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Abstract, Μarine pollution due to plastic waste is a globally recognized 

threat that needs effective actions of control and mitigation. Continental plastic 

litter is flushed into the oceans by storms and river systems or is directly 

discharged into coastal waters. At a global scale, 60% of plastic waste floating 

in the oceans is discharged from coastal areas in all continents. Plastic waste 

is degraded sowly into fragments of smaller size and microplastic (MPs) 

pollution now appears as one of the world‟s environmental main concerns. 

Scientists change their analytical and detection techniques and numerous 

monitoring studies were promulgated in the last decade to determine the 

levels of microplastic pollution at sea and in oceans. The small size of 

microplastics and nanoplastics makes them potentially bioavailable, via 

ingestion, to a wide range of marine organisms as they overlap with the size 

range of their prey. Ingestion of microplastics and nanoplastics have been 

reported in many in the organs and tissues of most marine species over a 

broad range of taxa. Biomonitoring of plastic pollution (micro- and nano – 

size) in marine species should be considered as an additional tool to assess 

the state of the marine environment. Using marine organisms for 

biomonitoring of plastic pollution can provide crucial information for the 

abundance of plastic debris, distribution, type of plastic, and toxic 

characteristics for adverse effects on specific tissues of marine species. 

Numerous analytical toxicological studies in bivalves (including oysters, 

mussels, and clams) have been proved to be suitable bioindicators to identify 

contamination levels, abundance and types and characteristics of 

microplastics and nanoplastics. Nanoplastics (sizes in the range from 1 to 

100 nm) with similar mechanisms can affect the metabolism, fertility, and 

mortality of marine organisms. However, there is no significant difference 

between nanoplastics and microplastics with regard to the adverse health and 

oxidative effects. Recent studies indicated that nano- and micro- sized 

plastics and plastic waste in general caused various adverse effects on the 

growth, development, behaviour, reproduction, and oxidative stress and DNA 

damage leading to increased mortality of aquatic animals. This review 

collected a series of scientific papers, reviews and scientific reports 

concerning the use of marine species for biomonitoring and as potential 

biondicators of marine pollution by plastic waste. 
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Introduction: Global marine plastic pollution 

Plastic pollution is recognized as a severe environmental problem in 

the coastal and ocean ecosystems across the world. Aquatic and marine 

plastic pollution is a widespread environmental problem affecting rivers, lakes, 

seas and oceans on Earth. Scientific studies and long-term monitoring of 

environmental pollution estimate that 10-14 million tonnes of plastic enter the 

oceans each year and is the most abundant litter debris compared to other 

types of waste from anthropogenic activities. Plastic litter is flushed into the 

oceans by storms and river systems.1  

Single-use plastic items are discharged into coastal waters due to bad 

waste management, threatening marine ecosystems and the rich biodiversity 

of aquatic species. Plastic waste was found in the most remote coastal areas 

of the Earth‟s oceans and in ocean deep trenches.2  A recent study revealed 

that plastic waste has been identified in the Mariana Trench (at a depth of 

10.975 meters). Victor Vescovo, (28.4.2019) a retired naval officer, made the 

discovery as he descended nearly 6.8 miles to a point in the Pacific Ocean's 

Mariana Trench that is the deepest place on Earth. It is the third time that 

plastic waste has been documented in the deepest explored part of the 

Earth‟s oceans.3,4 

All studies in the last decade found that plastics and microplastics 

pollute every marine habitat. Nearly 700 marine species have been found to 

interact with marine debris to date.  Marine microplastics and nanoplastics can 

interact with marine species through ingestion and entanglement.5 

Most recent global data on marine pollution estimate at least 10-14 

million tonnes of plastic waste in the Earth‟s ocean every year in the last 

decade. Plastic waste consists of commercial items (plastic bags, water 

bottles, etc) and smaller pieces (microplastics, nanoplastics) as a result of 

breakdown under environmental conditions (sunlight, abrasion). Compared to 

the total waste gathered in the aquatic environment (rivers, lakes, seas, 

oceans). Systematic research and monitoring from shorelines of every 

continent, found that more plastic waste concentrate near popular tourist 

destinations and densely populated areas (cities). The main sources of plastic 

debris found in the ocean are land-based, coming from urban and stormwater 
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runoff, sewer overflows, littering, inadequate waste disposal and 

management, industrial activities, tyre abrasion, construction and illegal 

dumping. Ocean-based plastic pollution originates primarily from the fishing 

industry, nautical activities and aquaculture.6 

Under the influence of solar UV radiation, wind, currents and other 

natural factors, plastic waste breaks down into smallerl particles called 

microplastics (smaller than 5 mm) or even more smaller, called  nanoplastics 

(particles smaller than 100 nm). The small size of plastic debris makes them 

easy for marine species to ingest them accidentally with their food. 

 

Figure 1. Plastic waste is the most abundant and dangerous for the Earth‟s 
aquatic environment and causes excessive damage to aquatic species. 
Everything from wasteful water bottles to grocery shopping bags are polluting 
Earth‟s waterways, and endangering marine life and the natural environment.  
 

Plastic waste became a very serious environmental problem due to 

their extensive use in single-use items and food packaging materials. 

Recycling of plastic can be achieved but needs shorting at source according 

to their resin type and colour using mechanised automated processes. In 

mechanical recycling plastic is washed, ground and melted. In chemical 

recycling plastic is broken down into monomers to form new polymers to be 

reused. Many countries lack the infrastructure to prevent plastic pollution such 

as: sanitary landfills; incineration facilities; recycling capacity and circular 

economy infrastructure; proper management and disposal of waste systems. 

This leads to „plastic leakage‟ into rivers and oceans. There is also legal and 

illegal global trade of plastic waste polluting sensitive environments. In many 

countries waste management systems are not sufficient to contain plastic 

waste spreading in all areas of the marine environment. 
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Global production and types of polymers 

 

The global production of polymers is around 367 million tonnes (resins, 

fibers, 2020) annually for more 3,000 plastic applications, but only a small 

percentage is discarded, especially the single-use plastics (e.g. shopping 

bags, water bottles, cups of coffee, food wrappers, styrofoam takeaway 

containers). In Europe, plastic production comes in three broad categories: 

about 40% for single-use disposable applications, such as food packaging, 

agricultural films and disposable consumer items; 20% for long-lasting 

infrastructure such as pipes, cable coatings and structural materials; and 40% 

for durable consumer applications with an intermediate lifespan, such as 

electronic goods, furniture, and vehicles (Plastics Europe, 2015). 

 The most dominant types and sizes of between plastic litter have been 

monitored in all areas of oceans. It has been estimated (UNEP, 2017) that 

between 5-12 million metric tonnes of plastic has been discarded to the 

Earth‟s oceans annually.7,8  

In 2020, more than 29 million tonnes of plastic post-consumer waste 

were collected in the EU27+3. Because plastics products have different life 

span (ranging from 1 to 50 years or more), of postconsumer plastic waste 

collection figures do not match demand or consumption figures. More than 

one third was sent to recycling facilities inside and outside the EU27+3 but 

over 23% was still sent to landfill and more than 40% was sent to energy 

recovery operations. The plastics industry sector maintains a high level of 

employment, with close to 1.5 million people working in over 50,000 

companies, most of them Small and Medium Enterprises distributed all over 

Europe, the plastics sector is key to the European economic recovery. [Plastic 

Europe-The Facts, 2021 https://plasticseurope.org/wp-content/uploads/ 

2021/12/Plastics-the-Facts-2021-web-final.pdf ]. 

The seven types of plastic include: Polyethylene Terephthalate (PETE 

or PET), High-Density Polyethylene (HDPE), mPolyvinyl Chloride (PVC), Low-

Density Polyethylene (LDPE), Polypropylene (PP), Polystyrene or Styrofoam 

(PS), Miscellaneous plastics (includes: polycarbonate, polylactide, acrylic, 

acrylonitrile butadiene, styrene, fiberglass, and nylon). 

 

https://plasticseurope.org/wp-content/uploads/%202021/12/Plastics-the-Facts-2021-web-final.pdf
https://plasticseurope.org/wp-content/uploads/%202021/12/Plastics-the-Facts-2021-web-final.pdf


 

5 
 

Microplastics and nanoplastics in the marine environment 

 

Scientific studies in the last decade detected increasing amounts of 

plastic litter in the marine environment and analysed their chemical 

composition. Plastic waste is degrading continuously into micro particles 

(smaller than 5 mm) across all oceanic environments. The initial studies have 

focused on the entanglement of marine mammal and in the ingestion of 

plastics by marine birds .9,10 

 

Figure 2. Springer Open (publisher, 2021). Microplastics and Nanoplastics is 
a new scientific journal, an interdisciplinary forum for worldwide efforts to 
solve the plastics pollution challenge. The journal aims to publish innovative 
high quality science providing a quantitative and mechanistic understanding of 
the factors that drive the emissions, fate, risks and societal responses to the 
presence of plastic debris, as well as novel remediation and risk mitigation 
options for environmental pollution and in particular for seas and oceans. 
 

Microplastic pollution now appears as one of the world‟s environmental 

main concerns. Numerous monitoring studies in the past determined the 

levels of microplastic pollution at sea and in oceans. One of the studies 

investigated plastic pollution in water samples that were collected across a 

4,000 km-trajectory in the Tropical Eastern Pacific and the Galápagos 

archipelago, covering an area of 453,000 square km. Furthermore, 240 

specimens of 16 different species of fish, squid, and shrimp, all of human 

consumption, were collected along the continental coast. Microplastic 

particles were found in 100% of the water samples and marine organisms. 
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Microplastic particles ranging from 150 to 500 µm in size were the most 

predominant. The paper simultaneously detected and quantified microplastic 

particles abundance and their impact on marine organisms of this region.11 

 

Figure 3. The Galápagos Islands, which were the founding of Charles 
Darwin‟s theories on natural selection, are facing a new threat from plastic 
waste. This archipelago (of 18 main volcanic islands, 3 smaller, and 107 rocks 
and islets) 600 miles from the coast of Ecuador has been protected from the 
excesses of human influence. Around 97% of the islands are off limits to 
humans as tourists, even locals, have to be supervised when visiting areas 
within the National Park itself. 
 

 

Advanced research and innovation in the field of polymer technology 

has determined that the polymer industry in the last decade is among the 

fastest growing industries, with novel and sophisticated polymer composite 

materials with numerous applications. In addition, the low cost, lightweight, 

strength and durability of plastics are properties that make them suitable for 

manufacture on a wide range of daily use products. However, the high 

demand and inappropriate disposal of plastic materials have led to their 

dispersion and accumulation into the environment. A typical example is the 

current COVID-19 pandemic with the worldwide production and disposal of 

face masks (estimated at nearly 90 million every month in 2020) as well as 

other plastic laboratory and medical materials. The situation increased 

drastically with the discarded plastic, microplastic and nanoplastic waste in 

the environment.12,13 

The majority of plastic litter is the result of single-use plastic from 

coastal cities (with limited waste collection and recycling), ports, shipping 

https://greenerideal.com/news/technology/mutant-enzyme-created-to-eat-plastic-waste-quicker/
https://greenerideal.com/news/technology/mutant-enzyme-created-to-eat-plastic-waste-quicker/
https://greenerideal.com/news/technology/mutant-enzyme-created-to-eat-plastic-waste-quicker/
https://en.wikipedia.org/wiki/Islet
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activities, coastal landfills and coastal dumping sites. Once plastic debris go 

into the ocean, they break down into microplastics by photolytic, mechanical 

and biological degradation. Other studies on plastic waste have shown a 

continuous physical fragmentation to smaller pieces, nanoplastics (< 25 µm), 

occurring continuously in the oceans. Scientists have shown experimentally 

that nano-small fractions of plastic particles have a high risk potential for 

marine filter feeders, which tend to confuse it for plankton and end up 

consuming plastic debris.14,15,16,17.18 

 

Interaction of plastic litter and fragments in marine species 
 

A large number of investigations focused on the interactions of large 

plastic litter and smaller fragments with several marine species, through 

processes such as ingestion and entanglement.19,20,21 

Scientific studies proceeded to investigate the effects of small plastic 

fragments (produced under the influence of light UV, physical abrasion, etc) 

that interact with a greater number of species, across marine trophic levels. 

Plastic items that eventually become microplastics (sizes ~ 1 μm-5 mm) have 

a higher potential to be ingested by marine species. Identification and 

quantification of tiny fragments of plastics have evolved in the last decade 

with more sophisticated and accurate analytical methods (Fourier transform 

infrared (FTIR), Raman spectroscopy, Nuclear Magnetic Resonance (NMR), 

Gas Chromatography-Mass Spectrometry, GC-MS, etc).22,23 

 Microplastics can be degraded further into smaller pieces under 

environmental conditions. The domestic industry uses microbeads (e.g. face 

scrubs) which are microplastic in size. Also, microfibers are produced during 

the machine washing of synthetic clothing that enter the marine environment 

directly through the waste effluent from sewage treatment works.24,25 

Through wind and water erosion microplastics could enter waterways 

and eventually end up in the marine environment. In addition, rainfall can 

wash microplastics that have been generated by tyre wear on roads into 

drainage systems. Microbeads are also used in industrial processes such as 

abrasive air-blasting and in antifouling coatings for boats. Inevitably, coastal 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/trophic-level
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areas of high population density and industrial activities have been associated 

with increased concentrations of microplastics in the seas.26  

 

Figure 4. Plastic marine waste is of global environmental concern but 
especially ocean plastic waste causes adverse health effects in marine 
species. [https://www.dreamstime.com/stop-ocean-plastic-pollution-
ecological-poster-whale-composed-white-waste-bag-bottle-blue-background-
image132931272].  

 

Another aspect of concern from scientists is the global warming and 

climate change in the future. It is expected that accelerated melting of sea ice 

will release high levels of snow and ice-bound microplastics, which originated 

from anthropogenic activities in the past decades.27  Also, global warming and 

climate change could cause changes to oceanic currents that may alter the 

distribution and abundance of microplastics in the oceans. Circulation models 

have been used to predict plastic distribution; however, current models do not 

consider future variation in circulation patterns and weather systems caused 

by a changing climate.28  

The small size of microplastics makes them potentially bioavailable, via 

ingestion, to a wide range of marine organisms as they overlap with the size 

range of their prey. Ingestion of microplastics has been reported in many 

marine species over a broad range of taxa including cetaceans, delphinids 

and other marine species.29,30 

Numerous marine species all over the world have been used as 

biomonitors of plastic pollutants. Scientists have adapted analytical 

techniques to an extend that can measure and indentify with accuracy small 

size plastics in the range from nanometers (nm) and up to 1 μm-5 mm. A 

https://www.dreamstime.com/stop-ocean-plastic-pollution-ecological-poster-whale-composed-white-waste-bag-bottle-blue-background-image132931272
https://www.dreamstime.com/stop-ocean-plastic-pollution-ecological-poster-whale-composed-white-waste-bag-bottle-blue-background-image132931272
https://www.dreamstime.com/stop-ocean-plastic-pollution-ecological-poster-whale-composed-white-waste-bag-bottle-blue-background-image132931272
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great variety of microplastic contaminants have been identified in tissues of 

marine species, such as mollucs,31,32 echinoderms,33,34 zooplankton,35,36 and 

seabirds.37,38 

A recent review paper (2021) collected 132 scientific papers on 

ingestion of microplastics by marine vertebrates. The results showed that the 

marine species more affected were turtles with 88% of the specimens 

contaminated by microplastics and median of 121.73 particles/individual. The 

predominant type is fibers (67%), polymer is polyethylene (27%), size is less 

than 2 mm (73%), and colour is blue (33 %).39 

Another recent study (2019) in East China Sea, investigated 

microplastic pollution in 11 wild fish species (193 individuals) and 8 wild 

crustacean species (136 individuals). The average abundance of 

microplastics found in two main tissues, the gill and gastrointestinal (GI) tract, 

were 0.77 and 0.52 items/individual, respectively. Microplastics were 

predominantly fiber-shaped, blue colour, and composed of polyester 

polymers. The authors suggested that marine organisms which occupy higher 

trophic levels are suitable as bioindicator species of plastic pollution. 40 

 

Nanoplastics in the marine environment and marine species 

 
Scientists are concerned that plastic litter in the marine environment 

will slowly fragment into smaller particles, smaller than 5 mm (nano sizes). 

Although there is no established definition of nanoplastic, it has been 

assumed that they fall within the range of other types of nanoparticles (size in 

the range from 1 to 100 nm, 1 nm = 10-9 m or 0.000000001 m). Microplastics 

and/or nanoplastics may be divided in primary or secondary. Primary 

micro(nano)plastics are those that enter the ecosystem in their originally small 

size associated with specific applications and consumer products, such as 

synthetic fibers, cosmetics, medicine and raw material. Secondary 

nanoplastics are the result of natural slow degradation of micro and macro- 

plastics, i.e. break down into smaller pieces under the influence of the 

environment. Despite the recent advances in the field of plastic ecotoxicology, 

the ecological impact of secondary nanoplastics in the environment remains 

poorly understood. 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/polyethylene
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/nanoparticle
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Figure 5.  Transmission electron microscopy images of 70 nm nano-sized 
polystyrene aggregates in freshwater (left) and seawater (right). Reprinted 
with permission from Velzeboer et al. Strong sorption of PCBs to 
nanoplastics,  microplastics, carbon nanotubes and fullerenes. Environ Sci 
Technol, 48: 4869–4876, 2014. © 2014 American Chemical Society. 
Koelmaqns AA, Besseling E, Shim WJ. Nanoplastics in the aquatic 
environment. Critical review. In : Marine Anthropogenic Litter , pp. 325-340, 
Springer, 2015.  

 

The presence of micro- and nano- plastics in the marine environment 

can affect biota and the environment through other pathways. Smaller plastics 

(both micro and nanoplastics) have a high surface area and adsorb 

hydrophobic substances from the marine environment, namely persistent 

organic pollutants (POPs), such as polycyclic aromatic hydrocarbons (PAHs), 

polychlorinated biphenyls (PCBs), dichlorodiphenyltrichloroethane (DDT) and 

othyer polychlorinated pesticides, polybrominated diphenyl ethers (PBDEs) 

and perfluorooctanoic acid (PFOA) as well as metals. The majority of these 

toxic chemicals were globally banned in the late 1970s because of the threat 

they posed to both wildlife and humans. 41,42 

Scientists consider an additional toxicological dimension of micro- and 

nanoplastics. The ability to adsorb other toxic chemical pollutants and 

contaminants (which are added as additive in polymers to improve their 

properties). In the marine environment micro- and nano- plastic litter release 

these additives transferring their toxic characteristics  to marine biota.43,44,45 

In the last decade scientific investigations turned to ecotoxicological 

tests of micro- and nanoplastics, including also adverse effects on species 

living in freshwater.46,47,48,49  Micro- and nanoplastics have been used in 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/pollutant
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/ddt
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/polybrominated-diphenyl-ether
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/perfluorooctanoic-acid


 

11 
 

ecotoxicological tests using a series of marine organisms belonging to 

different trophic levels.50, 51  Normally, ecotoxicological studies with marine 

species were performed in laboratory tests. Exposures to nanoparticles of 

plastics have shown induction of genotoxicity and cytotoxicity, oxidative 

stress, alteration of energy metabolism and developmental 

malformations.52,53,64,55 

 

Figure 6. Studies of ocean nanoplastics have been shown the processes that 
drive microplastic pollution to the nanoscale and the impacts on marine 
species. Recent and more accurate analytical technique investigated 
nanoplastics abundance in the oceans and uptake by marine organisms. 
[Royal Netherlands Institute for Sea Research, 
https://www.nioz.nl/en/research/uu-nioz-projects/nanoplastics-pollution-in-the-
ocean]. 

 

Nanoplastics with similar mechanisms can affect the metabolism, 

fertility, and mortality of marine organisms. However, there is no significant 

difference between nanoplastics and micro- plastics with regard to the general 

effects. A review of recent studies indicated that nano- and micro- sized 

plastics and plastic waste caused various adverse effects on the growth, 

development, behaviour, reproduction, and mortality of aquatic animals.56,57,58 

Numerous studies concluded that marine organisms in near-shore 

surface waters could be at risk from increasing nano- and micro- plastic waste 

concentrations. It must be emphasize that most of the toixicological and 

ecotoxicological laboratory studies have tested concentrations that greatly 

exceed environmental levels. These unrealistically high concentrations are 

typical in ecotoxicological experiments to produce “positive” toxic effects and 

were contacted mainly with fish and crustaceans.59,60 

https://www.nioz.nl/en/research/uu-nioz-projects/nanoplastics-pollution-in-the-ocean
https://www.nioz.nl/en/research/uu-nioz-projects/nanoplastics-pollution-in-the-ocean
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Scientific studies on nanoplastics (NPs) in the marine ecosystem have 

been scarce due to the challenges in sampling and detecting these nano-

scaled entities (in terms of size) of polymer litter. In vitro and in vivo 

experiments have demonstrated that NPs have the potential to penetrate 

different biological barriers including the gastrointestinal barrier and the brain 

blood barrier and have been detected in many important organs such as 

brains, the circulation system and livers of sampled marine animals.61 

 
Ecotoxicity results of micro- and nanoplastic as a cause of 
detrimental effects to marine species 

 

Laboratory investigations found that ingested micro- and nano plastics 

are the cause for several detrimental effects across many marine species. 

Most studies showed that aquatic accumulation of primary and secondary 

nanoplastics in the seas poses a threat to the health status of exposed marine 

invertebrates and species from higher trophic levels that rely on these 

invertebrates as food. 

Exposure of marine species to micro- and nanoplastics can cause 

physical injury, reduced feeding behaviour with knock on effects for growth 

and reproductive potential. Small pieces of plastics can be adsorped and 

transported of hydrophobic pollutants, it is still unclear whether they also 

represent a potential source of chemical exposure within marine food webs.  

**[Several measures are used to describe toxic dosages according to the 

degree of effect on an organism or a population. These include: 

LD50 = Median lethal dose, a dose that will kill 50% of an exposed population 

(of experimental animals), 

NOEL = No-Observed-Effect-Level, the highest dose known to show no 

toxicological effect of a substance or mixture, 

NOAEL = No-Observed-Adverse-Effect-Level, the highest dose known to 

show no adverse effects]. 

Microplastics and nanoplastics due to their minute size can translocate 

easily through marine species‟ tissues on different organs and cause 

toxicological damage through physical, chemical, and biological changes, at 

different biological organization levels. 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/blood-brain-barrier
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/blood-brain-barrier
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/blood-brain-barrier
https://en.wikipedia.org/wiki/Median_lethal_dose
https://en.wikipedia.org/w/index.php?title=No-Observed-Adverse-Effect-Level&action=edit&redlink=1
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Figure 7. Toxicology is a scientific discipline, overlapping with biology, 
chemistry, and pharmacology. Experiments are contacted in laboratory 
conditions. It involves studies on the adverse effects of chemical substances 
(at different concentrations) on living organisms and diagnosing quantitative 
damage in tissues after exposures to environmental pollutants under 
laboratory conditions. 
 

Toxicologists contacting toxicity experiments with micro- and 

nanoplastics in experimental animals encounter difficult identification and 

analytical challenges. The quantification of micro- and nanoplastics in 

environmental matrices is an analytical challenge and pushes to the use of 

unrealistic high exposure concentrations in laboratory studies which can lead 

to manifestations of ecotoxicological effects and risks estimation that are 

transient under natural conditions. In  field studies (with very low 

concentrations), it is difficult to compare the data obtained due to the lack of 

sampling protocols, standardized methodologies and techniques for the 

identification and quantification of micro- and nanoplastics, owing to the 

inherent physical characteristics of the these materials. Also, the definition of 

exposure limits is difficult due to the challenge of analytical methodologies. A 

recent paper focused on the existent analytical challenges in each step from 

isolation to quantification of nano- and microplastics and their consequences 

in the estimation of risks.62,63 

Toxicological evidences of plastic pollution in field studies, included the 

use of a thermodynamic approach and of models simulating physiological 

conditions in the gut. The results suggested that both adsorbed plastic 

https://en.wikipedia.org/wiki/Discipline_(academia)
https://en.wikipedia.org/wiki/Biology
https://en.wikipedia.org/wiki/Chemistry
https://en.wikipedia.org/wiki/Pharmacology
https://en.wikipedia.org/wiki/Adverse_effect
https://en.wikipedia.org/wiki/Chemical_substance
https://en.wikipedia.org/wiki/Organism
https://en.wikipedia.org/wiki/Diagnosis


 

14 
 

pollutants (micro- and nano-) and chemical additives of plastics might be 

released to organisms. For example, tissues of seabirds that were analysed 

for the accumulation and ingestion of plastic and other chemicals. Also, 

toxicological studies can monitor transport of persistent organic pollutants by 

microplastics in marine species of estuarines.64,65 

 Τoxicological experiments: contacted in laboratory settings have some 

advantages compared to field experiments under real environmental 

conditions. The main advantage in laboratory toxicology is the elimination of 

variability and keeping constant test conditions where all variables 

(temperature, light, concentrations of toxic substances, etc.) are held constant 

for all experimental treatments and the length of time needed. A serious 

deficiency of all laboratory studies of contaminants is that they must be done 

in isolation of the potential cocktail of chemicals presently operating in many 

environments of the world. It is obviously impossible to mimic any particular 

heady brew of toxicants to which some target chemical may be added. 

Toxicologists know that there are numerous synergisms and antagonisms 

among pollutants, all of which will make predictions difficult if not impossible. 

In some habitats, predictive capability from laboratory tests is small because 

the bioavailability of the chemicals cannot be predicted. Toxicological 

experiments with micro- and nano- plastics are contacted under laboratory 

standard toxicological conditions so that concentrations and exposure 

conditions are kept stable for whole duration of the experiment.  

The toxicological tests usually are contacted in vivo or in vitro. The in 

vivo (latin: "in the living") test is performed in living organisms (i.e, rat, rabbit). 

In vitro methods (latin: "in the glass") tests are performed outside of a living 

organism (i.e, glass, petri dishes) involving the use of isolated tissues, organs 

or cells. Both studies can be used to predict the inherent hazard (or toxicity 

potential) properties of chemical substances. 

Under laboratory conditions, microplastics have been shown to be 

ingested by amphipods, barnacles, and lugworms. The factors affecting the 

bioavailability of microplastics in marine species are size, density, abundance 

and colour. Also, bioavailability could be enhanced by biological factors. For 

example, the ingestion of polystyrene (PS) beads (100 nm) by suspension-

feeding bivalve mollucs significantly increased when they were incorporated 
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into manually-generated aggregates, formed by rolling natural seawater in the 

laboratory. The seasonal flocculation of natural particulates into sinking 

aggregates is an important pathway for energy transfer between pelagic and 

benthic habitats. 66,67 

 

Figure 8. The last decade has seen an unprecedented increase in research 
findings and a growing interest in the media concerning plastic pollution of the 
marine environment and oceans. Pictures of beautiful tropical beaches 
choked by plastic waste, abandoned fishing nets and throwaway plastic items 
have played a prominent role in raising public awareness. Abbing MR. Plastic 
Soup. An Atlas of Ocean Pollution. Island Press, 2019.  
 

The toxicity of micro- and nanoplastics has been investigated in 

mussels. In one toxicity experiment, mussels (Mytilus spp.) were exposed to 

polystyrene microplastics, polyamide microfibres and polystyrene 

nanoplastics (exposure 24 h or 7 days). This experiment highlighted that 

particle size is a key factor in plastic particulate toxicity. Biomarkers of 

immune response, oxidative stress response, lysosomal destabilisation and 

genotoxic damage were measured in haemolymph, digestive gland and gills. 

Microplastics and microfibres were observed in the digestive glands. 

Nanoplastics had a significant effect on hyalinocyte-granulocyte ratios. SOD 

activity was significantly increased followed 24 h exposure to plastics but 

returned to normal levels after 7-days exposure. Superoxide dismutase (SOD) is 
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an enzyme that catalyzes the dismutation of the superoxide radical. No evidence of 

lysosomal destabilisation or genotoxic damage was observed from any form 

of plastic.68  

Another toxicological study quantified ingestion and egestion (act of 

excreting unusable or undigested material from a cell) of 100 nm and 2 μm 

polystyrene (PS) beads in blue mussel larvae after 4 h exposure and 16 h 

depuration using different plastic-to-microalgae ratios. Results showed that on 

a mass basis, larvae ingested a higher amount of 2 μm than 100 nm beads, 

while egestion was independent of particle size and the plastics-to-algae ratio. 

Larval growth was not affected but abnormally developed larvae increased 

after exposure to polystyrene beads. Malformations were more pronounced 

for 100 nm beads, at higher concentration and after longer exposure time.69 

Researchers used mussels Mytilus galloprovincialis exposed to 

microplastics. Results testified that tissue localization of microplastics 

occurred in haemolymph, gills and especially digestive tissues. Cellular 

effects included alterations of immunological responses, lysosomal 

compartment, peroxisomal proliferation, antioxidant system, neurotoxic 

effects, onset of genotoxicity and changes in gene expression profile. The 

study provided the evidence that microplastics adsorb Polycyclic aromatic 

hydrocarbons (PAHs), emphasizing an elevated bioavailability of these 

carcinogenic chemicals after the ingestion.70 

Most of the toxicological exposure studies showed that microplastics in 

the marine environment tend to accumulate and move through living 

organisms, inducing a variety of biological effects, such as disturbances in 

energy metabolism, oxidative balance, DNA damage, immunological, 

neurological and histological changes. A review (2019), summarized the 

adverse effects of different size, concentrations and types of microplastics on 

animals. Results showed that microplastics can induce oxidative damage 

(increased lipid peroxidation and DNA strand breaks); alter antioxidative 

system [superoxide dismutase (SOD), catalase (CAT)], were parameters with 

the highest and significant changes in activities and metabolism. These 

adverse effects were depending on size and dose of used microplastics in 

toxicity investigations, and/or their interaction with other xenobiotics.71 

https://www.sciencedirect.com/topics/chemistry/catalase
https://www.sciencedirect.com/topics/chemistry/xenobiotic-agent
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Marine species as suitable bioindicators of plastic pollution 

 

Considering that plastic litter is widespread in the marine and ocean 

environment, marine organisms can be used as bioindicators of plastic 

pollution. Quantitative and qualitative data can provide crucial information that 

will integrate the spatial and temporal presence of plastic debris in the seas 

and oceans of the Earth. Given their long and frequent migrations, numerous 

marine species that ingest plastics can provide information on the type of 

plastic debris but only on large spatial and temporal scales, thus making it 

difficult to identify quantitative correlations of ingested plastics within well-

defined spatio-temporal patterns. Given the complex dynamics of plastics in 

the sea, the biomonitoring of marine plastic debris should rely on the 

combination of several bioindicator species with different characteristics that 

complement each other. Other critical aspects include the standardization of 

sampling protocols, analytical detection methods and metrics to evaluate the 

effects of ingested plastics in marine species.72 

 The digestive systems of cultured bivalve species (mussel Mytilus 

galloprovincialis, oyster Crassostrea gigas, clam Ruditapes philippinarum, 

scallop Chlamys farreri) were used in China (2021) to detect and analyse 

microplastic pollution. Results showed that abundance in 4 species was 0.3-

20 items/g wet weight of digestive system. Microfibers were the most 

predominant microplastics (μ-FT-IR was use for identification, micro Fourier 

Transform Interferometer), PVC and rayon fibers being the most abundant 

types. Researchers concluded that bivalves (clams and mussels) can serve 

as bioindicators for microplastic pollution in the sediment and water, 

respectively.73  

Researchers explored also the case of fish species as marine 

biomonitors of microplastic pollution. They were used for monitoring the 

ingestion of marine microplastics in the Mediterranean sea. In a recent study 

the types of fish most suitable were  Engraulis encrasicolus (pelagic), Boops 

boops (benthopelagic), three species of Myctophidae (Hygophum benoiti, 

Myctophum punctatum and Electrona risso) (mesopelagic), Mullus barbatus 

barbartus (demersal) and Chelidonichthys lucerna (benthic). Researchers 
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proposed a methodology to assess how effective Mediterranean fish species 

are for bioindicators of plastic pollution. Also, they proposed a new 

Bioindicator Index (BI) by incorporating several parameters considered 

important for bioindicators.74 

 

Figure 9. The threefold monitoring approach to detect marine litter presence 
and impact in bioindicator organisms [Fossi MC, Panti C. Mare Plasticum - 
The Plastic Sea, pp 117-128. The Impact of Marine Litter in Marine Protected 
Areas (MPAs) in the Mediterranean Sea: How Can We Protect MPAs? 
Springer 24.7.2020]. 

 

A similar study (2020) investigate abundance, distribution and 

characteristics of microplastics in coastal surface waters in eastern 

Guangdong (South China) with fish species, such as pelagic Konosirus 

punctatus and demersal Mugil cephalus from different sampling sites. The 

mean abundance of microplastics in surface water was 8895 items/m3, small 

white fragments were dominating character. Researchers proposed that fish 

https://link.springer.com/book/10.1007/978-3-030-38945-1
https://link.springer.com/book/10.1007/978-3-030-38945-1
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species can be used for biomonitoring microplastic wastes in the coastal sea 

waters.75 

South America scientists have investigated marine species that 

interacts with plastics as important bioindicators of pollution. Researchers 

suggest that certain charismatic species of marine turtles, mammals and 

seabirds can be used as bioindicators of plastic pollution in the Río de la Plata 

(largest estuarine areas of the Southwest Atlantic). They found that at least 45 

charismatic marine species interact (ingestion or entanglement) with plastic 

litter and of these 8 species were selected as potential bioindicators given 

their occurrence, probability of sampling and interaction with plastic litter and 

their fragments (microplastics):Chelonia mydas, Caretta caretta, Dermochelys 

coriacea, Pontoporia blainvillei, Arctocephalus australis, Otaria flavescens, 

Larus dominicanus, and Spheniscus magellanicus. These species shared 

some key attributes of indicator species, e.g., they are relatively well studied, 

but differed in their home range and mobility.76  

In a recent study (2020) Jellyfish has been used as biondicator of 

plastic pollution. Researchers proposed in the last decade various benthic 

filter-feeding organisms or large marine vertebrates as biondicators of 

microplastics. Jellyfish have recently been reported as target organisms for 

marine litter, being able to internalise a number of anthropogenic fragments, 

from macro- to microplastics. Jellyfish are widespread energy source in 

pelagic and deep-sea food webs worldwide and occurring at high densities, 

represening the invertebrate bioindicator counterpart to monitor plastic 

pollution in pelagic waters, along with their common predators.77,78 

An investigation in 2020 used 4 species of barnacles (Amphibalanus 

amphitrite) at 30 sites in Hong Kong waters to biomonitor microplastics. The 

median number of microplastics ranged between 0 and 8.63 particles/g wet 

weight, with fibers (washing of clothes) being the most abundant type of 

microplastics. The chemical composition of 152 pieces out of 606 potential 

microplastics was analyzed using micro-Fourier Transform Infrared 

Spectroscopy (μ-FTIR). It was found that 52 were synthetic polymers, 95 

natural cotton fibers and 5 unknowns. Of which 8 types of polymer were 

identified with cellophane being the most abundant (58%). The results 
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highlight the potential of using these barnacles as a bioindicator of 

microplastics.79 

 

 
Sponges 

 
Barnacles 

 
Jellyfish 

 
Oysters 

Figure 10. A great variety of marine species has been proposed by 
environmental scientists as biondicators of micro- and nanoplastics in the 
marine environment. Sponges, barnacles, jellyfish and oysters. 
 

Sponges (sessile benthic organisms) are considered good 

bioindicators for monitoring environmental quality of coastal ecosystems. 

Researchers evaluated microplastics concentrations in 3 marine sponge 

species (Haliclona implexiformis, Halichondria melanadocia and 

Amorphinopsis atlantica), to determine whether these organisms accumulate 

microplastics and reflect their possible sources. Results showed that average 

concentrations ranged from 1861 to 3456 items kg−1 of dry weight in marine 

sponges, 130 to 287 items L−1 in water and 6 to 11 items kg−1 in sediment. 

The 3 sponge species exhibited microplastic bioaccumulation.80 

Analysis of the most important studies showed that the marine species 

most deeply impacted by sea plastic pollution are: 

Sea turtles (because mistake plastic waste for a viable food source, 

sometimes causing blockages in their digestive system), seals and sea lions, 

seabirds, fish, whales and dolphins. 
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Filter-feeding bivalves, marine species for biomonitoring 

 

Filter-feeding bivalves such as mussels of the genus Mytilus have been 

widely used as sentinel organisms to monitor coastal water pollution. In the 

last decade they are considered as ideal for biomonitoring microplastics.  

 

Figure 11.  “Blue mussels” are very important marine bivalve mollusc in the 
marine ecology. They serve as key food source for sea stars, ducks, snails, 
& crabs and as habitat for invertebrates including barnacles, slipper shells, 
sponges, worms, shrimp, and fish. Scientists consider mussels as ideal for 
monitoring microplastics. Blue mussel, Mytilus edulis, have become a "model 
organism" for investigating the effects of microplastics in marine ecosystems 
 

A large number of investigations in the last decade gave interesting 

results on measuring marine microplastics with mussels. In this respect “blue 

mussels” were proposed as global bioindicators of microplastic pollution [Li J, 

Lusher AL, Rotchell JM, et al. Using mussel as a global bioindicator of coastal 

microplastic pollution. Environmental Pollution 244:522-533, 2019, no. 42 in the 

reference list].  The popularity of mussels as bioindicators, stems from their 

biological and ecological characteristics which make them virtually ideal for 

pollution monitoring. These sedentary organisms filter large amounts of water 

efficiently and use waterborne particles as food and, thus, are able to 

bioaccumulate high amounts of different contaminants in the digestive glands 

and gills. 

Researchers in China used 3 instrumental analytical techniques 

[thermal gravimetric analysis (TGA), Fourier Transform infrared spectroscopy 

(FT-IR), Gas chromatography Mass spectrometry (GC/MS)] to detect, identify, 

and quantify microplastics in marine mussels (Mytilus edulis). Results showed 

the following types of microplastics: polyethylene (the most abundant type), 
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polystyrene (PS), polypropylene (PP) and polyvinyl chloride (PVC). 

Quantitative analysis found an average of 0.58 mg of plastic per kg of tissue 

(range 0.16–1.71 mg/kg). Researchers suggested that the analytical method 

is a powerful technique to quantify masses of microplastics in marine 

mussels, and that mussels Mytilus edulis can used as a bioindicator of 

microplastic pollution in the marine environment.81 

South Korea scientists propose that bivalves are useful bioindicators of 

microplastic contamination in the marine environment for several reasons, 

such as extensive filter feeding activity, broad geographical distribution, and 

limited movement capability. A nationwide monitoring (2021) of microplastic 

pollution was contacted along the South Korean coasts using filter-feeding 

bivalves (including oysters, mussels, and Manila clams). They proved to be 

suitable bioindicators to identify the national contamination level and 

characteristics of microplastics.82 

The effectiveness of mussel caging for active microplastics (MPs) 

biomonitoring was investigated and gave recently good results (2020). 

Mussels were exposed along a pollution gradient originating from a 

wastewater treatment plant discharge and near an abandoned coastal landfill. 

After 6 weeks of deployment, the majority of clean transplanted mussels had 

ingested microplastics (ranging from 0.61 to 1.67 items/g). The occurrence, 

abundance and properties of MPs ingested by caged mussels were similar to 

those found in native mussels. Microplastic sizes were very similar whether in 

the water, sediments and both caged and native mussels, with a dominance 

of items <150 μm.83 

A recent review (2020) collected 67 papers that analysed microplastic 

pollution at lower trophic levels, such as the benthic fauna. Animals that live 

on the sea floor are called benthos. Most of these animals lack a backbone 

and are called invertebrates. Typical benthic invertebrates include sea 

anemones, sponges, corals, sea stars, sea urchins, worms, bivalves, crabs, 

and many more. Microplastics ingested by species at the base of food webs 

(benthos) are potentially biotransferred to higher trophic levels. Therefore, 

scientists by assessing microplastic pollution at lower trophic levels, such as 

the benthic fauna, can help elucidate scenarios that include sediments. The 

results of this review (67 papers, 1990 to 2019) showed that 60% of the 
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studies were done in the laboratory under controlled conditions, and there are 

few reports of realistic microplastic exposure concentrations and natural 

conditions. Molluscs (class gastropoda: snails, slugs, limpets, whelks, etc, and 

class bivalvia: clams, oysters, mussels, scallops, etc) are the most widely 

studies. Most research papers showed that uptake and ingestion were the 

main pathways for entering the marine organisms and the presence of 

microplastics was in the digestive glands, guts and gills. They concluded  that 

these marine animals can serve as bioindicators for microplastic pollution in 

the marine environment.84 

Another review selected 93 research papers worldwide (2014--2021). 

All papers measured concentration of microplastics in 70 marine bivalve 

species, with mussels (Mytilus spp) and the oysters (Crassostrea spp) being 

the main genus studied. Due to the different methodologies used it was 

difficult to make comparisons between the results. Researchers concluded 

that microplastics observed in bivalves, were identified at different 

concentrations, sizes, shapes, types of polymers and distinct relationships 

with particles in the environmental matrices. Although these studies need 

standardization, they are extremely important, not only for aquatic 

ecosystems, but also from the point of view of human health, since many of 

the bivalve species are used in human food.85 

 

Other biondicator marine and freshwater species to study 
micro- and nanoplastics 
 

The level of marine pollution due to plastic debris is a globally 

recognized threat. Scientists in the last decade have undertaken the needs for 

effective actions of control and mitigation. Also, according to experts in the 

field, identification and quantitative in the marine environment can be 

performed by using marine organisms as bioindicators of microplastic 

pollution. Biological organisms adsorb and accumulate microplastics in their 

tissues and can provide crucial information that would better integrate the 

spatial and temporal presence of plastic debris in the sea. Given their long 

and frequent migrations, numerous marine species that ingest plastics can 
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provide information on the presence of plastic debris but only on large spatial 

and temporal scales. 

Demersal fish was used as bioindicator species to investigate 

microplastic ingestion in the Mediterranean Sea. Demersal fish are those 

which live on, or near to the bottom of seas (called the demersal zone) also 

be known as 'bottom feeders' as they feed from the bottom of the ocean or 

lake. A study (2019) analyzed gastrointestinal tracts of 229 demersal fish 

belonging to two species (Mullus barbatus, Merluccius merluccius) for 

examination of microplastic. Ingested microplastics were plastic fragments 

(ranging from 0.10 to 6.6 mm) and detected in 23% of the total investigated 

fish. These preliminary results represent a baseline for the implementation of 

the Marine Strategy Framework Directive descriptor 10 in Italy as well as an 

important step for detecting microplastics in bioindicator species.86 

 

Merluccius merluccius 

 

Mullus barbatus 

A commercially important seafood species, such as Nephrops 

norvegicus (known variously as the Norway lobster, Dublin Bay prawns, 

langoustine or scampi ) has been proposed as a useful bioindicator for 

ingestion of microplastics.  

 

Norwegian lobsters, also known as Dublin Bay prawns, Scampi 

These prawn species are suitable as bioindicators of environmental 

contamination owing to their availability, spatial and depth distribution, 

interactions with seafloor sediment and position in the ecosystem and food 

chain. Recent study (2022) assessed the abundance of microplastics in the 

lobster N. norvegicus and in benthic sediments across six functional units in 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/demersal-fish
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/mullus-barbatus
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/merluccius-merluccius
https://en.wikipedia.org/wiki/Scampi
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the North East Atlantic. The 3 main polymers identified in both organisms and 

sediment were polystyrene (PS), polyamide (nylons), and polypropylene (PP). 

Based on the results of this study, data on microplastic ingestion could be 

used to study trends in the amount and composition of litter ingested by 

marine animals towards fulfilling requirements of descriptor 10 of the Marine 

Strategy Framework Directive.87 

Chinese scientists used as a bioindicator for microplastics in the 

freshwater environment  the Asian clam (Corbicula fluminea). 

 

Asian clam, Corbicula fluminea 

Researchers conducted a large-scale survey of microplastic pollution in 

Asian clams, water and sediment from 21 sites in the Middle-Lower Yangtze 

River Basin in 2016. The Asian clam was available in all sites, such as lakes, 

rivers and estuaries. Microplastics were found at concentrations ranging from 

0.3-4.9 items/g in clams, 0.5–3.1 items/L in water and 15–160 items/kg in 

sediment. Microfibers were the most dominant types of microplastics found, 

accounting for 60–100% in clams across all sampling sites. The size of 

microplastics ranged from 0.021-4.83 mm, and microplastics in the range of 

0.25–1 mm were dominant. Synthetic materials used in clothing & textiles 

(polyester, acrylic, and nylon) represent about 60% of the clothing material 

worldwide. Out of this 60% of synthetic materials, the most used one is 

polyester. These man-made materials are highly used by the fashion industry 

because of their availability, durability, resistance, and affordability. When 

manufactured, washed and worn, synthetic clothes and textiles shed tiny 

plastic fibers (microfibers) that end up in the environment and does not 

biodegrade: but fragmentizes into smaller pieces. These tiny pieces, called 

microfibers, are smaller than 5 mm. The abundance, size distribution and 

colour patterns of microplastics in clams more closely resembled those in 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/freshwater-environment
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/estuary
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/microfibers
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sediment than in water. Thus the Asian clams is suitable as a bioindicator of 

microplastic pollution in freshwater systems, particularly for sediments.88 

The tunicate Ciona Robusta has been used also as an effective 

bioindicator for microplastics and nanoplastic contamination in the marine 

environment [Ascidians, or sea squirts, largest and most diverse class of the 

sub-phylum Tunicata (also known as Urochordata), are particularly sessile 

and filter feeders with great particulate retention ability of MPs]. Ciona robusta 

species due to their capacity to filter substantial volumes of water and to 

accumulate particulates (microplastics) are good bionidcators. In a recent 

study, scientists demonstrated a complete methodology, following controlled 

exposure using spiked samples of a model nanoplastic (100 nm diameter 

polystyrene spheres) the nanoparticles were separated from an enzymatically 

digested biological matrix, purified and concentrated for analysis.  

 

Ciona robusta, marine invertebrate, genus Ciona, family Cionidae 

The described method yields an approximate value for nanoplastic 

concentration in the organism (with a limit of detection of 106 

particles/organism, corresponding to 1 ng/g) and provides the chemical 

composition by Raman spectroscopy. Furthermore, this method can be 

extended to other biological matrices and used to quantitatively monitor the 

accumulation of nanoplastics in the environment and food chain.89 

Another recent investigation (2021) analyzed the characteristics of 

microplastics identified in tissues of spotted seal cubs, Phoca largha. 

Microplastics were identified in the stomach, small intestine and large 

intestine. The main type of microplastics found were Polyethylene 

terephthalate, (PET), polypropylene (PP) and polyacrylonitrileacrylic acid 

https://en.wikipedia.org/wiki/Ciona
https://en.wikipedia.org/wiki/Cionidae
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/polypropylene
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(PNAA), main components of the total microplastic contents isolated, with 

fibers being the main morphological categorization. Importantly, the average 

size of microplastics detected in the stomach were larger than those in the 

small intestine and large intestine, while the average abundance in stomach 

was lower than in the small intestine and large intestine. These findings imply 

that microplastics that are ingested might be fragmented into smaller particles 

in the stomach during digestion before reaching the intestine. These data 

provide a novel signal for further understanding the fate of microplastics in 

marine mammals.90 

 

spotted seal cubs, Phoca largha 

Another marine organism used as a potential biondicator of 

microplastic pollution was Sepia pharaonis or cuttlefish. It is considered as a 

the marine commodities consumed by humans requiring further analysis to 

determine whether or not they are contaminated by microplastics to evaluate 

their potential use. The analysis of microplastics (MPs) showed that 

abundance their and characteristics (shape, size, and colour) were observed 

also in the outer body, gills, intestines, and the correlations between MPs and 

total body length, mantle length, age, and sex.  

 

Sepia pharaonis, the pharaoh cuttlefish, is a commercially valuable cuttlefish 

species across the southeast coast of China. 
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All samples were collected from the fish market surrounding the Fish 

Auction Market at Muara Angke Port, North Jakarta, Indonesia. Microplastic 

particles were found in the outer body and gills (226/mL) and the intestines 

(208/mL), with fibre, fragment, and film shapes, a size range of < 0.25 to 2.0 

mm, and colours including black, transparent, blue, green, red. Female 

cuttlefish had higher levels of microplastics than males. There is no evidence 

yet as to whether the microplastics will cause the cuttlefish to die or become 

harmful to human health, and further studies are needed on these potential 

impacts.91 

The invasive zebra mussel (Dreissena polymorpha) has been used as a 

potential bioindicator of microplastic litter in freshwater lakes. Samples were 

collected from three sites (Lovere, Costa Volpino, Castro) at the northern end 

of Lake Iseo, the fourth largest lake in Lombardy, Italy, fed by the Oglio River. 

 

Researchers measured microplastics in D.polymorpha and compared 

samples from the three sites at different distances from the Waste Water 

Treatment Plant. There was no difference in the physicochemical water 

parameters and biometric features between the samples from the three sites. 

The chemical composition of the microplastics was polyethylene terephthalate 

(45%), nylon (20%), polypropylene (20%), polyamide resin (10%), and 

polyvinyl chloride (5%). In conclusion, analytical data showed that the 

amounts of microplastics in zebra mussel accumulated were greater the 

closer the sampling site to the WWTP. Findings suggest that the zebra 

mussel provide a useful tool to monitor microplastics pollution in lakes.92  
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Conclusions 

The widespread commercial production and use of plastics in the last 

100 years on a global scale, resulted in the explosive accumulation of plastic 

waste in seas and oceans. In recent decades, much of the plastic pollution 

came from single-use plastic items. Annual discharges of plastic waste  into 

the oceans were estimated at 10–14 million metric tonnes per year. Once 

plastic waste is discharged in the environment, the larger macroplastic items 

break down into ever smaller fragments, becoming microplastics, and with 

time disintegrate into even smaller size, called nanoplastics. Results from 

numerous studies showed that plastic pollution is now ubiquitous, reaching 

every part of the ocean, from the sea surface to the deep ocean floor. 

Marine organisms interact with microplastic and nanoplastic waste in 

several ways. Exposure brings intentional or unintentional plastic ingestion, 

snagging and entanglements which are causing harm and death. Plastic 

ingestion of microplastics and nanoplastics is considered the primary pathway 

that affect many marine species, from limpets to sperm whales, across the 

oceans of the Earth. Sizes of ingested plastic appeared to be varied 

depending on size of the animals feeding behaviour and habitat. These 

interactions with microplastics and nanoplastics have the potential to cause 

adverse health effects which have been monitored under laboratory 

conditions. Microplastics and nanoplastics can accumulate in gut, digestive 

gland, liver, and gills of marine species. Accumulated micro- and nanoplastics  

have the potential to cause reproductive problems, pathological stress, 

enzymes activity problems, oxidative stress, growth reduction, disruption in 

energy cycling, interrupt lipid metabolism, and damage in liver tissues. 

Different sizes of the plastic particles can also cause lesions, internal wounds 

and digestive tract blockage. 

Microplastics (MPs) and nanoplastics (NPs) can accumulate in algae 

and transfer to higher trophic levels such as zooplankton and fish. 

Researchers have detected MPs and NPs from edible tissue of marine 

species (crustaceans, fish, and mollusks), seafood products (canned sprats 

and sardines) and sea salt. Consumption of sea food is not considered 

dangerous for the present to humans. Nanoplastics have mucjh smaller size 
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than microplastics and have higher potential to accumulate in cells of tissues 

in marine species. The retention time of the MPs and NPs is important for 

exchanging chemicals in the tissues or organs of marine animals. 

In the last decade researchers realized the need for biomonitoring of 

plastic pollution and the use of suitable marine species as biomonitors or 

biondicators of microplastic and nanoplastic pollution in the global seas and 

oceans. From a toxicological risk assessment perspective, biomonitoring 

programmes of plastic pollution involving a broad range of synergetic 

bioindicators will be ideal for accurate and quantitative determination of MPs 

and NPs. A selection of appropriate bioindicator species has been recently 

proposed. Bioindicator species have been selected according to habitat, 

home range and dimension of plastic ingested, with the majority composed by 

vertebrates, including protected marine mammals, sea turtles and seabirds. 

These marine organisms are suitable as long-range bioindicators in open 

waters, providing an integrated response of the ecosystem health. Marine 

invertebrates represent the primary component of marine biodiversity and 

many species among bivalves mollucs (mussels) crustaceans, annelids and 

echinoderms have been reported to ingest plastics and in particular the 

microscale and nanoscale fractions. Bioindicators for plastic litter mostly cover 

sessile benthic and filter-feeding organisms, such as mussels, clams, krill, 

sponges, baleen whales, and many fish). The use of jellyfish as bioindicator 

for plastic pollution may disclose new pathways for plastic along the marine 

food webs. Phytoplankton and algae form the bases of aquatic food webs. 

They are eaten by primary consumers like zooplankton, small fish, and 

crustaceans. Primary consumers are in turn eaten by fish, small sharks, 

corals, and baleen whales. Microplastic and nanoplastic pollution is 

recognized as a global environmental issue that can affect the health of biota 

and Earth‟s ecosystems. The marine environment and its species are much 

vulnerable to plastic pollution because the aquatic environment transfers large 

masses of plastic particles (diverse range of sizes and types of polymers and 

their additives) which are ingested and retained in marine species‟ guts for a 

long time.  

 

https://en.wikipedia.org/wiki/Clam
https://en.wikipedia.org/wiki/Krill
https://en.wikipedia.org/wiki/Sponge
https://en.wikipedia.org/wiki/Baleen_whale
https://en.wikipedia.org/wiki/Fish
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