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Microplastics (MPs) generally refer to plastic particles less than 5 mm in size. These pollutants 
are currently present in almost all marine environments and, due to their small size, are easily 
accessible to a wide range of marine organisms and are ultimately transported along the food 
web. The increasing presence of MP particles in the marine food chain has raised global concerns. 
MPs were first discovered in the guts of seabirds and have since been found in increasing 
concentrations. Exposure of marine organisms to MPs can lead to weight loss, reduced growth, 
reduced reproduction, changes in feeding behavior, changes in enzyme activity, initiation of 
stress response, and inflammatory response. MPs in marine environments provide a highly 
selective and flexible support platform for a variety of microbial communities, especially 
resistant pathogens. The accumulation of MPs in marine organisms consumed as human food 
has dangerous consequences for human health, leading to physical and chemical toxic effects. 
This study examines the effects of MPs and related contaminants on some of the most important 
marine organisms (plankton, bivalves, corals, fish, seabirds, and marine mammals) and also 
assesses the risks of human exposure to MPs through edible marine organisms.  
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Introduction

arine litter has become a major prob-
lem for society, affecting all economic, 
social, environmental and cultural sec-
tors [1]. Over the past few years, plastic 
waste has played an undeniable role in 

causing pollution in terrestrial, aerial, and aquatic eco-
systems. They are known to be a major environmental 
problem, especially in aquatic environments [2]. The 
origin of plastics in the marine environment is mainly 
terrestrial, these plastics enter the marine environment 
through wind, rivers and sewage. Fishing and marine 
recreational activities are other sources of plastics in ma-
rine environments [3]. Asia produces 51% of the world’s 
plastic. Europe, North America, and South America pro-
duce 20%, 18%, and 4% of the world’s plastic, respec-
tively [1]. Large plastics are broken down into smaller 
pieces by environmental factors, including air and ultra-
violet radiation, and those that reach a size of <5 mm 
during the aforementioned environmental processes are 
called microplastics (MPs) [4]. MPs can come from pri-
mary or secondary sources. MPs that are micrometer-
sized from the source are called primary MPs, such as 
microfibers from washing clothes. Secondary MPs are 
produced by the breakdown of larger plastic waste by 
physical, chemical, and biological processes in the envi-
ronment [5]. MPs are widely distributed in marine envi-
ronments. Due to their constant presence, they have the 
potential to be ingested by a wide range of organisms. 
Laboratory and environmental studies have shown that 
a wide range of marine organisms, from small inverte-
brates to large vertebrates, are susceptible to ingesting 
MPs with lethal or sublethal effects [6]. The toxicity of 
MPs arises in two ways. First, the toxicity can come from 
the polymer used to make plastic products. For example, 
polystyrene (PS), which is widely used in containers, 
protective packaging, bottles and lids, can be carried in 
the bloodstream and interfere with the reproduction of 
marine feeders such as many fish, some sharks, bivalves, 
krill and sea sponges. Second, the sharp edge and small 
size of MPs cause damage and inflammation in living 
organisms. Studies have shown that the consumption of 
MPs causes malnutrition and changes in reproduction 
for some organisms [2, 7]. Despite the negative effects 
of MPs on marine organisms, the presence of these tiny 
plastic particles can provide suitable habitats for some 
organisms, including water striders that require a solid 
substrate for reproductive activity and survival [6, 8]. 
Predictions suggest that by 2050, aquatic ecosystems 
will contain far more MPs than fish [6]. Foods and bev-
erages are a potential route of human exposure to MPs. 

MPs is widely found in marine organisms including fish, 
crustaceans and bivalves. These marine food products 
appear to be the largest sources of MPs in the human 
diet. Human exposure to MP particles results in physical 
and chemical toxic effects [9, 10].

Given that most studies conducted on the effects of 
MPs on marine organisms specifically study one marine 
organism [11-14], this study reviews a set of marine or-
ganisms, considering the interactions between marine 
organisms and the possibility of comparing the effects of 
exposure to MPs in these organisms. The study describes 
the toxic effects of MPs in marine environments and the 
pollutants absorbed by them on marine organisms. In ad-
dition, it compares the effects of MPs on marine organ-
isms in different studies, including environmental and 
laboratory studies, taking into account the concentration 
of MPS, the type and shape of MPs, and the time of ex-
posure and finally, it assesses the risks of human expo-
sure to MPs through edible marine organisms.

Pollution of Aquatic Environments With 
MPs

The increasing use of plastic materials has led to an in-
crease in the abundance of MPs in aquatic environments. 
MPs can be found on sandy beaches, surface waters, in 
the water column, and in deep-sea sediments. Studies 
have also shown their presence in dead biological mate-
rial (tissues and shells) and soil particles that have been 
blown into aquatic environments by the wind [15, 16]. 
The main factors influencing the abundance of MPs in 
the environment include population density and proxim-
ity to urban centers. 

Global estimates of the occurrence of plastic waste in-
dicate that rivers are major sources of plastic and MP 
pollution, transporting an average of more than 2 mil-
lion tons of MPs per year [17]. Studies have also shown 
that riverine transport of plastic waste accounts for 80% 
of releases from land to marine environments [18]. MPs 
have become a major threat to the world’s aquatic eco-
systems. Even if the introduction of new plastic waste 
into aquatic ecosystems is prevented, the degradation 
of plastics already present in the world’s aquatic eco-
systems will lead to the production of MP particles on a 
large scale [19]. Mass production of plastic has led to the 
release of 4.8 to 12.7 million tons of plastic waste into 
the ocean [20].

Plastic polymers degrade and fragment in aquatic envi-
ronments as a result of environmental processes (thermal 
degradation, sunlight, and biofilm growth and oxidation) 

M
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[21]. Degradation refers to the breakdown of the struc-
ture of plastic polymers as a result of chemical reactions, 
including biodegradation, photodegradation, thermal 
degradation, and thermo-oxidative degradation. In the 
degradation process, the fragmentation of large plastic 
waste ultimately results in the formation of secondary 
MPs that are released into the environment, including 
aquatic environments [22].

The common chemical composition of MPs in aquatic 
ecosystems is mainly polypropylene (PP), polyethylene 
(PE), PS, polyethylene terephthalate (PET) and polyvi-
nyl chloride (PVC) [23]. The chemical composition of 
MPs affects their environmental behavior. Those com-
posed mainly of PET and PVC are more likely to settle, 
while PP, PE and PS float more easily. The chemical 
composition of MPs affects their environmental behav-
ior. Those composed mainly of PET and PVC are more 
likely to settle, while PP, PE and PS float more easily 
[24].

The increasing presence of MP particles in the marine 
food chain has raised global concerns. MPs were first 
discovered in the guts of seabirds in the 1960s and have 
since been found in increasing concentrations [25]. Be-
low, we review some of the most important marine or-
ganisms that are affected by MPs.

Effects of MPs on Marine Organisms

Plankton

Although the number of studies on MPs has increased 
significantly in the past few years, the number of stud-
ies investigating the effects of MPs on plankton is very 
low. Plankton are small organisms that are increasingly 
affected by MP particles because in zooplankton and 
ichthyoplankton the size of MPs is similar to the size of 
their prey, and in phytoplankton it matches their ability to 
entrain the particles. Since zooplankton are filter-feeder, 
their exposure to MP particles is high, and considering 
that the organism is at the beginning of the marine food 
chain, their exposure to MP particles causes the trans-
mission of contamination to higher-order organisms [26, 
27]. Ingestion of MPs by zooplankton depends on the 
particle size and concentration of MPs [28].

To investigate the effects of MPs on plankton, a num-
ber of laboratory-scale studies have been conducted in 
the last decade. Rodrigues et al. (2021) showed that 
most laboratory studies do not take into account the 
level of contamination present in real-world environ-
mental conditions. In toxicology studies, it is a common 

problem that the researcher investigates the dose-effect 
relationship without considering the conditions present 
in the real environment. For example, MPs in marine 
environments that are ingested by zooplankton and 
ichthyoplankton are very diverse in terms of shape and 
polymer. While laboratory-scale studies have mostly 
used PS and PE microbeads, other shapes and polymers 
have received less attention [27].

Murray and Cowie (2011) showed that the stomachs 
of 83% of larvae of Nephrops norvegicus, (collected 
from the farm), were contaminated with MP particles, 
with the filamentous form having the highest abundance 
[29]. While in the study by Zhang et al. (2019) in the 
East China Sea, most of the crustaceans studied were 
not contaminated with MPs [30]. Setala et al. (2014) 
showed that different species of zooplankton in the Bal-
tic Sea (ciliates, cladocerans, polychaete larvae, cope-
pods, worms and shrimps) were contaminated with MP 
particles [28]. MPs can cause reduced fecundity and 
changes in filtration capacity [31], feeding habits [32], 
swimming activity [33], and oxidative defense [34] in 
zooplankton. A study by Cole et al. (2013) showed that 
MP particles ingested by zooplankton remained in their 
gut for up to 7 days [35], but in a study by Watts et al. 
(2014) on the shore crab Carcinus maenus, the retention 
time of MP particles was up to 14 days [36]. Figure 1 
shows the frequency of studies conducted on the effects 
of MPs on different plankton groups.

In a study by Davarpanah et al. (2015) to investigate 
the effects of MPs on phytoplankton, no significant ef-
fect on growth rate was observed at the concentrations 
studied (0.046 to 1.472 mg/L) [37]. Considering the type 
and concentration of MPs, effects such as decreased 
lipid content, decreased cellular esterase activity, and 
structural changes also appear in phytoplankton [27]. 
Long et al. (2017) exposed Chaetoceros neogracile to 
PS microbeads at a concentration of (104 MPs/mL). 
Their results indicated that PS microbeads had no ef-
fect on the fluorescence, growth, and morphology of this 
phytoplankton, but when C. neogracile was exposed to 
a concentration of 105 and 107 MPs/mL of the same type 
of MP, negative effects on photosynthesis, growth, and 
morphology appeared [38]. Table 1 shows the abun-
dance and characteristics of MPs in plankton samples 
from different studies.

Bivalve

MPs can have detrimental effects on the feeding and re-
productive behavior and filtration activity of bivalves. 
MPs can also have detrimental effects on bivalves by 
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damaging their food sources, altering the structure of 
their sedimentary habitats, and releasing persistent or-
ganic pollutants [47]. In order to understand the effects 
of MPs on bivalves, especially species that are consumed 
by humans, it is necessary to investigate the routes of ex-
posure of these organisms to MPs particles.

It is likely that the abundance of MP particles in ma-
rine environments and the lack of sufficient food are the 
causes of the ingestion of MPs by these organisms. It 
is also likely that mussels ingest fewer MPs than other 
marine invertebrates. Processing of food particles in bi-
valves occurs after ingestion. Preingestive sorting results 
in the formation of pseudofeces, (material rejected prior 
to ingestion). The sorting process before ingestion in-
creases the quality of ingested nutrients [48].

The first damage caused by MPs to bivalves is clog-
ging of the gills and digestive tract. MP particles have 
the ability to accumulate in the digestive tract, valves, 
gills, and hepatopancreas of this organism. MPs were 
found in the forms of fibers, films, and fragments of bi-
valves, with fibers being the most abundant among these 
forms [49, 50]. More than 80 percent of MP particles 
found in mussels collected from coastal waters in China 
were in the form of fibers [51]. The harmful effects of 
MPs on bivalves are greater in the form of fibers than in 
other forms, because they are more difficult to remove 
from the digestive tract of this organism, which causes it 
to be in contact with MP particles and pollutants attached 
to them for a longer period of time [52].

Table 1. Abundance and characteristics of MPs in plankton samples from different studies

Plankton Species Location MPs Abundance MPs morphology Polymer Reference

Ichthyoplankton England 0.26-3.79 item/m3 Fibers Nylon, PA-PP, 
rayon [39]

Plankton Italy 0.3 item/m3 Fibers PE [40]

Zooplankton Norway 0.34 item/m3 Fibers PE, PS, PA [41]

Zooplankton South Carolina – Fragments, fibers – [42]

Zooplankton Korea 1.9-5.5 item/m3 Hard plastic, paint, 
fiber, styrofoam – [43]

Zooplankton Argentina 140-180 item/m3 Fibers PE [44]

Zooplankton Australia 23-1892 item/m3 Fragments – [45]

Zooplankton Mexico 5-18 item/m3 Irregular particles – [46]
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Since the unit of quantification of MP particles var-
ies in different studies, it is difficult to compare them 
with each other. The abundance of MPs was expressed 
as 57.17±17.34 particles per individual in Patinopec-
ten yessoensis [52]. But in another study conducted on 
Mytilus galloprovincialis, this frequency was 6.2 to 7.2 
particles per gram of the organism’s body [50]. Smaller 
MPs have a higher residence time and greater potential 
for accumulation in bivalve tissues [47]. 

Wegner et al. (2012) showed that exposure to 30 nm PS 
beads (0.1–0.3 g/L) negatively affected filtration activity 
in the blue mussel Mytilus edulis [53]. Rist et al. (2016) 
similarly showed that exposure to 1–50 μm PVC (216 
mg/L) MPs also resulted in reduced filtration activity in 
the Asian green mussel Perna viridis [54].

Guillermino et al. (2018) showed that MPs have the 
ability to inhibit the enzyme acetylcholinesterase in Cor-
bicula fluminea, causing neurotoxicity [55]. In the study 
by Avio et al., (2015), exposure to 50 μg/L of PE and PS 
MPs for 7 days inhibited the enzyme acetylcholinester-
ase in M. galloprovincialis [56]. Acetylcholinesterase is 
an enzyme that hydrolyzes acetylcholine at the synapse. 
By degrading acetylcholine, acetylcholinesterase pre-
vents this contraction from being prolonged. MPs can 
also disrupt the reproduction of bivalves. In the study 
by Sussarellu et al. (2016), exposure to PS MPs at 23 
μg/L reduced oocyte diameter and number in female 
Crassostrea gigas oysters. Reduced oocyte number and 
diameter decrease the probability of larval survival in 
oysters [57].

Marine predators, as well as humans, use bivalves as 
a food source, and it is possible that these MPs can be 
transferred from contaminated bivalves to humans and 
the predators that feed on them. Studies have confirmed 
the presence of MP particles in the tissues of bivalves 
farmed for human consumption in the Atlantic Ocean 
and the North Sea [58]. Table 2 shows the exposure of 
bivalves to MPs and the effects that appear, considering 
concentration and exposure time.

Corals

Coral reefs are an essential and irreplaceable ecological 
treasure. Coral reefs, among the richest marine habitats, 
provide the livelihoods of more than 275 million people. 
They are constantly threatened by global warming, ocean 
acidification, overfishing, and coastal development [64].

Corals have the highest biodiversity in the marine en-
vironment. Coral reefs protect the coast from destructive 

ocean currents [65]. Although MP pollution and its de-
structive effects on coral reefs have attracted consider-
able attention, not much information is available about 
the occurrence, fate, and impact of MPs on coral reefs. 
Researchers have gradually begun to investigate the 
abundance and characteristics of MPs in coral reef areas 
over the past few years [66, 67]. 

Corals obtain their energy through photosynthesis from 
symbiotic algae in their tissues, and they also have the 
ability to consume small marine organisms such as phy-
toplankton and zooplankton. In marine environments, 
MPs can be ingested by marine organisms such as cor-
als, which can affect coral health. This is because MPs 
are not digested by corals and remain in their digestive 
systems [68]. Hall et al. (2015) showed that blue PP MPs 
(10–2000 μm) were consumed at a rate of 1.2–55 μg/
cm2 h by the stony coral Dipsastrea pallida and persisted 
in the mesenterial tissue of the coral gut cavity for more 
than 24 h [69]. There are still many uncertainties regard-
ing the mechanism of MP ingestion by corals. Using cur-
rent knowledge, it can be said that the weathering pro-
cess of MPs and the presence of natural food can affect 
the ingestion of MPs by corals [13].

Corona et al. (2020) showed that microbial biofilm at-
tached to PE MPs increases the likelihood of ingestion 
and accumulation of these MPs by the mushroom coral 
Danafungia scruposa, as corals mistakenly consume 
MPs saturated with microbial biofilms as natural food 
[70]. Studies have shown that coral exposure to MPs can 
have negative effects on coral growth and health. MPs 
can lead to reduced skeletal calcification, tissue necrosis, 
reduced photosynthesis, impaired feeding behavior, and 
impaired energy expenditure [13].

Mendrik et al. (2021) investigated the effects of various 
forms of MPs on two coral species, Acropora and Seri-
atopora hysterix. They showed that fibrous MPs affected 
coral feeding behavior and induced stress responses. Ex-
posing Acropora to MP fibers for 12 days reduced pho-
tosynthetic activity in this organism by about 41%. [71].

Hankins et al. (2021) investigated the effects of MP 
toxicity on two stony coral species, Pseudodiploria cli-
vosa and Acropora cervicornis, which are common spe-
cies in the Atlantic Ocean. Prolonged exposure to PE 
MPs reduced calcification, thereby reducing coral skele-
tal growth [72]. Among the different types of MPs, PVC 
MPs induced greater toxicity than other polymers, and 
smaller MPs also had higher retention times and greater 
disruption than larger sized MPs [19].
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In the study conducted by Cordova (2018) on the in-
vestigation of MPs in coral sediments in Sekotong, 
Lombok Island of Indonesia, the average concentration 
of MPs was 48.3±13.98 items/kg, the most abundant 
type was PS, and the most common shapes of MPs were 
foam, fragments, and granules [73]. Studies have shown 
that Astrangia poculata corals prefer to ingest PE beads 
(170.5–230.8 μm), which reduces the organism’s natural 
food intake, brine shrimp eggs, due to a false sense of sa-
tiety, with potential impacts on coral health [13]. Table 3 
shows the exposure of corals to MPs and the effects that 
appear, considering concentration and exposure time.

Fish

Ingestion of MPs by fish in marine environments can 
occur through contaminated bait, the water column, and 
also through bottom sediments [76]. The presence of MP 
particles mixed with sediment, as well as the presence of 
MPs suspended in the water column, leads to uninten-
tional ingestion of MP particles by fish when they are 
foraging. In general, in fish, the amount of MP ingested 
increases with increasing fish size. This relationship ex-
ists until a certain maximum for the size of the plastic 
and the fish is reached, after which this relationship be-
tween the size of the fish and the amount of plastic in-
gested may no longer exist [77]. The size and amount 

of MPs that fish ingest are influenced by their feeding 
behavior. Omnivorous fish feed on both animal and plant 
food sources and consume a wider range of food, and 
therefore have a higher exposure to MP particles com-
pared to herbivorous and carnivorous fish [76].

Results from analysis of the digestive tracts of various 
fish species confirm the presence of MP particles in the 
digestive tracts of these organisms. After ingestion, MPs 
accumulate in the digestive tract of fish, causing block-
age of the digestive system and reduced feeding due 
to false satiety [12]. Ingestion of MPs can disrupt the 
structure and function of the digestive tract, leading to 
nutritional and growth problems in fish [78]. The color 
of MPs is a physical characteristic that influences the up-
take of MPs in the marine food chain. Dark-colored MPs 
(black, blue, and green) are ingested by fish in greater 
amounts than light-colored MPs, likely due to their re-
semblance to real prey [79].

Yin et al. (2018) showed that exposure of Jacopever 
fish to PS MPs at a concentration of 106 particles/L re-
duced the weight gain rate by 65.4%, the growth rate by 
65.9%, and the gross energy of fish by 9.5% [80]. Other 
effects of MPs in fish include inflammatory responses 
and immune system disorders [12]. Laboratory studies 
support the hypothesis that exposure to MPs results in 

Table 2. Exposure of bivalves to MPs and the effects that appear, considering concentration and exposure time

Bivalve Spe-
cies

MPs Mor-
phology Polymer MPs 

Size
Exposure 
Duration

Exposure Con-
centration

Effects of Exposure to 
MPs Reference

Atactodea 
striata Microbeads PS 63–250 

µm 10 days 10 and 1000 
item/L

Reduced growth and 
reproduction

Reduced clearance rates 
when exposed to high 
concentrations of MPs

[59]

Corbicula 
fluminea Microbeads

Red fluo-
rescent 
polymer

1–5 µm 96 h 0.2 and 0.7 mg/L

Feeding inhibition below 
0.7 mg/L MP exposure
,31% reduction in ChE 

activity

[60]

Dreissena 
polymorpha Microbeads PS 1 and 10 

µm 6 days 5×105 and 2×106 

item/L

MP accumulation in he-
molymph and intestinal 

tract,
Increased dopamine 

concentration

[61]

Mytilus spp. Microbeads PE and PP
PE (287 
µm), PP 

(204 µm)
10 days 0.008, 10 and 100 

mg/L

Increased superoxide dis-
mutase (SOD) and cata-

lase (CAT) activities in the 
digestive gland, Increased 
acid phosphatase activity 

in hemolymph

[62]

M. edulis Fragments PLA and 
HDPE

PLA (65.6 
µm), 
HDPE 
(102.6 
µm)

52 days 25 mg/L

Reduced filtration abil-
ity, altered hemolymph 
proteome, Disruption of 

attachment strength

[63]
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toxicological effects in fish. The question here is wheth-
er toxicological effects also occur under environmental 
conditions [81]. This is because in the environment, or-
ganisms are exposed to a mixture of MPs, but most stud-
ies conducted to investigate the toxicity effects of MPs 
expose organisms to only one type of MP. Also, most 
studies used microbeads to investigate toxicity effects, 
while in marine environments, the predominant form 
of MPs is fibers. Also, concentrations of MPs in marine 
environments are very different from the concentrations 
that fish were exposed to in laboratory conditions. In the 
composition of plastics, there are some additives such as 
bisphenol A (BPA) and nonylphenol, which are used to 
improve the properties of the polymer. There is a pos-
sibility that the additives can leak from MPs and enter 
aquatic environments and fish [12].

Just as fibers and fragments are the most common 
forms of MPs in aquatic environments, they are also the 
most common forms of MPs detected in fish [82]. PP, 
polyester (PES), PE, and PS are the most abundant poly-
mers found worldwide. These polymers were also the 
most abundant in the digestive tract of fish [83].

Alomar et al. (2017), who studied the presence of MP 
particles in the stomachs blackmouth catshark (Galeus 
melastomus) in the Mediterranean Sea, found high con-
centrations of MPs in the stomachs of this animal [82]. 
Most of these MPs remain in the fish’s stomach and in-
testines after ingestion. MP particles also have the ability 
to enter the circulatory or lymphatic system, where they 
can be distributed throughout the body. They also have 
the ability to stick to fish skin [84]. Figure 2 shows the 
entry of MPs into marine ecosystems due to human ac-
tivities and its effects on marine organisms

Nerland et al. (2014) studied Japanese medaka (Ory-
zias latipes) over a long period of time, and their results 
showed that moderate concentrations (8 ngL−1 of PE of 
size <0.5 mm) of MPs in the sea (San Diego Bay, Cali-
fornia) can have harmful but non-lethal effects on the 
fish [85]. In a study by Ramos et al. (2012) in a tropical 
river in northeastern Brazil, bottom-feeding fish (Gerre-
idae) in this river were found to be contaminated with 
MPs and their stomachs were severely affected by MP 
particles [86].

Batel et al. (2016) artificially simulated a food chain 
in an aquatic environment using brine shrimp (Artemia 
sp.) and zebrafish (Danio rerio) and concluded that MPs 
have the ability to transfer benzo(a)pyrene from brine 
shrimp (Artemia sp.) to zebrafish (D. rerio). This study 
demonstrated that fish may be exposed to contaminants 
attached to MP particles through ingestion of other ma-
rine organisms contaminated with MPs [87]. MPs may 
also carry pathogens and antibiotic resistance genes that 
may cause disease after being ingested by fish [88]. Ta-
ble 4 shows the exposure of fish to MPs along with other 
pollutants and the effects that appear depending on the 
concentration and time of exposure.

Sea birds

In 2023, plasticosis was discovered in seabirds, a new 
disease caused solely by plastic. Birds identified as suf-
fering from this disease had their digestive tracts injured 
by ingestion of plastic debris [93]. Following ingestion 
of small pieces of plastic, their digestive tracts become 
inflamed. Over time, persistent inflammation causes tis-
sues to scar and deform, affecting digestion, growth, and 
survival [94].

Table 3. Exposure of corals to MPs and the effects that appear, considering concentration and exposure time

Coral Species MPs Morphology Polymer Exposure 
Duration

Exposure 
Concentra-

tion

Effects of Exposure to 
MPs

Refer-
ence

Tubastrea aurea - PVC, PET, 
PE, PA 24 h 66–300 mg/L

Reduced calcification due 
to change in enzyme activ-
ity of calcification enzymes

[19]

S. hysterix Microbeads, 
microfbers PS 12 days 1 ng/L to 

1 µg/L

Photosynthetic activity 
decreased

Stress responses initiated
[71]

Pomacentrus 
amboinensis

Fiber, irregular 
particles PP, PS 128 h 1–100 items 

per 12L
Body burden increased, 

depuration rate decreased [74]

Stylophora pistillata - PE - 5 items/mL to 
50 items/mL

Increased mucus produc-
tion, Photo-physiological 
stress, the hist-symbiosis 

relationship was disrupted.

[75]
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Seabirds, including shearwaters, northern fulmars, 
petrels, albatrosses feed on the surface of the sea and 
ingest MP particles floating in the water. Ingested MPs 
accumulate and concentrate in the stomachs of seabirds. 
In studies, 30-35 percent of the plastics detected in the 
birds’ bodies were in the form of industrial pellets [68, 
95, 96]. In the South Atlantic region, plastic pellets were 
also found in the digestive tracts of seabirds, which ex-
creted the plastic along with their feces [97]. In a study 
by Vlietstra et al. (2002) on the short-tailed shearwater, 
which lives in the North Sea, MP particles were also 
found in the digestive tract of this bird [98].

Carlin et al. (2020) found MP particles in the digestive 
tracts of all species of birds of prey in Central Florida. 
The average total MPs in birds and per gram of bird di-
gestive tract tissue were 11.9 and 0.3, respectively. In 
this study, the fiber form accounted for more than 86 per-
cent of all plastics. Most of the fibers were clear or blue 
in color [99]. Seabirds, including Larus glaucescens, can 
remove MP particles from their digestive tracts through 
a process called regurgitation [100]. Studies have shown 
that younger northern fulmars (Fulmarus glacialis) in-
gest more MPs during the feeding process, which accu-

mulate in their intestines. Ingesting MP particles causes 
hunger and loss of fitness [101].

Bilal et al. (2023) identified a total of 2033 MP par-
ticles in 20 samples of ducks (Anas platyrhynchos) from 
the Panjkora River. The mean abundance of MPs was 
44.6±15.8 MPs in the crop and 57.05±18.7 MPs in the 
gizzard. Ducks are constantly exposed to MP pollution 
due to their proximity to polluted aquatic ecosystems 
and their feeding habits [102]. Figure 3 shows MPs 
contamination in seabirds and the transfer of MPs in the 
food chain.

Marine mammal and turtles

The effects of MPs have been studied in many large 
marine organisms, including harbor seals, sea turtles, po-
lar bears, and whales [103]. Marine mammals can ingest 
MPs directly in the marine environment or indirectly 
through ingestion of smaller marine organisms that have 
consumed the MPs [6]. Ingested MPs may be excreted 
through pseudofaece or accumulate in the organism and 
move between tissues [4, 56].

Table 4. Fish exposure to MPs along with other pollutants and the effects that appear depending on the concentration and time 
of exposure

Fish Spe-
cies Polymer MPs 

Size

MPs 
Exposure 

Concentra-
tion

Contaminant Exposure 
Duration Effects of Exposure to MPs Reference

Zebra fish 
(D. rerio) PVC 200–250 

μm 400 mg/L

Phenanthrene 
(0.1–0.5 mg/L), 
and 17α-ethinyl 

estradiol (0.001–1 
μg/L)

96 h

Reduced bioavailabil-
ity of Phenanthrene and 

17α-ethinyl estradiol in the 
presence of MPs

[89]

Loach 
(Misgur-

nus anguil-
licaudatus)

PVC <10 μm 50–500 mg/L

Venlafaxine and 
O-Desmethylvenla-

faxine
0–500 μg/L

40 days

Increased bioaccumula-
tion of Venlafaxine and 

O-Desmethylvenlafaxine 
in fish in the presence of 
MPs ,Increased levels of 

superoxide dismutase and 
malonaldehyde in fish livers 

exposed to MPs

[90]

Com-
mon carp 
(Cyprinus 

carpio)

PE - 1–2 mg/L Paraquat
0.2–0.4 mg/L 24 h

Increased glucose and 
creatinine levels, Decreased 
protein, globulins, choles-

terol, and triglycerides

[91]

Silver barb 
(Barbodes 
goniono-

tus)

PVC 0.1–1000 
μm 0.2–1.0 mg/L - 96 h

Increased trypsin and 
chymotrypsin activity in fish 
after exposure to MPs, Accu-
mulation of MPs in fish guts

[92]

Goldfish 
(Carassius 
carassius)

EVA, PS 
and PA <5000 15–76 items/

fish - 6 weeks

Weight loss in fish exposed 
to MPs, Buccal cavity dam-

age in fish due to chewing on 
plastic pieces, inflammatory 

response

[78]
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The likelihood of ingesting MP particles and their ac-
cumulation in the stomach and intestines of whales is 
high, due to the high fat and lipid content of this animal. 
There are many reports of the death of stranded whales 
with intestines full of MP particles. Although there have 
been no reports of polar bears ingesting MPs, the likeli-
hood of this creature ingesting MP particles is high [68]. 
In a study by Nerland et al. (2014), 60.5% of sea turtles 
showed accumulation of MP particles in their digestive 
tract [85].

Studies have shown that MP particles in gray seals liv-
ing in a sanctuary where human activity and pollution 

were minimal, indicating the presence of MPs even in 
controlled environmental conditions [104]. As MP par-
ticles get smaller, they are more likely to be ingested by 
larger marine creatures. Whales (Megaptera novaean-
gliae) filter small food particles from large volumes of 
water, which means they ingest large amounts of MPs 
along with their food [105].

Examination of the gut contents of baleen whales 
shows that their diet often consisted of mesopelagic fish, 
cephalopods, and MPs, and MP particles were found 
throughout the whale’s digestive tract. It is likely that 
MPs in the whale’s digestive tract are eventually ex-

Figure 3. Microplastic contamination of seabirds and the transfer of MPs in the food chain

Figure 4. MP transport in the marine food web
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creted. The stomachs of some baleen whales, including 
True’s beaked whale Mesoplodon mirus and Cuvier’s 
beaked whale Ziphius cavirostris, contained only plastic 
particles and no food was found in their stomachs [106]. 
The question now is whether whales are able to excrete 
ingested plastic particles and whether these plastic par-
ticles can cause blockages in their digestive tracts. It has 
yet to be determined whether some whales, such as filter 
feeding baleen whales, are able to excrete ingested plas-
tic particles while some others, including beaked whales, 
are unable to excrete the plastic fragments they ingest. 
Additionally, there is considerable uncertainty about 
whether the size of ingested plastic can affect a whale’s 
ability to excrete plastic and whether size plays a role in 
gastrointestinal blockage [76]. Getting trapped in plas-
tic waste and ingesting MPs causes acute and chronic 
damage and increases the pollutant load in the cetaceans, 
ultimately leading to their death [6].

Fiber is the most abundant form of MPs in the digestive 
tract of marine mammals [107]. MPs in various colors, 
such as black, white, green, and blue, have been reported 
in the digestive tract and feces of marine mammals [107, 
108]. Among the polymers identified in marine mam-
mals, nylon, cotton, PP, polyethersulfone, ethylene pro-
pylene, and polyester were the most abundant [109].

MPs have become a serious threat to marine mammals 
[110]. Consumption of MPs can reduce energy reserves, 
feeding capacity and reproduction. MPs can cause ad-
verse changes in the physiology of the gastrointestinal 
tract and suppress the immune system. Vulnerability to 
diseases, oxidative stress and cytotoxicity are other ef-
fects of exposure to MPs [104, 111].

The nature of MPs determines the extent of bioaccu-
mulation of pollutants in different tissues. MPs are likely 
to cross cell membranes and the blood-brain barrier in 
marine mammals, they can enter the bloodstream and 
concentrate in other vital internal organs such as the pla-
centa, liver, and kidney [112].

MPs in marine environments provide a highly selec-
tive and flexible support platform for a variety of micro-
bial communities, especially resistant pathogens [113]. 
Pathogens accumulated on MPs can travel long distanc-
es by waves, currents, and winds and be transmitted to 
different hosts, thereby causing disease outbreaks [114]. 
The concentration of antimicrobial-resistant pathogens 
on the surface of MPs is 100 to 5000 times higher than 
in the surrounding water [88]. Marine mammals are 
predators and may consume high concentrations of MPs 
through the food web, but to date, no studies have been 
conducted on whether pathogen-laden MPs can transmit 
pathogens and cause disease in marine mammals. Mi-
croorganisms attached to MPs use the adsorbed metals 

Figure 2. The entry of MPs into marine ecosystems due to human activities and its effects on marine organisms
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(e.g. cobalt, iron, zinc, manganese, copper) as micronu-
trients. Many pathogens require these metals for survival 
and pathogenicity [115]. MPs can disrupt the protective 
lung barriers of marine mammals, allowing opportunis-
tic pathogens to penetrate deep into the lungs, leading to 
respiratory infections [114]. It was proven that marine 
mammals whose cause of death was infectious disease 
had much higher MPs among the factors leading to mor-
tality [116].

Studies show that atmospheric deposition transports 
MP particles into the ocean surface air, so marine mam-
mals and sea turtles that breathe ocean surface air are 
susceptible to inhaling MP particles. Inhaling airborne 
MPs can cause significant harm to sea turtles and ma-
rine mammals, as they inhale large amounts of air when 
breathing and hold their breath during prolonged diving 
in the seas and oceans, which increases the duration of 
exposure to MPs and other pollutants in the air [109]. 
Figure 4 shows the transport of MPs in the marine food 
web.

Human exposure to MPs through seafood 
diet

The accumulation of MPs in marine organisms con-
sumed as human food leads to dangerous consequences 
for human health. Commercial marine organisms such 
as crab, oyster, fish, and sea cucumber ingest MP par-
ticles and transport them throughout the food web [68]. 

To identify the abundance of MPs in marine envi-
ronments and marine organisms, appropriate indicator 
species are needed to assess MP pollution, exposure to 
MPs, and environmental and human risks [117]. Mussels 
(Mytilus spp.) are one of the marine indicator organisms 
for the assessment of the above. They are able to tolerate 
different environmental conditions and are widely dis-
tributed in marine environments. Mussels are also filter 
feeders and are directly exposed to MP particles, so the 
concentration of MPs in mussel tissues has a close rela-
tionship with the concentration of MPs in marine envi-
ronments. Mollusks are the most important route of hu-
man exposure to MPs through the marine diet, as these 
organisms are fully consumed by humans, making them 
a good indicator of MP contamination and the safety of 
seafood consumed by humans [118, 119].

Research by Lia et al. (2018) shows that mussels col-
lected from different areas, including coastal waters and 
supermarkets, are contaminated with MP particles and 
predicted that consumers eat 70 MPs in 100 grams of 
mussels [120]. MPs were also detected in sardines and 

sprats cans [121] and the organs (e.g. stomach contents 
and liver) of fish Squalius cephalus [122]. It has also 
been reported that consuming Mud carp (Cirrhinus moli-
torella) and Bighead carp (Hypophthalmichthys nobilis) 
have the potential risk of accumulating phthalate esters 
along gastrointestinal tract [123]. 

Young fish, arthropods, and mollusks that are prey to 
shrimp may be contaminated with MP particles. These 
MP particles accumulate in the digestive tract of shrimp 
after ingestion of the aforementioned organisms. Given 
that shrimp are consumed whole by humans without re-
moving the digestive tract, consumption of shrimp is a 
potential route for human exposure to MPs through sea-
food [119]. 

Human exposure to MP particles results in physical and 
chemical toxic effects. The sensitivity of the exposed in-
dividual and the type of MP particles are factors influ-
encing the development of adverse effects. The physical 
effects may have different concerning impacts, including 
enhanced toxicity, cell damage, inflammatory response, 
and oxidative stress [10]. Since the immune system 
cannot eliminate MPs particles, these particles lead to 
chronic inflammation and an increased risk of neoplasia 
[124]. The chemical effects of MP particles on humans 
are caused either by the absorption of pollutants from 
the environment (PAH, PCB, and toxic metals) into MPs 
or by the chemicals used in the production of plastics 
[60]. Among these chemicals, BPA and phthalates cause 
endocrine disruption, neurotoxic effects, and cancer in 
humans [125]. Most of the information on MPs in the 
marine food web is related to their presence in the diges-
tive tract of seafood, while in many cases the digestive 
tract of marine organisms is discarded before consump-
tion by humans [126]. Also, when assessing the risk of 
MPs to human health, it is necessary to consider the risk 
of pathogenic microorganisms adsorbed to MP particles, 
as there is a possibility of enhanced growth and colony 
formation of pathogens in the MP substrate [119].

Conclusion

Over the past few years, plastic waste has played an 
undeniable role in causing pollution in terrestrial, aerial, 
and aquatic ecosystems. They are known to be a major 
environmental problem, especially in aquatic environ-
ments. Plastic polymers degrade and fragment in aquatic 
environments as a result of environmental processes 
(thermal degradation, sunlight, and biofilm growth and 
oxidation), and those that reach a size of <5 mm are 
called MPs. The presence of MPs in marine environ-
ments and their transfer through the marine food chain 
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has endangered a wide range of marine organisms, in-
cluding plankton, bivalves, corals, fish, seabirds, and 
marine mammals. Exposure of marine organisms to MPs 
can lead to weight loss, reduced growth, reduced repro-
duction, changes in feeding behavior, changes in enzyme 
activity, initiation of stress response, and inflammatory 
response. Atmospheric deposition transports MP par-
ticles into the ocean surface air, so marine mammals and 
sea turtles that breathe ocean surface air are susceptible 
to inhaling MP particles in addition to ingesting them. 
The accumulation of MPs in marine organisms con-
sumed as human food leads to dangerous consequences 
for human health. Commercial marine organisms such 
as crab, oyster, fish, and sea cucumber ingest MP parti-
cles and transport them throughout the food web. Human 
exposure to MP particles results in physical and chemi-
cal toxic effects.
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