environment and resources with
funding provided by the Government of Norway.106
The summary of the conclusions of experts was “ …. Adverse effects of
microplastics ingestion have only been observed in aquatic organisms under
laboratory conditions, usually at very high exposure concentrations that exceed
present environmental concentrations by several orders of magnitude. In wild
aquatic organisms microplastics have only been observed within the gastrointestinal
tract, usually in small numbers, and at present there is no evidence that microplastics
ingestion has negative effects on populations of wild and farmed aquatic
organisms…”
“….In humans the risk of microplastic ingestion is reduced by the removal of
the gastrointestinal tract in most species of seafood consumed. However, most
species of bivalves and several species of small fish are consumed whole, which may
lead to microplastic exposure. A worst case estimate of exposure to microplastics
after consumption of a portion of mussels (225 g) would lead to ingestion of 7
micrograms (µg, 10-6 g) of plastic, which would have a negligible effect (less than 0.1
percent of total dietary intake) on chemical exposure to certain PBTs (persistent
bioaccumulative toxic substances) and plastic additives….. “
“….Microplastic contamination of aquatic environments will continue to
increase in the foreseeable future and at present there are significant knowledge
gaps on the occurrence in aquatic environments and organisms of the smaller sized
microplastics (less than 150 µm), and their possible effects on seafood safety.
Currently there are no methods available for the observation and quantification of
nanoplastics in aquatic environments and organisms…”
“….Microplastics have been recorded in twelve out of the twentyfive most
important species and genera that contribute to global marine fisheries. Therefore,
they pose an emerging food safety concern because the toxicity of plastic and its
components (polymerized monomers, additives and, possibly, adhered contaminants
from the oceans) has not been evaluated by relevant international expert scientific
committees such as the Joint FAO/WHO Expert Committee on Food Additives (JECFA).
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Some plastic monomers are known to be carcinogenic or toxic if ingested; however,
during polymerization they become less toxic. Many plastic additives are suspected
to be endocrine disrupters, and toxic contaminants sorbed by plastics can be released
and bioaccumulate in the environment….” 106
The FAO Aquaculture Newsletter (Sept 2017) summatised the opinion of
experts “….Plastic contamination in the oceans and inland waters is a serious
problem affecting not only the aquatic environment but also humans. Consumers
should be aware that according to the current state of knowledge on the toxicity of
microplastics, the risk associated with the consumption of fishery and aquaculture
products contaminated with microplastics is negligible and their benefits are known
to be numerous. Nonetheless, preventive and corrective measures should be taken at
international, governmental and consumer levels to evaluate the toxicity of common
polymers, to reduce plastic use and encourage the use of alternative materials,
recycling and the adoption of sustainable practices in using plastics and managing
plastic pollution….”.107
Microplastics as food contaminantsare not currently regulated by the
European Union legislation. Some initiatives have been directed to limit the use and
distribution of primary microplastics in many countries. For example, the USA has
banned the manufacture of microplastics products from July 2018 and will forbid the
sale of products containing microplastics by 2019 (Microbead-Free Waters Act,
2015). The international trend is to regulate the occurrence of microplastics in food
and environment. However, there are still several knowledge gaps that need to be
covered to allow the performance of a realistic risk assessment of microplastics in
foodstuff and to enable the establishment of adequate regulations. The European
Food Safety Authority (EFSA) has comprehensively reviewed existing literature on
the topic of microplastics and nanoplastics and found there are insufficient data on
the occurrence, toxicity and fate (after digestion) of these materials for a full risk
assessment.108,109
In the last two years there were many reviews on the subject of seafood
safety. A recent review (2018) on microplastic pollution and seafood safety argued
that evidence regarding microplastic toxicity and epidemiology is emerging, but
there are gaps in scientific knowledge for the safety of seafood consumed by
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humans. More research on the subject is considered a critical priority dues to
nutritional importance of seafood consumption.110
Another review (2019) summarizes the recent literature on microplasticv
impacts on aquatic organisms in an attempt to link routes of uptake, possible
alterations of physiological processes, and outcomes at different levels of biological
organization. Emphasis in this review is given to emerging threats posed by leaching
of plastic additives, many of which have endocrine disruption potential and the
potential role of microplastics as substrates for microorganism growth and vehicle
for pathogen spreading.111
The well known scientific journal Scientific American devoted recently a
three-part series that examined our growing understanding of the scope and impacts
of microplastics pollution. Despite the strong evidence that microplastics are
widespread in some scientists say the focus on microplastics in humans might be
missing a larger point: People are continually exposed to plastic food and beverage
containers,textiles and other plastic items, which could be a much bigger source of
at least the chemicals added to plastics. The potential exposure to microplastics
hasn’t stopped from eating seafood, however. Some scientists argued that to the
best of our knowledge the benefits from using plastics in our everyday life and
activities outweigh the costs in health risks.112
The European Food Safety Agency (EFSA) has identified major data gaps with
respect to microplastic exposure and health effects potentially associated with the
oral uptake of such particles. The scientific literature search by EFSA indicated that a
very small fraction of particles not exceeding a size of 1.5 µm may cross the
mammalian intestinal barrier to be subsequently distributed to other tissues.113
In a recent paper (2017), the analysis of microplastics found the uptake of 5
µm--20 µm polystyrene (PS) particles in mice and have monitored exposureassociated consequences with a focus on energy and lipid metabolism. The study
conclude that data suggest widespread health risks of exposure to microplastic
particles.114 A recent paper concluded that despite the toxicological facts about
microplastics there is a number of critical issues to support the data for the
estimation of gastrointestinal microplastic uptake and potential health risks
associated with the oral uptake of microplastics. The review supports that further
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research is needed to close existing knowledge gaps on microplastic uptake and to
allow for a proper assessment of possible health risks to humans. 115
In January 2019, a European scientific advisory committee of the Science
Advice for Policy by European Academies (SAPEA), published a 173-page metaanalysis of existing studies concluding that microplastics do not pose a widespread
risk to the environment and human health. The analysis finds only isolated locations
around the globe where concentrations of microplastics in sediments and water are
so high that they could present a concern to human health. The group in the report
acknowledges that its conclusions are based on a series of assumptionts.116
Lack of evidence for risk from microplastics does not mean there is no risk. says
The group of SAPEA acknowledges that its conclusions are based on a series of
assumptions. Measurement methods currently available have limitations. SAPEA also
concludes that the situation could change if pollution continues at the current rate.
Scitists concluded that risks posed by microplastics could become widespread by
2060.117

Conclusions
Synthetic polymers are manufactured in millions of tons every year and are the
most essential materials in the modern society. Although polymer production has
changed the everyday life worldwide and provided a great variety of materials with
amazing properties, polymer waste increased dramatically. On average 8-12 million
tons of plastic waste (mostly of it single-use varieties), find its way into the world’s
oceans from coastal regions. Synthetic polymer fibers, textiles and clothes make
their way into freshwater systems via washing machines. The result is that plastic
waste break down into small pieces, microplastics, that have now spread all over
the planet. Scientists have raised the alarm for many years that microplastic debris
in aquatic ecosystems has become a serious global pollution issue because of their
ubiquitous presence in freshwater and marine environments. The abundance of
toxic microplastics, combined with their small size and subsequent association with
plankton in seawater, allows for direct ingestion by aquatic biota at different trophic
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levels. A large number of investigations proved that microplastic particles cause
direct toxicological problems when ingested, and exacerbate toxicity by the presence
of toxic additives or adsorbed chemicals from the polluted aquatic environment.
Inevitably, the next question is the human health risk from the consumption of
seafood containing microplastic contaminants. The risk of microplastic ingestion is
reduced by the removal of the gastrointestinal tract in most species of seafood
consumed. However, most species of bivalves and small fish are consumed whole,
which may lead to microplastic exposure. But as some scientists suggest, lack of
evidence for human health risk from microplastics does not mean there is no risk.
There is support among environmentalists and toxicologists that further research is
needed to close existing knowledge gaps on microplastic uptake and to allow for a
proper assessment of possible health risks to humans.
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