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contamination of seafoods are justified. Evidence indicates that —~ ,.;3;?

levels of PPs in seafoods are consistent with those of other foods A

and beverages and that human exposure to PPs is higher via indoor

air and dust than by ingestion of foods and beverages. While uncertainties remain, there is currently minimal evidence of dietary
toxicity of PPs and no consumption advisories for PPs. The levels of substances (e.g., toxic contaminants) associated with PPs that
may be released upon PP ingestion are often orders of magnitude below levels of toxicological concern. Overattention on PP
contamination of seafoods (>70% compared to all other foods combined) in scientific media communications is unjustified and must
be rebalanced to avoid misconceptions and loss of beneficial health effects of seafood consumption.
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ABSTRACT: Plastic particles (PPs; <5 mm diameter) are PLASTIC PARTICLE EXPOSURE
ubiquitous environmental contaminants, and concerns exist . . . . - L .
about their potential to impact human health negatively. Public ’ 5" W Y . . oL
perceptions about seafood contamination by PPs have been shaped L . ‘ o ;
by media communications rather than scientific evidence, and S e L om Y E e
these perceptions can inform behavior and public policy et o ", ot e ‘
inappropriately. Our objective is to challenge perceptions with .
evidence and to discuss the extent to which concerns of PP <Q9> i - ? -

gl
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B INTRODUCTION either deliberately manufactured or resulting from environ-
mental fragmentation of larger pieces of plastics have been
classified by their size as microplastics (between 1 gm and S mmy;
MPs) or nanoplastics (<1 pm; NDs),’ although there is no
standard definition of MPs and NPs.” Absorption of PPs across
endothelia with distribution and accumulation within internal
tissues and organs is a prerequisite for direct toxic action of
particles in cells of internal tissues; however, simply the presence
of PPs in the lumen of the gastrointestinal tract (i.e., if PPs are
not absorbed) could negatively affect the digestive system
physiology without particle absorption. Numerous substances,
including chemical toxicants, have been found sorbed to MPs
collected from the environment,® ' and plastics can also
contain substances added during manufacturing (e.g., Pb)"" that
may pose a risk to health if these substances are released into the
body in sufficient amounts after particle ingestion."

The detection of PPs in food and beverages, their presence in
human tissues, and their effects in model systems are now widely

The presence of contaminants in seafood can affect consumer
perceptions of seafood quality and decisions about consump-
tion. Edible tissues of finfish and shellfish can accumulate
chemical contaminants, such as dioxins and methylmercury, and
lead to human exposure and risk of toxicity from these
substances.' Regulations and guidance [e.g, (EC) No. 1881/
2006]* have set maximum limits for certain contaminants in
seafood, and these limits impact processing, marketing, and
human consumption of these products. While these regulations
are evidence-based, reports of just the presence of a contaminant
in seafoods can affect consumer perceptions, even if exposure is
actually minimal. Plastic debris have emerged as a contentious
environmental pollutant with which seafood products, along
with many other foods and beverages, can become contami-
nated, and this has generated concerns regarding potential for
negative effects on human health.> However, given the beneficial
health effects of seafood,*” it is important that decisions about
consumption are based on accurate information on the presence
and impact of PPs on human health.

Because of their dimensions, particles, including plastic
particles (PPs), do not behave like dissolved chemicals, and
this has presented technical challenges for establishing critical
aspects of toxicology including exposure, absorption, distribu-
tion, tissue accumulation, metabolism, and excretion.® Small PPs
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reported in the public media. The inferences from some of the
scientific publications on which these reports are based are not
always commensurate with the evidence presented. This can
generate concerns and speculation that are not warranted, in
terms of risks to human health. The visible presence of plastic
debris in the environment and images of entanglement of
charismatic marine animals (e.g., birds and marine mammals)
impact public perception differently compared to other
contaminants.”® Seafood products were among the first foods
to be assessed for the presence of MPs. There were several
reasons for this, including the (not necessarily correct)
assumption that as aquatic species they would be exposed to
the highest levels of MPs in the environment and the relative
ease of the analysis of MPs in seafood samples."* This resulted in
many reports focusing only on seafood because information on
other foods and beverages as sources of MP exposure was
lacking. However, as information on the levels of MPs in other
foods and beverages is now becoming available, it is important to
put exposure via seafood into context with these, together with
their relative benefits, to facilitate consumer choice. Our overall
aim is to contextualize human exposure to PPs from seafood and
to provide perspective on the evidence for potential effects on
human health after ingestion. Specifically, the objectives are to
(1) examine science communication regarding exposure and
health risk of PPs from seafood, (2) assess the amounts and
characteristics of MPs reported in seafood products along the
supply chain and contextualize this relative to other food
products and sources of exposure, (3) consider the presence of
substances associated with PPs and the potential exposure to
these substances in humans upon ingestion of PPs, and (4)
evaluate the evidence of PPs and associated substances
regarding their bioavailability, absorption, tissue accumulation,
effects on digestive system physiology, and potential hazard
effects and risk to human health.

Communications and Perceptions of PP Exposure and
Health Risk from Seafood. Based on media reports there is a
view in the public that MPs pose a specific threat to human
health through the ingestion of seafood.”>™!” Indeed, as with
other hazards, people that receive negative communications
about MPs are found to have a higher risk perception associated
with MPs."® In their media analysis, Volker et al.'® showed that
the complex issue of MPs is simplified to provide a “storyline”
and they are often addressed as toxic, posing a risk to the
environment and human health. This pattern, also called
“concept of popularization”,"” is frequently observable in the
news media and pursued to tell recognizable stories.”” As
Henderson and Green' point out, these media frames reflect
societal values rather than scientific accuracy”' and aim at moral
engagement.””>’ Rather than explaining the uncertainty and
knowledge gaps, the findings in some scientific publications on
human exposure to MPs by ingestion of seafood and health risks
are reported as facts.'®

For many scientific issues, authors of some scientific
communications will speculate on the policy implications of
their findings, sometimes taking a precautionary view, but such
speculation is not always clearly distinguished from the scientific
evidence presented by those commenting on the publication.
The topic of seafood contamination and human health is no
exception. It is important that members of the scientific
community use risk terminology appropriately in scientific
communications.”* For example, the presence of PPs in food,
leading to titles of scientific publications that include “human
consumption”**® is often equated with risk in media
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communications. It is important to distinguish between the
laudable goal of seeking to reduce environmental contamination
by PPs and ensuring that consumers are provided with accurate
scientific information to enable informed decisions.

Reports of human exposure to PPs along with exaggerated
statements about potential implications for human health are
impacting human behavior and government policy. The
presence of PPs in fish and seafood is a notably powerful
narrative in shaping the public discourse about these
contaminants,'® and public perception that seafoods are a
prominent source of PP exposure has been reported in
numerous studies.">'*?” This perception has real impacts as
survey respondents in China’” and in the United Kingdom*"
indicated that they are inclined to consume less seafood; and the
presence of MPs in seafood is consistently raised as among the
greatest concerns to consumers.”” Due to the degree of public
attention and concern about MPs in seafood, government
agencies have commissioned reports and peer-reviewed
scientific articles’®™*° and issued panel statements such as
from the Panel on Contaminants in the Food Chain of the
European Food Safety Authority.’® Recently, the World Health
Organization (WHO) issued a report on human exposure to PPs
that highlighted current uncertainties in risks to human health."*
Despite a lack of evidence of human health effects, or
appropriate contextualization of PP exposure from seafood,
extrapolations from legislative texts on different aspects of PP
exposure have contributed to the narrative [e.g., the New
Zealand Waste Minimisation (Microbeads) Regulations
(2017):"" They (microbeads) can harm both marine life and life
higher on the food chain including humans]. While authoritative
reports on MPs in food underscore the need for further research
and caution, with few exceptions, exposure assessments have
perforce been very much centered on seafood ingestion, as there
have been little data on other sources. Evidence-based science
with appropriate inclusion of uncertainties and recognition of
knowledge gaps is necessary to foster transparent communica-
tions that are essential to maintain public trust in science.”®

Contextualizing PP Contamination of Seafood with
Other Foods and Sources of Exposure. While it is evident
that exposure to MPs in humans can occur from ingestion of a
wide variety of foods and beverages,”~*' and through breathing
both outdoor and indoor air,*' the majority (70%) of studies
have focused on seafoods (Figure 1). There are a number of
reasons for this, such as the early detection of MPs in the marine
environment in the first studies on the occurrence of MPs and
analytical practicality, but not because there is a specific reason
these sources should be prioritized by food safety authorities for
risk to human health (the information for such a determination
was lacking as there was no information about other sources of
exposure). Subsequent studies have shown PP contamination in
virtually all foods and beverages investigated including
chicken,*>* salt,** honey,45 alcoholic beverages,46 and
Vegetables.47 Further studies on the transfer of MPs in terrestrial
food chains leading to potential human exposure are
emerging,m’40 but such (terrestrial) studies are still under-
represented, causing an imbalance in the information available
to assess human exposure to MPs via ingestion from different
sources.

The presence of PPs in marine organisms within their natural
environment can be influenced by the biology and, particularly,
the feeding habits of the organism. Shellfish such as bivalves that
filter large volumes of water have the potential to accumulate
PPs and have consequently generated concerns for human
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Figure 1. Number of studies that reported the presence of microplastics
in different sources of human exposure. The systematic search of the
peer-reviewed literature was completed through Web of Science on
August 8, 2025. Search terms can be found in Table S1 (Supporting
Information). Note that the number of studies reflects the total unique
hits recorded for the specific search terms (and excludes replicates).

exposure because the entire soft tissue of the organism is
consumed.”® The most commonly consumed commercial
bivalves, mussels, oysters, clams, and scallops, have been
reported to accumulate MPs, either from the field or from
aquaculture sources, with concentrations from 0 to 10 MPs per
gram wet weight in mussels*” and from 0.033 to 7 MPs per gram
wet weight in oysters.’” Microplastics, mostly of sizes > 100 ym,
have also been detected in commercially important gastro-
pods,SJ and crustaceans, including crabs and prawns.52 Plastic
particles smaller than 100 gm have been reported less frequently
because of technical limitations regarding detection; however,
laboratory-based studies report that bivalves can ingest MPs <
100 pum™ as well as 20 nm-sized polystyrene NPs.”* Evidence
from wild caught organisms indicates that smaller size classes of
MPs can be dominant (in abundance) including in mussels, in
which MP sizes from 20 to 40 ym and from 40 to 80 um have
been found,*” and also in salmon®® and cod.*® It is evident that
concentrations of MPs in shellfish and finfish vary among studies
due to a combination of factors including levels of particle
contamination (e.g., bivalves from different locations),
challenges in techniques for particle detection and quantifica-
tion, and because of inadequate controls for PP contamination
(ie., false positives).*”*° Although shellfish ingest PPs, these
particles can be depurated when the organisms are placed in
clean water,”* a practice that is frequently employed by shellfish
fishers to remove mineral particulates (e.g., sand and grit) prior
to taking to market. In shellfish, it was estimated that depuration
significantly reduces MP concentrations in both wild and farmed
mussels by 47 and 29%, respectively,”® and in farmed oysters by
49-73%.°%

Reports of PP contamination of finfish indicate low
abundances within the gastrointestinal tract in some species
and even lower detection in skeletal muscles (i.e., fillets).*”>
While direct ingestion of MPs or consumption of prey that have
accumulated MPs can explain the presence of MPs within the
intestinal lumen of finfish,’"~®® deposition within fillets (as
opposed to false positives through subsequent contamination in
the laboratory) appears to be minimal and requires that MPs are
absorbed and transported by the vasculature to accumulate in
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skeletal muscle.”* Recent investigations using rigorous con-
tamination controls have documented MPs in the edible tissues
of less than 35% farmed and wild fishes, and, when detectable,
the average level was 4.5 MPs per 100 g fish fillet. Most particles
found were <100 um, but some larger particles did occur.*®
Across all investigations, the number of MPs reported per gram
of fish consumed is generally less than that of bivalves (indicated
above, 0—10 MPs/g) based on a systematic review and meta-
analysis.” The U.S. Food and Drug Administration advise a
maximum intake of 227—340 g of seafood per week (~50 g per
day) for pregnant mothers (www.FDA.gov/fishadvice).*®
Consumption by the rest of the population will likely be higher.
EESA (2016) used a figure of 225 g of mussels per day in their
exposure estimates. Based on the high end of the range of
contamination level of 10 MPs/g for mussels, these values will be
significant overestimates of MP exposure.14’36 EFSA (2016)°
estimated that ingestion of 225 g of mussels would lead to MP
exposure equivalent to 7 ug of plastic per day (assuming
ingestion of 900 particles with an average diameter of 25 ym and
a density of 0.92 g/cm3).

While PPs are widely reported to be present in the marine
environment, the procedures for capture, cultivation, processing,
shipping, marketing, and preparing seafood for consumption are
all highly dependent on plastic materials, and these are all
potential sources for PP contamination of seafoods. A relevant
consideration for contextualization is whether the procedures
for capture and processing of seafood are sufficiently different
compared to those for other foods to lead to greater concern for
PP exposure from seafood. Contamination of surrounding water
or sediment may contribute to the total PP exposure of both
farmed and wild seafood species.’® Plastic materials are used to
capture wild fish or used in aquaculture activities, including nets
and cages and could be sources of MPs upon material
deterioration in both freshwater and marine farms (e.g, as
reported for cultured oysters).”® Some aquaculture feeds have
been found to be contaminated by MPs,%” and the feedpipes
used to supply fish meal may generate MPs through mechanical
degradation.*®

Cultivation and processing of all food types occur in
environments that frequently contain plastics, and potential
PP contamination during processing is not limited to seafoods.
Habib et al.** reported PPs in market-purchased fish, chicken,
and meat originating from the plastic chopping boards used in
supermarkets, demonstrating that plastic utensils used for
processing may introduce MPs to food. Seafoods (and other
foods) are commonly displayed in shops in plastic containers,
covered in plastic wrap, and sold in plastic bags, all of which can
contribute to plastic contamination.”” During cooking and meal
preparation, commonly used kitchen utensils such as PTFE
coated pans, spatulas, bowls, and plastic chopping boards, as well
as cloths containing synthetic textile fibers can be sources of
MPs in food.”® Catarino et al.*® found a higher number of MPs
landed on a dinner plate from the atmosphere during a meal than
were originally present in mussels directly collected from the
field.

Human Exposure to MPs via Food. Although documenta-
tion of PP contamination among foods and beverages is far from
complete, and there is a lack of comparable information, it is
possible to place seafood contamination into some sort of
context with other sources of exposure. Recent models, based on
an updated review since EFSA 2016,*° have estimated a median
ingestion of MPs via shellfish consumption (molluscs and
crustaceans) of between 1 and 10 particles/adult/day.”" Plastic
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particle ingestion via water consumption is estimated to be
between 10 and 100 MPs/adult/day for tap water and around 10
particles/adult/day for bottled water.”" Salt, honey, sugar, beer,
and milk can also be sources of MP exposure with around 10
particles/adult/day each, which is similar to MP contamination
of seafood.”””' Contamination of 16 protein products
(seafoods, terrestrial meats, and plant-based proteins) showed
MP contamination of meats and seafood at <1 MP/g and that
products with higher levels of processing (e.g., breading of
products) led to greater numbers of MPs.”” Plastic particles can
be present in high numbers in agricultural fields and in cattle
feed meal,”” and contamination of meats by PPs through the
supply chain, processing, and cooking are unlikely to be different
than for seafoods given similar procedures and use of plastic
materials. Estimates of MP exposure indicate air is the major
source with 39000—52000 particles per year,” human stool has
been estimated to contain 20 MPs (50—500 ym) per 10 g,”* and
Wright and Kelly’® estimated that humans egest 20000—
1500,000 MPs per year.

Contextualizing the Major Sources of Human Exposure to
PPs. The major source of dietary exposure to MPs by humans is
estimated to be via fallout of airborne particles and dust
indoors.*””"797% Estimated rates of indoor dust ingestion range
between 2.2 mg/day for teenagers and 41 mg/day for toddlers o
and urban dust has been reported to comprise 33% MPs.”’
Plastic particle deposition (in dust traps) has been observed
during meal preparation,*® and of intake range from 100 to 1000
particles/adult/day, which is orders of magnitude higher than
estimated via seafood consumption (i.e., between 1 and 10
particles/day/adult).”>”" Furthermore, there is a significant
positive association between PPs in dust fallout and the amount
of textile per unit area of room, suggesting a higher exposure of
humans to airborne fibers in households where floors are
carpeted.”” Humans are also exposed to a multitude of other
particles deliberately added to their food, such as titanium
dioxide and silicon dioxide which can account for 40 mg/
person/day (in the U.K),” while MP ingestion represents in
total only 0.001% of these particles.”" Overall, the evidence
suggests that dietary exposure to MPs from the contamination of
food represents only a small fraction of the total human exposure
to MPs. The levels of MPs in seafood appear to be similar to
those in other foods and beverages, and a disproportionate focus
on seafood contamination by MPs as a source of exposure and
potential risk to human health would not appear to be
supported, at least in terms of risk mitigation.

Plastics and Associated Substances in the Context of
Seafood Contamination. The processes used in the
manufacture of plastics, the physicochemistry of the resulting
materials, and the environmental processes after release all
influence the nature of the PPs to which humans are exposed.
Approximately 80% of the plastics produced globally are made
up of six polymer types (polyethylene, polypropylene, polyvinyl
chloride, polyurethane, polyethylene terephthalate, and poly-
styrene), and during plastic manufacturing, substances [rem-
nants of catalysts, UV and oxidation stabilizers, colorants (dyes
or pigments), plasticizers, fillers, processing aids, and other
plastic polymers] are frequently added to influence plastic
properties. " Some plastic materials can contain high amounts of
additives, for example polyvinyl chloride can contain as much as
80% by weight of phthalates in some applications.®"®*
Historically there was little control of the additives in
commercial plastics, and these legacy plastics continue to be
present in the environment and can contain compounds that are
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now banned (such as various phthalate plasticizers and
bisphenol A (BPA)).*” These additives can be released from
plastics to varying degrees during the lifetime of the material
depending on conditions (temperature, chemical exposure, and
water) and additive type (e.g., Pb from polyvinyl chloride
pipe''). Indeed, there are thousands of substances connected
with the manufacture and use of plastics, and the toxicity of
many of these substances has not been investigated.”® Assessing
the hazard and risk to health of these substances is necessary;
however, it is important to distinguish this issue of plastics in
general with the topic of MP contamination of seafoods, in
which the concentrations of these substances are exceedingly
low and consistent with that of other food MP contamination
levels.

Considering the level of exposure to MPs via ingestion of a
seafood meal (i.e., 0.007 mg of plastic as estimated above based
on EFSA 2016)*° the amounts of substances associated with
plastics either during manufacturing or subsequently by sorption
from environmental sources can be estimated to indicate
potential exposure levels to these substances upon ingestion.
Substances (e.g., contaminants) that have been found sorbed to
MPs collected from the environment are detected at low
concentrations and complete desorption of these substances is
unlikely to occur upon ingestion. For example, Pb reached
sorption equilibria with MPs at <0.01 pug of Pb/(mg of plastic)
when MPs were collected from a metals contaminated
environment.” At this concentration, a 0.007 mg MP exposure
(i.e., mass of MPs estimated above to contaminate a 225 g
seafood meal) would contribute less than 0.0007 yg of Pb (if Pb
completely desorbed from the MP), which is considerably lower
than the maximum permitted levels for Pb contamination of
seafood (i.e., 300 pug of Pb/(kg of fish)) in the EU.**

Persistent organic pollutants (POPs) including polychlori-
nated biphenyls (PCBs), polybrominated diphenyl ethers
(PBDEs), and alkylphenols have been detected on MPs
collected from oceans (North Atlantic, South Atlantic, North
Pacific, and Indian), and the presence of these substances has
raised concern for effects on human health.'® However, the POP
with maximum reported levels was for total PCBs at 589 pg/mg
MP among numerous investigations of MPs collected from these
ocean samples,'® and this corresponds to 4.1 pg of total PCBs for
a typically sized seafood meal of 225 g estimated to contain
0.007 mg of MPs. Fish consumption advisories for PCBs are
based on the sum of dioxin-like PCBs (DL-PCBs), which are
<0.04% of total PCBs,” and coméputation of toxic equivalency
factors (TEFs) for the DL-PCBs.*>"” Accordingly, 4.1 pg of total
PCBs corresponds to 0.0016 pg of DL-PCBs and a 0.000008 pg
sum of dioxins [based on a TEF of 0.005 for PCB-126 (the most
toxic DL-PCB)***"]/(225 g seafood meal), which is orders of
magnitude lower than the maximum permitted sum of dioxins
and DL-PCBs value that would trigger a fish consumption
advisory in the EU.**

Contextualizing Effects and Risks of Ingestion of PPs
from Seafood. Current evidence on the uptake and
depuration/elimination kinetics of PPs after exposure via
ingestion indicates very low levels of absorption and
accumulation of particles within internal tissues. The techniques
for analysis of small PPs in tissues from environmental exposures
are developing and will eventually enable detection at lower
levels and validate or refute the results of recent reports of PPs in
internal tissues (e.g, human brain)*® based on methods that
appear to be especially vulnerable to false positives (e.g.,

: 89 90 . ;
pyrolysis gas chromatography).” In a recent study,” in which
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mice were exposed (oral gavage) to different MPs (1—S ym),
polystyrene MPs were detected (but not quantified) in internal
tissues (brain, liver, and kidney) indicating absorption and
translocation; however, it is not clear whether the MPs remained
within the vasculature (e.g., associated with blood cells) of these
tissues or translocated into the parenchyma. Other studies with
murine (rodent) models report very low numbers of MPs in
tissues (below quantification),”””* and no changes in inflam-
matory activity or oxidative stress.”’ Because of the technical
difficulties of NP detection within tissue samples, evidence of
absorption is perhaps best indicated by controlled animal studies
that have used '*C-labeled monomers integrated into the
polymers of plastic particles.”* Based on a study with '*C-labeled
polystyrene NPs (20—200 nm in diameter), NPs rapidly
associated with external tissue surfaces of scallops (integument,
gills, and digestive tract) and particles depurated swiftly at the
end of exposure (halflife < 5 days).”* The best evidence of
translocation of '*C-labeled polystyrene NPs was the presence
of the particles within the adductor muscle of the scallops at
detection levels that returned to nondetectable within 8 days of
transfer to clean water.”* Rapid depuration was also reported in
another study with NPs in which particles were detected in
multiple body organs and the carcass of rainbow trout
Oncorhynchus mykiss a short time after oral exposure, but after
14 days were not detectable, suggesting complete depuration.”
Rapid uptake (albeit minimal) and distribution throughout
internal tissues in a manner consistent with tissue vascularization
followed by rapid depuration suggest that most PPs remain
within the vasculature (e.g., blood vessels) prior to elimination
rather than translocating and accumulating within internal tissue
parenchyma cells. Although current evidence indicates minimal
levels of PP absorption after ingestion, further investigation
(including chronic exposures) is required to fully understand the
processes of absorption, transport, and depuration of PPs within
the vasculature.

Despite considerable speculation about the potential for PPs
to induce widespread toxic effects within internal tissues, there is
minimal evidence for these effects. As indicated above, the levels
of PPs that have been found in internal tissues are very low, and
those PPs present may be only, or at least largely, within the
vasculature and not associated with cells of internal tissues. In
vitro studies with various cell lines have documented
inflammatory responses; however, these studies have used
concentrations that are many orders of magnitude higher than
are environmentally relevant (100s to 1000000s of PPs per
cell).”®7 At these concentrations investigators have demon-
strated effects of particle characteristics (e.g,, size, shape, surface
features) on ugptake into cell and activation of inflammatory cell
responses.”® " Similar effects have been reported for airborne
particles.”” A large meta-analysis reported that MPs were
marginally (3—8 times) more toxic than natural particles across a
wide range of aquatic species, although the authors cautioned
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that results were largely inconclusive due to high uncertainty.'*

The authors emphasized the need for directly comparable
studies, further investigations to address gaps in knowledge, and
study designs to exclude experimental artifacts and false
positives as has occurred in previous investigations with
engineered nanomaterials.'*"'%*

Ingestion of PPs from contaminated food and beverages and
via inhaled dust results in the presence of these particles within
the lumen of the gastrointestinal tract (gut) and hence the
potential for effects on digestive system processes and on the
intestinal microbiome. High exposure to polystyrene nano-
spheres (7g/L in single oral bolus) was reported to cause a
reduction in microbiome biodiversity in mice.'”’ Egestion of
MPs from the digestive system has been found to be efficient and
complete within a wide range of species.'”* An exception to
efficient egestion of PPs could be evidence from marine
invertebrates in which shrimp have been re]é)orted to have
elevated levels of plastic fibers in the intestine'*> with the shape
of fibers relative to the diameter of the intestinal lumen offered as
an explanation for possible difficulty in egesting these types of
PPs.'”® There is abundant evidence that humans egest PPs but
no evidence that PPs accumulate within the intestine.'”” Given
that the above estimate of exposure to 0.007 mg of MPs from
consumption of a typically sized seafood meal is an overestimate,
that it is only a minor fraction of the total daily human exposure
to MPs (i.e., from all other sources of MP exposure), and that
MPs are a small fraction of the total particulate matter entering
the lumen of the gut from the diet, the potential for any specific
effects of MPs from seafood on digestive system processes is
extremely low. There is little information on the effects of MPs
on human intestinal microbiome at dietary relevant levels.'*®

Currently there are no PP advisories on the consumption of
seafood or any other food or beverage, and based on current
evidence, the present position is that there is minimal risk to
human health from ingestion of PPs. In the United Kingdom, the
Committee on Toxicity (COT) assessed the risks of MPs at the
request of the Food Standards Agency (FSA), Department of
Health and Social Care (DHSC), and U.K. Health Security
Agency (UKHSA) among other agencies.7’40’41 The COT
concluded that there was no reliable evidence that dietary
exposure to PPs was harmful to health but that this was based on
very limited information. Chemicals present in PPs or adsorbed
to them were not expected to increase adverse health effects in
humans as their contribution to overall exposure from other
sources is very small. Due to the lack of data on exposure and
effect, it was not possible for the COT to perform a complete
assessment for the potential risks from exposure to MPs and NPs
via oral (or inhalation) route of exposure. A similar conclusion
has been reached by other authoritative bodies, and that further
research is required to better identify target tissues, threshold

doses, and the toxic mode(s) of action for any toxicity
36,14,104,109—111
observed.
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Key Messages

1. Plastic particles (<5 mm) are ubiquitous environmental contaminants for which perceptions

about their potential to impact human health have been driven by scientific and public

media communications that are not always informed by scientific evidence.

2. While uncertainties remain, currently there is minimal evidence of dietary toxicity from

plastic particles at relevant exposure levels and the focus on seafoods is unjustified as

seafood contamination by plastic particles is consistent with that of other foods and

beverages, and exposure is considerably higher via indoor air and dust than by ingestion of

food.

3. Thousands of substances are involved in the manufacture and use of plastics and other

substances may associate with plastics after they are released into the environment;

however, these substances are present at exceedingly low concentrations in plastic particles

that contaminate food, and the importance of investigating the toxicities of these

substances is a separate issue.

4. Scientific and public media communications about plastic particle contamination of foods

and health effects have led to biased perceptions of health risks and loss of the beneficial

health effects of seafood consumption.

B ASSOCIATED CONTENT

© Supporting Information
The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acs.estlett.5c00551.

Web of Science search terms used to determine number of
peer-reviewed articles that reported on presence of plastic
particles in different sources of human exposure (PDF)

B AUTHOR INFORMATION

Corresponding Author

Theodore B. Henry — Institute of Life and Earth Sciences,
School of Energy, Geoscience, Infrastructure and Society,
Heriot-Watt University, Edinburgh EH14 4AS, United
Kingdom; Department of Analytical Chemistry, Institute of
Chemistry, University of Campinas, Campinas, Sao Paulo
13083-970, Brazil; © orcid.org/0000-0002-9675-9454;
Email: thenry@hw.ac.uk

Authors

David G. Bucknall — Institute of Chemical Sciences, School of
Engineering and Physical Sciences, Heriot-Watt University,
Edinburgh EH14 4AS, United Kingdom; ® orcid.org/0000-
0003-4558-6933

Ana L. Catarino — Research Department, Flanders Marine
Institute (VLIZ), 8400 Ostend, Belgium; ©® orcid.org/0000-
0002-8796-0869

Bronwyn M. Gillanders — School of Biological Sciences and
Environment Institute, University of Adelaide, Adelaide, South
Australia 5003, Australia

Marte Haave — Climate & Environment, NORCE, Norwegian
Research Centre AS, NO-5008 Bergen, Norway; SALT
Lofoten AS, 8301 Svolver, Norway

Norbert E. Kaminski — Institute for Integrative Toxicology,
Center for Research on Ingredient Safety, Michigan State
University, East Lansing, Michigan 48824, United States

Carolin Vélker — ISOE—Institute for Social—Ecological
Research, 60486 Frankfurt, Germany; Institute of Ecology,
Evolution and Diversity, Faculty of Biological Sciences, Goethe
University, Frankfurt, Frankfurt 60438, Germany

1458

Nina Wootton — School of Biological Sciences and Environment
Institute, University of Adelaide, Adelaide, South Australia
5008, Australia

Complete contact information is available at:
https://pubs.acs.org/10.1021/acs.estlett.5c00551

Notes
The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

This manuscript was conceptualized during the “Microplastic
and Seafood: Human Health Symposium” held at Heriot-Watt
University September 13—14, 2022. Funding for the symposium
was provided by a consortium of seafood industries from the
UK, USA, and Australia. The authors acknowledge the helpful
comments from the independent review of the manuscript prior
to submission from Alan R. Boobis (Imperial College London,
London, U.K.), and the comments of five anonymous reviewers
that improved the quality of the work.

B REFERENCES

(1) McElroy, J. A.; Kanarek, M. S.; Trentham-Dietz, A.; Robert, S. A.;
Hampton, J. M.; Newcomb, P. A,; et al. Potential exposure to PCBs,
DDT and PBDEs from sport-caught fish consumption in relation to
breast cancer risk in Wisconsin. Environ. Health Pers 2004, 112, 156—
62.

(2) European Union. (EC) No. 1881/2006. Commission Regulation
(EC) No 1881/2006 of 19 December 2006. Setting maximum levels for
certain contaminants in foodstuffs (Text with EEA). EUR-Lex; 2006.

(3) Danopoulos, E.; Jenner, L. C; Twiddy, M.; Rotchell, J. M.
Microplastic contamination of seafood intended for human con-
sumption: a systematic review and meta-analysis. Environ. Health
Perspect. 2020, 128 (12), 126002.

(4) Cohen,]J. T ; Bellinger, D. C.; Connor, W. E.; Kris-Etherton, P. M.;
Lawrence, R. S.; Savitz, D. A.; Shaywitz, B. A.; Teutsch, S. M,; Gray, G.
M. A quantitative risk-benefit analysis of changes in population fish
consumption. Am. J. Preventive Med. 2008, 29 (4), 325—334.

(5) FAO/WHO. Joint FAO/WHO Expert Consultation on Risks and
Benefits of Fish Consumption: Meeting Report, Rome, 9—13 October
2023. World Health Organization, November 2023. https://www.who.
int/publications/i/item/9789240100879.

https://doi.org/10.1021/acs.estlett.5c00551
Environ. Sci. Technol. Lett. 2025, 12, 1453—1461


https://pubs.acs.org/doi/10.1021/acs.estlett.5c00551?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/acs.estlett.5c00551/suppl_file/ez5c00551_si_001.pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Theodore+B.+Henry"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0002-9675-9454
mailto:t.henry@hw.ac.uk
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="David+G.+Bucknall"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0003-4558-6933
https://orcid.org/0000-0003-4558-6933
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Ana+I.+Catarino"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0002-8796-0869
https://orcid.org/0000-0002-8796-0869
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Bronwyn+M.+Gillanders"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Marte+Haave"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Norbert+E.+Kaminski"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Carolin+Vo%CC%88lker"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Nina+Wootton"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.estlett.5c00551?ref=pdf
https://doi.org/10.1289/ehp.6506
https://doi.org/10.1289/ehp.6506
https://doi.org/10.1289/ehp.6506
https://doi.org/10.1289/EHP7171
https://doi.org/10.1289/EHP7171
https://doi.org/10.1016/j.amepre.2005.07.003
https://doi.org/10.1016/j.amepre.2005.07.003
https://www.who.int/publications/i/item/9789240100879%20Conclusions.pdf
https://www.who.int/publications/i/item/9789240100879%20Conclusions.pdf
https://pubs.acs.org/doi/10.1021/acs.estlett.5c00551?fig=sec9&ref=pdf
pubs.acs.org/journal/estlcu?ref=pdf
https://doi.org/10.1021/acs.estlett.5c00551?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Environmental Science & Technology Letters

Global Perspective

pubs.acs.org/journal/esticu

(6) Petersen, E. J.; Barrios, A. C.; Henry, T. B.; Johnson, M. E;
Koelmans, A. A.; Montoro Bustos, A. R.; Matheson, J.; Roesslein, M.;
Zhao, J.; Xing, B. Potential artifacts and control experiments in toxicity
tests of nanoplastic and microplastic particles. Environ. Sci. Technol.
2022, 56 (22), 15192—15206.

(7) Committee on Toxicity of Chemicals in Food, Consumer
Products and the Environment. Overarching statement on the potential
risks from exposure to microplastics, Committee on Toxicity (COT),
2021. https://cot.food.gov.uk/sites/default/files/2021-02/
COT%20Microplastics%200verarching%20Statement%202021 _ final.

df.

p(8) Rochman, C. M.; Hoh, E.; Kurobe, T.; Teh, S. J. Ingested plastic
transfers hazardous chemicals to fish and induces hepatic stress. Nat.
Sci. Rep. 2013, 3, 3262.

(9) Rochman, C. M.; Hentschel, B. T_; Teh, S. J. Long-term sorption
of metals is similar among plastic types: implications for plastic debris in
aquatic environments. PLoS One 2014, 9 (1), No. e85433.

(10) Rochman, C. M.; Lewison, R. L.; Eriksen, M.; Allen, H.; Cook,
A.-M.; Teh, S.]. Polybrominated diphenyl ethers (PBDEs) in fish tissue
may be an indicator of plastic contamination in marine habitats. Sci.
Total Environ. 2014, 476—477, 622—633.

(11) Boyle, D.; Catarino, A. L; Clark, N,; Henry, T. B. Polyvinyl
chloride (PVC) plastic fragments release Pb additives that are
bioavailable in zebrafish. Environ. Pollut. 2020, 263, 114422.

(12) Mohamed Nor, N. H.; Koelmans, A. A. Transfer of PCBs from
microplastics under simulated gut fluid conditions is biphasic and
reversible. Environ. Sci. Technol. 2019, 53 (4), 1874—1883.

(13) Catarino, A. L; Kramm, J.; Voelker, C.; Henry, T. B.; Everaert, G.
Risk posed by microplastics: Scientific evidence and public perception.
Curr. Opin Green Sustain Chem. 2021, 29, 100467.

(14) WHO. Dietary and inhalation exposure to nano- and microplastic
particles and potential implications for human health; World Health
Organization (WHO), Geneva; 2022. https://www.who.int/
publications/i/item/9789240054608.

(15) Henderson, L.; Green, C. Making sense of microplastics? Public
understandings of plastic pollution. Mar. Pollut. Bull. 2020, 152,
110908.

(16) Vélker, C.; Kramm, J.; Wagner, M. On the creation of risk:
framing of microplastics risks in science and media. Global Challenges
2020, 4 (6), 1900010.

(17) Schonbauer, S.; Miiller, R. A risky object? How microplastics are
represented in the German media. Sci. Communication 2021, 43 (5),
543-569.

(18) Kramm, J.; Steinhoff, S.; Werschmoeller, S.; Voelker, B.; Volker,
C. Explaining risk perception of microplastics: Results from a
representative survey in Germany. Global Environ. Change 2022, 73,
10248S.

(19) Jénsson, A. M. Framing environmental risks in the Baltic Sea: A
news media analysis. Ambio 2011, 40 (2), 121—132.

(20) Altheide, D. L. The news media, the problem frame, and the
production of fear. Sociol Quarterly 1997, 38 (4), 647—668.

(21) Hansen, A. The changing uses of accuracy in science
communication. Public Understanding of Science 2016, 25 (7), 760—774.

(22) Entman, R. M. Framing: Toward clarification of a fractured
paradigm. J. Communication 1993, 43 (4), S1—58.

(23) Gamson, W. A.; Modigliani, A. Media discourse and public
opinion on nuclear power: A constructionist approach. Am. J. Sociol
1989, 95 (1), 1-37.

(24) Thiele, C. J.; Hudson, M. D. Uncertainty about the risks
associated with microplastics among lay and topic-experienced
respondents. Sci. Reports 2021, 11 (1), 715S.

(25) Rochman, C. M,; Tahir, A.; Williams, S. L.; Baxa, D. V.; Lam, R.;
Miller, J. T.; Teh, F.; Werorilangj, S.; Teh, S. J. Anthropogenic debris in
seafood: plastic debris and fibers from textiles in fish and bivalves sold
for human consumption. Sci. Rep. 2015, S, 14340.

(26) van Cauwenberghe, L.; Janssen, C. R. Microplastics in bivalves
cultured for human consumption. Environ. Pollut. 2014, 193, 65—70.

1459

(27) Deng, L.; Cai, L.; Sun, F.; Li, G.; Che, Y. Public attitudes towards
microplastics: perceptions, behaviors and policy implications. Resources,
Conserv Recycling 2020, 163, 105096.

(28) Anderson, A. G.; Grose, J.; Pahl, S.; Thompson, R. C.; Wyles, K.].
Microplastics in personal care products: exploring perceptions of
environmentalists, beauticians and students. Mar. Pollut. Bull. 2016,
113 (1-2), 454—460.

(29) BfR. BfR Consumer Monitor 0212022; German Federal Institute
for Risk Assessment (BfR), 2022. https://mobil.bfr.bund.de/cm/364/
bfr-consumer-monitor-02-2022.pdf (accessed 2023-03-16).

(30) Davison, S. M. C.; White, M. P.; Pahl, S.; Taylor, T.; Fielding, K ;
Roberts, B. R.; Economou, T.; McMeel, O.; Kellett, P.; Fleming, L. E.
Public concern about, and desire for research into, the human health
effects of marine plastic pollution: Results from a 15-country survey
across Europe and Australia. Global Environ. Change 2021, 69, 102309.

(31) Fonseca, M. M. A.; Gamarro, E. G.; Toppe, ].; Bahri, T.; Barg, U.
The impact of microplastics on food safety: The case of fishery and
aquaculture products. FAO Aquaculture Newsletter 2017, (57), 43—45.

(32) Hantoro, I; Léhr, A. J.; Van Belleghem, F. G.; Widianarko, B.;
Ragas, A. M. Microplastics in coastal areas and seafood: implications for
food safety. Food Additives Contamin.: Part A 2019, 36 (5), 674—711.

(33) Rainieri, S.; Barranco, A. Microplastics, a food safety issue?
Trends Food Sci. Technol. 2019, 84, 55—57.

(34) Mol, S.; Cosansu, S. Seafood safety, potential hazards and future
perspective. Turkish J. Fish Aquat. Sci. 2022, 22 (6), No. TRIFAS20533.

(35) Rubio-Armendériz, C.; Alejandro-Vega, S.; Paz-Montelongo, S.;
Gutiérrez-Fernandez, AJ.; Carrascosa-Iruzubieta, C. J.; Hardisson-de la
Torre, A. Microplastics as emerging food contaminants: a challenge for
food safety. Int. . Environ. R Public Health 2022, 19 (3), 1174.

(36) EFSA Panel on Contaminants in the Food Chain (CONTAM).
Presence of microplastics and nanoplastics in food, with particular focus
on seafood. Efsa J. 2016, 14 (6), No. e04501.

(37) Waste (Microbeads) Regulations 2017, New Zealand Ministry for
the Environment, 2017. https://environment.govt.nz/acts-and-
regulations/regulations/microbeads-regulations/ (accessed 2024-07-
15).

(38) Wardman, T.; Koelmans, A. A.; Whyte, J.; Pahl, S.
Communicating the absence of evidence for microplastics risk:
Balancing sensation and reflection. Environ. Int. 2021, 150, 106116.

(39) Cox, K. D; Covernton, G. A.; Davies, H. L.; Dower, J. F.; Juanes,
F.; Dudas, S. E. Human consumption of microplastics. Environ. Sci.
Technol. 2019, 53, 7068—7074.

(40) COT 2021b. Committee on Toxicity of Chemicals in Food,
Consumer Products and the Environment. Sub-statement on the
potential risk(s) from exposure to microplastics: oral route. https://cot.
food.gov.uk/sites/default/files/2021-11/
COT%20MPs%200ral%20exposure%20substatement%20Acc%20Ver
sion.pdf.

(41) Committee on the Toxicity of Chemicals in Food, Consumer
Products and the Environment. Sub-statement on the potential risk(s)
from exposure to microplastics: inhalation route; Committee on Toxicity
(COT), 2024. https://cot.food.gov.uk/sites/default/files/2024-02/
Microplastics%20inhalation%20final%20draft%20statemen
t9620Acc%20V%20SO.pdf.

(42) Habib, R. Z.; Kindi, R. A.; Salem, F. A.; Kittaneh, W. F.; Poulose,
V.; Iftikhar, S. H.; Mourad, A. I; Thiemann, T. Microplastic
contamination of chicken meat and fish through plastic cutting boards.
Int. J. Environ. Res. Public Health 2022, 19, 13442.

(43) Huerta Lwanga, E.; Mendoza Vega, J.; Ku Quej, V.; Chi, J. A;
Sanchez del Cid, L.; Chi, C.; Escalona Segura, G.; Gertsen, H.; Salanki,
T.; van der Ploeg, M.; et al. Field evidence for transfer of plastic debris
along a terrestrial food chain. Sci. Rep. 2017, 7, 14071.

(44) Kim, J. S.; Lee, H. J,; Kim, S. K.; Kim, H. J. Global pattern of
microplastics (MPs) in commercial food-grade salts: sea salt as an
indicator of seawater MP pollution. Environ. Sci. Technol. 2018, 52,
12819—12828.

(4S5) Diaz-Basantes, M. F.; Conesa, J. A.; Fullana, A. Microplastics in
honey, beer, milk and refreshments in Ecuador as emerging
contaminants. Sustainability 2020, 12, 5514.

https://doi.org/10.1021/acs.estlett.5c00551
Environ. Sci. Technol. Lett. 2025, 12, 1453—1461


https://doi.org/10.1021/acs.est.2c04929?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.est.2c04929?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://cot.food.gov.uk/sites/default/files/2021-02/COT%20Microplastics%20Overarching%20Statement%202021_final.pdf
https://cot.food.gov.uk/sites/default/files/2021-02/COT%20Microplastics%20Overarching%20Statement%202021_final.pdf
https://cot.food.gov.uk/sites/default/files/2021-02/COT%20Microplastics%20Overarching%20Statement%202021_final.pdf
https://doi.org/10.1038/srep03263
https://doi.org/10.1038/srep03263
https://doi.org/10.1371/journal.pone.0085433
https://doi.org/10.1371/journal.pone.0085433
https://doi.org/10.1371/journal.pone.0085433
https://doi.org/10.1016/j.scitotenv.2014.01.058
https://doi.org/10.1016/j.scitotenv.2014.01.058
https://doi.org/10.1016/j.envpol.2020.114422
https://doi.org/10.1016/j.envpol.2020.114422
https://doi.org/10.1016/j.envpol.2020.114422
https://doi.org/10.1021/acs.est.8b05143?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.est.8b05143?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.est.8b05143?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.cogsc.2021.100467
https://www.who.int/publications/i/item/9789240054608
https://www.who.int/publications/i/item/9789240054608
https://doi.org/10.1016/j.marpolbul.2020.110908
https://doi.org/10.1016/j.marpolbul.2020.110908
https://doi.org/10.1002/gch2.201900010
https://doi.org/10.1002/gch2.201900010
https://doi.org/10.1177/10755470211030519
https://doi.org/10.1177/10755470211030519
https://doi.org/10.1016/j.gloenvcha.2022.102485
https://doi.org/10.1016/j.gloenvcha.2022.102485
https://doi.org/10.1007/s13280-010-0124-2
https://doi.org/10.1007/s13280-010-0124-2
https://doi.org/10.1111/j.1533-8525.1997.tb00758.x
https://doi.org/10.1111/j.1533-8525.1997.tb00758.x
https://doi.org/10.1177/0963662516636303
https://doi.org/10.1177/0963662516636303
https://doi.org/10.1111/j.1460-2466.1993.tb01304.x
https://doi.org/10.1111/j.1460-2466.1993.tb01304.x
https://doi.org/10.1086/229213
https://doi.org/10.1086/229213
https://doi.org/10.1038/s41598-021-86569-5
https://doi.org/10.1038/s41598-021-86569-5
https://doi.org/10.1038/s41598-021-86569-5
https://doi.org/10.1038/srep14340
https://doi.org/10.1038/srep14340
https://doi.org/10.1038/srep14340
https://doi.org/10.1016/j.envpol.2014.06.010
https://doi.org/10.1016/j.envpol.2014.06.010
https://doi.org/10.1016/j.resconrec.2020.105096
https://doi.org/10.1016/j.resconrec.2020.105096
https://doi.org/10.1016/j.marpolbul.2016.10.048
https://doi.org/10.1016/j.marpolbul.2016.10.048
https://mobil.bfr.bund.de/cm/364/bfr-consumer-monitor-02-2022.pdf
https://mobil.bfr.bund.de/cm/364/bfr-consumer-monitor-02-2022.pdf
https://doi.org/10.1016/j.gloenvcha.2021.102309
https://doi.org/10.1016/j.gloenvcha.2021.102309
https://doi.org/10.1016/j.gloenvcha.2021.102309
https://doi.org/10.1080/19440049.2019.1585581
https://doi.org/10.1080/19440049.2019.1585581
https://doi.org/10.1016/j.tifs.2018.12.009
https://doi.org/10.4194/TRJFAS20533
https://doi.org/10.4194/TRJFAS20533
https://doi.org/10.3390/ijerph19031174
https://doi.org/10.3390/ijerph19031174
https://doi.org/10.2903/j.efsa.2016.4501
https://doi.org/10.2903/j.efsa.2016.4501
https://environment.govt.nz/acts-and-regulations/regulations/microbeads-regulations/
https://environment.govt.nz/acts-and-regulations/regulations/microbeads-regulations/
https://doi.org/10.1016/j.envint.2020.106116
https://doi.org/10.1016/j.envint.2020.106116
https://doi.org/10.1021/acs.est.9b01517?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://cot.food.gov.uk/sites/default/files/2021-11/COT%20MPs%20Oral%20exposure%20substatement%20Acc%20Version.pdf
https://cot.food.gov.uk/sites/default/files/2021-11/COT%20MPs%20Oral%20exposure%20substatement%20Acc%20Version.pdf
https://cot.food.gov.uk/sites/default/files/2021-11/COT%20MPs%20Oral%20exposure%20substatement%20Acc%20Version.pdf
https://cot.food.gov.uk/sites/default/files/2021-11/COT%20MPs%20Oral%20exposure%20substatement%20Acc%20Version.pdf
https://cot.food.gov.uk/sites/default/files/2024-02/Microplastics%20inhalation%20final%20draft%20statement%20Acc%20V%20SO.pdf
https://cot.food.gov.uk/sites/default/files/2024-02/Microplastics%20inhalation%20final%20draft%20statement%20Acc%20V%20SO.pdf
https://cot.food.gov.uk/sites/default/files/2024-02/Microplastics%20inhalation%20final%20draft%20statement%20Acc%20V%20SO.pdf
https://doi.org/10.3390/ijerph192013442
https://doi.org/10.3390/ijerph192013442
https://doi.org/10.1038/s41598-017-14588-2
https://doi.org/10.1038/s41598-017-14588-2
https://doi.org/10.1021/acs.est.8b04180?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.est.8b04180?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.est.8b04180?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.3390/su12145514
https://doi.org/10.3390/su12145514
https://doi.org/10.3390/su12145514
pubs.acs.org/journal/estlcu?ref=pdf
https://doi.org/10.1021/acs.estlett.5c00551?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Environmental Science & Technology Letters

Global Perspective

pubs.acs.org/journal/esticu

(46) Liebezeit, G.; Liebezeit, E. Synthetic particles as contaminants in
German beers. Food Add Contamin: Part A 2014, 31, 1574—1578.

(47) Oliveri Conti, G.; Ferrante, M.; Banni, M.; Favara, C.; Nicolosi,
L; Cristaldi, A.; Fiore, M.; Zuccarello, P. Micro- and nano-plastics in
edible fruit and vegetables. The first diet risks assessment for the general
population. Environ. R 2020, 187, 109677.

(48) Catarino, A. L; Macchia, V.; Sanderson, W. G.; Thompson, R. C.;
Henry, T. B. Low levels of microplastics (MP) in wild mussels indicate
that MP ingestion by humans is minimal compared to exposure via
household fibres fallout during a meal. Environ. Pollut. 2018, 237, 675—
684.

(49) Bom, E. C.; S4, F. Concentration of microplastics in bivalves of
the environment: a systematic review. Environ. Monit. Assess. 2021, 193,
846.

(50) Wootton, N.; Sarakinis, K.; Varea, R.; Reis-Santos, P.; Gillanders,
B. M. Microplastic in oysters: A review of global trends and comparison
to southern Australia. Chemosphere 2022, 307, 136065.

(51) Courtene-Jones, W.; Quinn, B.; Gary, S. F.; Mogg, A. O. M,;
Narayanaswamy, B. E. Microplastic pollution identified in deep-sea
water and ingested by benthic invertebrates in the Rockall Trough,
North Atlantic Ocean. Environ. Pollut. 2017, 231, 271—-280.

(52) Ogunola, S. O.; Reis-Santos, P.; Wootton, N.; Gillanders, B. M.
Microplastics in decapod crustaceans sourced from Australian seafood
markets. Mar. Pollut. Bull. 2022, 179, 113706.

(53) Gomiero, A.; Strafella, P.; Oysaed, K. B.; Fabi, G. First occurrence
and composition assessment of microplastics in native mussels
collected from coastal and offshore areas of the northern and central
Adriatic Sea. Environ. Sci. Poll R 2019, 26, 24407—24416.

(54) Al-Sid-Cheikh, M.; Rowland, S. J.; Stevenson, K.; Rouleau, C.;
Henry, T. B.; Thompson, R. C. Uptake, whole-body distribution, and
depuration of nanoplastics by the scallop Pecten maximus at
environmentally realistic concentrations. Environ. Sci. Technol. 2018,
52, 14480—14486.

(55) Gomiero, A.; Haave, M.; Bjorgy, @; Herzke, D.; Kdgel, T.;
Nikiforov, V.; Qysed, K. B. Quantification of microplastic in fillet and
organs of farmed and wild salmonids- a comparison of methods for detection
and quantification, NORCE report 8_2020; NORCE Miljo, 2020.
https://hdlhandle.net/11250/2687619.

(56) Haave, M.; Heggernes, E.; Gomiero, A. Absence of microplastic
bioaccumulation in cod fillets from plastic-polluted western Norwegian
waters. Wat Emerging Contam Nanoplastics 2024, 3, 16.

(57) Catarino, A.; Thompson, R. C.; Sanderson, W.; Henry, T. B.
Development and optimization of a standard method for extraction of
microplastics in mussels by enzyme digestion of soft tissues. Environ.
Toxicol. Chem. 2016, 36 (4), 947—951.

(58) Birnstiel, S.; Soares-Gomes, A.; da Gama, B. A. Depuration
reduces microplastic content in wild and farmed mussels. Mar. Pollut.
Bull. 2019, 140, 241—247.

(59) Paul, A. T.; Hannon, C.; évonja, M,; Connellan, L; Frias, J.
Efficacy of microplastic depuration on two commercial oyster species
from the west coast of Ireland. J. World Aquaculture Soc. 2023, 54 (5),
1217—-1234.

(60) Kiihn, S.; van Franeker, J. A.; O'Donoghue, A. M.; Swiers, A.;
Starkenburg, M.; van Werven, B.; Foekema, E.; Hermsen, E.; Egelkraut-
Holtus, M.; Lindeboom, H. Details of plastic ingestion and fibre
contamination in North Sea fishes. Environ. Pollut. 2020, 257, 113569.

(61) Lusher, A.; Hollman, P.; Mendoza-Hill, J. Microplastics in fisheries
and aquaculture: status of knowledge on their occurrence and implications
for aquatic organisms and food safety, FAO Fisheries and Agriculture
Technical Paper 615; Food and Agriculture Orgnization of the United
Nations (FAO), 2017.

(62) Wootton, N.; Reis-Santos, P.; Dowsett, N.; Turnbull, A.;
Gillanders, B. M. Low abundance of microplastics in commercially
caught fish across southern Australia. Environ. Pollut. 2021, 290,
118030.

(63) Wootton, N.; Reis-Santos, P.; Gillanders, B. M. Microplastic in
fish - A global synthesis. Reviews Fish Biol. and Fisheries 2021, 31, 753—
771.

1460

(64) Alberghini, L.; Truant, A,; Santonicola, S.; Colavita, G.;
Giaccone, V. Microplastics in fish and fishery products and risks for
human health: a review. Int. J. Environ. R Public Health 2023, 20 (1),
789.

(65) Advice about Eating Fish; U.S. Food and Drug Administration
(FDA). www.FDA.gov/fishadvice (accessed 2024-07-15).

(66) Burns, E. E; Boxall, A. B. A. Microplastics in the aquatic
environment: Evidence for or against adverse impacts and major
knowledge gaps. Environ. Toxicol. Chem. 2018, 37, 2776—2796.

(67) Thiele, C.J.; Hudson, M. D.; Russell, A. E.; Saluveer, M.; Sidaoui-
Haddad, G. Microplastics in fish and fishmeal: an emerging
environmental challenge? Sci. Reports 2021, 11, 2045.

(68) Gomiero, A.; Haave, M.; Kogel, T.; BjoroNORy, @; Gjessing,
M,; Lea, T. B.; Horve, E.; Martins, C.; Olafsen, T. Tracking of plastic
emissions from aquaculture industry (TrackPlast)) NORCE report
4_2020; NORCE Miljo, 2020. https://hdlhandle.net/11250/
2649891.

(69) Dawson, A. L.; Li, J. Y. Q.; Kroon, F. J. Plastics for dinner: Store-
bought seafood, but not wild-caught from the Great Barrier Reef, as a
source of microplastics to human consumers. Environ. Adv. 2022, 8,
100249.

(70) Cole, M.; Gomiero, A.; Jaén-Gil, A.; Haave, M.; Lusher, A.
Microplastic and PTFE contamination of food from cookware. Sci.
Total Environ. 2024, 929 (2024), No. 172577.

(71) Mohamed Nor, N. H.; Kooi, M.; Diepens, N. J.; Koelmans, A. A.
Lifetime accumulation of microplastic in children and adults. Environ.
Sci. Technol. 2021, S5, 5084—5096.

(72) Milne, M. H; De Frond, H.; Rochman, C. M.; Mallos, N. J.;
Leonard, G. H.; Baechler, B. R. Exposure of U.S. adults to microplastics
from commonly-consumed proteins. Environ. Pollut. 2024, 343,
123233.

(73) van der Veen, L; van Mourik, L. M.; van Velzen, M. J. M,;
Groenewoud, Q. R.; Leslie, H. A. Plastic particles in livestock feed, milk,
meat and blood: A pilot study; Vrije Universiteit Amsterdam,
Amsterdam, 2022.

(74) Schwabl, P.; Képpel, S.; Konigshofer, P.; Bucsics, T.; Trauner,
M.; Reiberger, T.; Liebmann, B. Detection of various microplastics in
human stool: a prospective case series. Ann. Int. Med. 2019, 171 (7),
453—457.

(75) Wright, S. L.; Kelly, F. J. Plastic and human health: a micro issue.
Environ. Sci. Technol. 2017, 51, 6634—6647.

(76) Dehghani, S.; Moore, F.; Akhbarizadeh, R. Microplastic pollution
in deposited urban dust, Tehran metropolis. Iran. Environ. Sci. Poll R
2017, 24, 20360—20371.

(77) Dris, R.; Gasperi, J.; Mirande, C.; Mandin, C.; Guerrouache, M.;
Langlois, V.; Tassin, B. A first overview of textile fibers, including
microplastics, in indoor and outdoor environments. Environ. Pollut.
2017, 221, 453—4S8.

(78) Nizamali, J.; Mintenig, S. M.; Koelmans, A. A. Assessing
microplastic characteristics in bottled drinking water and air deposition
samples using laser direct infrared imaging. J. Hazard. Mater. 2023, 441,
129942.

(79) Wilson, R.; Jones-Otazo, H.; Petrovic, S.; Mitchell, I; Bonvalot,
Y.; Williams, D.; Richardson, G. M. Revisiting dust and soil ingestion
rates based on hand-to-mouth transfer. Human Ecol Risk Assess: An Int.
J.2013, 19, 158—188.

(80) Powell, J. J.; Faria, N.; Thomas-McKay, E.; Pele, L. C. Origin and
fate of dietary nanoparticles and microparticles in the gastrointestinal
tract. J. Autoimmunity 2010, 34, J226—J233.

(81) Halden, R. Plastics and Health Risks. Ann. Review Public Health
2010, 31, 179—194.

(82) Kutz, M., Ed. 2011. Applied plastics engineering handbook:
processing and materials; William Andrew; July 26, 2011.
DOI: 10.1016/C2014-0-04118-4.

(83) Wagner, M.; Monclis, L.; Arp, H. P. H.; Groh, K. J.; Lgseth, M.
E.; Muncke, J.; Wang, Z.; Wolf, R.; Zimmermann, L. State of the science
on plastic chemicals—Identifying and addressing chemicals and
polymers of concern, Ver. 1.01. Zenodo; 202S. https://zenodo.org/
records/15397723.

https://doi.org/10.1021/acs.estlett.5c00551
Environ. Sci. Technol. Lett. 2025, 12, 1453—1461


https://doi.org/10.1080/19440049.2014.945099
https://doi.org/10.1080/19440049.2014.945099
https://doi.org/10.1016/j.envres.2020.109677
https://doi.org/10.1016/j.envres.2020.109677
https://doi.org/10.1016/j.envres.2020.109677
https://doi.org/10.1016/j.envpol.2018.02.069
https://doi.org/10.1016/j.envpol.2018.02.069
https://doi.org/10.1016/j.envpol.2018.02.069
https://doi.org/10.1007/s10661-021-09639-1
https://doi.org/10.1007/s10661-021-09639-1
https://doi.org/10.1016/j.chemosphere.2022.136065
https://doi.org/10.1016/j.chemosphere.2022.136065
https://doi.org/10.1016/j.envpol.2017.08.026
https://doi.org/10.1016/j.envpol.2017.08.026
https://doi.org/10.1016/j.envpol.2017.08.026
https://doi.org/10.1016/j.marpolbul.2022.113706
https://doi.org/10.1016/j.marpolbul.2022.113706
https://doi.org/10.1007/s11356-019-05693-y
https://doi.org/10.1007/s11356-019-05693-y
https://doi.org/10.1007/s11356-019-05693-y
https://doi.org/10.1007/s11356-019-05693-y
https://doi.org/10.1021/acs.est.8b05266?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.est.8b05266?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.est.8b05266?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://hdl.handle.net/11250/2687619
https://doi.org/10.20517/wecn.2024.07
https://doi.org/10.20517/wecn.2024.07
https://doi.org/10.20517/wecn.2024.07
https://doi.org/10.1002/etc.3608
https://doi.org/10.1002/etc.3608
https://doi.org/10.1016/j.marpolbul.2019.01.044
https://doi.org/10.1016/j.marpolbul.2019.01.044
https://doi.org/10.1111/jwas.12989
https://doi.org/10.1111/jwas.12989
https://doi.org/10.1016/j.envpol.2019.113569
https://doi.org/10.1016/j.envpol.2019.113569
https://doi.org/10.1016/j.envpol.2021.118030
https://doi.org/10.1016/j.envpol.2021.118030
https://doi.org/10.1007/s11160-021-09684-6
https://doi.org/10.1007/s11160-021-09684-6
https://doi.org/10.3390/ijerph20010789
https://doi.org/10.3390/ijerph20010789
http://www.FDA.gov/fishadvice
https://doi.org/10.1002/etc.4268
https://doi.org/10.1002/etc.4268
https://doi.org/10.1002/etc.4268
https://doi.org/10.1038/s41598-021-81499-8
https://doi.org/10.1038/s41598-021-81499-8
https://hdl.handle.net/11250/2649891
https://hdl.handle.net/11250/2649891
https://doi.org/10.1016/j.envadv.2022.100249
https://doi.org/10.1016/j.envadv.2022.100249
https://doi.org/10.1016/j.envadv.2022.100249
https://doi.org/10.1016/j.scitotenv.2024.172577
https://doi.org/10.1021/acs.est.0c07384?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.envpol.2023.123233
https://doi.org/10.1016/j.envpol.2023.123233
https://doi.org/10.7326/M19-0618
https://doi.org/10.7326/M19-0618
https://doi.org/10.1021/acs.est.7b00423?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1007/s11356-017-9674-1
https://doi.org/10.1007/s11356-017-9674-1
https://doi.org/10.1016/j.envpol.2016.12.013
https://doi.org/10.1016/j.envpol.2016.12.013
https://doi.org/10.1016/j.jhazmat.2022.129942
https://doi.org/10.1016/j.jhazmat.2022.129942
https://doi.org/10.1016/j.jhazmat.2022.129942
https://doi.org/10.1080/10807039.2012.685807
https://doi.org/10.1080/10807039.2012.685807
https://doi.org/10.1016/j.jaut.2009.11.006
https://doi.org/10.1016/j.jaut.2009.11.006
https://doi.org/10.1016/j.jaut.2009.11.006
https://doi.org/10.1146/annurev.publhealth.012809.103714
https://doi.org/10.1016/C2014-0-04118-4?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://zenodo.org/records/15397723
https://zenodo.org/records/15397723
pubs.acs.org/journal/estlcu?ref=pdf
https://doi.org/10.1021/acs.estlett.5c00551?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Environmental Science & Technology Letters

Global Perspective

pubs.acs.org/journal/esticu

(84) EU-REG-2023/915 Commission Regulation (EU) 2023/915 of
25 April 2023 on Maximum Levels for Certain Contaminants in Food
and Repealing Regulation (EC) No 1881/2006. Official Journal of the
European Union, 2023 (accessed 2024-07-15).

(85) Bhavsar, S. P.; Fletcher, R.; Hayton, A.; Reiner, E. J.; Jackson, D.
A. Composition of dioxin-like PCBs in fish: an application for risk
assessment. Environ. Sci. Technol. 2007, 41, 3096—3102.

(86) Henry, T. B. Ecotoxicology of polychlorinated biphenyls in fish —
a critical review. Crit Reviews Toxicol 2015, 45 (8), 643—661.

(87) DeVito, M.; Bokkers, B.; van Duursen, M. B.M,; van Ede, K,;
Feeley, M.; Antunes Fernandes Gaspar, E.; Haws, L.; Kennedy, S.;
Peterson, R. E.; Hoogenboom, R.; Nohara, K,; Petersen, K; Rider, C.;
Rose, M,; Safe, S.; Schrenk, D.; Wheeler, M. W.; Wikoff, D. S.; Zhao, B.;
van den Berg, M. The 2022 world health organization reevaluation of
human and mammalian toxic equivalency factors for polychlorinated
dioxins, dibenzofurans and biphenyls. Reg. Toxicol. Pharmacol. 2024,
146, No. 105525.

(88) Nihart, A. J.; Garcia, M. A.; El Hayek, E.; Liu, R;; Olewine, M.;
Kingston, J. D.; Castillo, E. F.; Gullapalli, R. R.; Howard, T.; Bleske, B.;
Scott, J.; Gonzalez-Estrella, J.; Gross, J. M.; Spilde, M.; Adolphi, N. L,;
Gallego, D. F.; Jarrell, H. S.; Dvorscak, G.; Zuluaga-Ruiz, M. E.; West, A.
B.; Campen, M. J. Bioaccumulation of microplastics in decedent human
brains. Nature Medicine 2025, 31, 1114—1119.

(89) Rauert, C.; Charlton, N.; Bagley, A.; Dunlop, S. A.; Symeonides,
C.; Thomas, K. V. Assessing the efficacy of pyrolysis-gas chromatog-
raphy-mass spectrometry for nanoplastic and microplastic analysis in
human blood. Environ. Sci. Technol. 2025, 59, 1984—1994.

(90) Garcia, M. M.; Romero, A. S.; Merkley, S. D.; Meyer-Hagen, J. L.;
Forbes, C.; Hayek, E. E,; Sciezka, D. P.; Templeton, R.; Gonzalez-
Estrella, J.; Jin, Y,; Gu, H.; Benavidez, A.; Hunter, R. P.; Lucas, S,;
Herbert, G.; Kim, K. J.; Cui, J. Y.; Gullapalli, R. R.; In, J. G.; Campen, M.
J.; Castillo, E. F. In vivo tissue distribution of polystyrene or mixed
polymer microspheres and metabolomic analysis after oral exposure in
mice. Environ. Health Perspect. 2024, 132 (4), 047005.

(91) Hodges, G. M; Carr, E. A.; Hazzard, R. A.; Carr, K. E. Uptake and
translocation of microplarticles in small intestine — morphology and
quantification of particle distribution. Dig. Dis. Sci. 1995, 40 (S), 967—
975.

(92) Walczak, A. P.; Hendriksen, P. J. M.; Woutersen, R. A.; van der
Zande, M.; Undas, A. K; Helsdingen, R.; van den Berg, H. H. J;
Rietjens, I. M. C. M.; Bouwmeester, H. Bioavailability and
biodistribution of differently charged polystyrene nanoplastics upon
oral exposure in rats. J. Nanopart. Res. 2015, 17 (5), 231.

(93) Stock, V.; Bshmert, L.; Lisicki, E.; Block, R.; Cara-Carmona, J.;
Pack, L. K; Selb, R.; Lichtenstein, D.; Voss, L.; Henderson, C. J;
Zabinsky, E.; Sieg, H.; et al. Uptake and effects of orally ingested
polystyrene microplastic particles in vitro and in vivo. Arch. Toxicol.
2019, 93 (7), 1817—1833.

(94) Al-Sid-Cheikh, M.; Rowland, S. J.; Kaegi, R;; Henry, T. B;
Cormier, M.-A,; Thompson, R. C. Synthesis *C labelled polystyrene
nanoplastics for environmental studies. Commun. Mater. 2020, 1 (1),
97.

(95) Clark, N. J; Khan, F. R; Crowther, C.; Mitrano, D. M,;
Thompson, R. C. Uptake, distribution and elimination of palladium-
doped polystyrene nanoplastics in rainbow trout (Oncorhynchus
mykiss) following dietary exposure. Sci. Total Environ. 2023, 854,
15876S.

(96) Weber, A.; Schwiebs, A.; Solhaug, H.; Stenvik, J.; Nilsen, A. M.;
Wagner, M.; Relja, B.; Radeke, H. H. Nanoplastics affect the
inflammatory cytokine release by primary human monocytes and
dendritic cells. Environ. Int. 2022, 163, 107173.

(97) Prietl, B;; Meind], C.; Roblegg, E.; Pieber, T. R; Lanzer, G.;
Frohlich, E. Nano-sized and micro-sized polystyrene particles affect
phagocyte function. Cell Biol. Toxicol 2014, 30 (1), 1-16.

(98) van den Berg, A. E. T.; Plantinga, M.; Vethaak, D.; Adriaans, K. J.;
Bol-Schoenmakers, M.; Legler, J.; Smit, J. J; Pieters, R. H. H.
Environmentally weathered polystyrene particles induce phenotypical
and functional maturation of human monocyte-derived dendritic cells.
J. Immunotox 2022, 19 (1), 125—133.

1461

(99) Kelly, F.J.; Fussell, J. C. Toxicity of airborne particles-established
evidence, knowledge gaps and emerging areas of importance. Philos.
Trans. R. Soc. A 2020, 378, 20190322.

(100) Ogonowski, M.; Wagner, M.; Rogell, B.; Haave, M.; Lusher, A.
Microplastics could be marginally more hazardous than natural
suspended solids — a meta-analysis. Ecotoxicol Environ. Safe 2023,
264, No. 115406.

(101) Henry, T. B; Petersen, E. J.; Compton, R. N. Aqueous fullerene
aggregates (nC60) generate minimal reactive oxygen species and are of
low toxicity in fish: a revision of previous reports. Curr. Opin Biotechnol
2011, 22, 533—537.

(102) Shinohara, N.; Matsumoto, T.; Gamo, M.; Miyauchi, A.; Endo,
S.; Yonezawa, Y.; Nakanishi, J. Is lipid peroxidation induced by the
aqueous suspension of fullerene C-60 nanoparticles in the brains of
Cyprinus carpio? Environ. Sci. Technol. 2009, 43, 948—953.

(103) Szule, J. A.; Curtis, L. R;; Sharpton, T.].; Léhr, C. V.; Brander, S.
M.,; Harper, S. L,; Pennington, J. M.; Hutton, S. J; Sieler, M. J,;
Kasschau, K. D. Early enteric and hepatic responses to ingestion of
polystyrene nanospheres from water in C57BL/6 mice. Frontiers in
Water 2022, 4, No. 925781.

(104) Skare, J. U.; Alexander, J.; Haave, M.; Jakubowicz, 1.; Knutsen,
H. K,; Lusher, A.; Ogonowski, M.; Rakkestad, K. E.; Skaar, I; Sverdrup,
L. E.; Wagner, M.; Agdestein, An; Bodin, ]. E.; Elvevoll, E. O.; Hemre,
G.I; Hessen, D. O.; Hofshagen, M.; Husdy, T.; Krogdahl, A; Nilsen, A.
M.; Rafoss, T.; Skjerdal, O. T; Steffensen, I.-L.; Strand, T. A.; Vandvik,
V.; Wasteson, Y. Microplastics; occurrence, levels and implications for
environment and human health related to food. Opinion of the Steering
Committee of the Norwegian Scientific Committee for Food and
Environment, VMK Report 2019:16; Norwegian Scientific Committee
for Food and Environment (VKM), 2019. https//hdl.handle.net/
10037/16566.

(105) Valencia-Castaneda, G.; Ruiz-Fernandez, A. C.; Frias-
Espericueta, M. G.; Rivera-Hernandez, J. R.; Green-Ruiz, C. R.; Paez-
Osuna, F. Microplastics in the tissues of commercial semi-intensive
shrimp pond-farmed Litopenaeus vannamei from the gulf of California
ecoregion. Chemosphere 2022, 297 (2022), 134194.

(106) Joyce, H.; Nash, R.; Kavanagh, F.; Power, T.; White, ].; Frias, J.
Size dependent egestion of polyester fibres in the Dublin Bay prawn
(Nephrops norvegicus). Mar. Pollut. Bull. 2022, 180 (2022), 113768.

(107) Hartmann, C.; Lomako, 1; Schachner, C.; El Said, E.; Abert, J.;
Satrapa, V.; Kaiser, A.-M.; Walch, H.; Koppel, S. Assessment of
microplastics in human stool: a pilot study investigating the potential
impact of diet-associated scenarios on oral microplastics exposure. Sci.
Total Environ. 2024, 951 (2024), 175825.

(108) Tamargo, A.; Molinero, N.; Reinosa, J. J.; Alcolea-Rodriguez,
V.; Portela, R.; Banares, M. A.; Fernandes, J. F.; Moren-Arribas, M. V.
PET micorplastics affect human gut microbiota communities during
simulated gastrointestinal digestion, first evidence of plausible polymer
biodegradation during human digestion. Sci. Rep. 2022, 12, 528.

(109) EFSA Panel on Food Additives and Nutrient Sources added to
Food. Re-evaluation of silicon dioxide (ESS1) as a food additive. efsa J.
2018, 16, €05088.

(110) SAPEA, Science Advice for Policy by European Academies. A
Scientific Perspective on Microplastics in Nature and Society; Scientific
Advice Mechanism to the European Commission: Berlin, 2019.
https://scientificadvice.eu/advice/a-scientific-perspective-on-
microplastics-in-nature-and-society/.

(111) World Health Organization (WHO). Dietary and inhalation
exposure to nano- and microplastic particles and potential implications for
human health, 2022. https://apps.who.int/iris/bitstream/handle/
10665/362049/9789240054608-eng.pdf (accessed 2023-03-16).

https://doi.org/10.1021/acs.estlett.5c00551
Environ. Sci. Technol. Lett. 2025, 12, 1453—1461


https://doi.org/10.1021/es062402y?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/es062402y?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.3109/10408444.2015.1038498
https://doi.org/10.3109/10408444.2015.1038498
https://doi.org/10.1016/j.yrtph.2023.105525
https://doi.org/10.1016/j.yrtph.2023.105525
https://doi.org/10.1016/j.yrtph.2023.105525
https://doi.org/10.1038/s41591-024-03453-1
https://doi.org/10.1038/s41591-024-03453-1
https://doi.org/10.1021/acs.est.4c12599?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.est.4c12599?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.est.4c12599?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1289/EHP13435
https://doi.org/10.1289/EHP13435
https://doi.org/10.1289/EHP13435
https://doi.org/10.1007/BF02064184
https://doi.org/10.1007/BF02064184
https://doi.org/10.1007/BF02064184
https://doi.org/10.1007/s11051-015-3029-y
https://doi.org/10.1007/s11051-015-3029-y
https://doi.org/10.1007/s11051-015-3029-y
https://doi.org/10.1007/s00204-019-02478-7
https://doi.org/10.1007/s00204-019-02478-7
https://doi.org/10.1038/s43246-020-00097-9
https://doi.org/10.1038/s43246-020-00097-9
https://doi.org/10.1016/j.scitotenv.2022.158765
https://doi.org/10.1016/j.scitotenv.2022.158765
https://doi.org/10.1016/j.scitotenv.2022.158765
https://doi.org/10.1016/j.envint.2022.107173
https://doi.org/10.1016/j.envint.2022.107173
https://doi.org/10.1016/j.envint.2022.107173
https://doi.org/10.1007/s10565-013-9265-y
https://doi.org/10.1007/s10565-013-9265-y
https://doi.org/10.1080/1547691X.2022.2143968
https://doi.org/10.1080/1547691X.2022.2143968
https://doi.org/10.1098/rsta.2019.0322
https://doi.org/10.1098/rsta.2019.0322
https://doi.org/10.1016/j.ecoenv.2023.115406
https://doi.org/10.1016/j.ecoenv.2023.115406
https://doi.org/10.1016/j.copbio.2011.05.511
https://doi.org/10.1016/j.copbio.2011.05.511
https://doi.org/10.1016/j.copbio.2011.05.511
https://doi.org/10.1021/es802182f?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/es802182f?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/es802182f?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.3389/frwa.2022.925781
https://doi.org/10.3389/frwa.2022.925781
https//hdl.handle.net/10037/16566
https//hdl.handle.net/10037/16566
https://doi.org/10.1016/j.chemosphere.2022.134194
https://doi.org/10.1016/j.chemosphere.2022.134194
https://doi.org/10.1016/j.chemosphere.2022.134194
https://doi.org/10.1016/j.marpolbul.2022.113768
https://doi.org/10.1016/j.marpolbul.2022.113768
https://doi.org/10.1016/j.scitotenv.2024.175825
https://doi.org/10.1016/j.scitotenv.2024.175825
https://doi.org/10.1016/j.scitotenv.2024.175825
https://doi.org/10.1038/s41598-021-04489-w
https://doi.org/10.1038/s41598-021-04489-w
https://doi.org/10.1038/s41598-021-04489-w
https://doi.org/10.2903/j.efsa.2018.5088
https://scientificadvice.eu/advice/a-scientific-perspective-on-microplastics-in-nature-and-society/
https://scientificadvice.eu/advice/a-scientific-perspective-on-microplastics-in-nature-and-society/
https://apps.who.int/iris/bitstream/handle/10665/362049/9789240054608-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/362049/9789240054608-eng.pdf
pubs.acs.org/journal/estlcu?ref=pdf
https://doi.org/10.1021/acs.estlett.5c00551?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

