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Over the last 20 years, microplastics have emerged as a grave environmental con-
cern owing to their ubiquitous presence and demonstrable toxic effects [1]. They have
been found in all compartments of the aquatic environment, in both marine waters and
freshwaters—water, sediment, and biota [2–4]. Over 1300 species, from invertebrates to
apex predators, show evidence of exposure and impacts at cellular to ecosystem levels [1,5].
Adverse effects can result from the physical particle or the microplastic’s chemical burden
of plastic-associated chemicals and sorbed environmental pollutants [6–8]. The aim of the
Special Issue “Microplastics Pollution in Aquatic Ecosystems: Challenges and Perspectives”
was to expand knowledge on microplastics in aquatic environments and to improve under-
standing of how human pressures and environmental conditions shape their abundances
and morphologies across diverse locations. We also encouraged contributions exploring
novel exposure scenarios, including long-term and transgenerational effects, as well as
studies addressing emerging plastic pollutants such as nanoplastics and e-waste.

Microplastics (330 µm–5 mm) were sampled from surface waters at six sites along
Italy’s Calabrian coast (Contribution 1: Brunetti et al., 2025). The average abundance was
0.06 particles/m2, with higher concentrations near the commercial ports in Gioia Tauro
and Cetraro. The most common microplastics were white or transparent polyethylene
fragments (1–2 mm), with polymer type, size, shape, and color varying by location and
season. Heavy metals, including lead, chromium, and zinc, were measured from the
microplastics, indicating they are a vector of adsorbed environmental pollutants, as has
been suggested elsewhere [9,10].

Microplastic concentrations were assessed in two headwater basins in the Southern
Appalachians of North Carolina (the United States) and measured in atmospheric depo-
sitions (Contribution 2: Miller et al., 2025). Microplastic concentrations were among the
highest globally, reaching up to 65.1 MPs/L, with fibers comprising ~90% and polystyrene,
polyamides, and PET being dominant polymers. Concentrations varied widely by location,
being higher near developed areas yet also significant in remote forested tributaries, indi-
cating atmospheric fallout as a key source. These patterns reflect the complex interplay of
land use, hydrology, atmospheric deposition, and transport dynamics.

Staying in the American waters, microplastics were measured at seven sites across
the Mississippi River System during both flash drought and non-drought periods (Con-
tribution 3: Wontor et al., 2025). Concentrations ranged from 16 to 381 MPs/L, with no
significant difference between drought and non-drought conditions. The most abundant
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polymers were PET (22%), resin (17%), and PE (10%). Microplastics were predominantly
small (30–100 µm). While concentrations remained stable, drought significantly affected
polymer composition. Flash drought conditions were associated with higher proportions
of fluoropolymers (p < 0.001), revealing shifts in microplastic characteristics under rapid
water-level decline.

Although Antarctica lacks permanent human settlements, it is not spared from mi-
croplastic contamination. The review by Pellegrino et al. (2025) (Contribution 4) documents
the pervasive presence of microplastics in diverse Antarctic environments, including ma-
rine waters, sediments, freshwater veins, snow, glaciers, and atmospheric deposition, as
well as biota (krill, benthic organisms, and fish). Evidence of microplastics has been found
in terrestrial food webs, such as in collembolan species, and in tissues of Adélie penguins
and seabirds. The review highlights the far-reaching spread of plastic pollution into one of
the most remote locations on earth.

A study on Biomphalaria glabrata (freshwater snail) embryos examined the effects of
polystyrene nanoplastics across three generations (Contribution 5: Martin et al., 2025).
Results showed size- and concentration-dependent toxicity, with smaller nanoplastics
(30 nm) causing higher mortality and reduced hatching rates. Gene analyses revealed
upregulation of detoxification (CYP450), stress–response (HSP70), and developmental
(MATN1) markers, particularly in F2 embryos, highlighting transgenerational impacts.
Notably, F2 embryos exhibited lower survival and developmental success, indicating
inherited vulnerability. The findings demonstrate that nanoplastics not only disrupt early
development but also exert lasting effects across generations, underscoring their ecological
risk and the urgent need for pollution mitigation strategies.

New waste streams are also being increasingly recognized. The study by Prata (2025)
(Contribution 6) reviewed 24 studies on microplastics derived from electronic waste (e-
waste), using a DPSIR (Driver–Pressure–State–Impact–Response) framework. Drivers
include rising electronics use and inadequate recycling; pressures stem from plastic frag-
mentation and poor waste management. E-waste microplastics accumulate in soils near
disposal and recycling sites and pose risks to ecosystems, organisms, and possibly human
health. The co-occurrence of metals and flame retardants is also noted with microplastics.
Responses emphasize sustainable product design, stronger waste handling, cleanup ef-
forts, and policy reform. Critical knowledge gaps remain in environmental concentrations,
toxicity mechanisms, and effective mitigation strategies.

The studies presented in this Special Issue add to the weight of evidence that recog-
nizes microplastics as a significant environmental and toxicological problem that requires,
and is receiving, immediate attention on a global scale [11].
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