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Abstract 

With the progress of industry and economy in societies, unfortunately, we are witnessing more pollution of the 
environment every day. It is believed that the progress of science and industry will bring comfort to the inhabitants 
of the Earth, but in reality, we are witnessing increasing pollution in many areas. Among all the pollutants, for several 
decades, humans have been causing a new pollution, and that is microplastics. Simply put, plastic particles smaller 
than 5 mm are called microplastics. They can be found everywhere, and, unfortunately, they have a long shelf life 
and high stability, so they slowly degrade. They have a high potential for fragmentation, which is why they are 
constantly decreasing in size, and this increases the scope of pollution. Also, they absorb many pollutants and can be 
considered as carriers of other pollutants. Microplastics easily accumulate in many organisms through ingestion and 
breathing, leading to physical damage. However, many of them contain chemical additives and can cause toxic 
effects. This review paper discusses microplastic pollution and its sources. The effects of microplastics on marine 
organisms are also addressed. 
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1. Introduction 

The progress of industry and society has brought 
prosperity and comfort to humans, but on the other 
hand, it has caused great damage to the environment, 
which ultimately endangers the health of humans and 
other creatures living on earth [1-3]. Climate change, 
deforestation, and pollution of water resources and soil 
can be considered examples of this disaster [4-6]. 
Meanwhile, plastics are a group of polymers that are of 
great interest due to their unique properties, such as 
flexibility, cheapness, and easy molding [7, 8]. For this 
reason, in contemporary society, plastics can be seen in 
most applications. It has been reported in the literature 

that the annual production of plastic goods has 
increased from 1.5 million tons in the 1950s to 450 
million tons in 2024 [9]. It can be said that the most 
common plastics produced are polystyrene (PS), 
polypropylene, polyamide (PA), polyethylene 
terephthalate (PET), polyethylene (PE), and polyvinyl 
chloride (PVC) [10]. Plastic waste pollution is of great 
importance because they have a long lifespan and many 
of them contain harmful substances such as bisphenol A 
[11]. Figure 1 shows the global cumulative disposal of 
inadequately managed plastic waste from 1950 to 2060. 

Meanwhile, an uninvited guest has been a serious 
concern for all people on Earth for years: micro- and 
nano-scale plastic waste. They can be considered a new 
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problem arising from plastic pollution. Due to their size, 
they can unfortunately easily enter the bodies of humans 
and fauna (see Figure 2). Due to their lightweight nature, 
microplastics are easily transported and can contaminate 
locations far from where they were produced [12]. 

Microplastics readily contaminate soil and water, and in 
recent years, their presence in the oceans has 
significantly increased, with concentrations reported to 
reach up to 100,000 particles per cubic meter [13]. The 
National Oceanic and Atmospheric Administration 

Figure 1. Global cumulative discard of plastic waste inadequately managed over 1950–2060 – The Business-As-Usual (BAU) scenario (MMT: 
million metric tons). Reprinted with permission from [9]. 2024, Cambridge University Press. 

Figure 2. Microplastic fibers and filaments in the gastrointestinal tracts of myctophid fish (a-d). Reprinted with permission from [12]. 2023, 

MDPI. 
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defines microplastics as particles smaller than 5 mm in 
size [14]. 

Microplastics can be the result of the fragmentation of 
larger items, or they can be particles that are 
purposefully manufactured to a microscopic size. In 
October 2018, a storm in the Durban harbour (South 
Africa) resulted in the spillage of about 2,000 tons of 
polyethylene pellets, raising environmental concerns, 
and Mofokeng and Glassom [15] investigated this 
contamination.  

Scanning electron microscopy (SEM) results (see 
Figures 3 and 4) showed that the old pellets had cracks 
while the newer pellets were smooth with little abrasion. 
After five and six months in the environment, the pellets 
showed signs of surface abrasion and deterioration, 
respectively. Bacterial and fungal growth was also 
observed on the surface of the old pellets after two 
months. Also, no heavy metal contamination was 
observed in the pellets over time. 

In recent years, the use of alternatives to plastics, 
including glass and biodegradable packaging, has 
increased, but this approach requires a global agreement 
[16]. However, raising public awareness and reducing 
the use of plastic products and their release into the 
environment is far more valuable than plastic 
alternatives. This paper addresses microplastics and 
their negative effects on marine organisms and the 
research conducted in this field. 

2. Microplastic sources 

The reports show that the production of plastics 

derived from fossil fuels is increasing yearly, and plastic 

waste has become a global problem due to poor 

management. Microplastics pose a threat to many 

aquatic species, especially planktonic and invertebrate 

organisms, as they easily accumulate in their bodies (see 

Figure 3. SEM images of pellets: (a) Before clean-up, (b) After the spill, (c) 5 months after the spill, and (d) 6 months after the spill. Reprinted 

with permission from [15]. 2022, MDPI. 
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Figure 5) [17, 18]. Many reports suggest that 

microplastics have the potential to cause chronic toxicity 

[19, 20]. Law et al. [21] investigated the effects of PS 

microplastics on marine filter-feeding fish, and the 

Figure 4. SEM images of pellets collected show surface metal concentrations. (a) Before clean-up (C, Ca, O, Ca), (b) after two months of 

exposure (C, Ca, O, Fe, Mg, Al, Si, S, Cl, K, Ca, Ca, Fe, Fe), (c) after three months of exposure (C, Ca, Fe, Al, Si, Ca, Ca), and (d) after six months 

of exposure (C, Ca, O, Ca). The red circles indicate the presence of diatoms on pellets. Reprinted with permission from [15]. 2022, MDPI. 
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results showed that PS microplastics can be transmitted 

through the blood and cause reproductive disorders. 

The toxicity of microplastics is related to many factors, 

such as unreacted monomers, oligomers, and additives. 

These factors are leached under the influence of various 

factors such as UV light, long rubbing, solvents, and 

even ocean water [17]. For this reason, food packaging is 

of great importance because monomers and oligomers 

can easily migrate into food.  

Many additives, such as plasticizers, fillers, inhibitors, 

and antioxidants, are toxic [17, 22-24]. Some phthalates 

used in baby bottles have been reported to release in the 

range of 50–150 μg/kg after a 120 min contact time at 70 

°C [25]. This relatively easy release can be attributed to 

the lack of chemical reaction with the plastic structure, 

as most of these additives are not chemically bound to 

plastic structures [17, 26]. In addition to being toxic, 

plastics unfortunately also have the ability to absorb 

hydrophobic pollution from water [27]. We can say that 

they play the role of a Trojan horse.  

Primary sources of microplastics include household 

and industrial sewage and feedstocks used to produce 

plastics (whether plastic products or granules and 

powders) [28]. However, secondary sources of 

microplastics can be identified through mechanical 

degradation and exposure to solvents and UV light [29]. 

Many wastewater treatment plants remove large plastic 

particles, but microplastics can pass through treatment 

units and enter the aquatic environment [30, 31].  

Household sewage contains polymer particles from 

cosmetics, cleaning, and fibers (mainly polyester, acrylic, 

and PA) [17, 26]. It has been reported in the literature 

that bottled water can also contain microplastics [26]. 

Many foods and beverages should not be served in 

plastic containers, such as alcoholic beverages, as alcohol 

can release unreacted monomers and oligomers. 

3. Effects of microplastics on marine organisms 

The high production of plastics, most of which are 
designed for single use, has led to environmental 
pollution. Plastic waste is entering the environment at an 
uncontrollable rate, with the greatest impact on marine 
and freshwater ecosystems [14, 32]. They reach the 
oceans through wind and rivers, causing pollution [14]. 
One of the most important problems with plastics once 
they enter the environment is that they are continuously 
broken down into smaller particles, making them easier 
to transport [32]. Unfortunately, today microplastics are 
present even in the most remote marine environments, 
but gyres can be considered the main place for their 
accumulation [14, 33]. Brown et al. [34] evaluated the 
presence of microplastics on eighteen beaches on six 
continents, and the results showed that microplastics 

Figure 5. (a) Polymers used in different ecotoxicological tests to expose zooplankton species. (b) Average size distribution of the microplastics 

used. Reprinted with permission from [18]. 2023, MDPI. (Note: N/A: Studies that did not specify the type of polymer.) 
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were present in fibrous forms, with a maximum 
concentration of 124 fibers per liter. According to 
reports, microplastics are believed to be a serious threat 
to more than 250 marine species [14]. Figure 6 shows the 
factors affecting the bioavailability of microplastics in 
aquatic ecosystems. 

In addition to freshwater, soils are also a site of 
accumulation of microplastic fibers [35]. They persist for 
a long time in layers of about 25 cm of agricultural soils 
treated with sewage sludge (as fertilizer). This indicates 

a gradual transfer in the solid media and then 
accumulation at depth [17]. Considering this fact, it can 
be said that agricultural soils have a higher probability 
of retaining microplastics compared to other areas [36].  

Hunter et al. [37] assessed the presence of pre-

production pellets (see Figure 7) in the Avon–Heathcote 

Estuary/Ihutai (Aotearoa–New Zealand). The results 

showed seven aggregation points, and a total of 3,819 

pellets were identified. They were predominantly 

transparent (86%), 3 mm in size (54%), cylindrical (62%), 

Figure 6. Factors affecting the bioavailability of microplastics. 
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moderately weathered (41%), and made of low-density 

PE (53%). The accumulation and abundance are likely 

influenced by the river flows along which the plastic 

producers are located, weather conditions, and 

proximity to stormwater outlets. 

Rivers carry a high volume of microplastics, and in 
places where the energy of the river flow is low, 
microplastics settle together with sediments in the 
riverbed [38]. Riverbed sediments can always be 
considered an alarm for pollution because they always 
contain all the pollutants, such as microplastics and 
heavy metals, and by evaluating the sediments, the level 
of environmental pollution can be measured [3, 4, 38]. As 
shown in Figure 6, size and density are very important, 
as it has been reported that larger sizes with irregular 
shapes and jagged geometry and sharp ends and higher 
density of plastic lead to easy sinking in water and 
presence in sediment, while spherical particles tend to 

remain on the water surface [39-43]. Therefore, 
sediments in areas close to factories, densely populated 
cities, and densely populated coastal regions are highly 
polluted. Sediment-dwelling organisms such as benthic 
holothurians Thyonella gemmate, and lugworm Arenicola 
marina are always vulnerable to damage from 
microplastics because they generally have a non-
selective feeding strategy and ingest large volumes of 
sediment, thus also ingesting microplastics or heavy 
metals [3, 4, 14]. Table 1 reports some marine organisms 
that are susceptible to ingesting microplastics, as well as 
their exposure routes to microplastics. Among aquatic 
organisms, mussels are filter feeders and process a high 
volume of water, so if the water is contaminated with 
pollutants, they will accumulate them [23]. They are 
almost sessile creatures that do not migrate, so they will 
be very damaged if their living environment is polluted 
[17, 33]. Table 2 also reports microplastics in some 
mussel and fish species. 

Figure 7. Pellet classification: (a) by shape, from left to right—spherical, cylindrical, lentil, (b) by weathering, from left to right—category “1” 
no yellowing or cracking, category “2” yellowing only, category “3” yellowing and cracking visible; (c) an exemplar pellet classified as 4 mm 
size, cylindrical and category “1” weathering. Reprinted with permission from [37]. 2022, MDPI. 

Table 1. Some marine organisms and their exposure routes to microplastics (Data from [14, 33]) 

Species Exposure routes 

Amphipods They directly mistake microplastics for a natural food source. 

The marine polychaete A. marina Selection is based on size, with smaller particles adhering and being retained by the mucous-

lined proboscis papillae. 

Plankton eaters Due to the similarity in specific gravity of plastic microspheres with algae, they are 
mistakenly ingested by plankton eaters. 

Echinoderm larvae They ingest polymer microspheres based on their size (smaller than 3 mm). 

Marine algae Adsorbs nanoplastics, especially when positively charged. 

Grazing microzooplankton Size-based selectivity indicates the potential to ingest microplastics of appropriate size. 

 

https://jams.hsu.ac.ir/
https://jams.hsu.ac.ir/
https://jams.hsu.ac.ir/


 
M. Sheydaei jams.hsu.ac.ir 

 
 

 
 
J. Appl. Mater. Sci., 2025, 1, 210143   

© 2025 The Authors. This article is licensed under a Creative Commons Attribution 4.0 International License. 210143 (8 of 12) 

There are many reports of the effects of microplastic 
ingestion in organisms, such as internal abrasions and 
blockages of the digestive tract. Figure 8 shows the 
factors affecting the physical impacts of microplastics. 

Among aquatic organisms, the Red Sea giant clam 
(Tridacna maxima) can remove microplastics [17]. Arossa 
et al. [44] evaluated the removal of polyethylene 
microplastics (53 to 500 μm in size) by Tridacna maxima. 
The results showed that clams’ shells played a major role 
in removing microplastics (through sorption on the 
surface, microplastics attach to the clams’ shells) and 
resulted in a 66.03% removal from wastewater. 

Researchers have proposed many methods for removing 
microplastics. Among the methods for removing 
microplastics, membrane bioreactors, adsorption on 
green microalgae, and conventional activated sludge are 
among the most efficient methods [45-48]. In the 
membrane bioreactor method, catalysis is promoted by 
biological catalysts such as bacteria, enzymes, and is 
accompanied by a separation process carried out by a 
membrane system (see Figure 9) [49].  Algae-based 
separation technologies are very promising for the 
removal of pollutants. These methods are based on the 
mechanisms of bioadsorption, bioaccumulation, and 

Table 2. Microplastics in some species of mussel and fish 

Species Region Polymers observed Shape Size (mm) Reference 

Mytilus edulis French Atlantic 
coast 

PE, Polypropylene (PP) Fragment 0.05–0.1 [53] 

Mytilus spp. Norwegian 
coastal waters 

Cellophane, Ethylene-vinyl 
acetate (EVA), PET, PP, PE, PA 

Fiber, Fragment 0.07–3.87 [54] 

Mytilus 

Galloprovincialis 
Adriatic Sea PE, PP, PET, PS, PVC Fiber, Fragment 0.02–0.3 [55] 

Mytilus 
Galloprovincialis 

Turkish coasts PET, PP, PE Fragment, Fiber, 

Film 

0.5–2.0 [56] 

Mytilus 
Galloprovincialis 

N Ionian Sea PE, PP, 
Polytetrafluoroethylene 

(PTFE) 

Fiber, Fragment 0.04–0.74 [57] 

Mytilus edulis, 
Perna viridis 

Coastal waters 
China 

PET, PVC, PE, PP, Rayon Fiber, Fragment, 
Bead 

0.25–1.0 [58] 

Sardinia pilchardus Adriatic Sea PP, PVC, PTFE, PA Fragment, Fiber 0.12–0.59 [59] 

Sardina pilchardus Gulf of Lyon, France PET, PE, PA, PP Fiber 1.77 [60] 

Solea solea Adriatic Sea PVC, PP, PE, PA, Polyester Fragment, Fiber 0.1–0.5 [61] 

Boops boops Mediterranean 
Sea 

PE, PP, PS, PVC Fiber 0.05–4.75 [62] 

Boops boops Catalan coast, Spain PP, PE, PS Fragment, Fiber < 0.1–5 [63] 

Mugil cephalus E Hong Kong PP, PE, Polyester Fragment, Fiber 1.21 [64] 

 

Figure 8. Factors influencing the physical impacts of microplastics. 
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biodegradation. For example, studies have shown that 
the microalgae Chlamydomonas sp. and Chlorella vulgaris 
are very effective in the adsorption of pollutants [50]. 
Their cell walls are rich in polysaccharides, proteins, and 
lipids that contain functional groups that effectively 
interact with hydrophobic microplastic particles (see 
Figure 10) [46, 50]. Reports have shown that effluent and 
sludge contain high concentrations of microplastics [51]. 
Therefore, conventional activated sludge processes 
remove a significant fraction of microplastics, although 
the removal efficiency depends on the wastewater 
treatment plant configuration and operating parameters 

[52]. Figure 11 shows a comparison of these three 
methods. 

4. Conclusions 

To sum up, microplastics can be considered one of the 
most important pollutants in the world today, in which 
only humans play a direct role. Microplastics can easily 
cause environmental pollution, and their removal is very 
expensive, and in some cases, it can be said that their 
complete removal is not possible. The most important 

Figure 9. Schematic representation of a membrane bioreactor process. Reprinted with permission from [45]. 2019, MDPI. 

Figure 10. The modes of action and effects of microplastics and nanoplastics on microalgal cells and biomass production. Reprinted with 
permission from [65]. 2022, MDPI. 
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factor in controlling this pollution is the use of fewer 
plastics and replacing them with other materials. Proper 
management of plastic waste is of great importance 
because its entry into the environment depends on this 
factor. Currently, marine organisms are most harmed by 
microplastics because they come into contact with them 
in water and sediments while feeding and breathing, but 
in the future, humans will increasingly encounter them. 
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