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Abstract: There has been a virtual explosion of research on microplastics. Every week new articles
are published in scientific journals. However, not all of them are original or important. Dozens of
papers come out monthly that report the number of microplastic particles found in some water body,
but they cannot be compared because there are no standardized methods for collection or analysis.
However, it has become clear that collecting microplastics with nets misses most of the
microplastics, since microfibers, which are by far the most abundant type when whole water samples
are analyzed, pass through nets. These microfibers are derived primarily from synthetic clothing via
wastewater from washing machines. Another common study documents that some species consumes
microplastics. It seems that every animal studied eats them; it would be of greater interest to find one
that does not ingest them. Although animals consume them, few studies have examined how soon
and how many are egested. Most may pass through the gut without causing any noticeable effects.
This is an important area to study. Microplastics are considered vectors for transferring contaminants
to animals and up the food chain, but few studies demonstrate this with realistic scenarios such as
providing the animals some “real” food and time to egest. Effects attributed to microplastics may be
symptoms of inadequate nutrition or a clogged digestive tract. It is also important to learn how much
of the adsorbed contaminants the gut can desorb during the time that microplastics are passing
through. Future feeding studies should not use spherical microplastics which are rare in aquatic
environments but should use primarily microfibers which are the predominant shape found, provide
real food, and allow time for egestion to occur. Other research needs include additional studies on
soil and terrestrial biota and developing ways to modify the manufacture of textiles to shed fewer
microfibers.
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1. Introduction

While plastic items like bottles, bags, and balloons are highly visible litter and well-known as
ugly eyesores and hazards to wildlife, there is another form of plastic that is generally not visible but
is far more numerous and may be equally or more hazardous in the environment. This is
microplastic, small pieces ranging from 5 mm in size down to microscopic. Microplastics are
categorized as primary microplastic — that which was always tiny, and secondary microplastic-which
results from the fragmentation of larger pieces. As with larger pieces, microplastics represent a
variety of different polymers, such as polyethylene, polystyrene, etc. They are found in a variety of
shapes, including spheres, fragments, films, and fibers. In the past decade there has been a great
amount of study on microplastics — where they come from, where they are found, how organisms
interact with them, and what effects they may have on the organisms and the ecosystem. Most of
these studies have focused on the marine environment since that is where they were initially
detected, but they have subsequently been found to be abundant in freshwater and terrestrial
environments as well. This review examines the research, emphasizing aquatic environments, and
suggests avenues for improving future research.

2. Counting microplastics in the environment

Perhaps the most common type of study is one in which researchers count the number of
microplastic (MP) particles in their nearby stream, river, estuary, ocean, or lake. Results are
consistent: microplastics are found everywhere they are sought, including the deep-sea
trenches [1,2], freshwater lakes [3] drinking water [4] outdoor and indoor air [5,6] including remote
mountaintops [7] and soils [8]. Thus, it has been adequately demonstrated that MPs are ubiquitous,
and it is not necessary to count them in all water bodies. Furthermore, since there are no standardized
methods or protocols, it is not possible to compare concentrations in one locality to those in other
places or to examine trends over time.

Some researchers count them under a microscope while others use sophisticated chemical
analysis such as GC-MS (Gas chromatography-mass spectrometry), Raman Spectroscopy, or Fourier
Transform Infrared (FTIR) spectroscopy and can delineate the relative amounts of different plastic
polymers. Both FTIR and Raman spectroscopy are used for the quick detection of MPs including
microfibers. While counting particles under a microscope is useful and appropriate for citizen
science projects and educational programs, perhaps it is no longer appropriate for journal articles,
particularly because this method has a very high error rate [9] and can easily confuse plastic
microfibers with cotton ones. GESAMP [10] has recently released a report about methods for
sampling plastics, including recommendations.

MPs are found in the air, in “fallout” from the air and in the soil; they clearly are present in
terrestrial as well as aquatic environments, partly because sewage sludge is often applied on land.
There has been little attention paid to their occurrence in the air [11], but in urban air they have been
found to be predominantly microfibers from synthetic textiles [12]. It is therefore important to
investigate intake via inhalation by terrestrial animals including humans. Since MPs alter the
physical properties of soils [8] it is important to investigate uptake by and effects on soil biota. In an
early study, it was found [13] that they have transient effects reducing germination in seeds of
Lepidium sativum.
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Recommendations: Rather than continuing to use microscopes to count numbers in additional
water bodies, we should use chemical analysis to learn chemical composition. Standard methods for
collection and analysis are greatly needed to enable comparisons. More study of MPs in air and soil
IS needed.

3. Collecting methods

The numbers of MP found in the counting studies are highly dependent on the method used for
collecting the samples. While some researchers use plankton nets (e.g. bongo, manta) to sample the
surface layers of the water, those who examine whole water samples obtain very different results.
Long thin MPs, namely microfibers, tend to go through holes in nets (as do long thin phytoplankton).
Rocha-Santos and Duarte [14] evaluated various sampling methods and approaches. Samples from
net collections show microfibers to be much less abundant than in whole water samples. Green et
al. [15] reported that manta, bongo and plankton nets may underestimate concentrations of
microplastic fibers by three to four orders of magnitude compared to grab (whole water) methods. A
meta-analysis [16] found “average sample composition in the water column was 52% fibers,
followed by 29% fragments, with other particle morphologies including beads/spherules, films,
foams, and others making up only a small proportion” Carr et al. [17] found that over 80% of the
MPs in the ocean and freshwater were fibers, and Constant et al. [18] indicated that microfibers were
the dominant form of beached MPs.

Browne et al. [19] found that microfibers, an important component of MPs in sediments, were
derived from clothing via wastewater from washing machines. Proportions of polyester and acrylic
fibers used in synthetic clothing resembled those in habitats receiving sewage effluent. Experiments
sampling wastewater from washing machines found that a single garment can produce almost 2000
fibers in a single wash. It is estimated that in a single laundry wash, approximately 121,465 acrylic,
82,672 polyester, and 22,992 poly-cotton microfibers are released into the ocean
(https://www.vox.com/the-goods/2018/9/19/17800654/clothes-plastic-pollution-polyester-washing-
machine). IUCN [20] reported on the sources of the microfibers and found that two-thirds of the
releases were due to the laundering of synthetic textiles, and to the erosion of tires while driving. The
third important contribution was city dust. Personal care products accounted for only 2% of the
global release of primary microplastics to the ocean.

Recommendations: In order to get representative samples from aquatic environments, grab
(whole water) samples are required rather than nets.

4. Analysis of different polymers

Some types of polymers tend to float, and others are denser and tend to sink, so collecting from
surface waters does not give a representative sample of the different types of polymers present. Since
MPs differ in chemical composition, size, shape, color, density, and effects on biota, they should be
regarded as a suite of contaminants, somewhat comparable to metal pollutants, and samples should
be characterized that way [21]. Microfibers from clothing, the most abundant type of MP in the water
(e.g. polyester and acrylic), tend to sink rather than float [22], as all MPs found in deep-sea
organisms were fibers.
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5. Uptake: ingestion by biota

Ingestion has been reported in marine mammals, birds, fishes, macroinvertebrates and plankton.
Almost as common as papers documenting the numbers of MPs in a body of water are papers
demonstrating that some species of aquatic animal consumes them. Most of the plastics found inside
animals in the field are microfibers, which may reflect the relative abundance in the environment, or
perhaps that they are not egested as readily as other shapes [23].

Some papers go beyond merely reporting that “species X eats microplastics” and investigate
why. Ory et al. [24] compared MPs and planktonic organisms in surface waters and as food of
Amberstripe scads (Decapterus muroadsi) along the coast of Rapa Nui (Easter Island) to see if fish
ingest MPs resembling their natural prey. Eighty percent of the fish ingested mainly blue
polyethylene fragments similar in color and size to the blue copepods they normally consume,
suggesting that these fish select floating MPs that resemble their natural planktonic food.

Some studies indicate that the bacterial microfilm around the particles is what makes them
attractive to consumers [25]. This would at least provide a little nutrition to the animal. Other studies
suggest that the attractant for corals is the plastic itself rather than the biofilm [26]. Since the biofilm
may concentrate metal pollutants [27] and toxin-producing microbes e.g. Pfiesteria piscicida [28], it
may be a source of toxicity as well as nutrition to consumers.

Figure 1. Factors that could influence the bioavailability of microplastics to zooplankton.
Reprinted from Botterell et al. [29]. Open source publication, no permission required.

Botterell et al. [29] reviewed the bioavailability and effects of MPs on marine zooplankton. They
found that ingestion had been seen in 39 zooplankton species, most of which were studied in the
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laboratory. They emphasized the importance of physical differences (size, shape, type, age, and
abundance) of microplastics in determining their ingestion (Figure 1). They recommend that future
research should use MP types more representative of what is in the environment and in comparable
concentrations. In another interesting study de Orte et al. [30] exposed both bleached (without algal
symbionts) and control (with algal symbionts) sea anemones (Aiptasia pallida) to microfibers of
nylon, polyester and polypropylene. The microfibers were introduced either alone or mixed with
food (brine shrimp homogenate). When offered without shrimp, more nylon was ingested than other
polymers but when offered with shrimp, over 80% of the anemones took up all types of polymers.
Retention time differed between symbiotic and bleached anemones with faster egestion in anemones
with symbionts. This shows that ingestion of microfibers by anemones depends on the polymer and
the presence of chemical cues from prey. The reduced ability of bleached anemones to egest
microfibers indicates that susceptibility to plastic is increased by prior exposure to other stressors, in
this case elevated temperatures which trigger bleaching. These are all topics of research worth
pursuing.

It is important to note that surface-dwelling organisms are more likely to encounter and consume
polystyrene, polypropylene, and polyethylene which are less dense than seawater and float, and that
animals living deeper are more likely to encounter denser plastics such as polyethylene terephalate
and polyvinyl chloride [31].

What is missing in most ingestion studies, however, is investigation of how soon the plastics are
egested, and what percent are, in fact, just “passing through” the animal. Most MPs found in
animals’ guts are fibers and fragments [32], while only a small proportion are beads. Fibers could be
most numerous because their ingestion reflects environment composition and/or because fibers may
not be egested as efficiently as other particles. There are numerous laboratory studies on ingestion
but few on egestion, particularly at concentrations resembling those in the environment. It may be
that some shapes (e.g. spheres) are more likely to pass through easily and rapidly, while fragments
with sharp edges are more likely to damage tissues, and fibers are more likely to form tangles and
clog up the digestive system. However, Grigorakis et al. [33] found rapid gut clearance of both
microspheres and microfibers by goldfish. Besseling et al. [34] found that lugworms (Arenicola
marina) completely egested all consumed microplastic particles overnight. However, Setdld et
al. [35] found that the clam Scrobicularia plana took over a week to clear all consumed microbeads.
Similarly, field-collected crustaceans Nephrops norvegicus retained plastics in their guts for over two
weeks [23]. The degree and rate of egestion will depend on the shape, size, etc. of the MP, as well as
the length, and complexity/morphology of the digestive tract of the animal. Studies incorporating
egestion are of more interest than papers reporting ingestion by one more species.

Mussels and other filter-feeding bivalves reject undesirable particles during or immediately after
capture by means of pseudofeces that are egested before being swallowed. In experimental feeding
studies, most microfibers (71%) in mussels were found in the pseudofeces at all experimental
concentrations [36]. Another 10% were found in feces after passing through digestive system [36]. Li
et al. [37] found that in bivalves, PET plastics were taken up much more than other polymers, and
that microfiber sizes of 100-250 um were taken up much more than either smaller or larger sizes.

What is also missing from most exposure studies is the examination of another route of uptake,
namely respiration. There are very few papers examining gill uptake. Watts et al. [38] found that
exposure to polystyrene microspheres (8 um) with different surface coatings had transient effects on
branchial function of shore crabs, Carcinus maenas. Microspheres inhaled into the gill chamber had
a small but significant effect on oxygen consumption after 1 h of exposure which returned to normal
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levels after 16 h. lon exchange was also affected, with a small but significant decrease in hemolymph
sodium ions and increase in calcium ions after 24 h. To examine effects on osmoregulation, they
subjected crabs to reduced salinity but the response to osmotic stress was unaffected by plastic
concentration. Lu et al. [39] examined uptake and tissue accumulation of polystyrene microplastics
(PS-MPs) in zebrafish and found that after 7 days of exposure, 5 um diameter MPs accumulated in
gills, liver, and gut, while 20 pm diameter MPs accumulated only in gills and gut. Histopathological
analysis showed that both 5 pum and 70 nm (nanometers) PS-MPs caused inflammation and lipid
accumulation in the liver. PS-MPs also increased the activities of the enzymes superoxide dismutase
and catalase, indicating oxidative stress was induced. Since uptake by gills is passive, it may be as
common as ingestion, and is worth considerably more study in more organisms, using microfibers,
and not just spheres. In addition, the findings of MPs in air should prompt inhalation studies in
terrestrial animals.

Recommendations: Rather than reporting that another species consumes MPs, researchers should
examine what attracts them to the MP, which chemical type and shape of MPs are preferred by
different organisms, and rates of egestion. Researchers should not continue to focus on microspheres,
which are rare in the environment, but use representative shapes, primarily microfibers. Research
into respiration as a mode of intake is greatly needed in both aquatic and terrestrial environments.

6. Moving out from the digestive tract to tissues

It is important to study to what degree MPs can move out of the digestive system into other
tissues rather than being egested. Field-collected anchovy, Engraulis encrasicolus, were found to
have MPs, primarily polyethylene, in their livers [40]. There are relatively few laboratory
observations of MPs moving out from the digestive tract into tissues. D. magna exposed to
fluorescent polystyrene spheres appeared to show translocation across the gut epithelial barrier [41].
However, when this study was repeated, Schir et al. [42] demonstrated that the fluorescence in D.
magna resulted from leaching of the fluorescent dye rather than the transport of MPs through the gut
wall. Crabs exposed to 0.5 mm spheres showed translocation to the hemolymph, gills, and
ovary [43]. However, it seems likely that some of the MPs in the crab gills got there directly from the
water rather than translocating from the digestive tract. Both of these laboratory studies used spheres.

Recommendations: Most of the attention was originally on microspheres, but now that it is
understood that they comprise only a small percentage of MPs in the environment future studies
should use environmental mixtures (microfibers primarily) that reflect environmental concentrations
of the different shapes. More definitive studies on translocation of MPs from the gut into tissues in a
variety of organisms are needed.

7. Trophic transfer

In laboratory studies, copepods (Eurytemora affinis) and polychaete larvae (Marenzellaria sp)
ingested fluorescent polystyrene microspheres and subsequently passed them on to mysids which
consumed them [36]. The blue mussel, Mytilus edulis took up green fluorescent polystyrene
microspheres, before being fed to shore crabs (Carcinus maenas). Particles were subsequently
detected in the hemolymph, stomach, hepatopancreas, ovary and gills of the crabs [43]. The
microspheres in the crab hemolymph were 0.04% of the amount to which the mussels were exposed.
Microspheres were also found in the stomach, hepatopancreas, ovary and gills of the crabs,
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decreasing over the trial period. Brown mussels (Perna perna) were fed polyvinylchloride (PVC)
microspheres and then fed to the fish Spheroides greelyi, and to crabs, Callinectes ornatus [44]. The
plastics were transferred to the predators. Thus, transfer up the food web has been demonstrated in
the laboratory, but in these studies, prey organisms were fed only MPs and then fed to predators prior
to egestion; then MPs were measured in the predators prior to any egestion. This sort of experimental
design is not realistic.

Recommendations: Studies are needed to quantify to what degree MPs of different types, sizes,
and shapes can be transferred from gut to tissues of animals and then through the food web. In such
laboratory studies, MPs should be combined with “real” food and time should be provided for
egestion.

8. Effects

The degree and type of effects that MPs can have in an organism may depend on polymer type,
size, shape, concentration, and adsorbed chemicals. Because of physical and biological processes,
such as aggregation and biofouling, plastic particles on the bottom may greatly exceed the number in
the water column and pose a greater risk to benthic fauna. However, most of the studies of effects
have focused on pelagic organisms so there is need for more study of benthic organisms [45]. In their
review [45], Haegerbaeumer et al. recommended more studies on freshwater organisms, on
meiobenthic organisms in both marine and freshwater environments, and studies on MPs whose
polymer composition, shape, surface properties, and exposure routes reflect those in the natural
environment. They also recommended long-term studies of multiple species (model ecosystems) for
greater ecological relevance.

Studies on soil organisms are also ongoing, which will be mentioned only briefly. The most
abundant type of MP found in soils was microfibers, which were transported to deeper layers [46]
and eaten by earthworms Lumbricus terrestris [47]. L terrestris in high concentrations of MPs
showed lower cast production and altered gene expression [48], lower growth rate and higher
mortality [49].

Some MPs have been found to adversely affect organisms at concentrations above
environmental levels. Green et al. [50] exposed mussels (Mytilus edulis) to high concentrations of
polyethylene fragments and noted that the number of byssus threads produced was decreased as well
as their attachment strength. In many studies, clean spherical particles are used, rather than fibers or
weathered fragments. In amphipods, ingested MPs can block the digestive tract and thereby reduce
the amount of food they can eat [51]. Microfibers were more damaging than other types of
microplastics possibly because they remained in the gut longer [51]. Jovanovic et al. [52] found that
microfiber ingestion by small fish can block the digestive system, interfere with feeding, and change
the animal’s behavior. While Jovanovic et al. [52] used microfibers, many other studies use sizes,
morphology, and/or concentration of microplastics very different from those in the environment. In a
study that used environmentally relevant levels of polyethylene MPs and two bivalve species, Bour
et al. [53] found changes in energy reserves in the clam Ennucula tenuis, in which total energy
decreased in those exposed to the largest particles (125-500 um). While changes in energy were not
seen in the clam Abra nitida, protein content decreased in individuals exposed to the largest particles,
at all concentrations. When microbeads and microfibers were compared for toxicity to Daphnids,
fibers caused greater adverse effects than beads [54]. Scanning electron microscopy showed
deformities in the carapace and antenna after exposure to fibers but not beads. This study showed
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that fibers pose a greater risk to Ceriodaphnia. dubia [54]. Foley et al. [55] performed a meta-
analysis of impacts of exposure to MPs on feeding, growth, reproduction, and survival of fish and
aquatic invertebrates. They observed some negative effects for all four categories of responses, but
many of the effects were neutral, indicating that effects of exposure are highly variable across taxa.
The most consistent effect was a reduction in consumption of natural prey when MPs were present.
This effect would be expected if animals preferentially consume MPs. For some taxa, negative
effects on growth, reproduction and even survival were seen. Organisms that are prey to larger
predators, e.g. zooplankton, were thought to be particularly susceptible to impacts of MP pollution.

Recommendations: Rather than continuing to test clean microbeads, researchers should ideally
test fibers, fragments, and beads of appropriate size ranges simultaneously in the appropriate
proportions, and at concentrations near what occur in the environment. Furthermore, rather than
feeding plastics with no food future studies should add MPs to food. When animals are not given
food, observed effects might be attributed to microplastic intake but may in fact be due to lack of
food, i.e. starvation.

9. Toxicological effects

There are two types of chemicals of concern in MP toxicity studies: (1) the chemicals in the
plastic itself, including the PAH (polyaromatic hydrocarbon) polymer plus additives such as
phthalates, flame retardants, pigments, stabilizers or BPA (bisphenol A ), and (2) the environmental
chemicals that adsorb onto the plastic, such as PCBs (polychlorinated biphenyls), metals, and PBDESs
(polybrominated diphenyl ethers). The high surface/volume ratio and small size of MPs allow
substantial amounts of many environmental chemicals to adsorb onto them, but polymer type
determines the degree of adsorption [56-58]. Many of these chemicals can be toxic, carcinogenic,
mutagenic or endocrine disruptors.

Some of the additive chemicals can leach out from MPs. The leachate from the raw resin pellets
used in manufacture of plastic products was found to affect anti-predator behaviors of periwinkle
snails [59] but the snails responded differently to virgin vs beached pellets. It is likely that the virgin
plastic leached out plastic additives, while the beached older plastic leached out adsorbed chemicals
such as persistent organic pollutants, PAHs and metals, a more complicated mixture of contaminants.
In contrast, no toxicity was observed for extracts of virgin MPs on embryos of the medaka (Oryzias
latipes) regardless of the endpoint [60] while extracts of virgin MPs coated with 250 pg g~' of B[a]P
(benzo [a] pyrene) induced lethal effects with high embryo mortality and low hatching rate, altered
swimming behavior, increase of EROD (Ethoxyresorufin-O-deethylase) activity, and DNA damage.

Since they attract environmental chemicals, it has been assumed that MPs act as a vector to
transfer these toxic environmental pollutants to animals. Wardrop et al. [61] indicated that ingested
microbeads can transfer adsorbed PBDEs (polybrominated diphenyl ethers) to the rainbow fish
(Melanotaenia fluviatilis). Lower brominated congeners had the highest assimilation while higher
brominated congeners did not transfer, indicating they may be too tightly adsorbed onto the plastic or
unable to be assimilated for other reasons. Beckingham and Ghosh [62] demonstrated uptake of
PCBs from microplastic in benthic worms, but the PCB uptake by worms was much greater from
sediments than from MPs. PCB uptake was 76% lower when the PCBs were associated with
polypropylene MPs, compared to sediment. The presence of MPs in the sediments had an overall
effect of reducing the bioavailability and transfer of the chemicals from MPs to sediment-ingesting
organisms.
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In the terrestrial environment, Hodson et al. [63] found that while very little Zn desorbed from
MPs in synthetic soil solution, there was greater Zn desorption from MPs in earthworm digestive
systems. Tourinho et al. [64] assessed the distribution of two PCBs and phenanthrene in the soil in
the presence of MPs using a mass balance model. The results showed a high variation among
chemicals and microplastic types. Overall, higher partitioning of chemical contaminants to MPs in
soil were predicted in comparison to aquatic environments. They reviewed many studies indicating
that the presence of MPs could either increase or decrease or not affect the toxicity of environmental
chemicals to soil organisms.

Batel et al. [65] found that in the laboratory benzo [a] pyrene was transferred from microplastics
to Artemia nauplii and from them to zebrafish, via trophic transfer. Most of these studies did not use
microfibers, and research is needed to ascertain which environmental chemicals may be more tightly
bound to MPs of certain shape and chemistry, and how quickly they could be desorbed in the gut.
Some laboratory studies report complete egestion in 24-48 hours, so it is important to learn whether
the plastic remains in the gut long enough for significant desorption of various chemicals. Perhaps
species with longer, more convoluted digestive systems retain plastics longer and are more likely to
desorb more. It could also depend on the chemistry within the digestive tract. For example, Bakir et
al. [66] found that acidic gut conditions facilitate desorption, but Bakir et al. [67] modelled the
transfer of adsorbed organic contaminants to a benthic invertebrate, a fish and a seabird, and
concluded that intake from food and water was the main route of exposure for phenanthrene, di(2-
ethylhexyl) phthalate (DEHP), and dichlorodiphenyltrichloroethane (DDT), with negligible input
from the plastic, and that contaminated MPs had a negligible impact on transfer to biota under both
relevant and worst case scenarios. It was recently found that the presence of polyethylene MPs can
reduce the acute toxicity of the synthetic pyrethroid bifenthrin to larvae of the midge Chironomus
tepperi [68]. The addition of MPs significantly reduced toxicity, probably because sorption of
bifenthrin to the MPs reduced its availability to the larvae [68]. Similar observations were made by
Wang et al. [69] with earthworms, Eisenia fetida, in soil, in which the presence of MPs decreased the
uptake of PCBs and PAHSs into the worms.

Therefore, available evidence that microplastics act as a vector of organic pollutants into
organisms is thus far inconclusive and probably depends on the pollutant, the MP type, and the
organism.

Recommendations: Treating animals with extracts is not a realistic scenario. It appears likely
that bioavailability of these chemical contaminants is greater from their natural food than from
ingested MPs which bind the chemicals tightly; these two sources of contaminants should be
compared. Studies should explore the possibility that MP types that clog up the gut and stay there
longer (e.g. fibers) are likely to have more time for chemicals to desorb. Research is needed to
examine the bioavailability of toxic chemicals from MPs lodged in respiratory organs, where plastics
may remain for longer time periods than in the gut. These are important questions to study. There is
also a need to use more microfibers instead of microspheres in such studies, reflecting the shape that
is most prevalent in the environment.

10. Research in other fields is needed to solve the problem

While environmental scientists focus on understanding in greater depth the environmental fate
and effects of MPs, scientists from other disciplines are needed to work to reduce the inputs of MPs
to the environment. Since it is best to focus such studies in fields that will make the most difference
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and microfibers are the most abundant MPs, work should be concentrated on reducing inputs of
microfibers from washing machines. Filters on washing machines may be a simple solution to reduce
the release of microfibers into the environment. A filter has been developed for washing machines
that traps most of the microfibers coming off clothing. A “Cora Ball” can be put into the washing
machine to capture fibers during the wash; however, it captures less than 30% of the microfibers.
The Lint LUV-R filter, however, captured an average of 87% of microfibers in the wash, and
significantly reduced the total weight and average length of fibers in effluent [70]. The Seabin
Project is trying to decrease marine pollution from MPs. They have designed a bag that can capture
MPs including microfibers. However, while it traps MPs of other shapes, the bag captures only 18%
of microfibers (https://seabinproject.com/seabin-project-tackling-microfibers-head-on/). This is
reminiscent of the poor success of plankton nets in catching microfibers from the water, as discussed
earlier.

Going back to the original source of the problem — synthetic textiles: not all synthetics release
the same amount of fibers, and it may be possible to re-engineer the way they are made so that they
won’t shed (as many) fibers when washed [71]. Almroth et al. [72] tested different types of fabrics
and found that all textiles shed, but polyester fleece fabrics shed the greatest amounts, averaging
7360 fibers/m %/L™* in one wash, compared with polyester fabrics which shed 87 fibers/m /L™
They found that loose textile constructions shed more, as did worn fabrics, so that high twist yarns
are to be preferred for reduced shedding. Zambrano et al. [73] found that cotton and rayon fabrics
also release microfibers when laundered but that those microfibers degrade in natural aquatic
environments, while plastic microfibers do not. Belzagui et al. [74] recognizing that there is no
consensus on the methodologies to quantify and report the results of microfiber detachment from
textile garments, evaluated microfiber detachment rates of various garments to provide a set of
comparable units to report the results. They found two different sources in the fabric: some are
microfibers that were already loosely entangled with the fibers' grid of the garments, the others are
microfibers that were ripped-off by the mechanical stress in the washing machine. They found that
the microfiber length decreased from the first to the third washing cycle and noted a strong
relationship between microfiber detachment and the textile’s density, as noted by Almroth et al. [72].
As one example of research to re-engineer fabrics, Pena-Francesch and Demirel [75] have found a
protein in squid suckers that enables tears in fabrics to heal, and thus reduces fiber shedding.

Recommendations: There is a need for textile scientists, polymer chemists, and materials
scientists to develop new ways of making fabrics so they will not shed (as many) fibers when
laundered. This will be an important way to reduce MP pollution in the future.

11. Conclusions

Environmental sampling-At this point, more studies counting numbers in shallow aquatic
samples, using nets to collect them, and counting them under a microscope are not needed to move
the field forward. More analysis of concentrations in mid-water and deep sediments in the ocean, in
air, and soils in various regions, including the abundance of different polymers, sizes, and shapes are
needed, viewing MPs as a suite of contaminants. There is an urgent need to develop standardized
methods so valid comparisons can be made.

Exposure studies-Additional reports documenting that other aquatic animals consume MPs are
not necessary. Future studies should examine ingestion and egestion rates, and what attracts different
species to eat MPs. Future studies examining soil biota (animals and plants) for rates of uptake from
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the soil, and studies investigating respiration as a route of intake, both in aquatic and terrestrial
animals are recommended. Since microfibers are the most abundant MP in the environment,
exposure and effects studies should focus mostly on them and not continue to use spheres.

Transfer out of the digestive tract into tissues-More studies are needed to quantify and document
rates of transfer to other tissues, using environmentally representative types and concentrations of
MPs.

Trophic transfer studies-There is a need for realistic studies that quantify transfer rates using
environmentally relevant concentrations and types of MPs, and which give both prey and predator
“real food” and adequate time for egestion.

Effects-Future studies should use different polymers and shapes and should give animals “real”
food in addition to MPs, so that symptoms of starvation are not interpreted as effects of the plastic.
Future studies should have measures that can be compared with one another (e.g. using dry weight).
Studies are needed on uptake and effects of MPs acquired through respiration.

Toxicology-Research is needed to learn what fraction of adsorbed chemical contaminants of
different types can be pulled off MPs during the time that they are traveling through digestive tracts
of different organisms. Future studies should examine the availability of environmental chemicals
desorbed from microplastics in respiratory organs.

Other types of research that are needed to solve the problems-While environmental scientists can
analyze the problems caused by MPs, other kinds of scientists are needed to develop ways of
reducing their release into the environment. Inexpensive attachments to washing machines that can
trap MPs can be improved, and research into polymer chemistry and materials/textile science is
needed to develop textiles that do not shed (as many) microfibers.
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