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Abstract: Microplastic contamination is rapidly becoming an increasingly worrying en-
vironmental problem and poses a real threat to marine ecosystems and human health.
The aim of this research was to conduct a traditional review of the current state of the art
regarding the sources of MPs in marine environment, including an assessment of their
toxic effect on marine organisms and transfer within the food webs and up to humans.
An extensive literature search (from 1 January 2024 to 15 February 2025) yielded a total
of 1027 primary research articles on this topic. This overview revealed that MPs can be
ingested by marine organisms, migrate through the intestinal wall, and spread to other
organs. They can biomagnify along the food chain and can be carriers of toxic chemicals
and pathogen agents. Exposure of marine organisms to MPs can lead to several risks,
including tissue damage, oxidative stress, and changes in immune-related gene expression,
neurotoxicity, growth retardation, and behavioural abnormalities. The toxicity of MPs
depends mainly on the particle size distribution and composition/characteristics of the
polymer. The main routes of human exposure to MPs have been identified as ingestion
(mainly seafood), inhalation, and dermal exposure. There is strong evidence of contamina-
tion of seafood by MPs, which pose a potential risk to human health. This study provides
the basis for assessing MPs’ risk to marine ecosystems and potential human health impacts.

Keywords: plastic pollution; microplastics; marine organisms; human health

1. Introduction

Plastics play a fundamental role in our society; their unique properties allow them to
be used in a wide range of applications and meet the needs of many industries. Currently,
production and consumption follow an exponential trend that brought plastic materials
to become one of the largest contributors to global waste. Global plastics production is
predicted to continue to grow in the coming years, reaching around 1.2 billion tonnes in
2060. At the same time, plastic waste management will become a growing concern, with
around 250 million tonnes expected to be generated by 2025 [1].
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Globally, only 9% of all the plastic waste, is recycled, while 19% is incinerated, 49% is
landfilled, and 22% is mismanaged, accumulating in natural environments and ending up
in seas and oceans [2].

The increasing presence of plastic litter in the environment and efforts to reduce its
pollution have become one of the most serious environmental challenges, among scientists
and policy makers. Recently, the United Nations Environment Assembly (UNEA) requested
the Executive Director of UNEP to develop an international legally binding instrument on
plastic pollution, including in the marine environment, based on a global approach that
addresses the entire life cycle of plastics [3].

They are considered persistent contaminants due to their slow degradation, but plastics
can undergo fragmentation into progressively smaller pieces, known as ‘microplastics’
(0.1 pm-5 mm) and “nanoplastics” (<0.1 um), most of which are expected to persist in the
environment in some form over geological timescales [4]. Microplastics in the environment
come from a variety of sources and pose several hidden dangers. Understanding their toxic
effects and potential risks to human health is therefore a major challenge.

The sea and ocean are the ultimate repository of these particles [5], and their presence
is causing growing concern about their potential impact on marine life and human well-
being. Plastics and MPs are ubiquitous in all environmental compartments, from beaches
to the seabed, in sediments, in the water column, and even in remote areas such as the
Arctic and Antarctic [6].

The small size of MPs makes this debris untraceable to its source and difficult to
remove from the marine environment, meaning that the most effective reduction strategies
must involve reducing inputs [7].

It is well known that coastal marine areas provide ecosystem services of high economic
value for both human well-being and for vertebrate and invertebrate organisms. Unfortu-
nately, as a result of inappropriate waste management, the accumulation of plastic waste in
these areas is very abundant, with negative effects on ecological aspects, including biodi-
versity, economic activities, and humans [8,9]. For marine users and coastal communities,
plastic debris leads to income losses and increased costs [10].

The presence of plastic has the potential to dramatically alter the ecology of marine sys-
tems [11]. Changes in biodiversity can have potentially far-reaching and unpredictable side
effects on society, such as a reduction in the resilience and recovery potential of ecosystems.

Eliminating or at least reducing the negative impacts will require a global transition
with implications for public behaviour, legislation and governance, and industry and
trade [12].

This article aims to provide an overview of the hazards of microplastics on marine
organisms and focuses on a multidisciplinary approach, drawing on environmental, toxico-
logical, and public health sciences. It examines how different types of microplastics interact
with different marine organisms and the implications for human health.

2. Literature Review Search Methodology

Deep systematic research of literature was carried out to assess the current state of the
art of MPs in the marine environment (sources, sinks, marine plastic waste); to examine the
toxicity of MPs to marine organisms; and to assess the potential risk to human health issues.

Search restrictions were placed on English articles published from 1 January 2024 to
15 February 2025 from the database Scopus (www.scopus.com (accessed on 15 February
2025)). The search was performed using the searching string of TITLE-ABS-KEY on the
topic “microplastic” OR “microplastics” AND “toxicity” AND “marine organisms” AND
“human health; “bioplastic OR bioplastics” AND “toxicity” AND marine organisms” AND
“human health”.
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The initial search led to 2518 documents of potentially relevant studies. After eliminat-
ing review articles (n = 811), a total of n = 1588 research articles were attained. After removal
of duplicates and further rigorous screening through the title and abstract in a first step
and full paper reading in a second step, studies that were irrelevant to the selected topics
were excluded, reducing the number of eligible documents to 1027. The 1027 studies were
published in 184 international peer-reviewed journals, of which 34 journals have published
at least 3 articles on the topic of the present review. In particular, the following journals
have published more than thirty articles during the selected period, showing a particular
attention for this topic: Journal of Hazardous Materials, Environmental Pollution, Chemosphere,
Marine Pollution Bulletin, and Ecotoxicology and Environmental Safety (Figure 1A).
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Figure 1. Number of publications found from individual journals (A) and by year (B). Journals that
have published almost three articles are included in Figure 1A. Articles published from 1 January
2024 to 15 February 2015 are included in Figure 1B.
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Figure 1B shows a marked increase in the number of publications per year on this topic
since 2014, indicating an increase in attention from researchers and academics, leading to
more research efforts in recent years.

In order to illustrate the dominant research themes in the selected articles, we used
a visualisation method that highlights the most frequently used words, represented by
the largest size. To achieve this, all words in the titles of the selected articles were sorted

in descending order of frequency of use. The data were entered into word clouds (www.
wordclouds.com (accessed on 17 February 2025)), which are shown in Figure 2. Keywords

such as microplastics, toxicity, risk, and marine and human health are the most frequently
found words in the selected literature.
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Figure 2. Word clouds computed from the titles of the selected 1027 articles in this review.

Figure 3 shows the percentages of articles reporting the groups of taxa used in the

MP ecotoxicological assessments. The results show that molluscs have received the most
attention (30%), followed by fish (24%).
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Figure 3. Articles percentage on MPs ecotoxicological evaluation by using marine organisms.

3. Plastics Polymer: Types and Physical-Chemical Characteristics
3.1. Plastic Types

The “plastic” name does not refer to a single material but covers a wide range of
materials with very different characteristics and manufacturing processes. For this reason,
understanding the impact of plastics is difficult and complex due to their different physical
and chemical characteristics that make them multifaceted stressors.

Conventional plastics are made from non-renewable resources, such as gas or
petroleum. The Society of the Plastic Industry (SPI) has established a numerical coding
system for these plastics, assigning numbers from 1 to 7 to different types.

Number 1 for polyethylene terephthalate (PET), 2 for High-Density Polyethylene
(HDPE), 3 for Polyvinil chloride (PVC), 4 for low-density polyethylene (LDPE), 5 for
Polypropylene (PP), 6 for Polystyrene (PS), and 7 for other plastic polymers, such as nylon
fibres, feeding bottles, compact discs, containers for medical use, car parts, etc. [13,14].

It is widely recognised that society needs to move towards sustainability and to
meet the increasing demand for plastic materials from a growing world population, while
protecting ecosystems. This means promoting the use of sustainable polymers that have
similar properties to traditional non-biodegradable petroleum-based plastics and can be
produced and disposed in harmony with the environment.

Bioplastics are being promoted as safer alternatives, as they are either bio-based,
biodegradable, or both [15]. Bio-based means a material or product is made from biomass
that comes from sources like corn, sugar cane, wood, potatoes, vegetable oils, and food
waste. Their biodegradation is a biochemical process that leads to breakdown of materials
through a physical or chemical change that occurs by the mineralization to CO,, biomass,
and water through biological activities [15].

In Europe, bioplastics account for around 1% of total plastic demand and are set to
grow, although they are expected to increase from around 2.23 million tonnes in 2022 to
around 6.3 million tonnes in 2027 [16]. The cost comes from factors such as raw material
sourcing and processing. Furthermore, large-scale production of bioplastics requires signif-
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icant investments in infrastructure and technology. As a result, nowadays, their adoption
remains limited.

3.2. Microplastics: Size, Shape, and Density

Although plastic is recognised to be an inert material, it has a complex variety of
physical-chemical characteristics (i.e., size, shape, density, polymer type, polymer chemical
composition) [17].

Based on particle size, polymers can be classified as follows: macroplastics (>25 mm),
mesoplastics (5-25 mm), microplastics (<5 mm), and nanoplastics (<0.1 pm).

Moreover, they can be classified according to their original manufactured size in
primary MPs and secondary MPs. Primary MPs are those intentionally produced by the
industry in different shapes (fragments, fibres, spheres, granules, pellets, flakes, or beads)
and size, depending on their final use [17,18]. They are added to various products (medical
devices, pharmaceuticals, electronic devices, fertilisers, cosmetics, detergents, toothpastes,
paints) for their abrasive, exfoliating, and smoothing properties or to maintain the thickness,
appearance, and stability of the product.

Secondary MPs are those that result from the fragmentation/degradation of macroplas-
tics already present in the environment as waste. The degradation and fragmentation of
plastic litter in the environment is caused by abiotic and biotic factors, such as chemical
(i.e., photolysis, hydrolysis, and thermal), mechanical (abrasion caused by wind, waves),
and biological reactions (e.g., bacteria and fungi) [19]. This fragmentation can determine
the production of different plastics shape: fibres, fragments, films.

Density is another important physical property of microplastics, generally associated
with the distribution and mobility of MPs in the aquatic environment, for example, low-
density MPs such as PE and PP float in water, while high-density microplastics tend to sink
to sediment [20].

3.3. Addittives

Additives are intentionally added to both conventional and bio-based plastics during
the manufacturing process in order to achieve desired material properties such as flexibility,
heat/flame resistance, durability, colour, etc., depending on the application.

Additives are not covalently bound to polymeric material, so they can be easily leached
out of the finished product under favourable conditions. The most frequent additives
found in the environment are bisphenols, phthalates, nonylphenols, and brominated flame
retardants (BFRs) [21]. The high heat and other stresses of the manufacturing process often
generate additional leachable ‘degradation chemicals’ that may have estrogenic activity.
Therefore, long-term plastic exposure can inevitably lead to the leaching of many harmful
substances that can be transferred to marine organisms and humans [22,23].

Some of these chemicals are known as endocrine-disrupting chemicals (EDCs), sub-
stances that have negative effects on the environment and wildlife and often impact human
health [24,25]. The most commonly used additive with estrogenic activity (EA) is bisphenol
A (BPA). It is commonly used as plasticizer in the plastics industry, more specifically in
the manufacture of polycarbonate plastics and food packaging [24]. It is found in many
environmental compartments, including the aquatic environment, where it enters via point
source discharges, such as landfill leachate and sewage treatment plant effluents. BPA was
considered an EDC, and for that reason, it was banned and phased out of plastic products
in many countries. Alternative chemicals, such as bisphenol S (BPS) and bisphenol F (BPF),
were introduced to replace BPA as a healthier option. However, scientific research has
confirmed their hormonal activity, thus continuing the same health issues [26,27].
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Phthalic acid esters (PAEs), commonly known as phthalates, were used as polyvinyl
chloride (PVC) additives; they are mainly used in the plastics industry (e.g., hair products,
pharmaceuticals, and medical devices) as plasticizers and to provide durability and strength
to materials [28].

Metal additives have many functions in plastics, such as biocides, antimicrobials,
lubricants, and flame retardants, but are mainly used as inert fillers, pigments, dyes, and
stabilizers. [29]. It has been reported that metals and metal complexes, although encapsu-
lated in a polymer matrix, are not chemically bound to polymer molecules [30]. Metal-based
additives used to colour plastics can potentially have an impact on the environment once
the plastic is released into the natural environment. Lead is one of the most commonly de-
tected metals in PVC products and may have a greater environmental impact. Munier and
Bendell [31] report that plastics likely accumulate lead and copper from the environment,
while zinc and cadmium come mainly from the production of plastics. Wang et al. [32]
highlighted that most of the metals associated with microplastics are derived from their
inherent load rather than being sorbed from the environment. A survey revealed that Pb
additives inserted into microplastics, especially PVC, may have a greater environmental
impact than adsorbed Pb. Moreover, a study has found that Pb additives in microplastics,
particularly PVC, may have a greater environmental impact than adsorbed Pb [33,34].
Chromium is another metal mainly used for polymers such as PVC, polyethylene, and
polypropylene. Also, the inclusion of Ti in plastic products acts as indicator of TiO,, which
is used both as white pigment and UV stabilizer [35].

Flame retardants (FRs) are inorganic and/or organic substances incorporated into raw
polymers during the manufacturing process to prevent the flammability of the plastics. FRs
are present not only on the surface of plastics and MPs but also inside them when added
as additives during the manufacturing process, due to their highly lipophilic nature [36].
Considering the high lipophilicity of FRs, their rapid bioaccumulation is easily understood.
The polybrominated diphenyl ethers (PBDEs) are FRs detected in various matrices, includ-
ing human milk, article glaciers, household dust, and sludge derived from water treatment
plants [36].

4. Sources and Transport of MPs in Marine Environment

MPs pollution in the ocean is one of the most serious environmental risks for a wide
range of marine organisms across the planet.

Approximately 75% of marine waste is characterised by microplastics, of which ap-
proximately 80-90% originate from land-based sources, while only 10-20% originate from
marine sources [37].

Marine litter results from unregulated disposal of waste in rivers, lakes, and channels
that then are transferred to ocean, freshwater, brackish, or estuarine habitats. Microplas-
tics (MPs) enter into the marine environments in several ways: primarily from surface
runoff and wastewater (treated and untreated) but also from sewer overflows, industrial
discharges, degraded plastic waste, and atmospheric deposition [38] (Figure 4).

The land-based supply sources consist of a myriad of items: bottles, plastic bags,
building supplies, personal hygiene items, and apparel and synthetic fibres. Indeed,
they can be released by using personal care products containing microbeads and through
washing textiles, which shed microfibres. Every year, one million tonnes of synthetic fibres
from the washing of clothes containing synthetic materials, such as acrylics, nylon, and
polyesters, end up in wastewater streams, 50% of which is discharged into the environment.
Previous studies reported that during the washing of a single garment, from 1900 to
1,000,000 fibres can be released, in particular over 6,000,000 fibres when washing polyester
fabrics and 700,000 fibres from acrylic fabrics [39,40].
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Figure 4. Microplastic sources and diffusion in marine environments.

Tyre dust is the largest source of MPs, followed by particle shedding from polymer-
based paint and textiles that contribute significantly to the release of MPs into the environ-
ment. For the degradation of tyres, Sweden lost, from tyres, an emission of 10,000 tonnes
annually, or just over 1 kg per capita, and Germany generates about 110,00 tonnes of
particles, about 1.4 kg/capita/year. Paints used for road markings and house exteriors
account for 10% of the microplastics released into the environment [41,42].

MPs found in air and urban dust can be the result of human activities (industrial, agri-
cultural, or domestic). One more land-based source of these particles is plastic incinerators,
which produce bottom and air ash that contains MPs. The small size of MPs allows them to
remain suspended and be transported long distances from urban areas or inland regions to
coastal areas. When the wind slows down and the air is dry, MPs can be deposited from the
atmosphere into the sea surface. Once deposited on the sea surface, MPs can enter marine
ecosystems, where they accumulate and represent a risk to marine life through ingestion
and contamination of the food chain [43].

The marine sources contributing to the release of MPs are mainly represented by beach
tourism, marine vessels, offshore industry, beach tourism, commercial fishing (abandoned,
lost, or otherwise discarded fishing gear) and the transport of microplastic waste, often
dumped by military and naval vessels [44].

One of the main pathways through which microplastics enter the aquatic environment
is via wastewater treatment plants (WWTPs) [45]. In WWTPs, the stirring, mixing, and
pumping of wastewater is another potential source of microplastics (MPs).

MPs in the sewage system are difficult to remove before the water is recycled or
discharged into the marine environment.

It is estimated that MPs released to the environment after wastewater treatment are
higher than the original levels. Studies showed that sludge produced from skimming
units comprise large amounts of MPs, around 4000 to 7000 per kg of wastewater, which
are 5 to 10 times greater than biosolids and grits. Lares et al. [46] stated that MPs were
approximately 5 times higher in digested sludge than in activated sludge. Talvitie et al. [47]
calculated that 20% of the MPs in the sewage sludge were returned to the wastewater flow
through the reject water, while the remaining 80% ended up in the dry sludge for disposal.
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5. Effects of Microplastics on Marine Organisms
5.1. MPs Uptake by Marine Organisms

MPs pollution in the oceans is one of the environmental threats to many marine organ-
isms. Recent studies have shown that plastic fragments, which persist in the environment,
can be ingested and bioaccumulated by marine organisms [48]. Therefore, many taxa of the
marine biota, including plankton, invertebrates, fish, sea turtles, and marine mammals, can
be harmed by MPs directly or indirectly [49-53].

Once ingested and bioaccumulated by marine organisms, these particles can biomag-
nify along the food chain from primary producers to top predators [48], causing adverse
biological and physical effects on marine life [54].

A variety of factors, such as habitat, geographical location, environmental position
within the habitat (epifaunal, infaunal, etc.), feeding mode, size, lifespan, level of envi-
ronmental contamination, or distance from the source(s) of plastic pollution, are likely to
influence the extent and rate of uptake of microplastics by marine organisms [55].

Among them, the feeding mode of marine organisms plays a key role in the ingestion
of MPs in their bodies. MPs can be confused with natural food by a wide range of marine
organisms (e.g., crustaceans, molluscs, cnidarians, echinoderms, fish, and mammals),
especially if it overlaps with their prey size range [56-58].

Filter-feeders, such as sponges, tunicates, and bivalves, actively feed on particles
suspended in the water column, including MPs. They use cilia to create currents that
transport particles to specialised feeding structures, so MPs enter these currents and
are consumed. Abd-Elkader et al. [59] reported that MP concentrations (item/g) in the
tissues of filter-feeding bivalve molluscs were higher than those of benthic gastropods or
herbivorous echinoids along the Egyptian Red Sea coast. Walkinshaw et al. [60] found MPs
in filter-feeding bivalve molluscs Mytilus spp. and cupped oysters Crassostrea spp.

The uptake rates of conventional plastic particles and bioplastic material appear to
be very similar; Anderson and Shenkar [61] reported no significant differences in the
absorption rates of MPs from PET and PLA in the tunicate Microcosmus esasperatus.

The presence of MPs in the guts, gills, and other tissues of aquatic organisms, including
some commercially important shellfish, crustaceans, and fish, has been well documented,
for example, in Mytilus edulis and Mytilus galloprovincialis in European countries [62].

Alfaro-Ntfez et al. [63], in a study conducted in the equatorial tropical Pacific,
reported the presence of microplastic fragments in 69% of the marine specimens anal-
ysed that were intended for human consumption, including fish, cephalopod molluscs,
and crustaceans.

MPs can settle and be consumed by benthic deposit feeders or by detritivores such
as annelids [55,64]. Deposit-feeders, which move along the surface or burrow into soft
sediments, ingest sediments and assimilate the non-living and living organic matter, thereby
contributing to nutrient cycling. These species play an important role in moving and
distributing microplastics in aquatic ecosystems, particularly in relation to microplastic
pollution. Hediste diversicolor is omnivorous with several distinct feeding modes, including
scavenging, carnivory, filter feeding of suspended particulate matter in the water column,
and deposit feeding from organic matter and detritus in and around the surface layers
of sediment. H. diversicolor exposed to polyamide in the form of both microfragments in
sediment and microfibers in water showed that filter-feeding worms uptake more fibres
than worms that fed on microfragments, demonstrating that both feeding mode and particle
characteristics significantly influence microplastic uptake by H. diversicolor [55].

Omnivorous fish consume more MPs than single herbivorous fish because of their
broad feeding range [65]. Meanwhile, carnivorous fish can exchange MPs floating in the
water column for food more easily than herbivorous and omnivorous fish [66].
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Particles larger than 150 pm usually are not absorbed by tissues and cause only local
inflammation. Smaller particles, instead, can induce systemic exposure and migrate to vital
organs and are more available to animals at the base of the food chain [67].

5.2. Toxic Effect of Microplastics on Marine Organisms

Because of their ubiquitous nature and small size, MPs can be uptaken by a wide
range of marine organisms. The ingestion of microplastics is almost always accidental, as
the particles are often mistaken for food [68]. Microplastic ingestion by marine organisms
can cause mechanical effects, such as abrasion of feeding structures, polymer adhesion
to external surfaces impeding mobility, and digestive tract obstruction, and moreover,
chemical effects, such as inflammation, liver stress, and reduced growth [49].

Plastic polymers can leach their chemical additives in the marine environment and can
be vectors of toxic compounds, such as organic contaminants, metals, and infection, due to
their ability to absorb and accumulate pollutants from the surrounding water or release
them [69]. Therefore, MPs in the marine environment can be considered as a complex
mixture, since they can contain chemical additives, organic material, and living substances
that can interact with the biotic and abiotic components and make microplastic more toxic
in nature.

Several studies have investigated the effects of microplastic uptake and accumulation
on marine organisms. Table S1 provides a list on a wide range of marine organisms, from
small invertebrates to vertebrates, that are sensitive to microplastics, with lethal or sublethal
effects [70-146].

5.2.1. Phytoplankton

Phytoplankton is the basis of marine food chains, providing both energy and food for
higher trophic levels, and has critical roles in ecosystem functions, such as carbon cycling.

The adverse effects of MPs on phytoplankton are well described and include al-
tered gene expression, inhibition of cell growth, reduced photosynthetic capacity, reduced
chlorophyll content, formation of heteroaggregates, inhibition of biomass productivity, and
reduced environmental interactions due to surface adsorption [70-75].

Huang et al. [74] observed that the growth of the red alga Porphyridium purpureum was
significantly inhibited at concentrations of PS-MPs up to 50 and 100 mg/L, together with
a markedly reduced Fv/Fm value and increased levels of superoxide dismutase (SOD),
catalase (CAT) enzymes, phycoerythrin (PE), and extracellular polysaccharide (EPS).

In diatoms, a low photosynthetic efficiency was observed after 72 and 96 h of exposure
to polystyrene microspheres (PS-MPs) at a concentration of 200 mg/L [72].

High concentrations and smallest particle sizes of PS particles determine a reduced
photosynthetic activity and reduced growth in the marine diatom (Thalassiosira pseudonana)
and marine flagellate (Dunaliella tertiolecta) [77] (Table S1). Moreover, MPs can form aggre-
gates with some phytoplankton species; for example, Rhodomonas salina has tended to take
up more microplastic aggregate [75].

5.2.2. Zooplankton

Many zooplankton organisms feed primarily in surface waters, where MPs abundance
is high, thus increasing the chances of encounter and ingestion. The ingestion of MPs can
damage the delicate structures of zooplankton, affecting their ability to feed, reproduce,
and fulfil their ecological role. Zooplankton plays a fundamental role in the transfer of
energy from primary producers to higher trophic levels, as they contribute to nutrient
cycling by consuming and recycling organic matter into high-density, sinking-rate faecal
pellets. Therefore, their decline can have cascading effects throughout the marine food
web [147].
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The exposure of the marine copepod Tigriopus japonicus to 50 nm and 10 pm PS
microbeads revealed that smaller MPs induced more reactive oxygen species (ROS), signifi-
cantly changing antioxidant-related gene expression and antioxidant enzyme activities [104]
(Table S1). The smallest PS micro-beds, 0.05 and 0.5 pm size, caused mortality in T. japonicus
in acute exposure, while MPs of 6 um PS did not affect survival [105] (Table S1).

PP MPs revealed toxic effects on the early life stage of T. fulvus [103], while PE-MPs
ranging from 1 to 500 um did not show toxicity for Acartia clausii [78] (Table S1).

Also, the growth and reproduction of copepods showed an size-dependent MP de-
crease after being exposed to MPs for a period of 16 days [105].

5.2.3. Other Marine Invertebrates

Exposure of barnacle larvae (Amphibalanus ampitrite) and brine shrimp (Artemia fransis-
cana) to PS MPs (>1 mg/L) induced alterations in swimming speed after 48 h. In addition,
exposure to MPs revealed variable effects on enzyme activity, as an increase in CAT activity
was mainly increased at the high dose (1 mg/L), whereas effects on cholinesterase (acetyl-
cholinesterase and propionylcholinesterase) appeared more random, with no clear dose
dependence [120] (Table S1).

Paracentrotus lividus is widely used marine model organism for the ecotoxicological
response to environmental pollutants. Oliviero et al. [107] observed a decrease in larval
length (P. lividus) when exposed to low concentrations (0.3 mg/L) of PVC-MPs and a
block of larval development in sea urchin embryos exposed to the highest dose (30 mg/L).
Moreover, an evident toxic effect due to leached PVC was observed, manifesting as devel-
opmental arrest, immediately after fertilization and morphological alterations in plutei [91].
PVC products with different colours showed different toxicity, probably due to a different
content and/or combination of heavy metals present in colouring agents [107] (Table S1).

To compare the toxicity of MP leachates of commercialized biopolymers (PHB, PLA
PLA/PHA) with the plastic petroleum-based (PVC), Uribe-Echeverria and Beiras [108]
have demonstrated that the leachates of these bioplastic materials were innocuous for the
larvae of P. lividus, with a slight toxicity for PHB, while PVC leachates were the most toxic
for P. lividus, likely due to the added plasticisers (Table S1).

A study on the acute toxic effects of MPs (<38 um) of PS and PP on Gammarus
aequicauda, Cymodoce truncata, and Idothea baltica showed toxic effects on all crustacean
species tested, with LC50 values ranging from 2.73 mg/L to 80 mg/PP/L. PS-MP resulted
in an acute lethal effect (LC50 = 20.90 mg/L) only on G. aequicauda [103].

Sea cucumbers have a high susceptibility to bioaccumulate marine pollutants, making
holothurians effective bioindicators of microplastic pollution. Studies have shown that MP
toxicity in marine organisms occurs via physical or biological effects [117-119] (Table S1).

Recent evidence has indicated that effects of PE and PP-MPs are bioaccumulated in the
gastrointestinal tract and coelomic fluid of sea cucumber (Holothuria tubulosa) specimens,
determining oxidative stress (i.e., catalase, glutathione S transferase, malondialdehyde, and
DNA damage) [118] (Table S1).

The polychaete lugworm, Arenicola marina marina, is a crucial organism in the benthic
ecosystem since it is responsible for reworking the sediments in which it lives. It is
responsible for the distribution of inorganic nitrogen, such as ammonium (NHy ™), nitrate
(NO3), and nitrite (NO;), between the water column and sediments, making it available to
other benthic organisms [51]. Green et al. [51] observed that in the presence of high doses
of MPs, A. marina reduced its bioturbative activity, thereby reducing primary productivity,
altering ammonium flux, and changing the benthic habitat structure.

Mussels, as sessile filter-feeders, are excellent marine animals to study the intake and
accumulation of MPs, being considered as bioindicators of coastal pollution. Exposure to
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MPs may have biological impacts on mussels, including negative effects on the immune
system [80] and genotoxic effects [50,80,81] (Table S1).

There is strong evidence of a marked ability of contaminated MPs to transfer chemical
contaminants to exposed mussels (Mytilus galloprovincialis), with indications of potential
transfer and bioaccumulation of chemical in mussel tissues.

Both virgin and contaminated PE-MPs and PS-MPs induced several effects at the
transcriptional and cellular level, highlighting the potential risk for the health status of
organisms, especially under conditions of long-term chronic exposure [50].

The effects of HDPE-MPs and of biodegradable MPs PLA on flat oyster Ostrea edulis
showed no alterations in filtration and growth rates, but respiration rates were elevated in
response to the high dose of PLA microplastics, suggesting that biodegradable MPs in the
O. edulis induced stress [92] (Table S1).

5.2.4. Fish

Fish play a vital role in the marine ecosystem as both predators and prey. They
contribute to the overall health and stability of the ecosystem by helping to maintain the
balance of the food chain. They show different levels of susceptibility to MPs due to the
diversity of the habitats in which they live as well as the characteristics of the MPs. The
presence of plastic debris in the stomachs of large pelagic fish in the Mediterranean has been
demonstrated [148]. Lusher et al. [149] found microplastics in 36.5% of the gastrointestinal
tracts of pelagic and demersal fish.

The ingestion of MPs can lead to different adverse effects on fish, including physical
damage to vital organs. In Dicentrarchus labrax, PVC and PE-MPs induce histopathological
lesions in liver and intestine and alterations in the immunity system [138]. PE-MPs have
been reported to significantly reduce acetylcholinesterase (AChE) activity in juveniles of
the common goby Pomatoschistus microps together with oxidative damage [140,141].

Chronic exposure of marine medaka (Oryzias melastigma) to PE and PLA MPs at the
same concentration (200 pg/L) had no significant effect on body length and weight of ma-
rine medaka larvae. However, pathological damage to intestinal tissues was observed, even
if there were no significant changes in the composition of the intestinal microbiota [142,143].

Metabolic parameters in the serum of Sparus aurata fed 100 or 500 mg/kg of PVC
microplastics for 30 days showed that the dietary intake has a negative impact on fish
physiology due to the chronic stress produced [139] (Table S1).

MPs can be ingested by fish and can accumulate in the digestive tract, leading to a
feeling of fullness and consequently to a decrease in available energy [150]. They can also
interfere with the natural reproductive behaviour of fish, resulting in reduced courtship
behaviour, impaired mate choice, or reduced spawning activity [150].

5.3. Occurrence of Microplastics in Commercial Marine Species

Seafood plays an important role in the human diet due to its high nutritional value.
However, several studies showed an MP contamination of commercial seafood.

Human consumption of seafood is a significant source of human exposure through
which MPs enter the human body [151].

Contaminated seafood can pose a risk to human health, especially when small fish and
shellfish are eaten whole [152]. Smaller commercial seafoods, such as bivalvia, shrimps,
and decapod crustaceans, are more likely to be impacted by MPs compared to larger fish
because microplastics fall in a similar size range to their prey.

In Table S2 has been reported a summary of the MP presence in numerous marine
species of commercial interest [62,153-206].
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The ingestion of MPs has been observed in many species of fish intended for human
consumption from the Pacific, Atlantic, and Indian Oceans, and the Mediterranean Sea.

Studies have revealed that the number of total MPs in two species of mussel commonly
consumed as food by humans (Mytilus edulis and M. galloprovincialis) ranged from 0.4 to
7.7 MPs/individual and from 0.04 to 11.4 MPs/g ww [62,156,157,159] (Table S2).

In samples of oysters (Crassostrea gigas) reared in Salish Sea, USA, a content between
0.69 and 3 MPs/individual were found, while on the Atlantic Ocean coast, Nantes-France,
were counted 2.10 &+ 1.71 MPs/individual [160,164] (Table S2).

Curren et al. [171] reported the presence of MPs in three commercial shrimp species
purchased from supermarkets in Singapore, the Pacific white shrimp Litopenaeus vannamei,
the Argentine red shrimp Pleoticus muelleri, and the Indian white shrimp Fenneropenaeus
indicus. The results showed that the abundance of MPs ranged from 13.4 to 7050 g/ww,
with Pleoticus muelleri being the species with the highest number of items.

Fenneropenaeus indicus, from the coastal waters of Cochin, India, showed an average of
0.39 £ 0.6 MPs/shrimp (0.04 £ 0.07 microplastics/g ww). The shrimp contamination was
significantly higher during the monsoon season (July-August) [168].

In another study on Indo-Pacific shrimp (Penaeus semisulcatus) sampled in the Persian
Gulf, the authors observed an average of 0.36 MPs/individual [172].

MPs have also been found in fish of great commercial importance, such as sardines
(Sardina pilchardus) and anchovies (Engraulis encrasicolus), which are often consumed en-
tirely, posing a greater threat than gutted fish. However, little is known about MPs levels
in small fish. The ingestion of MPs has been observed in many species of fish intended
for human consumption, for example, in seasonal migratory fish (e.g., Sparus aurata and
Dicentrarchus labrax) and sedentary fish (Solea solea), mediterranean horse mackerel (Tra-
chrus mediterraneus), common pandora (Pagellus erythrinus), European hake (Merluccius
merluccius), and Flathead grey mullet (Mugil cephalus) (Table S2).

The ability of MPs to bioaccumulate in marine organisms and translocate from the
gastrointestinal tract to other tissues of aquatic organisms has raised concerns about the
safety of seafood, especially species for human consumption [207].

6. Impact of Plastic on Human Health

The World Health Organization found that human exposure to MP occurs predomi-
nately through inhalation or by the diet [208].

Inhalation is an important route by which plastic particles can enter the human body:.
The air is one of the most important ways people are exposed to pollutants, like MPs,
which may be inhaled during breathing. The airborne spread of MPs varies as they can
be transported by wind or atmospheric deposition, and they can originate from abrasion
of plastic materials, landfills, sewage sludge and waste incineration, synthetic textiles,
construction materials, or road-wear particles [209].

The ubiquitous presence of MPs in the environment raises serious concerns about
their exposure and effects on human health, as atmospheric MPs can be inhaled by humans
and deposited in the alveoli [210]. They can also be carrier of chemical additives and
vectors of pathogens and parasite [211]. Some studies demonstrate that persistent fibre
inhalation may cause local biological responses that result in inflammation, contributing to
cancer development [212]. Inhaled particles can cause immunotoxicity, cytotoxicity, and
detrimental effects on the respiratory system, such as alveolitis and chronic bronchitis [213].

Ingestion of foods contaminated with MPs, including seafood [155], commercial
processed fish [214], sea salt [215], honey and sugar [216], beer [217], and beverages, is
considered to be a relevant route of exposure.
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In a study assessing the amount of MPs in different foods, Cox et al. [151] estimated
that the average ingestion of MPs per person is 39,000-52,000 per year.

These estimates can rise to about 74,000 particles considering also the inhaled MPs;
furthermore, adding also the MPs contained in drinking water 4000 or those contained in
water bottled in plastic, the number increases by 9000 particles. These values are likely to
be underestimated due to methodological and data limitations [151].

MPs can enter the gastrointestinal system through contaminated food or by mucocil-
iary clearance after inhalation. Absorption of MPs in the gastrointestinal tract can occur by
several mechanisms and is closely related to particle size. In the intestine, small particles
could be adsorbed by specialized M-cells, causing intestinal inflammation with increased
cytokines and chemokines. In addition, intestinal barrier cells alter their permeability and
microecology in response to the presence of MPs, affecting energy metabolism and leading
to adverse health effects [218].

MPs over 0.7 um have been reported in human blood at 1.6 pg/mL, confirming the
potential for translocation from the environment into the systemic circulation [219].

Strong evidence that MPs have been ingested through the food chain and exposed to
the stomach is their presence in human faeces [220]. In human faeces, up to 138.9 MPs/g in
the form of fragments, films, and fibres were found in more than 95.8% of samples [220,221].
Higher amounts of MPs were found in the faeces of patients with inflammatory bowel
disease (41.8 items/g) compared to healthy people (28 items/g) [222].

Dermal exposure can occur when humans interact with MP-contaminated water or
soil or through contact, including the use of hand cleansers, facial/body scrubs, face masks,
and toothpaste, which may result in local toxicity and possible absorption [223]. Dermal
uptake has received much less attention than ingestion and inhalation. This is because the
dermal barrier prevents the absorption of particles larger than 0.1 um [224].

Due to the limited size of MPs that penetrate the skin, dermal absorption has been
mainly associated with the uptake of released monomers or to phthalates and bisphenols
used as plasticizers [225].

MPs have a negative impact on skin health, with previous research demonstrating their
ability to cause skin irritation, inflammation, and disruption of natural skin functions [226].

7. Conclusions

The reviewed studies confirmed the negative impact of MPs on marine organisms and
human health. The physical and chemical properties of microplastics have a significant
impact on marine organisms’ toxicity. Understanding the relationship between microplastic
properties and mechanisms of uptake and toxicity can help to assess the potential risks
of MPs to ecosystems and human health and provide a scientific basis for formulating
relevant environmental and health management policies.

Based on the “One Health” principle, there is an urgent need to address this global
environmental problem. Although human studies are a priority, there is an urgent need
to fill some knowledge gaps. There is a lack of standardized methods for defining and
detecting MPs, which can lead to the underestimation of the precautionary exposure
level. Most of the research is conducted in the laboratory; therefore, there is a need for
comparative laboratory—field experiments to assess and improve the understanding of the
real effects of MPs. There is a need for estimating daily exposure in human populations
through a robust risk analysis. Overcoming these challenges is essential to advancing
research in this area.



Water 2025, 17,916 15 of 24

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/w17070916/s1: Table S1: Summary of reviewed studies on
microplastic toxicity to marine organisms. Table S2: MPs Occurrences in commercial seafood.

Author Contributions: Conceptualization, A.G., Z.G., E.P. and EB.; formal analysis, A.G., L.M. and
G.L. investigation, A.G., Z.G., EB., LM,, G.L. and E.P,; writing—original draft, A.G., Z.G., EB., LM.,
G.L. and E.P; writing—review and editing, F.B. and E.P,; supervision, F.B. and E.P. All authors have
read and agreed to the published version of the manuscript.

Funding: This work was realised in the framework of BIOPLAST4SAFE project “Biomonitoring of
biodegradable micro and nanoplastics: from the environment to humans in a One Health perspective”.
with the technical and economic support of the Italian Ministry of Health-PNC funds.

Conflicts of Interest: The authors declare that they have no known competing financial interests or
personal relationships that could appear to influence the work reported in this article.

References

1.  OECD. Policies to Reduce Microplastics Pollution in Water. 2024. Available online: https://www.oecd.org/en/publications/
policies-to-reduce-microplastics-pollution-in-water_7ec7ebef-en.html (accessed on 16 February 2025).

2. OECD. Plastic Pollution Is Growing Relentlessly as Waste Management and Recycling Fall Short, Say OECD. 2022. Available
online: https://www.oecd.org/en/about/news/press-releases /2022 /02 /plastic-pollution-is-growing-relentlessly-as-waste-
management-and-recycling-fall-short.html (accessed on 16 February 2025).

3. End Plastic Pollution: Towards an International Legally Binding Instrument (Draft Resolution). UNEP. 2022. Available online:
https:/ /wedocs.unep.org/20.500.11822 /3852 (accessed on 16 February 2025).

4. Geyer, R; Jambeck, ].R.; Law, K.L. Production, use, and fate of all plastics ever made. Sci. Adv. 2017, 3, €1700782. [PubMed]

5. Woodall, L.C.; Sanchez-Vidal, A.; Canals, M.; Paterson, G.L.; Coppock, R ; Sleight, V.; Calafat, A.; Rogers, A.D.; Narayanaswamy,
B.E.; Thompson, R.C. The deep sea is a major sink for microplastic debris. R. Soc. Open Sci. 2014, 1, 140317. [CrossRef] [PubMed]

6.  Obbard, R.W,; Sadri, S.; Wong, Y.Q.; Khitun, A.A.; Baker, I.; Thompson, R.C. Global warming releases microplastic legacy frozen
in Arctic Sea ice. Earth’s Future 2014, 2, 315-320.

7. Jambeck, ].R.; Geyer, R.; Wilcox, C.; Siegler, T.R.; Perryman, M.; Andrady, A.; Narayan, R.; Law, K.L. Plastic waste inputs from
land into the ocean. Science 2015, 347, 768-771.

8. Andrady, A.L. Persistence of plastic litter in the oceans. In Marine Anthropogenic Litter; Bergmann, M., Gutow, L., Klages, M., Eds;
Springer: Berlin/Heidelberg, Germany, 2015; pp. 57-72.

9. Watkins, E. The socio-economic impacts of marine litter, including the costs of policy inaction and action. In Handbook on the
Economics and Management of Sustainable Oceans; Nunes, P, Markandya, A., Eds.; Edward Elgar Publishing: Cheltenham, UK, 2017.

10. Beaumont, N.J.; Aanesen, M.; Austen, M.C.; Borger, T.; Clark, J.R.; Cole, M.; Hooper, T.; Lindeque, P.; Pascoe, C.; Wyles, K.J.
Global ecological, social and economic impacts of marine plastic. Mar. Pollut. Bull. 2019, 142, 189-195.

11. Kiihn, S.; Rebolledo, E.L.B.; Van Franeker, J.A. Deleterious effects of litter on marine life. In Marine Anthropogenic Litter; Bergmann,
M., Gutow, L., Klages, M., Eds.; Springer: Berlin/Heidelberg, Germany, 2015; pp. 75-116.

12.  Schuyler, Q.; Hardesty, B.D.; Lawson, T.].; Opie, K.; Wilcox, C. Economic incentives reduce plastic inputs to the ocean. Mar. Policy
2018, 96, 250-255.

13. ASTM D4000-20; Standard Classification System for Specifying Plastic Materials. ASTM. 2023. Available online: https://www.
astm.org/d4000-20.html (accessed on 12 December 2024).

14. ASTM D7611; Standard Practice for Coding Plastic Manufactured Articles for Resin Identification. ASTM. 2021. Available online:
https:/ /www.astm.org/ (accessed on 12 December 2024).

15. Nizamuddin, S.; Baloch, A.].; Chen, C.; Arif, M.; Mubarak, N.M. Bio-based plastics, biodegradable plastics, and compostable
plastics: Biodegradation mechanism, biodegradability standards and environmental stratagem. Int. Biodeterior. Biodegrad. 2024,
195, 105887.

16. Plastics Europe. Plastics—The Facts An Analysis of European Plastics Production, Demand and Waste Data. Plastics Europe.
2019. Available online: https://www.plasticseurope.org/en/resources/publications/1804-plastics-facts-2019 (accessed on
17 May 2024).

17.  Guzzetti, E.; Sureda, A.; Tejada, S.; Faggio, C. Microplastic in marine organism: Environmental and toxicological effects. Environ.
Toxicol. Pharmacol. 2018, 64, 164-171.

18. Nihei, Y.; Ota, H.; Tanaka, M.; Kataoka, T.; Kashiwada, J. Comparison of concentration, shape, and polymer composition between

microplastics and mesoplastics in Japanese river waters. Water Res. 2024, 249, 120979.


https://www.mdpi.com/article/10.3390/w17070916/s1
https://www.mdpi.com/article/10.3390/w17070916/s1
https://www.oecd.org/en/publications/policies-to-reduce-microplastics-pollution-in-water_7ec7e5ef-en.html
https://www.oecd.org/en/publications/policies-to-reduce-microplastics-pollution-in-water_7ec7e5ef-en.html
https://www.oecd.org/en/about/news/press-releases/2022/02/plastic-pollution-is-growing-relentlessly-as-waste-management-and-recycling-fall-short.html
https://www.oecd.org/en/about/news/press-releases/2022/02/plastic-pollution-is-growing-relentlessly-as-waste-management-and-recycling-fall-short.html
https://wedocs.unep.org/20.500.11822/3852
https://www.ncbi.nlm.nih.gov/pubmed/28776036
https://doi.org/10.1098/rsos.140317
https://www.ncbi.nlm.nih.gov/pubmed/26064573
https://www.astm.org/d4000-20.html
https://www.astm.org/d4000-20.html
https://www.astm.org/
https://www.plasticseurope.org/en/resources/publications/1804-plastics-facts-2019

Water 2025, 17,916 16 of 24

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Oluwoye, I.; Machuca, L.L.; Higgins, S.; Suh, S.; Galloway, T.S.; Halley, P,; Tanaka, S.; lannuzzi, M. Degradation and lifetime
prediction of plastics in subsea and offshore infrastructures. Sci. Total Environ. 2023, 904, 166719.

Huang, Y.Z.; Wang, T.; Sun, N.; Duan, Z.; Wigmosta, M.; Maurer, B. Quantifying the influence of size, shape, and density of
microplastics on their transport modes: A modeling approach. Mar. Pollut. Bull. 2024, 203, 116461. [PubMed]

UNEP. Guidance on Best Available Techniques and Best Environmental Practices for the Recycling and Disposal of Articles Con-
taining Polybrominated Diphenyl Ethers (PBDEs) Listed Under the Stockholm. Convention on Persistent Organic Pollutants;
UNEP/POPS/COP.7/INF /22 2015; UNEP: Geneva, Switzerland, 2015.

UNEP. Guidance for the Inventory, Identification and Substitution of Hexabromocyclododecane (HBCD); UNEP: Osaka, Japan, 2015.
Crema, A,; Dinelli, E.; Fabbri, E.; Galletti, P.; Greggio, N.; Lastella, V.; Parodi, A.; Pasteris, A.; Pedrizzi, M.; Samori, C. Additives
in bioplastics: Chemical characterization, migration in water and effects on photosynthetic organisms. Sci. Total Environ. 2024,
955, 177205. [PubMed]

Krivohlavek, A.; Mikulec, N.; Budec, M.; Barusic, L.; Bosnir, ].; Sikic, S.; Jakasa, I.; Begovic, T.; Janda, R.; Vitale, K. Migration of
BPA from Food Packaging and Household Products on the Croatian Market. Int. |. Environ. Res. Public. Health 2023, 20, 2877.
[PubMed]

Nasello, S.; Beiguel, E.; Fito-Friedrichs, G.; Irala, C.; Berenstein, G.; Basack, S.; Montserrat, ]. M. Thermal paper as a potential
source of Bisphenol A for humans and the environment: Migration and ecotoxicological impact. Environ. Sci. Pollut. Res. Int.
2022, 29, 53382-53394.

Liu, B,; Yan, Y;; Xie, ].; Sun, J.; Lehmler, H.-J.; Trasande, L.; Wallace, R.B.; Bao, W. Bisphenol S, bisphenol F, bisphenol a exposure
and body composition in US adults. Chemosphere 2024, 346, 140537.

Naderi, M.; Wong, M.Y.; Gholami, F. Developmental exposure of zebrafish (Danio rerio) to bisphenol-S impairs subsequent
reproduction potential and hormonal balance in adults. Aquat. Toxicol. 2014, 148, 195-203. [CrossRef]

Sokotowski, A.; Koniczak, M.; Oleszczuk, P.; Gao, Y.; Czech, B. Environmental and Food Contamination by Phthalic Acid Esters
(PAEs): Overview. Water Air Soil. Pollut. 2024, 235, 313. [CrossRef]

Janssen, M.P.M.; Spijker, J.; Lijzen, ].P.A.; Wesselink, L.G. Plastics That Contain Hazardous Substances: Recycle or Incinerate? Letter
report; Dutch National Institute for Public Health and the Environment, RIVM: Bilthoven, The Netherlands, 2016.

Lahimer, M.C.; Ayed, N.; Horriche, J.; Belgaied, S. Characterization of plastic packaging additives: Food contact, stability and
toxicity. Arab. . Chem. 2017, 10, 51938-51954.

Munier, B.; Bendell, L.I. Macro and micro plastics sorb and desorb metals and act as a point source of trace metals to coastal
ecosystems. PLoS ONE 2018, 13, e0191759.

Wang, J.; Peng, J.; Tan, Z.; Gao, Y.; Zhan, Z.; Chen, Q.; Cai, L. Microplastics in the surface sediments from the Beijiang River
littoral zone: Composition, abundance, surface textures and interaction with heavy metals. Chemosphere 2017, 171, 248-258.
Turner, A.; Holmes, L.; Thompson, R.C.; Fisher, A. Metals and marine microplastics: Adsorption from the environment versus
addition during manufacture, exemplified with lead. Water Res. 2020, 173, 115577. [PubMed]

Massos, A.; Turner, A. Cadmium, lead and bromine in beached microplastics. Environ. Pollut. 2017, 227, 139-145. [PubMed]
Turner, A.; Filella, M. The role of titanium dioxide on the behaviour and fate of plastics in the aquatic environment. Sci. Total
Environ. 2023, 869, 161727. [PubMed]

Guo, H.; Zheng, X.; Ru, S.; Luo, X.; Mai, B. The leaching of additive-derived flame retardants (FRs) from plastics in avian digestive
fluids: The significant risk of highly lipophilic FRs. ]. Environ. Sci. 2019, 85, 200-207.

Lohr, A.; Savelli, H.; Beunen, R.; Kalz, M.; Ragas, A.; Belleghem, F.V. Solutions for global marine litter pollution. Curr. Opin.
Environ. Sustain. 2017, 28, 90-99.

UNEP. Picking up Litter: Pointless Exercise or Powerful Tool in the Battle to Beat Plastic Pollution? 2023. Available online:
https:/ /www.unep.org/news-and-stories /story/picking-litter-pointless-exercise-or-powerful-tool-battle-beat-plastic (accessed
on 15 August 2024).

Peters, C.A.; Thomas, P.A.; Rieper, K.B.; Bratton, S.P. Foraging preferences influence microplastic ingestion by six marine fish
species from the Texas Gulf Coast. Mar. Pollut. Bull. 2017, 124, 82-88.

Almroth, BM.C.; Astrom, L.; Roslund, S.; Petersson, H.; Johansson, M.; Persson, N.-K. Quantifying shedding of synthetic fibers
from textiles; a source of microplastics released into the environment. Environ. Sci. Pollut. Res. 2017, 25, 1191-1199.

Sundt, P; Schulze, P-E.; Syversen, F. Sources of Microplastics-Pollution to the Marine Environment; Mepex Consult AS: Asker, Norway,
2014; p. 108.

Essel, R.; Engel, L.; Carus, M.; Ahrens, R.H. Sources of Microplastics Relevant to Marine Protection in Germany Texte 64/2015; Report
No. (UFA-FB) 002147/E; Umweltbundesamt: Dessau-Rof8lau, Germany, 2015.

Ashrafy, A.; Liza, A.A ; Islam, M.N; Billah, M.M.; Arafat, S.T.; Rahman, M.M.; Rahman, S.M. Microplastics Pollution: A Brief
Review of Its Source and Abundance in Different Aquatic Ecosystems. J. Hazard. Mater. Adv. 2023, 9, 100215.

Karbalaei, S.; Karbalaei, S.; Golieskardi, A.; Hamzah, H.B.; Abdulwahid, S.; Hanachi, P.,; Walker, T.R.; Karami, A. Abundance and
characteristics of microplastics in commercial marine fish from Malaysia. Mar. Pollut. Bull. 2019, 148, 5-15.


https://www.ncbi.nlm.nih.gov/pubmed/38754320
https://www.ncbi.nlm.nih.gov/pubmed/39471952
https://www.ncbi.nlm.nih.gov/pubmed/36833573
https://doi.org/10.1016/j.aquatox.2014.01.009
https://doi.org/10.1007/s11270-024-07121-5
https://www.ncbi.nlm.nih.gov/pubmed/32044597
https://www.ncbi.nlm.nih.gov/pubmed/28458244
https://www.ncbi.nlm.nih.gov/pubmed/36702284
https://www.unep.org/news-and-stories/story/picking-litter-pointless-exercise-or-powerful-tool-battle-beat-plastic

Water 2025, 17,916 17 of 24

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Ahmed, S.F,; Islam, N.; Tasannum, N.; Mehjabin, A.; Momtahin, A.; Chowdhury, A.A.; Almomani, F.; Mofijur, M. Microplastic
removal and management strategies for wastewater treatment plants. Chemosphere 2024, 347, 140648.

Lares, M.; Ncibi, M,; Sillanpaa, M.; Sillanpaa, M. Occurrence, identification and removal of microplastic particles and fibers in
conventional activated sludge process and advanced MBR technology. Water Res. 2018, 133, 236-246. [PubMed]

Talvitie, ].; Mikola, A.; Setal, O.; Heinonen, M.; Koistinen, A. How well is microlitter purified from wastewater? A detailed study
on the stepwise removal of microlitter in a tertiary level wastewater treatment plant. Water Res. 2016, 109, 164-172. [PubMed]
Parolini, M.; Stucchi, M.; Ambrosini, R.; Romano, A. A global perspective on microplastic bioaccumulation in marine organisms.
Ecol. Indic. 2023, 149, 110179.

Setala, O.; Norkko, J.; Lehtiniemi, M. Feeding type affects microplastic ingestion in coastal invertebrate community. Mar. Pollut.
Bull. 2016, 102, 95-101.

Avio, C.G.; Gorbi, S.; Milan, M.; Benedetti, M.; Fattorini, D.; d’Errico, G.; Pauletto, M.; Bargelloni, L.; Regoli, F. Pollutants
bioavailability and toxicological risk from microplastics to mussels. Environ. Pollut. 2015, 198, 211-222.

Green, D.S.; Boots, B.; Sigwart, J.; Jiang, S.; Rocha, C. Effects of conventional and biodegradable microplastics on a marine
ecosystem engineer (Arenicola marina) and sediment nutrient cycling. Environ. Pollut. 2016, 208, 426-434.

Cole, M.; Galloway, T.S. Ingestion of Nanoplastics and Microplastics by Pacific Oyster Larvae. Environ. Sci. Technol. 2015, 49,
14625-14632.

Rochman, C.M.; Tahir, A.; Williams, S.L.; Baxa, D.V; Lam, R.; Miller, ].T.; Teh, E; Werorilangi, 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, 5, 14340.

Da Costa, J.P.,; Duarte, A.C.; Rocha-Santos, T.A.P. Microplastics-Occurence, Fate and Behaviour in the Environment. In Comprehen-
sive Analytical Chemistry; Rocha-Santos, T.A.P., Duarte, A.C., Eds.; Elsevier B.V.: Amsterdam, The Netherlands, 2017; Volume 75,
pp. 1-24.

Porter, A.; Godbold, J.A.; Lewis, C.N.; Savage, G.; Solan, M.; Galloway, T.S. Microplastic burden in marine benthic invertebrates
depends on species traits and feeding ecology within biogeographical provinces. Nat. Commun. 2023, 14, 8023.

Naji, A.; Nuri, M.; Vethaak, A.D. Microplastics contamination in molluscs from the northern part of the Persian Gulf. Environ.
Pollut. 2018, 235, 113-120.

de S4, L.C.; Luis, L.G.; Guilhermino, L. Effects of microplastics on juveniles of the common goby (Pomatoschistus microps):
Confusion with prey, reduction of the predatory performance and efficiency, and possible influence of developmental conditions.
Environ. Pollut. 2015, 196, 359-362.

Luis, L.G.; Ferreira, P; Fonte, E.; Oliveira, M.; Guilhermino, L. Does the presence of microplastics influence the acute toxicity of
chromium (VI) to early juveniles of the common goby (Pomatoschistus microps)? A study with juveniles from two wild estuarine
populations. Aquat. Toxicol. 2015, 164, 163-174. [PubMed]

Abd-Elkader, A.; Hamed, E.; Sayed, A.E.; Mahdy, A.; Shabaka, S. Microplastics in marine invertebrate from the Red Sea Coast
Egypt: Abundance, composition, and risks. Mar. Pollut. Bull. 2023, 197, 115760. [PubMed]

Walkinshaw, C.; Lindeque, PK.; Thompson, R.; Tolhurst, T.; Cole, M. Microplastics and seafood: Lower trophic organisms at
highest risk of contamination. Ecotoxicol. Environ. Saf. 2020, 190, 110066.

Anderson, G.; Shenkar, N. Potential effects of biodegradable single-use items in the sea: Polylactic acid (PLA) and solitary
ascidians. Environ. Pollut. 2021, 268 Pt. A, 115364.

Vandermeersch, G.; Van Cauwenberghe, L.; Janssen, C.R.; Marques, A.; Granby, K,; Fait, G.; Kotterman, M.].].; Diogene, J.; Bekaert,
K.; Robbens, J.; et al. A critical view on microplastic quantification in aquatic organisms. Environ. Res. 2015, 143, 46-53.
Alfaro-Nufez, A.; Astorga, D.; Caceres-Farias, L.; Bastidas, L.; Villegas, C.S.; Macay, K.; Christensen, ].H. Microplastic pollution
in seawater and marine organisms across the Tropical Eastern Pacific and Galdpagos. Sci. Rep. 2021, 11, 6424.

Mason, V.G.; Skov, M.W.; Hiddink, J.G.; Walton, M. Microplastics alter multiple biological processes of marine benthic fauna. Sci.
Total Environ. 2022, 845, 157362.

Mizraji, R.; Ahrendt, C.; Perez-Venegas, D.; Vargas, J.; Pulgar, J.; Aldana, M.E,; Ojeda, P.; Duarte, C.; Galban-Malagén, C. Is the
feeding type related with the content of microplastics in intertidal fish gut? Mar. Pollut. Bull. 2017, 116, 498-500.

Garcia, T.D.; Cardozo, A.L.P; Quirino, B.A.; Yofukuji, K.Y.; Ganassin, M.].M.; dos Santos, N.C.L.; Fugi, R. Ingestion of Microplastic
by Fish of Different Feeding Habits in Urbanized and Non-urbanized Streams in Southern Brazil. Water Air Soil. Pollut. 2020,
231, 434.

Yang, Z.; De Loid, G.M.; Zarbl, H.; Baw, ].; Demokritou, P. Micro- and nanoplastics (MNPs) and their potential toxicological
outcomes: State of science, knowledge gaps and research needs. Nanolmpact 2023, 32, 100481. [CrossRef] [PubMed]

Chen, J.-C.; Fang, C.; Zheng, R.-H.; Chen, M.-L.; Kim, D.-H.; Lee, Y.-H.; Bailey, C.; Wang, K.-].; Lee, ].-S.; Bo, ]. Environmentally
relevant concentrations of microplastics modulated the immune response and swimming activity, and impaired the development
of marine medaka Oryzia melastigma larvae. Ecotoxicol. Environ. Saf. 2022, 241, 113843. [CrossRef] [PubMed]


https://www.ncbi.nlm.nih.gov/pubmed/29407704
https://www.ncbi.nlm.nih.gov/pubmed/27883921
https://www.ncbi.nlm.nih.gov/pubmed/26004740
https://www.ncbi.nlm.nih.gov/pubmed/37984088
https://doi.org/10.1016/j.impact.2023.100481
https://www.ncbi.nlm.nih.gov/pubmed/37717636
https://doi.org/10.1016/j.ecoenv.2022.113843
https://www.ncbi.nlm.nih.gov/pubmed/36068765

Water 2025, 17,916 18 of 24

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Tumwesigye, E.; Nnadozie, C.F.,; Akamagwuna, E.C.; Noundou, X.S.; Nyakairu, G.W.; Odume, O.N. Microplastics as vectors
of chemical contaminants and biological agents in freshwater ecosystems: Current knowledge status and future perspectives.
Environ. Pollut. 2023, 330, 121829. [CrossRef] [PubMed]

Gambardella, C.; Morgana, S.; Bramini, M.; Rotini, A.; Manfra, L.; Migliore, L.; Piazza, V.; Garaventa, F.; Faimali, M. Ecotoxicologi-
cal effects of polystyrene microbeads in a battery of marine organisms belonging to different trophic levels. Mar. Environ. Res.
2018, 141, 313-321. [CrossRef]

Gonzaélez-Fernandez, C.; Toullec, J.; Lambert, C.; Le Goic, N.; Seoane, M.; Moriceau, B.; Huvet, A.; Berchel, M.; Vincent, D.;
Courcot, L.; et al. Do transparent exopolymeric particles (TEP) affect the toxicity of nanoplastics on Chaetoceros neogracile? Environ.
Pollut. 2019, 250, 873-882. [CrossRef]

Mojiri, A.; Vishkaei, M.N.; Zhou, J.L.; Trzcinski, A.P,; Lou, Z.; Kasmuri, N.; Rezania, S.; Gholami, A.; Vakili, M.; Kazeroon, R.A.
Impact of polystyrene microplastics on the growth and photosynthetic efficiency of diatom Chaetoceros neogracile. Mar. Environ.
Res. 2024, 194, 106343. [CrossRef]

Sjollema, S.B.; Redondo-Hasselerharm, P.; Leslie, H.A.; Kraak, M.H.; Vethaak, A.D. Do plastic particles affect microalgal
photosynthesis and growth? Aquat. Toxicol. 2016, 170, 259-261.

Huang, J.; Wang, H.; Xue, X.; Zhang, R. Impacts of microplastic and seawater acidification on unicellular red algae: Growth
response, photosynthesis, antioxidant enzymes, and extracellular polymer substances. Aquat. Toxicol. 2024, 272,106960. [CrossRef]
Long, M.; Moriceau, B.; Gallinari, M.; Lambert, C.; Huvet, A.; Raffray, J.; Soudant, P. Interactions between microplastics and
phytoplankton aggregates: Impact on their respective fates. Mar. Chem. 2015, 175, 39-46. [CrossRef]

Di Giannantonio, M.; Gambardella, C.; Miroglio, R.; Costa, E.; Sbrana, F.; Smerieri, M.; Carraro, G.; Utzeri, R.; Faimali, M.;
Garaventa, F. Ecotoxicity of Polyvinylidene Difluoride (PVDF) and Polylactic Acid (PLA) Microplastics in Marine Zooplankton.
Toxics 2022, 10, 479. [CrossRef]

Seong, T.; Yamamoto, S.; Nakatani, H.; Yagi, M.; Kyozuka, Y.; Satuito, G.; Kim, H.]. Effects of microplastics on reproductive
characteristics and mechanisms of the marine rotifer Brachionus plicatilis. Sci. Rep. 2024, 14, 18350.

Beiras, R.; Bellas, ].; Cachot, J.; Cormier, B.; Cousin, X.; Engwall, M.; Gambardella, C.; Garaventa, E; Keiter, S.; Le Bihanic, F.; et al.
Ingestion and contact with polyethylene microplastics does not cause acute toxicity on marine zooplankton. J. Hazard. Mater.
2018, 360, 452-460. [PubMed]

Gongalves, ].M.; Benedetti, M.; d’Errico, G.; Regoli, F.; Bebianno, M.]. Polystyrene nanoplastics in the marine mussel Mytilus
galloprovincialis. Environ. Pollut. 2023, 333, 122104. [PubMed]

Pittura, L.; Avio, C.G.; Giuliani, M.E.; d’Errico, G.; Keiter, S.H.; Cormier, B.; Gorbi, S.; and Regoli, F. Microplastics as vehicles of
environmental PAHs to marine organisms: Combined chemical and physical hazards to the Mediterranean Mussels, Mytilus
galloprovincialis. Front. Mar. Sci. 2018, 5, 103.

Yu, D.; Liu, S.; Yu, Y,; Wang, Y.; Li, L.; Peijnenburg, W.J.G.M.; Yuan, Y.; Peng, X. Transcriptomic analysis reveals interactive effects
of polyvinyl chloride microplastics and cadmium on Mytilus galloprovincialis: Insights into non-coding RNA responses and
environmental implications. Aquat. Toxicol. 2024, 275, 107062.

Fernandez, B.; Vidal-Lifidn, L.; Bellas, J.; Campillo, J.A.; Chaves-Pozo, E.; Albentosa, M. The particle effect: Comparative toxicity
of chlorpyrifos in combination with microplastics and phytoplankton particles in mussel. Aquat. Toxicol. 2024, 275, 107053.
Aramendia, J.; Garcia-Velasco, N.; Amigo, ].M.; Izagirre, U.; Seifert, A.; Soto, M.; Castro, K. Evidence of internalized microplastics
in mussel tissues detected by volumetric Raman imaging. Sci. Total Environ. 2024, 914, 169960.

Di, Y,; Li, L.; Xu, J.; Liu, A.; Zhao, R.; Li, S; Li, Y.; Ding, J.; Chen, S.; Qu, M. MAPK signaling pathway enhances tolerance of
Mytilus galloprovincialis to co-exposure of sulfamethoxazole and polyethylene microplastics. Environ. Pollut. 2024, 362, 125007.
Garcfa-Pimentel, M.M.; Mezzelani, M.; Valdés, N.J.; Giuliani, M.E.; Gorbi, S.; Regoli, F; Le6n, V.M.; Campillo, J.A. Integrative
oxidative stress biomarkers in gills and digestive gland of the combined exposure to citalopram and bezafibrate with polyethylene
microplastics on mussels Mytilus galloprovincialis. Environ. Pollut. 2025, 366, 125508.

Li, LL.; Amara, R.; Souissi, S.; Dehaut, A.; Duflos, G.; Monchy, S. Impacts of microplastics exposure on mussel (Mytilus edulis) gut
microbiota. Sci. Total Environ. 2020, 745, 141018.

Zhong, Z.; Huang, W.; Yin, Y,; Wang, S.; Chen, L.; Chen, Z.; Wang, J.; Li, L.; Khalid, M.; Hu, M.; et al. Tris(1-chloro-2-propyl)
phosphate enhances the adverse effects of biodegradable polylactic acid microplastics on the mussel Mytilus coruscus. Environ.
Pollut. 2024, 359, 124741. [PubMed]

Wang, S.; Ma, Y.; Khan, EU.; Dupont, S.; Huang, W.; Tu, Z.; Shang, Y.; Wang, Y.; Hu, M. Size-dependent effects of plastic particles
on antioxidant and immune responses of the thick-shelled mussel Mytilus coruscus. Sci. Total Environ. 2024, 914, 169961. [PubMed]
Tallec, K.; Huvet, A.; Di Poi, C.; Gonzalez-Fernandez, C.; Lambert, C.; Petton, B.; Le Goic, N.; Berchel, M.; Soudant, P.; Paul-Pont,
I. Nanoplastics impaired oyster free living stages, gametes and embryos. Environ. Pollut. 2018, 242, 1226-1235. [PubMed]
Bringer, A.; Thomas, H.; Dubillot, E.; Le Floch, S.; Receveur, J.; Cachot, J.; Tran, D. Subchronic exposure to high-density
polyethylene microplastics alone or in combination with chlortoluron significantly affected valve activity and daily growth of the
Pacific oyster, Crassostrea gigas. Aquat. Toxicol. 2021, 237, 105880.


https://doi.org/10.1016/j.envpol.2023.121829
https://www.ncbi.nlm.nih.gov/pubmed/37196837
https://doi.org/10.1016/j.marenvres.2018.09.023
https://doi.org/10.1016/j.envpol.2019.04.093
https://doi.org/10.1016/j.marenvres.2024.106343
https://doi.org/10.1016/j.aquatox.2024.106960
https://doi.org/10.1016/j.marchem.2015.04.003
https://doi.org/10.3390/toxics10080479
https://www.ncbi.nlm.nih.gov/pubmed/30142596
https://www.ncbi.nlm.nih.gov/pubmed/37379876
https://www.ncbi.nlm.nih.gov/pubmed/39147220
https://www.ncbi.nlm.nih.gov/pubmed/38211852
https://www.ncbi.nlm.nih.gov/pubmed/30118910

Water 2025, 17,916 19 of 24

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

Parizadeh, L.; Saint-Picq, C.; Barbier, P.; Bringer, A.; Huet, V.; Dubillot, E.; Thomas, H. Groundbreaking study: Combined effect of
marine heatwaves and polyethylene microplastics on Pacific oysters, Crassostrea gigas. Environ. Pollut. 2025, 364 Pt 2, 125164.
Green, D.S. Effects of microplastics on European flat oysters, Ostrea edulis and their associated benthic communities. Environ.
Pollut. 2016, 216, 95e103.

Ribeiro, E; Garcia, A.R.; Pereira, B.P.,; Fonseca, M.; Mestre, N.C.; Fonseca, T.G.; Ilharco, L.; Bebianno, M.J. Microplastics effects in
Scrobicularia plana. Mar. Pollut. Bull. 2017, 122, 379-391.

Santana, M.EM.; Moreira, F.T.; Pereira, C.D.S.; Abessa, D.M.S.; Turra, A. Continuous exposure to microplastics does not cause
physiological effects in the cultivated mussel Perna perna. Arch. Environ. Contam. Toxicol. 2018, 74, 594-604.

Li, J.; You, L.; Gin, K.Y.-H.; He, Y. Impact of microplastics pollution on ciprofloxacin bioaccumulation in the edible mussel (Perna
viridis): Implications for human gut health risks. Environ. Technol. Innov. 2024, 36, 103860.

Lu, E; Guo, C.; Mkuye, R.; Chen, W.; Yang, X.; Zhou, Z.; He, Y; Yang, C.; Deng, Y. Effects of polyvinyl chloride microplastic on
pearl oyster (Pinctada fucata martensii). Reg. Stud. Mar. Sci. 2024, 69, 103313.

Xu, X.-Y,; Lee, W.T.; Chan, AK.Y.; Lo, H.S,; Shin, PK.S.; Cheung, S. Microplastic ingestion reduces energy intake in the clam
Atactodea striata. Mar. Pollut. Bull. 2017, 124, 798-802. [PubMed]

Tang, Y.; Rong, J.; Guan, X.; Zha, S.; Shi, W,; Han, Y,; Du, X.; Wu, F.; Huang, W.; Liu, G. Immunotoxicity of microplastics and two
persistent organic pollutants alone or in combination to a bivalve species. Environ. Pollut. 2020, 258, 113845. [PubMed]

Sun, Y.; Zhao, X.; Sui, Q.; Sun, X.; Zhu, L.; Booth, A.M.; Chen, B.; Qu, K,; Xia, B. Polystyrene nanoplastics affected the nutritional
quality of Chlamys farreri through disturbing the function of gills and physiological metabolism: Comparison with microplastics.
Sci. Total Environ. 2024, 910, 168457. [PubMed]

Parolini, M.; De Felice, B.; Gazzotti, S.; Annunziata, L.; Sugni, M.; Bacchetta, R.; Ortenzi, M.A. Oxidative stress-related effects
induced by micronized polyethylene terephthalate microparticles in the Manila clam. J. Toxicol. Environ. Health A. 2020, 83,
168-179.

Zheng, J.; Li, C.; Zheng, X. Toxic effects of polystyrene microplastics on the intestine of Amphioctopus fangsiao (Mollusca:
Cephalopoda): From physiological responses to underlying molecular mechanisms. Chemosphere 2022, 308, 136362.

Pinto, E.P; Paredes, E.; Santos-Echeandjia, ].; Campillo, J.A.; Leén, V.M.; Bellas, J. Comparative assessment of microplastics and
microalgae as vectors of mercury and chlorpyrifos in the copepod Acartia tonsa. Sci. Total Environ. 2024, 945, 173791.
Parlapiano, I.; Prato, E.M.; Libralato, G.; Biandolino, F. Impacts of some recyclable plastic on marine key species. In Proceedings
of the 2023 IEEE International Workshop on Metrology for the Sea; Learning to Measure Sea Health Parameters (MetroSea), La
Valletta, Malta, 4-6 October 2023; IEEE: New York, NY, USA, 2023; pp. 221-225.

Choi, ].S.; Hong, S.H.; Park, ]. Evaluation of microplastic toxicity in accordance with different sizes and exposure times in the
marine copepod Tigriopus Japonicus. Mar. Env. Res. 2019, 153, 1048382020.

Lee, K.W.; Shim, W.J.; Kwon, O.Y.; Kang, ].H. Size-dependent effects of micro polystyrene particles in the marine copepod
Tigriopus japonicus. Environ. Sci. Technol. 2013, 47, 11278-11283.

Cole, M,; Lindeque, P; Fileman, E.; Halsband, C.; Galloway, T.S. The impact of polystyrene microplastics on feeding, function and
fecundity in the marine copepod Calanus helgolandicus. Environ. Sci. Technol. 2015, 49, 1130-1137.

Jeong, C.B.; Kang, HM.; Lee, M.C.; Kim, D.H.; Han, J.; Hwang, D.S.; Souissi, S.; Lee, S.-J.; Shin Kyung, H.H.; Park, G.; et al.
Adbverse effects of microplastics and oxidative stress-induced MAPK/Nrf2 pathway-mediated defense mechanisms in the marine
copepod Paracyclopina nana. Sci. Rep. 2017, 7, 41323.

Oliviero, M.; Tato, T.; Schiavo, S.; Ferndndez, V.; Manzo, S.; Beiras, R. Leachates of micronized plastic toys provoke embryotoxic
effects upon sea urchin Paracentrotus lividus. Environ. Pollut. 2019, 247, 706-715. [CrossRef] [PubMed]

Uribe-Echeverria, T.; Beiras, R. Acute toxicity of bioplastic leachates to Paracentrotus lividus sea urchin larvae. Mar. Environ. Res.
2022, 176, 105605. [CrossRef] [PubMed]

Beiras, R.; Tato, T. Microplastics do not increase toxicity of a hydrophobic organic chemical to marine plankton. Mar. Pollut. Bull.
2019, 138, 58-62. [CrossRef] [PubMed]

Messinetti, S.; Mercurio, S.; Parolini, M.; Sugni, M.; Pennati, R. Effects of polystyrene microplastics on early stages of two marine
invertebrates with different feeding strategies. Environ. Pollut. 2018, 237, 1080-1087. [CrossRef]

Martiinez-Gomez, C.; Leon, V.M,; Calles, S.; Gomariz-Olcina, M.; Vethaak, A.D. The adverse effects of virgin microplastics on the
fertilization and larval development of sea urchins. Mar. Environ. Res. 2017, 130, 69-76. [CrossRef]

Viel, T.; Cocca, M.; Manfra, L.; Caramiello, D.; Libralato, G.; Zupo, V.; Costantini, M. Effects of biodegradable-based microplastics
in Paracentrotus lividus Lmk embryos: Morphological and gene expression analysis. Environ. Pollut. 2023, 334, 122129. [CrossRef]
Viel, T.; Cocca, M.; Esposito, R.; Amato, A.; Russo, T.; Di Cosmo, A.; Polese, G.; Manfra, L.; Libralato, G.; Zupo, V.; et al.
Effect of biodegradable polymers upon grazing activity of the sea urchin Paracentrotus lividus (Lmk) revealed by morphological,
histological and molecular analyses. Sci. Total Environ. 2024, 929, 172586. [CrossRef]

Kaposi, K.L.; Mos, B.; Kelaher, B.P.; Dworjanyn, S.A. Ingestion of microplastic has limited impact on a marine larva. Environ. Sci.
Technol. 2014, 48, 1638-1645. [CrossRef]


https://www.ncbi.nlm.nih.gov/pubmed/28038767
https://www.ncbi.nlm.nih.gov/pubmed/31883493
https://www.ncbi.nlm.nih.gov/pubmed/37981153
https://doi.org/10.1016/j.envpol.2019.01.098
https://www.ncbi.nlm.nih.gov/pubmed/30721861
https://doi.org/10.1016/j.marenvres.2022.105605
https://www.ncbi.nlm.nih.gov/pubmed/35316651
https://doi.org/10.1016/j.marpolbul.2018.11.029
https://www.ncbi.nlm.nih.gov/pubmed/30660309
https://doi.org/10.1016/j.envpol.2017.11.030
https://doi.org/10.1016/j.marenvres.2017.06.016
https://doi.org/10.1016/j.envpol.2023.122129
https://doi.org/10.1016/j.scitotenv.2024.172586
https://doi.org/10.1021/es404295e

Water 2025, 17,916 20 of 24

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

dos Santos, J.B.; Choueri, R.B.; dos Santos, FE.M.; Santos, L.A.d.O.; da Silva, L.E.; Nobre, C.R.; Cardoso, M.A.; de Britto Mari, R;
Simoes, ER.; Delvalls, T.A.; et al. Are Microfibers a Threat to Marine Invertebrates? A Sea Urchin Toxicity Assessment. Toxics
2024, 12, 753. [CrossRef]

Trifuoggi, M.; Pagano, G.; Oral, R.; Pavi¢ié-Hamer, D.; Buri¢, P; Kovaci¢, I; Siciliano, A.; Toscanesi, M.; Thomas, PJ.; Paduano, L.;
et al. Microplastic-induced damage in early embryonal development of sea urchin Sphaerechinus granularis. Environ. Res. 2019,
179 Pt A, 108815. [CrossRef]

Maldeniya, M.U.S.; Ma, B.; Liu, Y.; Yin, J.; Pan, W.; Wen, S.; Luo, P. Potential harmful impacts of micro- and nanoplastics on
the health of a tropical sea cucumber, Holothuria leucospilota, evidenced by changes of gut microflora, histology, immune and
oxidative indexes. Sci. Total Environ. 2024, 954, 176487. [CrossRef] [PubMed]

Cocci, P; Stecconi, T.; Minicucci, M.; Gabrielli, S.; Mosconi, G.; Stramenga, A.; Tavoloni, T.; Piersanti, A.; Bracchetti, L.; Palermo,
F.A. Levels and oxidative toxicity of microplastics and perfluoroalkyl substances (PFASs) in different tissues of sea cucumber
(Holothuria tubulosa). Sci. Total Environ. 2025, 962, 178472. [CrossRef] [PubMed]

Li, K.; Wang, F; Liu, S.; Cheng, X.; Xu, J.; Liu, X.; Zhang, L. Response and adaptation mechanisms of Apostichopus japonicus
to single and combined anthropogenic stresses of polystyrene microplastics or cadmium. Mar. Pollut. Bull. 2024, 204, 116519.
[CrossRef] [PubMed]

Gambardella, C.; Morgana, S.; Ferrando, S.; Bramini, M.; Piazza, V.; Costa, E.; Garaventa, F.; Faimali, M. Effects of polystyrene
microbeads in marine planktonic crustaceans. Ecotoxicol. Environ. Saf. 2017, 145, 250-257. [CrossRef]

Kim, L.; Kim, S.A.; Kim, T.H.; Kim, J.; An, Y.J. Synthetic and natural microfibers induce gut damage in the brine shrimp Artemia
franciscana. Aquat. Toxicol. 2021, 232, 105748. [CrossRef]

Manfra, L.; Albarano, L.; Rotini, A.; Biandolino, F.; Prato, E.; Carraturo, F; Chiaretti, G.; Faraponova, O.; Salamone, M.; Sebbio, C.;
et al. Can biodegradable plastics mitigate plastamination? Feedbacks from marine organisms. J. Hazard. Mater. 2025, 487, 137179.
[CrossRef]

Bergami, E.; Bocci, E.; Vannuccini, M.L.; Monopoli, M.; Salvati, A.; Dawson, K.A.; Corsi, I. Nano-sized polystyrene affects feeding,
behavior and physiology of brine shrimp Artemia franciscana larvae. Ecotoxicol. Environ. Saf. 2016, 123, 18-25. [CrossRef]
Bergami, E.; Pugnalini, S.; Vannuccini, M.L.; Manfra, L.; Faleri, C.; Savorelli, F.; Dawson, K.A.; Corsi, I. Long-term toxicity of
surface-charged polystyrene nanoplastics to marine planktonic species Dunaliella tertiolecta and Artemia franciscana. Aquat. Toxicol.
2017, 89, 159-169. [CrossRef]

Kim, L.; Kim, H.; Song, Y.; An, Y.J. Chronic effects of irregular and fibril microplastics on Artemia franciscana in a benthic
environment: Size and shape-dependent toxicity. Mar. Pollut. Bull. 2024, 209 Pt B, 117270. [CrossRef]

Jeyavani, J.; Sibiya, A.; Bhavaniramya, S.; Mahboob, S.; Al-Ghanim, K.A.; Nisa, Z.U; Riaz, M.N.; Nicoletti, M.; Govindarajan,
M.; Vaseeharan, B. Toxicity evaluation of polypropylene microplastic on marine microcrustacean Artemia salina: An analysis of
implications and vulnerability. Chemosphere 2022, 296, 133990. [CrossRef]

Athulya, PA ; Sunil, Z.; Manzo, S.; Chandrasekaran, N. Prepared microplastics interaction with Artemia salina under low pH
conditions representing ocean acidification; a simulated environmental exposure. J. Environ. Manag. 2023, 348, 119367. [PubMed]
Suman, T.Y,; Jia, P.P; Li, W.G,; Junaid, M.; Xin, G.Y.; Wang, Y.; Pei, D.S. Acute and chronic effects of polystyrene microplastics
on brine shrimp: First evidence highlighting the molecular mechanism through transcriptome analysis. |. Hazard. Mater. 2020,
400, 123220. [PubMed]

Pramanik, D.D.; Lei, S.; Kay, P.; Goycoolea, FM. Investigating on the toxicity and bio-magnification potential of synthetic glitters
on Artemia salina. Mar. Pollut. Bull. 2023, 190, 114828. [PubMed]

Saha, G.; Chandrasekaran, N. Isolation and characterization of microplastics from skin care products; interactions with albumin
proteins and in-vivo toxicity studies on Artemia salina. Environ. Toxicol. Pharmacol. 2023, 99, 104112.

Pramanik, D.D.; Sharma, A.; Das, D.K.; Pramanik, A.; Kay, P.; Goycoolea, EM. Toxicological impacts of plastic microfibers from
face masks on Artemia salina: An environmental assessment using Box-Behnken design. Mar. Environ. Res. 2024, 202, 106810.
Abessa, D.M.S.; Gongalves, A.R.N.; Carvalho, M.U.; Spanghero, N.; Soares do Nasicmento, N.S.; Fornari, M.; Perina, EC.; Cruz,
A.C.F. Not all that glitters is gold: Glitter causes acute toxicity to nauplii of Artemia sp. Marit. Technol. Res. 2024, 6, 270722.
Amato, A.; Esposito, R.; Viel, T.; Glaviano, F.; Cocca, M.; Manfra, L.; Libralato, G.; Somma, E.; Lorenti, M.; Costantini, M.;
et al. Effects of biodegradable microplastics on the crustacean isopod Idotea balthica basteri Audouin, 1826. Environ Pollut. 2024,
361, 124897.

Liang, J.; Abdullah, A.L.B,; Li, Y.; Wang, H.; Xiong, S.; Han, M. Long-term PS micro/nano-plastic exposure: Particle size effects on
hepatopancreas injury in Parasesarma pictum. Sci. Total Environ. 2024, 954, 176530.

Amato, A.; Esposito, R.; Pinto, B.; Viel, T.; Glaviano, F.; Cocca, M.; Manfra, L.; Libralato, G.; Aflalo, E.D.; Sagi, A.; et al. First
evidence of molecular response of the shrimp Hippolyte inermis to biodegradable microplastics. J. Hazard. Mater. 2024, 487, 137069.
Li, Y; Ye, Y,; Rihan, N.; Zhu, B.; Jiang, Q.; Liu, X.; Zhao, Y.; Che, X. Polystyrene nanoplastics exposure alters muscle amino acid
composition and nutritional quality of Pacific whiteleg shrimp (Litopenaeus vannamei). Sci. Total Environ. 2024, 912, 168904.


https://doi.org/10.3390/toxics12100753
https://doi.org/10.1016/j.envres.2019.108815
https://doi.org/10.1016/j.scitotenv.2024.176487
https://www.ncbi.nlm.nih.gov/pubmed/39332734
https://doi.org/10.1016/j.scitotenv.2025.178472
https://www.ncbi.nlm.nih.gov/pubmed/39808903
https://doi.org/10.1016/j.marpolbul.2024.116519
https://www.ncbi.nlm.nih.gov/pubmed/38850758
https://doi.org/10.1016/j.ecoenv.2017.07.036
https://doi.org/10.1016/j.aquatox.2021.105748
https://doi.org/10.1016/j.jhazmat.2025.137179
https://doi.org/10.1016/j.ecoenv.2015.09.021
https://doi.org/10.1016/j.aquatox.2017.06.008
https://doi.org/10.1016/j.marpolbul.2024.117270
https://doi.org/10.1016/j.chemosphere.2022.133990
https://www.ncbi.nlm.nih.gov/pubmed/37871546
https://www.ncbi.nlm.nih.gov/pubmed/32590134
https://www.ncbi.nlm.nih.gov/pubmed/36933357

Water 2025, 17,916 21 of 24

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

Espinosa, C.; Esteban, M.A; Cuesta, A. Dietary administration of PVC and PE microplastics produces histological damage,
oxidative stress and immunoregulation in European sea bass (Dicentrarchus labrax L.). Fish. Shellfish. Immunol. 2019, 95, 574-583.
[CrossRef] [PubMed]

Espinosa, C.; Cuesta, A.; Esteban, M.A. Effects of dietary polyvinylchloride microparticles on general health, immune status and
expression of several genes related to stress in gilthead seabream (Sparus aurata L.). Fish. Shellfish. Immunol. 2017, 68, 251-259.
[CrossRef]

Fonte, E.; Ferreira, P.; Guilhermino, L. Temperature rise and MPs interact with the toxicity of the antibiotic cefalexin to juveniles
of the common goby (Pomatoschistus microps): Post-exposure predatory behaviour, acetylcholinesterase activity and lipid
peroxidation. Aquat. Toxicol. 2016, 180, 173-185. [CrossRef]

Oliveira, M.; Ribeiro, A.; Hylland, K.; Guilhermino, L. Single and combined effects of microplastics and pyrene on juveniles (0+
group) of the common goby Pomatoschistus microps (Teleostei, Gobiidae). Ecol. Indic. 2013, 34, 641-647. [CrossRef]

Byeon, E.; Jeong, H.; Lee, Y.-].; Cho, Y.; Lee, K.-W.,; Lee, E.; Jeong, C.-B.; Lee, ].-S.; Kang, H.-M. Effects of microplastics and
phenanthrene on gut microbiome and metabolome alterations in the marine medaka Oryzias melastigma. ]. Hazard. Mater. 2024,
461, 132620. [CrossRef] [PubMed]

Wen, S.; Yin, X.; Zhang, Y.; Diao, X. Chronic exposure to low concentrations of microplastics causing gut tissue damage but
non-significant changes in the microbiota of marine medaka larvae (Oryzias melastigma). Mar. Environ. Res. 2024, 195, 106381.
[CrossRef]

Li, Z.; Zhao, M.; Feng, Z.; Zhu, L.; Sui, Q.; Sun, X.; Xia, B. Combined toxicity of polyvinyl chloride microplastics and copper to
marine jacopever (Sebastes schlegelii). Mar. Environ. Res. 2024, 199, 106598. [CrossRef]

Bakhasha, J.; Saxena, V.; Arya, N.; Kumar, P,; Srivastava, A.; Yadav, K.K,; Trivedi, A. Copper-loaded microplastics unleash
endoplasmic reticulum stress-driven liver apoptosis in fish Channa punctatus Emerging Contaminants. Emerg. Contam. 2025,
11, 100422. [CrossRef]

Choi, ].S.; Jung, Y.J.; Hong, N.H.; Hong, S.H.; Park, ].W. Toxicological effects of irregularly shaped and spherical microplastics in a
marine teleost, the sheepshead minnow (Cyprinodon variegatus). Mar. Pollut. Bull. 2018, 129, 231-240. [CrossRef]

Saiz, E.; Griffell, K.; Isari, S.; Calbet, A. Ecophysiological response of marine copepods to dietary elemental imbalances. Mar.
Environ. Res. 2023, 186, 105940. [CrossRef]

Romeo, T.; Pietro, B.; Peda, C.; Consoli, P.; Andaloro, F,; Fossi, M.C. First evidence of presence of plastic debris in stomach of large
pelagic fish in the Mediterranean Sea. Mar. Pollut. Bull. 2015, 95, 358-361. [CrossRef] [PubMed]

Lusher, A.L.; McHugh, M.; Thompson, R.C. Occurrence of microplastics in the gastrointestinal tract of pelagic and demersal fish
from the English Channel. Mar. Pollut. Bull. 2013, 67, 94-99. [CrossRef] [PubMed]

McCormick, M.IL; Chivers, D.P; Ferrari, M.C.O.; Blandford, M.I.; Nanninga, G.B.; Richardson, C.; Fakan, E.P.; Vamvounis, G.;
Gulizia, A.M.; Allan, B.]. Microplastic exposure interacts with habitat degradation to affect behaviour and survival of juvenile
fish in the field. Procoseeding, R. Soc. B 2020, 287, 20201947.

Cox, K.D.; Covernton, G.A.; Davies, H.L.; Dower, ].E; Juanes, F; Dudas, S.E. Human Consumption of Microplastics. Environ. Sci.
Technol. 2019, 53, 7068-7074.

De Witte, B.; Devriese, L.; Bekaert, K.; Hoffman, S.; Vandermeersch, G.; Cooreman, K.; Robbens, J. Quality assessment of the blue
mussel (Mytilus edulis): Comparison between commercial and wild types. Mar. Pollut. Bull. 2014, 85, 146-155. [CrossRef]
Gedik, K,; Eryasar, A.R. Microplastic pollution profile of Mediterranean mussels (Mytilus galloprovincialis) collected along the
Turkish coasts. Chemosphere 2020, 260, 127570. [CrossRef]

Digka, N.; Tsangaris, C.; Torre, M.; Anastasopoulou, A.; Zeri, C. Microplastics in mussels and fish from the Northern Ionian Sea.
Mar. Pollut. Bull. 2018, 135, 30-40. [CrossRef]

Gomiero, A.; Strafella, P.; @yseed, 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. Pollut. Res. 2019, 26, 24407-24416.
Renzi, M.; Guerranti, C.; Blaskovic, A. Microplastic contents from maricultured and natural mussels. Mar. Pollut. Bull. 2018, 131,
248-251.

Wakkaf, T.; El Zrelli, R.; Kedzierski, M.; Balti, R.; Shaiek, M.; Mansour, L.; Tlig-Zouari, S.; Bruzaud, S.; Rabaoui, L. Microplastics in
edible mussels from a southern Mediterranean lagoon: Preliminary results on seawater-mussel transfer and implications for
environmental protection and seafood safety. Mar. Pollut. Bull. 2020, 158, 111355.

Sparks, C. Microplastics in mussels along the coast of Cape Town, South Africa. Bull. Environ. Contam. Toxicol. 2020, 104, 423-431.
[PubMed]

Digka, N.; Patsiou, D.; Hatzonikolakis, Y.; Raitsos, D.E.; Skia, G.; Koutsoubas, D.; Dimitriadis, C.; Tsangaris, C. Microplastic
ingestion in mussels from the East Mediterranean Sea: Exploring its impacts in nature and controlled conditions. Sci. Total
Environ. 2024, 946, 174268. [PubMed]


https://doi.org/10.1016/j.fsi.2019.10.072
https://www.ncbi.nlm.nih.gov/pubmed/31683003
https://doi.org/10.1016/j.fsi.2017.07.006
https://doi.org/10.1016/j.aquatox.2016.09.015
https://doi.org/10.1016/j.ecolind.2013.06.019
https://doi.org/10.1016/j.jhazmat.2023.132620
https://www.ncbi.nlm.nih.gov/pubmed/37757554
https://doi.org/10.1016/j.marenvres.2024.106381
https://doi.org/10.1016/j.marenvres.2024.106598
https://doi.org/10.1016/j.emcon.2024.100422
https://doi.org/10.1016/j.marpolbul.2018.02.039
https://doi.org/10.1016/j.marenvres.2023.105940
https://doi.org/10.1016/j.marpolbul.2015.04.048
https://www.ncbi.nlm.nih.gov/pubmed/25936574
https://doi.org/10.1016/j.marpolbul.2012.11.028
https://www.ncbi.nlm.nih.gov/pubmed/23273934
https://doi.org/10.1016/j.marpolbul.2014.06.006
https://doi.org/10.1016/j.chemosphere.2020.127570
https://doi.org/10.1016/j.marpolbul.2018.06.063
https://www.ncbi.nlm.nih.gov/pubmed/32080748
https://www.ncbi.nlm.nih.gov/pubmed/38925375

Water 2025, 17,916 22 of 24

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

Phuong, N.N.; Zalouk-Vergnoux, A.; Kamari, A.; Mouneyrac, C.; Amiard, F; Poirier, L.; Lagarde, F. Quantification and
characterization of microplastics in blue mussels (Mytilus edulis): Protocol setup and preliminary data on the contamination of the
French Atlantic coast. Environ. Sci. Pollut. Res. Int. 2018, 25, 6135-6144. [CrossRef] [PubMed]

Li, J.; Green, C.; Reynolds, A.; Shi, H.; Rotchell, ]. M. Microplastics in mussels sampled from coastal waters and supermarkets in
the United Kingdom. Environ. Pollut. 2018, 241, 35-44.

Hermabessiere, L.; Paul-Pont, I.; Cassone, A.L.; Himber, C.; Receveur, J.; Jezequel, R.; Soudant, P. Microplastic contamination and
pollutant levels in mussels and cockles collected along the channel coasts. Environ. Pollut. 2019, 250, 807-819. [CrossRef]
Catarino, A.I;; 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 fibers fallout during a meal. Environ.
Pollut. 2018, 237, 675-684.

Martinelli, ].C.; Phan, S.; Luscombe, C.K.; Padilla-Gamifio, J.L. Low incidence of microplastic contaminants in Pacific oysters
(Crassostrea gigas Thunberg) from the Salish Sea, USA. Sci. Total Environ. 2020, 715, 136826.

Teng, J.; Wang, Q.; Ran, W.; Wu, D.; Liu, Y.; Sun, S.; Zhao, ]. Microplastic in cultured oysters from different coastal areas of China.
Sci. Total Environ. 2019, 653, 1282-1292.

Oliveira, S.; Krelling, A.P,; Turra, A. Contamination by microplastics in oysters shows a widespread but patchy occurrence in a
subtropical estuarine system. Mar. Pollut. Bull. 2024, 203, 116380.

Pazos, R.S.; Spaccesi, F.; Gémez, N. First record of microplastics in the mussel Limnoperna fortune. Reg. Stud. Mar. Sci. 2020,
38, 101360.

Daniel, D.B.; Ashraf, PM.; Thomas, S.N. Abundance, characteristics and seasonal variation of microplastics in Indian white
shrimps (Fenneropenaeus indicus) from coastal waters off Cochin, Kerala, India. Sci. Total Environ. 2020, 737, 139839. [PubMed]
Gurjar, U.R,; Xavier, M.; Nayak, B.B.; Ramteke, K.; Deshmukhe, G.; Jaiswar, A.K; Shukla, S.P. Microplastics in shrimps: A study
from the trawling grounds of north eastern part of Arabian Sea, Environ. Sci. Pollut. Res. 2021, 28, 48494-48504.

Hossain, M.S.; Rahman, M.S.; Uddin, M.N.; Sharifuzzaman, S.M.; Chowdhury, S.R.; Sarker, S.; Chowdhury, M.S.N. Microplastic
contamination in penaeid shrimp from the northern bay of bengal. Chemosphere 2020, 238, 124688. [CrossRef] [PubMed]
Curren, E.; Leaw, C.P; Lim, P.T.; Leong, S.C.Y. Evidence of marine microplastics in commercially harvested seafood. Front. Bioeng.
Biotechnol. 2020, 8, 1-9.

Akhbarizadeh, R.; Moore, E; Keshavarzi, B. Investigating microplastics bioaccumulation and biomagnification in seafood from
the Persian Gulf: A threat to human health? Food Addit. Contam. Part. A Chem. Anal. Control Expo. Risk Assess. 2019, 36, 1696-1708.
Wu, E; Wang, Y.; Leung, ].Y.S.; Huang, W.; Zeng, J.; Tang, Y.; Chen, J.; Shi, A.; Yu, X; Xu, X,; et al. Accumulation of microplastics
in typical commercial aquatic species: A case study at a productive aquaculture site in China. Sci. Total Environ. 2020, 708, 135432.
[CrossRef]

Zhang, T.; Sun, Y.; Song, K.; Du, W.; Huang, W.; Gu, Z.; Feng, Z. Microplastics in different tissues of wild crabs at three important
fishing grounds in China. Chemosphere 2021, 271, 129479.

Devriese, L.I.; Van der Meulen, M.D.; Maes, T.; Bekaert, K.; Paul-Pont, L; Frére, L.; Vethaak, A.D. Microplastic contamination in
brown shrimp (Crangon crangon, Linnaeus 1758) from coastal waters of the Southern North Sea and Channel area. Mar. Pollut.
Bull. 2015, 98, 179-187. [CrossRef]

Amponsah, A K,; Afrifa, EK.A.P; Essandoh, K. Plastic in the food chain: Investigating microplastic consumption by the blue-
swimming crab (de Rochebrune, 1883) and shrimp (Pérez-Farfante, 1967) from an estuarine system in Ghana. Sci. Afr. 2024,
25, e02261.

Waddell, E.N.; Lascelles, N.; Conkle, J.L. Microplastic contamination in Corpus Christi Bay blue crabs, Callinectes sapidus. Limnol.
Oceanogr. Lett. 2020, 5, 92-102.

Piarulli, S.; Scapinello, S.; Comandini, P.; Magnusson, K.; Wong, ].X.W.; Sciutto, G.; Prati, S.; Mazzeo, R.; Andy, M.; Airoldi,
L. Microplastic in wild populations of the omnivorous crab Carcinus aestuarii: A review and a regional-scale test of extraction
methods, including microfibres. Environ. Pollut. 2019, 251, 117-127. [PubMed]

Renzi, M.; Specchiulli, A.; Blagkovié, A.; Manzo, C.; Mancinelli, G.; Cilenti, L. Marine litter in stomach content of small pelagic
fishes from the Adriatic Sea: Sardines (Sardina pilchardus) and anchovies (Engraulis encrasicolus). Environ. Sci. Pollut. Res. 2019, 26,
2771-2781.

Kazour, M,; Jemaa, S.; Issa, C.; Khalaf, G.; Amara, R. Microplastics pollution along the Lebanese coast (Eastern Mediterranean
Basin): Occurrence in surface water, sediments and biota samples. Sci. Total Environ. 2019, 696, 133933. [PubMed]

Capone, A,; Petrillo, M.; Misic, C. Ingestion and elimination of anthropogenic fibers and microplastic fragments by the European
anchovy (Engraulis encrasicolus) of the NW Mediterranean Sea. Mar. Biol. 2020, 167, 166.

Lefebvre, C.; Saraux, C.; Heitz, O.; Nowaczyk, A.; Bonnete, D. Microplastics FTIR characterization and distribution in the water
column and digestive tracts of small pelagic fish in the Gulf of Lions. Mar. Pollut. Bull. 2019, 142, 510-519.

Avio, C.G.; Gorbi, S.; Regoli, F. Experimental development of a new protocol for extraction and characterization of microplastics
in fish tissues: First observations in commercial species from Adriatic Sea. Mar. Environ. Res. 2015, 111, 18e26.


https://doi.org/10.1007/s11356-017-8862-3
https://www.ncbi.nlm.nih.gov/pubmed/28382446
https://doi.org/10.1016/j.envpol.2019.04.051
https://www.ncbi.nlm.nih.gov/pubmed/32526586
https://doi.org/10.1016/j.chemosphere.2019.124688
https://www.ncbi.nlm.nih.gov/pubmed/31524623
https://doi.org/10.1016/j.scitotenv.2019.135432
https://doi.org/10.1016/j.marpolbul.2015.06.051
https://www.ncbi.nlm.nih.gov/pubmed/31075692
https://www.ncbi.nlm.nih.gov/pubmed/31442726

Water 2025, 17,916 23 of 24

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

Giiven, O.; Gokdag, K.; Jovanovic, B.; Kideys, A.E. Microplastic litter composition of the Turkish territorial waters of the
Mediterranean Sea, and its occurrence in the gastrointestinal tract of fish. Environ. Pollut. 2017, 223, 286-294.

Eryasar, A.R.; Mutly, T.; Karaoglu, K.; Veske, E.; Gedik, K. Assessment of microplastic pollution in eleven commercial fish species
in the Gulf of izmir (Aegean Sea, eastern Mediterranean). Mar. Pollut. Bull. 2024, 208, 116932.

Compa, M.; Ventero, A; Iglesias, M.; Deudero, S. Ingestion of microplastics and natural fibres in Sardina pilchardus (Walbaum,
1792) and Engraulis encrasicolus (Linnaeus, 1758) along the Spanish Mediterranean coast. Mar. Pollut. Bull. 2018, 128, 89-96.
Giani, D.; Baini, M.; Galli, M.; Casini, S.; Fossi, M.C. Microplastics occurrence in edible fish species (Mullus barbatus and Merluccius
merluccius) collected in three different geographical sub-areas of the Mediterranean Sea. Mar. Pollut. Bull. 2019, 140, 129-137.
Bellas, J.; Martinez-Armental, J.; Martinez-Cédmara, A.; Besada, V.; Martinez-Gémez, C. Ingestion of microplastics by demersal
fish from the Spanish Atlantic and Mediterranean coasts. Mar. Pollut. Bull. 2016, 109, 55-60. [CrossRef] [PubMed]

Palazzo, L.; Coppa, S.; Camedda, A.; Cocca, M.; De Falco, F.; Vianello, A.; de Lucia, G.A. A novel approach based on multiple fish
species and water column compartments in assessing vertical microlitter distribution and composition. Environ. Pollut. 2021,
272,116419. [CrossRef] [PubMed]

Avio, C.G,; Pittura, L.; d’Errico, G.; Abel, S.; Amorello, S.; Marino, G.; Regoli, F. Distribution and characterization of microplastic
particles and textile microfibers in Adriatic food webs: General insights for biomonitoring strategies. Environ. Pollut. 2020,
258, 113766. [CrossRef] [PubMed]

Cheung, L.T.; Lui, C.Y,; Fok, L. Microplastic contamination of wild and captive flathead grey mullet (Mugil cephalus). Int. ].
Environ. Res. Public. Health 2018, 15, 597. [CrossRef]

Jimenez-Cérdenas, V.; Luna-Acosta, A.; Gémez-Méndez, L.D. Differential presence of microplastics and mesoplastics in coral reef
and mangrove fishes in Isla Grande, Colombia. Microplastics 2022, 1, 477-493. [CrossRef]

Guilhermino, L.; Martins, A.; Lopes, C.; Raimundo, J.; Vieira, L.R.; Barboza, L.G.A.; Vale, C. Microplastics in fishes from an
estuary (Minho River) ending into the NE Atlantic Ocean. Mar. Pollut. Bull. 2021, 173, 113008. [CrossRef]

Zhang, C.; Wang, S.; Pan, Z.; Sun, D.; Xie, S.; Zhou, A.; Wang, J.; Zou, J. Occurrence and distribution of microplastics in commercial
fishes from estuarine areas of Guangdong, South China. Chemosphere 2020, 260, 127656.

Lopes, C.; Raimundo, J.; Caetano, M.; Garrido, S. Microplastic ingestion and diet composition of planktivorous fish. LO Lett. 2020,
5,103-112. [CrossRef]

Neves, D.; Sobral, P.; Ferreira, J.L.; Pereira, T. Ingestion of microplastics by commercial fish off the Portuguese coast. Mar. Pollut.
Bull. 2015, 101, 119-126.

Sultana, S.; Anisuzzaman, M.; Hossain, M.K,; Rana, M.S.; Paray, B.A.; Arai, T.; Yu, J.; Hossain, M.B. Ecological risk assessment of
microplastics and mesoplastics in six common fishes from the Bay of Bengal Coast. Mar. Pollut. Bull. 2024, 204, 116544.

Jabeen, K.; Su, L,; Li, J.; Yang, D.; Tong, C.; Mu, J.; Shi, H. Microplastics and mesoplastics in fish from coastal and fresh waters of
China. Environ. Pollut. 2017, 221, 141-149. [PubMed]

Bessa, F; Barria, P.; Neto, ].M.; Frias, ] PG.L.; Otero, V.; Sobral, P.; Marques, J.C. Occurrence of microplastics in commercial fish
from a natural estuarine environment. Mar. Pollut. Bull. 2018, 128, 575-584. [CrossRef] [PubMed]

Hamed, M.; Martyniuk, C.J.; Lee, J.-S.; Sayed El-Din, H.H. Distribution, abundance, and composition of microplastics in market
fishes from the Red and Mediterranean seas in Egypt. |. Sea Res. 2023, 194, 102407.

Ghosh, G.C.; Akter, S.M.; Islam, R.M.; Habib, A.; Chakraborty, T.K.; Zaman, S.; Wahid, M.A. MPs contamination in commercial
marine fish from the Bay of Bengal. Reg. Stud. Mar. Sci. 2021, 44, 101728.

Pellini, G.; Gomiero, A.; Fortibuoni, T.; Ferra, C.; Grati, F.; Tassetti, A.N.; Polidori, P.; Fabi, G.; Scarcella, G. Characterization of
microplastic litter in the gastrointestinal tract of Solea solea from the Adriatic Sea. Environ. Pollut. 2018, 234, 943-952.

Tsangaris, C.; Digka, N.; Valente, T.; Aguilar, A.; Borrell, A.; de Lucia, G.A.; Gambaiani, D.; Garcia-Garin, O.; Kaberi, H.; Martin,
J.; et al. Using Boops boops (osteichthyes) to assess microplastic ingestion in the Mediterranean Sea. Mar. Pollut. Bull. 2020,
158,111397. [CrossRef]

Sbrana, A.; Valente, T.; Scacco, U.; Bianchi, J.; Silvestri, C.; Palazzo, L.; de Lucia, G.A.; Valerani, C.; Ardizzone, G.; Matiddi, M.
Spatial variability and influence of biological parameters on microplastic ingestion by Boops boops (L.) along the Italian coasts
(Western Mediterranean Sea). Environ. Pollut. 2020, 263, 114429.

Ineyathendral, T.R.; Govindarajulu, B.; Priyanka, R. Characterization and distribution of microplastics in the commercial fishes
along the coast of Chennai. Environ. Nanotechnol. Monit. Manag. 2023, 20, 100898. [CrossRef]

Kilig, E. Abundance and ecological risk of microplastics in commercial fish species from northeastern Mediterranean Sea. Environ.
Pollut. 2024, 363, 125252.

Karami, A.; Golieskardi, A.; Ho, Y.B.; Larat, V.; Salamatinia, B. Microplastics in eviscerated flesh and excised organs of dried fish.
Sci. Rep. 2017, 7, 5473.

World Health Organization. Dietary and Inhalation Exposure to Nano- and Microplastic Particles and Potential Implications for
Human Health; World Health Organization: Geneva, Switzerland, 2022; Licence: CC BY- NC-SA 3.0. Available online: https:
/ /iris.who.int/bitstream /handle /10665 /362049 /9789240054608-eng.pdf?sequence= (accessed on 15 December 2024).


https://doi.org/10.1016/j.marpolbul.2016.06.026
https://www.ncbi.nlm.nih.gov/pubmed/27289284
https://doi.org/10.1016/j.envpol.2020.116419
https://www.ncbi.nlm.nih.gov/pubmed/33453493
https://doi.org/10.1016/j.envpol.2019.113766
https://www.ncbi.nlm.nih.gov/pubmed/31855672
https://doi.org/10.3390/ijerph15040597
https://doi.org/10.3390/microplastics1030034
https://doi.org/10.1016/j.marpolbul.2021.113008
https://doi.org/10.1002/lol2.10144
https://www.ncbi.nlm.nih.gov/pubmed/27939629
https://doi.org/10.1016/j.marpolbul.2018.01.044
https://www.ncbi.nlm.nih.gov/pubmed/29571409
https://doi.org/10.1016/j.marpolbul.2020.111397
https://doi.org/10.1016/j.enmm.2023.100898
https://iris.who.int/bitstream/handle/10665/362049/9789240054608-eng.pdf?sequence=
https://iris.who.int/bitstream/handle/10665/362049/9789240054608-eng.pdf?sequence=

Water 2025, 17,916 24 of 24

209.

210.

211.
212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.
224.

225.

226.

Dris, R.; Gasperi, J.; Rocher, V.; Saad, M.; Renault, N.; Tassin, B. Microplastic contamination in an urban area: A case study in
Greater Paris. Environ. Chem. 2015, 12, 592-599.

Saha, S.C.; Saha, G. Effect of microplastics deposition on human lung airways: A review with computational benefits and
challenges. Helyon 2024, 10, €24355.

Vethaak, A.D.; Leslie, H.A. Plastic Debris Is a Human Health Issue. Environ. Sci. Technol. 2016, 50, 6825-6826. [PubMed]
Gasperi, J.; Wright, S.L.; Dris, R.; Collard, F; Mandin, C.; Guerrouache, M.; Langlois, V.; Kelly, EJ.; Tassin, B. Microplastics in air:
Are we breathing it in? Curr. Opin. Environ. Sci. Health 2018, 1, 1-5.

Yee, M.S.; Hii, LW,; Looi, CK.; Lim, WM.; Wong, S.F,; Kok, Y.Y,; Tan, B.-K.; Wong, C.-Y.; Leong, C.-O. Impact of microplastics and
nanoplastics on human health. Nanomaterials 2021, 11, 496. [CrossRef]

Smith, M.; Love, D.C.; Rochman, C.M.; Neff, R.A. Microplastics in Seafood and the Implications for Human Health. Curr. Environ.
Health Rep. 2018, 5, 375-386.

Yang, D.; Shi, H.; Li, L.; Li, J.; Jabeen, K.; Kolandhasamy, P. Microplastic Pollution in Table Salts from China. Environ. Sci. Technol.
2015, 49, 13622-13627.

Liebezeit, G.; Liebezeit, E. Non-pollen particulates in honey and sugar. Food Addit. Contam. 2023, 30 Pt A, 2136-2140.

Liebezeit, G.; Liebezeit, E. Synthetic particles as contaminants in German beers. Food Addit. Contam. 2014, 31, 1574-1578.
Damaj, S.; Trad, E; Goevert, D.; Wilkesmann, ]. Bridging the Gaps between Microplastics and Human Health. Microplastics 2024,
3, 46-66. [CrossRef]

Leslie, H.A.; van Velzen, M.].M.; Brandsma, S.H.; Vethaak, A.D.; Garcia-Vallejo, ].J.; Lamoree, M.H. Discovery and quantification
of plastic particle pollution in human blood. Environ. Int. 2022, 163, 107199. [PubMed]

Schwabl, P.; Koppel, 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, 453. [PubMed]

Ho, Y.-W,; Lim, J.Y,; Yeoh, YK.; Chiou, J.-C.; Zhu, Y.; Lai, K.P; Li, L.; Chan, PK.S.; Fang, ] K.-H. Preliminary Findings of the High
Quantity of Microplastics in Faeces of Hong Kong Residents. Toxics 2022, 10, 414. [CrossRef] [PubMed]

Yan, Z.; Liu, Y.; Zhang, T.; Zhang, F.; Ren, H.; Zhang, Y. Analysis of microplastics in human feces reveals a correlation between
fecal microplastics and inflammatory bowel disease status. Environ. Sci. Technol. 2022, 56, 414-421.

Sun, A.; Wang, W.-X. Human Exposure to Microplastics and Its Associated Health Risks. Environ. Health 2023, 1, 139-149.
Revel, M.; Chatel, A.; Mouneyrac, C. Micro(nano)plastics:A threat to human health? Curr. Opin. Environ. Sci. Health 2018, 1,
17-23.

Burgos-Aceves, M.A.; Abo-Al-Ela, H.G.; Faggio, C. Physiological and metabolic approach of plastic additive effects: Immune
cells responses. J. Hazard. Mater. 2021, 404, 124114.

Sozener, Z.C.; Yiicel, U.O.; Altiner, S.; Oztiirk, B.O.; Cerci, P; Tiirk, M.; Akin, B.G.; Akdis, M.; Yilmaz, I.; Ozdemir, C.; et al. The
external exposome and allergies: From the perspective of the epithelial barrier hypothesis. Front. Allergy 2022, 3, 887672.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://www.ncbi.nlm.nih.gov/pubmed/27331860
https://doi.org/10.3390/nano11020496
https://doi.org/10.3390/microplastics3010004
https://www.ncbi.nlm.nih.gov/pubmed/35367073
https://www.ncbi.nlm.nih.gov/pubmed/31476765
https://doi.org/10.3390/toxics10080414
https://www.ncbi.nlm.nih.gov/pubmed/35893847

	Introduction 
	Literature Review Search Methodology 
	Plastics Polymer: Types and Physical–Chemical Characteristics 
	Plastic Types 
	Microplastics: Size, Shape, and Density 
	Addittives 

	Sources and Transport of MPs in Marine Environment 
	Effects of Microplastics on Marine Organisms 
	MPs Uptake by Marine Organisms 
	Toxic Effect of Microplastics on Marine Organisms 
	Phytoplankton 
	Zooplankton 
	Other Marine Invertebrates 
	Fish 

	Occurrence of Microplastics in Commercial Marine Species 

	Impact of Plastic on Human Health 
	Conclusions 
	References

