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Abstract
The plastic litter in the seas and oceans has become one of the major threats for
environment and a wide range of marine species worldwide. Microplastics are the
most common litters in the marine environment corresponding to 60-80% of the total
litter in the world’s seas. The risk factor of plastics is inversely associated with the size
of the plastic. In the present study, we reviewed the state of knowledge regarding the
impact of plastic pollution on marine environment and marine species, assessing the
ingestion incidences, elimination of plastics, interactions of plastics with other
pollutants, and effects on photosynthesis. Records of marine species ingesting plastic
have increased and begin to attract considerable attention. Metadata generated from
the review of related papers in the present study was used to evaluate the current
knowledge on the plastic ingestion by different marine species. The retrieved data
from reviewed articles revealed that the ingestion of plastic by marine animals have
been documented in more than 560 species including fish, crustaceans, mammals, sea
turtles, bivalves, gastropods even in sea stars and limpets. The size of ingested plastics
varied from species to species generally depending on the feeding behavior.
Microplastics showed the highest number of bibliographic citations in the plastic
ingestion studies. They are mostly ingested by planktivorous and filter feeder species.
Meso, macro, and occasionally megaplastics are reported in marine mammals and sea
turtles since they often confuse plastic for their prey. The sensitivity and size of the
detected plastics may vary based on the analytical plastic detection methods.

Introduction
Plastic is one of the important materials obtained
from the processing mixture of plastic polymers,
additives, and filling materials. The plastic production at
commercial scale was started in the 1940s with the
industrial development. Since then plastic littering has
been a growing problem in both aquatic and terrestrial
environments (Wu, Nahil, Miskolczi, Huang, & Williams,
2016). There are various types of plastics that include
polyethylene terephthalate (PET), high-density
polyethylene (HDPE), low-density polyethylene (LDPE),
polyvinyl
chloride
(PVC),
polyethylene
(PE),

polypropylene (PP), polytetrafluoroethylene (PTFE), and
polystyrene (PS) (Allen, Kalivas, & Rodriguez, 1999).
Plastics are used in many sectors such as packaging,
agriculture, construction and building materials,
automotive, electrical and electronics, appliances,
mechanical engineering, transportation, furniture,
household leisure, and sports. Hence, they become a
part of routine human life (PlasticsEurope, 2018). On the
other hand, the total foreign trade volume of plastic raw
materials in the world is around 500-600 billion dollars
annually (PlasticsEurope, 2018), and there is no chance
to reduce plastic production or use of plastics, at least
for now.
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The world’s plastic production is ~359 million
tons/year and over 17% of them produced in Europe
(PlasticsEurope, 2018). More than half of the plastics are
produced for a single-use and up to 2.7% of them end
up in the ocean (Li, Tse, & Fok, 2016). Microscopic
plastics can be originated from both primary and
secondary sources. When large plastics such as nets,
tires, line fibers, and plastic containers move from land
to oceans, they break down from larger pieces to smaller
pieces over time under various environmental
conditions with aging processes to form secondary
microplastics (da Costa, Santos, Duarte, & Rocha-Santos,
2016). Some of the microplastics are primary
microplastics manufactured as a microscopic size and
directly released in the environment. Primary
microplastics are also used in face washes, detergents,
cosmetics, textiles, toothpastes, and medicines as a
vector (Patel, Goyal, Bhadada, Bhatt, & Amin, 2009;
Zitko & Hanlon, 1991). Approximately 19-31% of
microplastics in the oceans are originated from primary
microplastics (World Economic Forum, 2016). Although
microplastic was first defined as a piece of plastic (5 mm
or smaller), there is a confusion in the definition of the
microplastics. Based on their size plastics can be
classified as megaplastics (over 1 m) macroplastics (1 m2.5 cm) mesoplastics (2.5 cm -5 mm) microplastics (5
mm- 1 μm) and nanoplastics (less than 1 μm) (Chatterjee
& Sharma, 2019).
To draw attention to plastic pollution, one of the
fastest growing sources of pollution, the main theme of
the Science 20, the scientific leg of the G20 summit held
in Japan in March 2019, was “global warming and plastic
pollution in the oceans”. All species are facing a serious
environmental and health problem on a global scale due
to plastic litters. Plastic litters can be transported from
land to aquatic environment with the help of factors
such as precipitation, wind and various surface runoff
(Schwarz, Ligthart, Boukris, & van Harmelen, 2019).
Approximately 80% of the plastic waste in the oceans
are coming from terrestrial land waste through rivers
(Horton, Svendsen, Williams, Spurgeon, & Lahive, 2017).
Around 100-160 million tons of plastic waste are
produced annually worldwide, and these amounts
correspond to 8-12% of the total mass of urban solid
waste (Veksha et al., 2017). Plastic litters coming from
the Danube River to the Black Sea are about 7.5 mg/m3/s
which is equivalent to 1553 tons of plastic in each year
(Lechner et al., 2014). On the other hand, it has been
estimated that by 2025, 250 million tons of plastics will
be transferred to the oceans (Jambeck et al., 2015).
During the transportation of plastics from land to
oceans, they are broken into smaller structures with
various biological, physical, and chemical processes to
form micro particles called microplastics (mPS) or
nanoplastics (nPS) depending on their size (Eriksson &
Burton, 2003). Studies have shown that 60% to 80% of
the litter in the seas and oceans are come from plastics
and most of them are microplastics (Browne, Galloway,
& Thompson, 2007). Silc et al. (Šilc, Küzmič, Caković, &

Stešević, 2018) collected 120 samples of water and
sediment from the different stations in the southern
Adriatic Sea, to investigate the presence of plastics. They
found that 80.6% of the samples contain plastic and
38.7% of them consist of polystyrene plastics. In
addition to many other uses, the polystyrene especially
used in food service and packaging which can pass
directly to the food chain (Y. Lu et al., 2016).
Current studies show that the risk factor from
plastics increases inversely with the particle size (Fabio,
2019; Mattsson et al., 2015; Pitt, Kozal, et al., 2018).
Therefore, research on plastic toxicity is now
concentrated on nPS. Although there are no clear limits
in the literature for naming small-sized plastic particles
according to their size, plastic particles generally smaller
than 100 nm are called nanoplastics. As is known,
polymers are structures formed by combining polymer
chains of various lengths. These chains come together as
a result of the physical interaction of the hydrogen
bonds with weak spaces or weak secondary bonds such
as Van der Waals (Koelmans et al., 2015). These weak
interactions are known to be sensitive to breaks even at
low energy levels. This sensitivity allows nano-sized
particles to rupture from the surfaces of plastics when
exposed to external influences such as friction (Ferreira,
Venâncio, Lopes, & Oliveira, 2019). This situation is
shown as the most important secondary source of nPS
(Ferreira et al., 2019). On the other hand, thermal
cutting / processing steps of products such as
polystyrene (Zhang, Kuo, Gerecke, & Wang, 2012) and
3D printers (Stephens, Azimi, El Orch, & Ramos, 2013)
are shown as major primary sources for nanoplastics.
Unfortunately, it is very difficult to say something about
the amount of nPS in the environment, which are
constantly increasing, since a practical and field-usable
technique has not yet been developed for nPS
detection.
Plastic particles can be found in water column and
sediment but the concentration of the plastic particles
more than 100 times higher in sediment than that of
water column. The amount of plastic particles in
sediment is depending on the distance from the
coastline, depth of the sediment, and flow rate. The
density of the polymers determines where they locate
in the water column. Based on their density,
microplastics (mPS) polymers separate in water column.
Polymers (polyethylene and polypropylene) that have
lover density locate on the marine surface while heavy
or dense polymers (acrylics and polyesters) can be found
in deep sea (Erni-Cassola, Zadjelovic, Gibson, & ChristieOleza, 2019).
Literature Review
Nowadays plastic pollution attracts considerable
attention due to their ingesting by aquatic species have
been increasing each day. However, global assessment
of current status is scarce (Azevedo-Santos et al., 2019;
Markic, Gaertner, Gaertner-Mazouni, & Koelmans,
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2019; W. Wang, Ge, & Yu, 2020). In this regard, we have
conducted complete and comprehensive literature
review to provide up to date information on plastic
ingestion by marine species in the estuarine and marine
environment worldwide, including fish, mammals,
crustaceans, mollusks, sea turtles, excluding birds. We
performed
Web
of
Science
(http://apps.webofknowledge.com)
searches
to
retrieve papers on plastic ingestion of marine species
using the following combinations of words;
i)
ii)
iii)
iv)

“plastic” and “stomach” and “marine”
“plastic” and “ingestion” and “marine”
“marine debris” and “intake”
“marine debris” and “ingestion”

The titles and abstracts of the retrieved
publications were screened, and potentially relevant
papers were examined individually. Furthermore, we
have also evaluated plastic ingestion studies plotted in
global distribution map at litterbase.awi.de website
where almost 1200 scientific publications on
interactions of species with marine litters are listed. The
last search was performed on 15/February/2020.
Ultimately, 334 papers reporting plastic ingestion by
marine species, with the majority of the reviewed
papers are published after 2012, are retained and
systematically reviewed (Supplementary Table S1).
From these studies, scientific name of species that
ingested plastic, family that species belong, sampling
location of the species, and size group of the plastic are
recorded. Missing family information gathered from the
FishBase (Froese and Pauly, 2018). Plastics were
classified based on the classification described above.
Chemical compositions of the plastics are not taken into

consideration. Species sampled from local markets were
tagged as “Sampled from market”.
Data Analysis
The present study is a complete assessment of
plastic ingestion by marine species in estuarine and
marine environment. Species included in this study were
classified as Fish, Mammals, Sea turtles, Crustaceans,
Bivalve, and Others. Gastropods, sea stars, sea
cucumbers, polychaetas, and tunicates were subsumed
under “Others” since plastic ingestion incidences in
these groups were limited. Species were categorized
based on their family and sampling location. Annual
published papers reporting plastic ingestion incidences
in marine species are presented in Figure 1. Based on the
reviewed articles, plastic ingestion in marine species has
been documented in over 560 species; from 133 fish
families belonging to 34 orders, 11 mammalian families
belonging to 3 orders, 19 crustaceans families belonging
to 3 orders, 2 sea turtle families from a single order, 11
bivalve families belonging to 10 orders and 17 different
families from different classes including sea stars, sea
cucumbers, tunicates and gastropods (Table S1).
Metadata generated following the literature
review was graphically analyzed. To visualize research
effort in estuarine and marine environments worldwide
based on reviewed papers, representative coordinates
for each plastic ingestion studies were used to generate
a distribution map with R packages of ggplot2, maps,
and rnaturalearth. Microplastic ingestion studies on
specimens obtained from unknown origins and markets
are excluded from the map metadata. Circos plot was
generated using the circlize package (Gu, Gu, Eils,
Schlesner, & Brors, 2014) in R software to visualize

Figure 1. The number of publications reporting plastic ingestion incidence in marine species from estuarine and marine
environments. The figure includes 334 studies. Bars indicate the number of published articles.
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plastic ingestion rates of marine species based on the
size of the ingested plastics.
Impacts of Plastic Pollution on Marine Biodiversity
Plastic litter in marine environment is a major
threat to global marine diversity. Quantifying the extend
of this threat worldwide is quite complex considering
different life forms and thousands of species with
different ecological requirements. Our oceans now have
plastic accumulations magnitude with enormous size
covering millions of square kilometers which finally has
raised concerns about the potential impact on marine
biome. Incidences of plastic exposure on marine species
are increasing rapidly. Intentional or unintentional
plastic ingestion, snagging and entanglements are
causing harm and death. Plastic ingestion was reported
from many marine species, from limpets to sperm
whales, across globe. Sizes of ingested plastic appeared
to be varied depending on size of the animals feeding
behavior and habitat.
Uptake of Macroplastics and Mesoplastics
Aquatic animals can consume macro- and
mesoplastics as a food. Studies have shown that more
than 250 marine species experience microplastic
swallowing or physical exposure (entanglement,
snagging, etc.) (Derraik, 2002; Moore, 2008). Sampling
location of the studies reporting the plastic ingestion
incidences in marine species are presented in Figure 2.
Reports revealed that the plastic ingestion cases by a

diverse range of marine species even in remote
locations (Figure 2) reveals the extent of plastic
pollution. Ingestion of plastics is appeared to be not
restricted to adult fishes and complex life forms. For
instance, microplastic intake was reported from fish
larvae (Steer, Cole, Thompson, & Lindeque, 2017),
zooplanktons (Sun et al., 2017), sea stars (Jun Wang,
Wang, Ru, & Liu, 2019), tunicates (Katija, Choy, Sherlock,
Sherman, & Robison, 2017) limpets, sponges, and
anemones (Karlsson et al., 2017). In the studies
reviewed here, the size of the ingested plastics varied
with respect to life forms and species (Figure 3).
The size of the detected plastic varies depending
on the analytical plastic detection methods as well. The
main analytical methods are available to detect plastic
from digestive tracts which are; i) visual examination of
gut content by naked eye, ii) by microscope and iii)
chemical digestion of the gut content, filtration, and
microscopic analysis (Markic, Gaertner, GaertnerMazouni, & Koelmans, 2019). Based on the chosen
analytical method sensitivity and detected size of the
plastic in a digestive tract may vary. Since the first
method, visual examination, is mostly used in large
animals such as sea turtles and cetaceans, detected
plastics in the digestive tract of the animals are mostly
meso, macro, and megaplastics (Figure 3). Due to their
small sizes, microplastics are hard to detect with this
method which could also explain the low rate detection
of microplastic ingestion reports from sea turtles and
cetaceans. The third method, chemical digestion of the
gut content filtration and microscopic analysis, is the
most reliable microplastic detection method. In most of

Figure 2. Sampling locations of the marine species from which plastic ingestion was reported. Dot colors indicate different groups.
Each dot represents a sampling location.
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the recent plastic ingestion studies especially from fish
and bivalve species, the third method is used. The
second method is a cost-effective method for detecting
micro and mesoplastic. However, the sensitivity of this
method is way too low than the third method.
While some species ingest plastic directly (primary
ingestion) such as planktivorous species, others may
ingest plastic indirectly (secondary ingestion) by
ingesting prey such as carnivorous species. Secondary
ingestion may explain high microplastic accumulation in
the digestive tract of predators. Microplastics were
mainly found in fish and mollusks, especially in
planktivorous species. Larger macro and mesoplastic
items were mainly more common in sea turtles and
cetaceans (Figure 3). Overall, recorded incidences of
megaplastic ingestion were comparatively low and

mainly reported from sperm whales which support the
hypothesis that plastic resembles prey, particularly
squids. Ingestion incidences of meso, macro, and
megaplastics by fish were also reported in several
papers (Barreto et al., 2019; Choy & Drazen, 2013; C.
Fernández & Anastasopoulou, 2019; ‘Plastics
occurrence in the gastrointestinal tract of Zeus faber
and Lepidopus caudatus from the Tyrrhenian Sea’, n.d.).
Sea turtles and cetaceans are among one of the most
susceptible species against plastic pollution. Numerous
studies were performed on stranded turtles and
cetaceans and plastics appeared to be the leading cause
of mortality by gastric blockage (Alexiadou, Foskolos, &
Frantzis, 2019; Nelms et al., 2019; Poli, Mesquita, Saska,
& Mascarenhas, 2015). The animals that feed on plastics
are also die from starvation because the plastic occupies

Figure 3. Circlos plot showing the distribution of the plastic ingestion incidences and size of the ingested plastics (Micro, meso, macro
and megaplastics) in Fish, Mammals, Sea turtles, Bivalves, Crustaceans and Other taxa.
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space in the stomach and creates a false sense of satiety
(Jovanović, 2018), while the animal stomach contains no
food. It has been reported that plastics in waters are
attached to fish fin and gill, causing physical injury
(Rochman et al., 2013; von Moos et al., 2012). Mostly,
clean flexible macro and mega size plastic items were
found in the stomach of the Sea turtles (Poli et al., 2015;
Yaghmour et al., 2018) which resembles jellyfish, their
main food source. Accidental but intentional ingestion
of plastics that resembles prey, is a clear indication of
confusion of plastic with prey (e.g. jelly fish and
cephalopods). Preference of translucent color and
flexible structure plastics by sea turtles also supports the
hypothesis that plastic resembles prey. Similarly,
dominance of blue color microplastic in digestive tract
of planktivorous species Decapterus muroadsi
(Carangidae) (Ory, Sobral, Ferreira, & Thiel, 2017) also
indicates preferential ingestion of prey-like plastics.
Despite the exponential rise in published paper related
with plastic ingestion of the marine species and negative
effects of plastics (Figure 1), studies on the plastic
elimination methods are limited.
Microplastics in Marine Systems
Microplastics are common in all of the oceans.
Abundance of the mPS in marine is depending on
distance from city center, population of the city, and
water currents. Northwestern Pacific Ocean surface
water contain 42000 plastic particles /km2 (Pan, Liu, Sun,
Sun, & Lin, 2019) while the number of plastic particles
found in the Arctic waters are low (11.5 plastic particles
/m3) (Amy L. Lusher, Tirelli, O’Connor, & Officer, 2015).
mPS concentrations of the Arabian Bay surface waters
reach 1.46 million plastic particles/km2 (Abayomi et al.,
2017). Concentrations of mPS observed in urban coastal
area of the South Korea are higher than the coastal rural
area (Song et al., 2018). Different concentrations of mPS
are found in both Greenland (Morgana et al., 2018) and
Antarctic Peninsula (Lacerda et al., 2019).
The microplastics abundance in marine sediment is
depending on distance from the shoreline, depth of
sediment, and flow rate of water. Their concentration in
sediment of off-shore is 520–940 particles/kg dw while
their concentration increases to 1780–2310 particles/kg
dw in freshwater - seawater mixing zone. Flow rate of
the water is low in mixing zone than in off shore (R. Li,
Zhang, Xue, & Wang, 2019). There is a positive
correlation between accumulation of plastic particles
and depth of the sediment (Wang et al., 2019).
Uptake of Microplastics and Nanoplastics
The uptake of microplastics (mPS) or nanoplastics
(nPS) by marine species is very common because of their
larger specific surface area, smaller size, and
bioavailability. While some of the marine species ingest
macroplastics and mesoplastics, some of them can only

ingest mPS and nPS depending on size of the organism
(Xu, Ma, Ji, Pan, & Miao, 2020).
Abundance, color, density, and shape of the mPS
directly affect their bioavailability to marine species.
Color of the mPS can be important when marine species
select to ingest them because of their resembling to
their prey. Some of the fish and their larvae see their
prey such as zooplankton and then catch and swallow it.
However, some of the zooplankton can resemble
yellow, white and tan plastic; thus, fish and their larvae
may eat mPS instead of zooplankton (Shaw & Day,
1994).
Bioaccumulation of mPS
After ingesting the mPS and nPS by an organism,
some of the particles can be eliminated by digesting
after some time while some of them are bioaccumulated
in different tissue(s) of the marine species. Ingestion of
the mPS by marine species is affected by shape and size
of the mPS and life stage of the species. Small species
such as copepod oyster larvae with early life stage ingest
smaller mPS compared to that of larger species. When
oyster larval size is increasing or larvae are getting older,
size of the consumed mPS increases (Cole & Galloway,
2015; Cole et al., 2013). Accumulation of fragment
shape mPS in grass shrimp is higher than fiber or sphere
shape (Gray & Weinstein, 2017).
Presence of mPS in aquatic species can be
determined/identified with Fourier transformed
infrared spectroscopy, optical microscopy, Raman
microscopy, scanning electron microscopy, fluorescent
spectroscopy and fluorescent microscopy (Ribeiro,
O’Brien, Galloway, & Thomas, 2019). Several studies
have shown that the ingestion of mPS by marine species
are more common than by freshwater species. Although
most of the researches related to presence of mPS in
marine
species,
information
about
mPS
bioaccumulation mechanism, removal kinetics, toxicity
mechanisms and translocation of mPS between tissues
or organs is rare.
Aquatic species can get mPS and nPS along with
uptake from the water (Guilhermino et al., 2018) and
food chain (Cedervall, Hansson, Lard, Frohm, & Linse,
2012). Although small mPS (5 μm) could be accumulated
in gut, liver, and gills of zebrafish, when size of the mPS
reached to 20 μm, they could only accumulate in gills
and gut of the fish due to the ingestion of the mPS.
Accumulated nPS and mPS can cause reproductive
problems, pathological stress, enzymes activity
problems, oxidative stress, growth reduction disruption
in energy cycling, lipid metabolism, liver tissue, and
activity of fish (Besseling et al., 2014; Sutton et al., 2016;
Chae & An, 2017; Lu et al., 2016). The microplastics also
disrupt lipid bilayer of the cell membrane (Hollóczki &
Gehrke, 2020). Different sizes of the plastic particles can
also cause lesions, internal wounds and digestive tract
blockage (Jovanović, 2018). Mattsson et al. (Karin
Mattsson et al., 2017) demonstrated that the plastic
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nanoparticles of 53 - 180 nm accumulate in fish brain
tissue and cause behavioral disorders.
The microplastics can accumulate in algae and
transfer to higher trophic levels such as zooplankton and
fish (Cedervall et al., 2012; Chae & An, 2017).
Microplastics are detected from edible tissue of marine
species (crustaceans, fish, and mollusks), seafood
products (canned sprats and sardines) and sea salt
(Toussaint et al., 2019). Therefore, it is very likely that
humans can get nPS or mPS through food web.
The nanoplastics compared to mPS have great
potential to accumulate in cells or tissue (Lusher et al.,
2015). The retention time of the nPS or mPS is important
for exchanging chemicals in the tissues or organs of
marine animals. Most of the studies related to nPS and
mPS are about estimating number, size and type of
plastics in intestinal tract of the species (Baalkhuyur et
al., 2018; Boerger et al., 2010; Lusher et al., 2013).
Although Pitt et al. (Pitt, Trevisan, et al., 2018) claimed
that 42 nm diameter nPS can be transferred vertically
from parents to offspring, there is no information
available about receiving fluorescent radiation either
coming from fluorescently labeled nPS or from the
fluorescent molecule detached from the nPS. The
nanoplastics smaller than 50 nm can pass completely
through the fish egg chorion and nPS exposure may
occur in the embryonic period (Lee et al., 2019).
Micro and nano-sized plastics taken by marine
species during the xenobolism process cannot be
removed or digested and thus accumulate in the fish
(Karin Mattsson et al., 2017; Pitt, Kozal, et al., 2018). In
addition to developmental deficiencies in marine
species, mPS and nPS cause neurotoxicity, nPS cause
DNA damage, cell deaths and oxidative stress (Sökmen
et al., 2020), disrupts the immune system (Greven et al.,
2016), triggering liver lesions (Lu et al., 2016) and
eventually adversely affecting the behavior, physiology
and metabolism of the marine species from coral to fish
(Brandts et al., 2018; Jeong et al., 2018; Tang et al., 2018;
Yu et al., 2018). Moreover, these nano-sized plastic
particles are able to accumulate in body and transfer
from one organ to another (Farrell & Nelson, 2013) and
it has been reported that nanoplastics can be
transferred from parents to offspring (Pitt, Trevisan, et
al., 2018). mPS affect gamete development and
fertilization rate of oysters (Sussarellu et al., 2016) and
nPS decrease oyster free living stage success by
malforming shell (Tallec et al., 2018).
Elimination of mPS from Marine Species
To eliminate possible effects of mPS, marine
species excrete most of the mPS after taking up them to
their body. Blue mussel (Mytilus edulis) and
Mediterranean mussel (Mytilus galloprovincialis)
eliminate 63% and 70% of the accumulated mPS in 6 h
and 24 h, respectively (B. Fernández & Albentosa, 2019;
Woods, Stack, Fields, Shaw, & Matrai, 2018). After
exposing Daphnia magna to mPS, more than 90% of the

mPS are eliminated in 12 min from the gut (Ogonowski,
Schür, Jarsén, & Gorokhova, 2016).
Elimination rate of the mPS is depending on their
size. Gut retention time of the larger particles is less
than smaller mPS. Tadpoles depurates 58% of the 1-μm
ingested mPS in 24 h while 78% of 10-μm mPS
eliminated at the same time period (Hu et al., 2016).
After exposing oyster and mussel with 100-nm and 10μm mPS, depuration starts in 6 h and 24 h, respectively
(Ward & Kach, 2009).
Microplastics can affect aquatic species at the
molecular level. mPS cause up-regulation of stressrelated genes in Chinese mitten crab (Eriocheir sinensis)
and gilthead seabream (Sparus aurata) (Espinosa,
Cuesta, & Esteban, 2017; P. Yu et al., 2018). Genes
related to lipid metabolism signaling pathways, stress
response and DNA repair mechanism of Dicentrarchus
labrax and Mediterranean mussel have been affected
after exposing to mPS (Brandts, Teles, Gonçalves, et al.,
2018; Brandts, Teles, Tvarijonaviciute, et al., 2018).
Distribution of mPS in Marine Species
After ingestion of mPS by marine species, mPS can
be accumulated in the digestive tract, gonads, stomach,
intestine, viscera, adductor, and mantle tissue (Hu et al.,
2016; Kolandhasamy et al., 2018). Digested mPS
(20 μm)were accumulated in digestive track and
hemolymph of clam (Scrobicularia plana) (Ribeiro et al.,
2017). HDPE mPS are taken up by mussel (Mytilus edulis)
gills and transferred to digestive system. Before
accumulating in lysosomal system, mPS move to
digestive tubules (von Moos, Burkhardt-Holm, & Kohler,
2012).
The movement of mPS from one organ or tissue to
another is depending on their size. Compare to larger
size mPS, small size mPS easily translocate. Jeong et al.
(2018) found that 0.5- 6-μm size mPS limited only in
digestive tract of rotifer while 50-nm size mPS scatter in
various organs. Distribution of mPS in marine species is
influenced by surface charge. Amine polystyrene and
carboxyl coated mPS were ingested by the sea urchin.
Amine coated mPS were distributed in whole embryos
while carboxyl coated mPS were only found in digestive
tract (Della Torre et al., 2014).
Effects of Plastics on Photosynthesis
Up to 80% of the total oxygen production of the
earth coming from oceans and seas. The primary oxygen
producer in the marine is phytoplankton (Witman,
2017). Phytoplankton adsorb carbon dioxide from
surrounding water and atmosphere and produce oxygen
under the sunlight. Therefore, phytoplankton is
responsible for reducing greenhouse gas called carbon
dioxide. Presence of floating all kinds and all sizes of
plastics on the surface of the oceans can interfere with
the transmission of the sunlight and consequently
reduce the growth of the phytoplankton and thus
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photosynthesis. Toxicity of the plastic particles getting
increased with decreasing mPS size. Depending on type
of polymer, shape of particle, size of particle, and
concentration of the particle, mPS can interact with
phytoplankton to form aggregates due to electrostatic
attraction between them (Bhattacharya, Lin, Turner, &
Ke, 2010). These aggregates reduce sunlight absorption
and so thus primary production. mPS can also affect
reproduction, metabolism, chlorophyll content,
photosynthetic activity, and development of the
phytoplankton (Mao et al., 2018; Prata, Lavorante,
Montenegro, & Guilhermino, 2018; Sjollema, RedondoHasselerharm, Leslie, Kraak, & Vethaak, 2016).
Interaction of Microplastics with Other Pollutants
Microplastics can act as a vector for the
bioaccumulation of organic contaminants such as heavy
metals, PCBs, PAHs and PBDEs to marine species (Chua,
Shimeta, Nugegoda, Morrison, & Clarke, 2014; Endo et
al., 2005). Since mPS have a large surface area, organic
contaminants can adhere on the surface of the mPS.
Microplastics can also contain different types of
additives such as bisphenone, phthalates, bisphenol A,
etc. These additives can leak from plastic to water and
cause adverse effects to marine species.
Microplastics can soak up polycyclic aromatic
hydrocarbons, polychlorinated biphenyls and heavy
metals from surrounding water which may exacerbate
the contrary effects of nPS on marine species (Koelmans
et al., 2016). When these nPS- pollutant complexes are
consumed, species can absorb pollutants (Bejgarn,
MacLeod, Bogdal, & Breitholtz, 2015). Thus, nPS
contamination is a serious problem in terms of
ecotoxicity and environmental risk assessments.

Conclusion
Everyday plastic items that we use only once and
carelessly discard one way or another ends up in the
seas and oceans. Marine animals such as fish, mammals,
sea birds, sea turtles and many more are bearing the
brunt of plastic littering. Reviewed papers and metadata
presented in this study provides a glimpse of the effects
of plastic pollution in the marine environment. Plastic
ingestion incidences recorded in more than 560 species.
Yet the number of plastic ingestion records are directly
related with the research effort on species. Therefore, it
is highly likely that the real number of plastic ingested
species are not yet completed, and could be increased
by focusing on different species. Moreover, lack of
standardized analytical method for detecting plastics in
digestive tract is also limiting the detection of size and
type of the plastics. Plastics bioaccumulate in different
type of tissues and organs of species. While meso- and
macroplastics may cause lesions and wounds in
digestive tract, micro and nanoplastics accumulate in
different tissues. Accumulation of nanoplastics in brain
disrupts nervous system and lead behavioral disorders.

Nanoplastics can also be vertically transferred to
offspring. The source of these nanoplastics, mostly
polystyrene, are daily used plastics including food
packages and wraping. Thus these type of disposable
plastics should be used more conciously. Instead of
littering, plastics should be recycled if applicable. Even
better, plastics usage should be restricted and
alternative biodegradable, environment friendly
material usage should be encouraged.
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