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ABSTRACT

Extensive applications of plastic in human life has caused substantial microplastic pollution in the global
environment, which, due to plastic’s ubiquitous nature and everlasting ecological impact, has caused
worldwide concern. In aquatic ecosystems, microplastics are ingested by aquatic animals, affecting their
growth and development and resulting in trophic transfer to higher organisms in the food chain.
Therefore, consumption of aquatic products is a main primary source of human exposure to micro-
plastics. Recently, aquaculture production has experienced tremendous growth and will exceed pro-
duction from fish catch soon. Because they constitute an important source of protein in the human food
supply, aquaculture products contaminated with microplastics directly affect food quality and safety. The
present review summarizes documented studies regarding the occurrence and distribution of micro-
plastics in various aquaculture systems and species and compares microplastic pollution in aquaculture
species and captured species. Microplastics in aquaculture environments mainly come from exogenous
imports, such as plastic waste and debris from the land, tourism, shipping transportation and atmo-
spheric deposition. In addition, the use of plastic gear and equipment, aquaculture feed and health
products, and special aquaculture environments contribute to a higher accumulation of microplastics.
We also discuss the adverse effects of microplastics in aquaculture species and the potential health risks
of microplastics to humans through the food chain. In summary, this review highlights the effects of
microplastic pollution in aquaculture, particularly the ecological impacts on aquaculture species and
associated human health implications, and calls for restricted control of microplastics in aquaculture
ecosystems.
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1. Introduction

Plastic products have brought great convenience to modern life,
due to their advantageous properties and low price. Since the
1950s, global annual plastic production has continuously increased,
such that approximately 359 million tons of plastic were generated
in 2018 (Plasticseurope, 2019). However, due to improper man-
agement and low biodegradability, plastic waste has become one of
the most serious environmental issues (Kriiger et al., 2020). It is
estimated that 79% of plastic waste is released into the environ-
ment, 12% is incinerated, and only 9% is recycled (Geyer et al., 2017).
Given the plastic products in various industries and fields, plastic
waste is ubiquitously present in all spheres of the environment.
Due to multiple factors, such as sunlight, microbes or mechanical
abrasion, plastics in the environment can be degraded slowly into
smaller pieces. Plastic particles <5 mm in diameter are defined as
microplastics (MPs, secondary microplastics) (Thompson et al,
2009; Andrady, 2011). Microplastics are also intentionally manu-
factured (primary microplastics) for various application, including
microbeads used in domestic cleaning and industrial and medical
products (Cole et al., 2011). Due to their tiny size, microplastics can
be ingested/inhaled and bioaccumulated by organisms, mistakenly
and inadvertently, leading to potential health risks (Von Moos et al.,
2012; Wright et al., 2013; Cole et al., 2015). Therefore, microplastics
have gained global attention in recent years, and the number of
studies in this area have rapidly increased (Campanale et al., 2020).

Microplastics have been detected in all types of environments
around the world, including terrestrial ecosystems, (land, island,
city and beach), aquatic ecosystems, (marine, river, lake, reservoir
and pond) and the atmosphere (Duis and Coors, 2016; Auta et al.,
2017; Peng et al., 2017; Li et al, 2018b; Chen et al., 2020c).
Because of improper disposal, approximately 4.8—12 million tons of
plastic waste enters the ocean every year (Jambeck et al., 2015). The
major sources of microplastics in the ocean are the decomposition
of marine plastic waste, import of river-based and land-based
waste, plastic waste from marine tourism and shipping, devices
of fishing and aquaculture, atmospheric deposition and other
sources (Dong et al, 2020). In the freshwater environment,
microplastics are mainly attributed to discarded plastic waste,
effluent from domestic, industrial and wastewater treatment
plants, shipping, fishing, aquaculture and import of land-based
waste through runoff (Liu et al., 2019; Yan et al., 2019). Terrestrial
microplastics may originate from agricultural films and from the
processing, production, and transportation of plastics and the poor
management of plastic waste (including discards and landfills)
(Dong et al., 2020). Atmospheric microplastics are produced by the
production, use and wear of plastic textile fiber, waste landfills and
incineration, exhaust emission, abrasion of roads and tires, degra-
dation of plastics and dust resuspension (Dris et al., 2016; Chen

et al,, 2020b). In summary, the sources of microplastics are varied
and vast, such that ubiquitous and persistent microplastic pollution
threatens the health of organisms in diverse environments.

Microplastics can be swallowed by biota and accumulate in their
digestive systems. Microplastics have been detected in a variety of
organisms, particularly in aquatic organisms like zooplankton, bi-
valves, shrimp, fish, and whales (Harmon, 2018; Rezania et al.,
2018). For example, the abundance of microplastics in benthic
and pelagic fish species from the northeastern Persian Gulf was
5.66—18.5 items/10 g fish muscle, while 4.3 to 57.2 items/individual
microplastics were found in 9 commercial bivalves from a fishery
market in China (Li et al., 2015; Akhbarizadeh et al., 2018). Once
microplastics are ingested by organisms, a series of adverse phys-
iological effects can occur that affecting feeding and behavior,
inhibit growth and development, and cause reproductive toxicity,
immune toxicity, and genetic damage (Harmon, 2018). For instance,
microplastics have been found to increase the death rate of Daphnia
magna and reduce their reproductive ability, while exposure to
microplastics can cause oxidative stress, immune responses and
cell apoptosis in Mytilus galloprovincialis (Ogonowski et al., 2016;
Détrée and Gallardo-Escarate, 2017). In addition, microplastics can
be vectors for leaking monomers, additives, multiple pollutants and
microorganisms absorbed from the environment (Wang et al.,
2016; Verla et al., 2019). By attaching to microplastics, the con-
taminants can enter and accumulate in tissues, thereby increasing
their toxicity effects to the organisms. Through the food web,
microplastics and contaminants can also transfer and bio-
accumulate in high trophic organisms, posing serious potential
health risks (Carbery et al., 2018; Nelms et al., 2018).

Aquatic products are an important source of human food. Global
fish production in 2018 have reached approximately 179 million
tons, of which 156 million tons were used for human consumption,
accounting for 17% of the global population’s intake of animal
proteins, and 7% of all proteins (Fao, 2020). In recent years, world
aquaculture production of farmed aquatic animals has consistently
increased, reaching 82 million tons in 2018, accounting for 46% of
total production, up from 25.7% in 2000. In addition, some coun-
tries are purposefully producing more aquatic animals from aqua-
culture than fishing with the goal of achieving a sustainable
aquaculture industry. This is particularly the case in China, where
they produced more farmed aquatic food than the rest of the world
combined since 1991 and the aquaculture products account for
76.5% of total aquatic production in 2018 (Fao, 2020). Thus, the
aquaculture industry can provide a large amount of animal-protein-
containing food for human consumptions (Zhou et al.,, 2020),
improving the economy and reducing hunger and poverty in local
regions (Naylor et al.,, 2000; Fao, 2020). However, current aqua-
culture environments, such as oceans, rivers, lakes and ponds, are
polluted with a plethora of contaminants, including microplastics
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that will enter aquatic products or adsorb on their surface and are
consumed by human, posing serious health risks (Harmon, 2018).
Therefore, the quality of aquatic products is closely related to food
safety and human health (Waring et al., 2018; Garrido Gamarro
et al, 2020; Zhou et al,, 2020). It is imperative that we reveal
pollution in aquaculture environments and products as well as the
associated adverse effects on humans. This review summarizes
current distributions and characteristics of microplastics in aqua-
culture animals and ecosystems and discuss the sources and po-
tential health risks to animals and humans, raising concerns about
the relationship between microplastics and aquaculture products.
Suggestions for future research and protecting of aquaculture en-
vironments and products are also included.

2. Microplastics in aquaculture environments

Microplastics have been identified in more than 100 species,
including many commercial fish, which has raised serious human
food safety concerns (Lusher et al., 2017). As a result, published
research regarding microplastics in global aquatic environments is
increasing rapidly. Microplastics have been detected in oceans,
coasts, shores, rivers and lakes. For example, concentrations of
microplastics ranges from 33 to 83 particles/L in Jinhae Bay of South
Korea; approximately 500 particles per 0.0125 m> have been
detected in the sediment of the northern coast of Taiwan; and MPs
range from 7850 to 10,950 particles m~> with an average of 8902
particles m~3 in the Pearl River estuary of China (Song et al., 2015;
Kunz et al, 2016; Yan et al., 2019). Although these aquatic envi-
ronments are important to aquaculture productions, most of these
studies only considered aquaculture activities as sources of
microplastics in aquatic environments, without actually investi-
gating microplastics in the aquaculture environments. Studies
reporting microplastics detection in aquaculture environments and
products remain limited. The results of several studies regarding
microplastics occurrence and implications for aquatic organisms
and food safety are summarized in Table 1.

Due to the wide use of plastic products and the ubiquitous
presence of microplastics, there is no doubt that all aquaculture
systems are contaminated by microplastics in the studies summa-
rized in Table 1. For instance, 16.4/m> of microplastics were found in
the mussel-farming region in Jurujuba Cove, while the total average
abundance of microplastics in Xiangshan Bay was 8.9 + 4.7 items/
m? in seawater and 1739 + 2153 items/kg in sediment (Castro et al.,
2016; Chen et al., 2018). In the mariculture zone of the Maowei Sea,
the abundances of microplastics range from 1.2 to 10.1 particles/L,
and a mean value of 1594 + 1352 particles/m> of microplastics was
found in the shrimp-culturing farm in Longjiao Bay (Zhu et al,,
2019; Chen et al,, 2020a). In addition, microplastics were also
observed in freshwater aquaculture environments, such as the fish
ponds in the Carpathian Basin (13.79 + 9.26 particles/m?), rice-fish
coculture system in Shanghai (0.4 + 0.1 items/L), eel culture sta-
tions in Shanghai (1.0 + 0.4 items/L) and scallop aquaculture areas
in Shandong (Bordos et al., 2019; Lv et al., 2019, 2020; Sui et al.,
2020). The microplastics in these studies appeared most
commonly as fibers, making this shape dominant component in the
data. In the Ma’an Archipelago, fibers were the most dominant type
of microplastics in both surface water (70.0 + 27.0%) and sediment
(92.0 + 9.0%), while fibers accounted for 94.66% of microplastics in
the surface water of Xiangshan Bay (Wu et al., 2020; Zhang et al.,
2020b). Fiber microplastics in the environment predominantly
originate from plastic textiles, such as cloth, fishing nets and lines,
the annual production of which reached 60 million metric tons
(Gasperi et al., 2018). During the production and consumption of
plastic textiles, fiber debris is released into the environment. For
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example, studies estimate that approximately 1900 fibers are
released into domestic wastewater per wash, which may eventually
enter freshwater environments (Browne et al., 2011). In addition,
fragments, films and granules in aquaculture environments come
from the degradation of plastic products like plastic bags, bottles,
containers, agricultural films, fishing gear, etc (Shim et al., 2018).
Pellets or microbeads mostly originate from primary microplastics,
which are used in personal care products (toothpaste, facial scrubs
and skin cleaners), domestic cleaning products, and medical and
industrial applications; the foam widely used in packaging mate-
rials and fishing gear is also a source of microplastics in aquaculture
environments (Di et al., 2019; Yuan et al., 2019). Regarding chemical
composition, polypropylene (PP) and polyethylene (PE) were
microplastics detected in these studies, because of their high pro-
duction and wide application. The production of PP and PE
accounted for 49% of global plastic products in 2018, including use
in food packaging, plastic bags, bottles, containers, pipes, automo-
tive parts, agricultural film, houseware, etc (Plasticseurope, 2019).
Due to plastic’s wide use and improper waste management,
microplastics eventually contaminate every facet of the human
environment, including aquaculture.

Researchers shows that the concentration of microplastics in
aquaculture environments is generally higher than in surrounding
environments because of rapidly expanding aquaculture activities
(Chen et al., 2018; Priscilla and Patria, 2019). Microplastics can be
released into aquaculture environments from plastic fishing gear as
well as fish feed and medicine (Lv et al., 2020; Zhou et al., 2020). In
addition, geography and weather influence microplastics accumu-
lation and distribution in aquaculture environments (Chen et al.,
2018; Wang et al., 2019). Aquaculture areas are mostly enclosed
or semi-enclosed aquatic environments, which prevent the transfer
of microplastics to other areas, causing the accumulation of
microplastics in the water column and sediment (Chen et al., 2018).
Aquaculture regions located in areas with high anthropogenic ac-
tivities contribute substantially to the increase in microplastics
observed environmentally and biologically. For example, re-
searchers have reported that the water in aquaculture ponds in
Marunda and Muara Kamal contain high microplastic abundances
of 103.8 + 20.7 particles/L and 90.7 + 17.4 particles/L, respectively,
because these ponds are close to a river mouth where large
amounts of trash accumulate (Priscilla and Patria, 2019). Studies
have revealed that weather conditions, such as wind and rain, can
affect the microplastics abundances in aquatic environments.
During rain, microplastics in the land can be transported into
aquatic systems via surface runoffs (Liu et al., 2019; Ma et al., 2020).
Wind is another predominant means of transporting microplastics
(Chen et al., 2018). Researchers have reported that typhoons
increased the average concentrations of microplastics in seawater
and sediments by approximately 40%, and the shapes, colors and
types of microplastics were also changed (Wang et al., 2019).

3. Source of microplastics in aquaculture environments

Microplastics in the environment originate from the breakdown
of plastic waste and tiny plastic particles intentionally manufac-
tured for their microsizes (Andrady, 2011; Cole et al, 2011).
Microplastics in the environments are transported over long dis-
tances by wind, currents and other forces, distributing them widely
around the world in the atmosphere, land, rivers, lakes, estuaries,
offshore, and in pelagic, polar and deep seas (Auta et al., 2017; De
Souza Machado et al.,, 2018; Li et al.,, 2018b; Allen et al., 2019).
MPs in aquaculture environments mostly come from 1) land-based
plastic waste, 2) disposal plastic waste from tourism, 3) shipping
transportation, 4) fisheries and aquaculture and 5) atmospheric
deposition (Fig. 1).



Table 1
The concentrations and characteristics of microplastics in the aquaculture systems.
Site Source Abundance Size Shape Composition Color Reference
Xiangshan Bay, China seawater 8.9 + 4.7 items/m> Ave: fiber, film, fragment, PE, PP, PS, PA, PET, cellulose N/A Chen et al.
1.54 + 1.53 mm. foam (2018)
sediment 17.39 + 21.53 items/kg Ave: fiber, film, fragment, PE, PP, PET, Rubber, cellulose
1.33 + 1.69 mm foam
Xiangshan Bay, China sediment 33-113 items/kg, Ave: 74 345—-4998 um, fiber, film, fragment Cellulose, PA, AN, PP, PET N/A Wau et al. (2020)
items/kg Ave: 1830 pm
Fish farms in Mediterranean, Spain sediment O to 213 items 0.128—5 mm fiber, fragment, pellet PE, PP, PA, cellulose black, transparent, blue, yellow, red Kriiger et al.
(2020)
Fish ponds in Changzhou, China freshwater 13 to 27 items/L <0.1-5 mm fiber, film, fragment, PE, PP, PS, PA, PET transparent, white, green, yellow, Wang et al.
pellet gray (2020)
Maowei Sea, China seawater 1.2—10.1 items/L, Ave: 4.5 + 0.1 <0.25—5 mm fiber, flake, foam, PES, PP, PE, PA, PS, POM, PU, white, yellow, blue, green, red, black Zhu et al. (2019)
items/L fragment PBT
Fish ponds in Carpathian basin, Europe freshwater 3.52—32.05 items/m>, Ave: N/A N/A PE, PP, PS, PTFE, PAC, PES N/A Bordds et al.
13.79 + 9.26 items/m> (2019)
sediment 0.46 to 1.62 items/kg, Ave:
0.81 + 0.37 items/kg
Fish ponds in Guangzhou, China freshwater 42.1 items/L <0.1-3 mm fiber, film, granule, PP, PE blue, purple, transparent, white, Ma et al. (2020)
fragment, pellet black, green, yellow, red
Rice-fish co-culture system in Shanghai, China freshwater 0.4 + 0.1 items/L <1-5 mm fiber, film, granule, PE, PVC, PP black, transparent, blue, white Lv et al. (2019)
sediment 10.3 + 2.2 items/kg fragment
Mussels farming in Jurujuba Cove seawater 16.4/m> <1-5 mm, fragment, fiber, sheet, PE, PP blue, green, red, yellow, orange, Castro et al.
dominant: < 1 mm pellet black (2016)
Eel culture stations, Shanghai water 1.0 + 0.4 items/L <0.1-5 mm film, fiber, fragment, PE, PP, EA yellow, green, white, black, blue,  Lv et al. (2020)
soil 27.1 + 7.0 items/kg granule translucent
Milkfish ponds in Muara Kamal water 103.8 + 20.7 items/L N/A fiber, film, fragment, N/A N/A Priscilla and
sediments 111680 + 13204 items/kg granule Patria. (2019)
Milkfish ponds in Marunda water 90.7 + 17.4 items/L
sediments 82480 + 11226 items/kg
Shrimp-culturing farm in Longjiao Bay, China seawater 250-5150 items/m3, mean: 0.3—5 mm fiber, fragment, foam, PE, PET, PS, PP, PC, PA, PAA  granule, fibers, white, yellow, black Chen et al.
1594 items/m> (92.03%) film, granule (2020a)
<0.3 mm (7.97%)
Artificial reefs in Ma’an Archipelago, China seawater 0.2 + 0.1-0.6 + 0.2 items/L 1-5 mm fibers, fragments, PA, PE, PP, PS, cellulose, blue, transparent, black, red, green, Zhang et al.
sediment 30.0 + 0.0—-80.0 + 14.1 items/ 0.05—1 mm films cellophane yellow, white (2020b)
kg (dominant)

Eight sea cucumber farms along the Bohai Sea sediment
and the Yellow Sea in China

20 - 1040 items/kg

<1 mm (82%)
1-5 mm (18%)

fibers, fragments,
films

cellophane, polyester, PET, PE, blue, transparent, black, red, purple, Mohsen et al.

PP, PA, PVA, PAN

brown

(2019)
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Fig. 1. Sources and behavior of MPs in aquaculture systems.

Land-based plastic waste is the main source of microplastics in
the aquatic environment (Lebreton et al., 2017; Schmidt et al.,
2017). Plastics are produced on land, and most of them are used
on land. However, a large amount of plastic waste and land-sourced
microplastics eventually enter aquatic environments (Thompson,
2015; Auta et al., 2017). Rivers provide a freshwater aquaculture
environment and are also considered a pathway for MPs from land
to the marine environments (Lebreton et al., 2017). It is estimated
that approximately eight tons of plastic waste enter the ocean every
year, 80% of which is from land-based sources (Jambeck et al., 2015;
Wang et al., 2020). In addition, industrial, agricultural and domestic
wastewater contains microplastics, which are also major contrib-
utor of microplastics in aquatic environments (Piehl et al., 2018; Liu
etal.,, 2019; Lv et al., 2019). For example, over 700,000 fibers can be
generated from an average 6-kg wash load of acrylic fabric, and
showering with a body scrub may flush 100,000 microplastic beads
into the wastewater system (Committee, 2015; Napper and
Thompson, 2016). Although the abundance of microplastics in
wastewater declines sharply after treatment by wastewater treat-
ment plants (WWTPs), effluents discharged from WWTPs still
poses a serious threat to the aquatic environment (Liu et al., 2019).

The development of tourism has also contributed to the spread
of plastic waste to aquatic environments (Zhou et al., 2020). Many
plastic products, such as plastic bags, mineral water bottles, and
food packaging bags, are carried by tourists and discarded around
or in rivers, lakes, coasts, beaches and oceans (Wang et al., 2018; Di
et al, 2019). Sunlight, temperature changes, and freshwater/
seawater erosion break down these plastic products into micro-
plastics that enter aquatic environments. Shipping transportation
also contributes substantially to microplastics pollution in aquatic
environments via plastic waste discarded from ships (Wang et al.,
2018; Fao, 2020). Studies have estimated that approximately 5
million tons of plastic waste has contaminated the ocean as a re-
sults of ship transportation worldwide in 2005 (Unep, 2005).
Meanwhile, large amounts of primary microplastics are added to
gasoline, diesel and other fuels to enhance and improve their
quality. During the shipping process, incomplete burning of plastic
particles releases into the atmosphere and water environments
(Gasperi et al.,, 2018). In addition, shipping accidents also spill
plastic products into aquatic environments.

Plastic products are inseparable from fishing and aquaculture
activities. Most fishing gear, such as fishing nets, lines, buckets and
other devices, are made of plastic or contain plastic ingredients
(Zhou et al., 2020). As they are used and discarded, these devices
can release microplastics into surrounding environments. For
example, during benthic dredging and trawling operations, the
wear and tear of fishing ropes and nets increase the content of
microplastics in marine fishery waters (Fao, 2020). In addition, due
to long-term use and insufficient maintenance of fishing gear, a
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large number of plastic fishing gear is lost and abandoned in
aquatic environments every year (Macfadyen et al., 2009). For
instance, the quantity of lost and discarded fishing gear has reached
more than 4000 tons in Norwegian commercial fishing areas
(Deshpande et al,, 2020). In aquaculture environments, plastic
fishing gear is the predominant and most important source of
microplastics. Plastic products such as fishing nets, fishing ropes,
and floating balls are used in offshore cages and raft culture. Their
aging and damage cause a large number of plastic fragments to
enter the aquatic environments (Fao, 2020). Due to long-term im-
mersion, erosion, abrasion and collision in water, plastic debris is
generated from plastic equipment and accumulates in the water. In
addition, feeds and medicinal products contribute to microplastics
in aquaculture environments (Lv et al., 2019, 2020). Artificial feeds
contain large amounts of microplastics, as MPs can be introduced
into feeds during production, transportation, storage and feeding
(Zhou et al., 2020). Meanwhile, a large amount of zooplankton,
invertebrates, small fish and aquatic plants in natural environments
contain microplastics, and are used to make artificial feed or are
directly used as natural food in aquaculture (Fao, 2020). For
example, fragment-shape-dominated microplastics with a mean
particle size of 452 + 161 pm were found in four fish meal and
positive relationships were found between microplastics in fish
meal and cultured carp in the study (Hanachi et al., 2019). Another
study showed that microplastic concentrations in the water
increased significantly from pre-rearing to post-rearing (Lv et al.,
2020). Furthermore, fish medicine, antibiotics and other chem-
icals, which are used to treat and prevent diseases and improve the
quality of water and products, are attached to microplastics and are,
therefore, another source of microplastics pollution in aquaculture
environments (Fao, 2020; Zhou et al., 2020).

Microplastics have been found in the atmosphere and can be
transported through the atmosphere over long distances (Allen
et al.,, 2019). Affected by gravity and various weather conditions,
microplastics in the atmosphere are deposited on land surfaces and
in aquatic environments (Dris et al., 2015). Similar degradation
patterns of microplastics from atmospheric fallout and lakes indi-
cate that some microplastics in the aquatic environment may be
derived from atmospheric fallout, and studies have shown that
microplastics in the atmosphere are a significant source of MPs in
aquatic ecosystems (Dris et al., 2015; Cai et al., 2017). Increasing
cumulative production and accumulation pose a dangerous threat
to aquaculture systems and the health of aquaculture products and
humans through the food chains.

4. Microplastics in aquaculture products and their adverse
effects

Microplastics have been found in many species including com-
mercial species such as fishes, mussels, shrimp and crabs (Rezania
et al,, 2018). For example, synthetic fibers ranged from 200 to
1000 pm were detected in shrimp from coastal waters of the
southern North Sea and channel area with an average value of
1.23 + 0.99 items/individual, while the abundance of microplastics
in six species of commercial fish from estuarine areas of Guangdong
varied from 1.0 to 17.0 items/individual (Devriese et al., 2015; Zhang
etal., 2020a). Similarly, 0.7 to 2.9 items/g were found in the tissue of
wild mussels sampled from the U.K. coastal environment (Li et al.,
2018a). However, such studies detecting microplastics in com-
mercial fishes are mainly focused on fishes in wild environments,
so that information regarding microplastics in aquaculture species
remains limited. Meanwhile, concerns regarding the ubiquitous
presence of microplastics and their risk to food safety are rising. To
aid our knowledge of the occurrence, distribution and adverse ef-
fects (including human health risks) of microplastics in aquaculture
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Fig. 2. MPs detected in aquaculture species. (a) items/gram (ww); (b) items/individual.

products, related studies have been collected, analyzed, and sum-
marized in Table S1.

Microplastics have undoubtedly been found in all aquaculture
products investigated (Fig. 2) in a range of aquaculture environ-
ments, including bays, artificial reefs, coastal areas, rivers, lakes,
ponds, fishing farms, net cages and rice-fish coculture systems. For
example, in a study quantifying microplastics in cultured oysters
from 17 sites along the coastline of China, the average abundance of
microplastics in oysters was 0.62 items/g (wet weight) or 2.93
items/individual (Teng et al., 2019). In Jakarta Bay, researchers
found microplastics in milkfish (Chanos chanos) from aquaculture
ponds at Muara Kamal and Marunda (Priscilla and Patria, 2019).
Another study found that mullets obtained from fish farms in Hong
Kong had ingested microplastics with an average of 0.2 items per
mullet, and the most common plastic items were smaller than
2 mm (Cheung et al., 2018). In the rice-fish coculture ecosystem in
Shanghai, a specific aquaculture environment, the average micro-
plastic abundance was 1.7 + 0.5 items/individual in the three ani-
mals (eel, crayfish and loach), and the abundance of microplastics
increased significantly from the non-rice period to the rice-planting
period (Lv et al., 2019).

Studies have also compared microplastics in aquaculture ani-
mals and wild species. The average microplastic abundance in
aquaculture mussels (Mytilus edulis) was higher than in wild
mussels from Halifax Harbor, Nova Scotia (Mathalon and Hill, 2014).
On Vancouver Island, significantly higher numbers of microplastics
were also observed in farmed blue mussels and Pacific oysters
compared to their wild counterparts (Murphy, 2018). Meanwhile,

no significant difference was observed in microplastic concentra-
tions detected in cultured and wild clam (Venerupis philippinarum)
in Baynes Sound (Davidson and Dudas, 2016). Similar results were
reported in demersal fish in Hong Kong (Chan et al., 2019). Another
study showed that wild mullets from the eastern coast of Hong
Kong have a higher risk of microplastic ingestion than their captive
counterparts from fish farms (Cheung et al., 2018). In general, the
concentrations of microplastics detected in aquaculture products
are higher than those in their wild counterparts from surrounding
environments, because of the special environments and frequent
activities associated with aquaculture (Chen et al., 2018; Priscilla
and Patria, 2019). Enclosed or semi-enclosed aquaculture envi-
ronments prevent the transportation of microplastics to other
systems, and the use of aquaculture gear and food can quickly in-
crease the abundance of microplastics in the environment.

Microplastics can be detrimental to the growth and develop-
ment of aquatic organisms. Polystyrene (PS) microplastics in sedi-
ments have been shown to significantly inhibit the growth of
sandworms (Arenicola marina) to extents that are positively
correlated to surrounding concentrations of microplastics
(Besseling et al., 2013). Studies have also found that microplastics
inhibit the feeding and growth of sea urchins (Tripneustes gratilla),
and significantly affect energy storage in Sebastes schlegelii (Kaposi
et al., 2014; Yin et al., 2018). Polyethylene terephthalate (PET)
microplastics with particle sizes of 1-50 pm can disrupt the ho-
meostasis of the blue mussel, resulting in increased energy con-
sumption and decreased growth rates (Détrée and Gallardo-
Escérate, 2018).
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In addition, microplastics ingestion affects the feeding and
behavior of aquatic species. Studies have shown that microplastics
can significantly reduce the feeding and swimming abilities of
S. schlegelii (Yin et al., 2018) and that exposure to polyethylene
microplastics decreased the swimming ability and predation ability
of the common goby (Pomatoschistus microps) (Oliveira et al., 2013).
Meanwhile, microplastics can induce a series of immune responses
after entering the tissues and organs of aquatic animals. Studies
have shown that polyvinyl chloride (PVC) and PET microplastics
with particle sizes of 40—150 um can cause oxidative damage to the
white blood cells of sea bream (Sparusaurata) and sea bass
(Dicentrarchus labrax) (Espinosa et al, 2018). Microplastics
(<80 um) can also enter the mussel’s digestive system, leading to an
inflammatory response (Von Moos et al., 2012). Likewise, exposure
of sea urchins to amino-polystyrene nanoplastics (10 and 25 pg/ml)
can cause instability in phagocyte lysosome membrane and
apoptosis (Marques-Santos et al., 2018).

Furthermore, microplastics can affect reproduction in aquatic
organisms. Exposure to PS microplastics produced strong negative
effects in energy uptake and allocation and reproductive health of
oysters (Sussarellu et al., 2016). Microbeads can also penetrate the
cell membranes of marine copepods (Paracyclopina nana) and cause
cellular damage, leading to reduced reproduction and growth rates
(Jeong et al.,, 2017). In addition to the particle toxicity caused by
microplastics, the leakage of monomers and additives from
microplastics and the absorption of contamination and microor-
ganisms from environments can induce more serious health risks
to aquatic species (Wang et al., 2016; Verla et al, 2019). For
example, bisphenol A (BPA) is mainly used as a monomer for epoxy
resin and polycarbonate and is also used as an additive in the
production of other plastics (PE, PP and PVC) (Campanale et al.,
2020). As a significant endocrine disruptor, BPA can create cyto-
toxic effects in living tissues and may be involved in reproductive
abnormalities.

In 2018, 39 countries produced more aquatic animals than
fisheries, and another 22 countries accounted for more than 30% of
worldwide aquaculture production (Fao, 2020). Global aquaculture
production reached 82 million tons, accounting for 46% of global
fish production. There is no doubt that total aquaculture production
will exceed total wild capture in the future, reinforcing the
importance of aquaculture products in the human food and protein
supply. However, both aquaculture environments and products are
contaminated by microplastics (Zhou et al.,, 2020). Studies show
that microplastics can affect feeding ability and inhibit growth and
development, which may influence the quality of aquaculture
products. Food safety is an even more important concern (Lusher
et al., 2017; Garrido Gamarro et al., 2020). Microplastics are pre-
sent in mussels, oysters and other aquaculture species and are the
main source of human consumption via food. The risk of micro-
plastic ingestion is reduced by the removal of the gastrointestinal
tract in most commercial species (Lusher et al., 2017). Thus, more
concern exists regarding aquaculture products that are mostly
consumed whole, with the digestive system included. The number
of microplastics ingested per person per year can reach 11,000 due
to shellfish consumption (Smith et al., 2018). Attached contami-
nation, leaking monomers and additives also pose a health risk to
humans. In vitro studies have shown that microplastics can cause
cytotoxic and inflammatory effects in human cells by inducing
reactive oxygen species formation, altering expression level of
associated proteins and activating inflammatory gene transcription
(Wright and Kelly, 2017; Yong et al., 2020). It is clear from this
evidence that we must prioritize the quality and safety of aqua-
culture products to protect ecological and human health interests.
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5. Conclusion

Microplastics have been found in various environments and
species including aquaculture systems and products, and are
closely related to food supply and safety (Zhou et al., 2020). Source
of microplastics in global aquaculture environments are extensive
and predominantly originate from land-based transportation,
tourism, shipping, fishing, aquaculture and atmospheric deposition
(Dong et al., 2020). Among these, plastic waste from terrestrial
ecosystems, fishing gear and products are the most important input
sources of MPs for aquaculture systems (Schmidt et al., 2017; Fao,
2020). The variabilities of MP sources and aquaculture environ-
ments determine the varied microplastic concentrations and dis-
tributions in each aquaculture system. In order to control
microplastic pollution in these areas, it is important to detect and
analyze the MPs that currently contaminate them. And when
detecting MPs in aquaculture environments, it is necessary to
clarify the sources and fates of microplastics within them. For
example, in aquaculture environments like pools, using filtered
water and recycling discarded plastic fishing gear and garbage can
significantly reduce the microplastics concentrations (Birnstiel
et al,, 2019). In addition, once ingested, microplastics can inhibit
aquatic organisms’ growth, development, feeding and behavior,
and cause reproductive toxicity, immune toxicity, and genetic
damage (Harmon, 2018). The mechanisms underlying the detri-
mental effects of microplastics remain unclear, particularly at the
molecular and genetic levels. Moreover, toxic environmental con-
taminants can attach to the surfaces of microplastics and pose
additional health threats to the organisms that consume them.
More research is required to reveal the mechanisms behind the
particle toxicity of microplastics, the adsorption/desorption pro-
cesses by which environmental pollutants attach to microplastics,
and their combined toxicity and associated mechanisms. Further-
more, experimental data have not yet confirmed that microplastics
have a negative impact on human health, although in vitro studies
have shown that microplastics can harm human health by inducing
oxidative stress, cytotoxicity and inflammation (Yong et al., 2020).
Because the consumption of aquaculture products is an important
source of microplastics in humans (Lusher et al., 2017; Waring et al.,
2018), it is important that we detect the microplastics in aquatic
products and determine their adverse effects on humans. In addi-
tion, clarification regarding the relationship between microplastics,
aquaculture products and their potentially detrimental impacts on
human and ecological health is needed in order to better evaluate
the quality and safety of aquaculture products, control the input of
microplastics to aquaculture environments and promote the sus-
tainable and healthy development of aquaculture.
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