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Microplastics (MPs) have been widely detected in the world’s water, which may pose a significant threat to the
ecosystem as a whole and have been a subject of much attention because their presence impacts seas, lakes,
rivers, and even the Polar Regions. There have been numerous studies that report direct adverse effects on
marine organisms, but only a few have explored their ecological effects on freshwater organisms. In this field,
there is still a lack of a systematic overview of the toxic effects and mechanisms of MPs on aquatic organisms, as
well as a consistent understanding of the potential ecological consequences. This review describes the fate and
impact on marine and freshwater aquatic organisms. Further, we examine the toxicology of MPs in order to
uncover the relationship between aquatic organism responses to MPs and ecological disorders. In addition, an
overview of the factors that may affect the toxicity effects of MPs on aquatic organisms was presented along with
a brief examination of their identification and characterization. MPs were discussed in terms of their physico-
chemical properties in relation to their toxicological concerns regarding their bioavailability and environmental
impact. This paper focuses on the progress of the toxicological studies of MPs on aquatic organisms (bacteria,
algae, Daphnia, and fish, etc.) of different trophic levels, and explores its toxic mechanism, such as behavioral
alternations, metabolism disorders, immune response, and poses a threat to the composition and stability of the
ecosystem. We also review the main factors affecting the toxicity of MPs to aquatic organisms, including direct
factors (polymer types, sizes, shapes, surface chemistry, etc.) and indirect factors (persistent organic pollutants,
heavy metal ions, additives, and monomer, etc.), and the future research trends of MPs ecotoxicology are also
pointed out. The findings of this study will be helpful in guiding future marine and freshwater rubbish studies
and management strategies.

1. Introduction

Plastics are widely used in all aspects of our daily life because of their
light weight, durability, low price, and good ductility (Meng et al., 2020;
Kawecki and Nowack, 2019), which makes them the universal materials
(Rillig, 2012; Lambert et al., 2014). In the past 70 years, the production
of plastic has increased dramatically, and its annual production has risen
to 368 million tons in 2019 (Wang et al., 2021a), which means that we
are living in a plastic world (Campanale et al., 2020). Due to its
large-scale application and improper disposal, an estimated 5-13
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million tons of plastic garbage enter the marine environment each year,
with the weight of these plastics expected to equal that of fish by 2050
(Wang et al., 2019). More than hundreds of different types of polymers
and mixtures of polymers are produced in industry. Among them,
polyethylene (both high-density and low-density, HDPE and LDPE) is
the dominant product with 29% share. The rest are polypropylene (PP,
17%), polyvinyl chloride (PVC, 9%), polyethylene terephthalate (PET,
8%), polyurethane (PUR, 7%), and polystyrene (PS, 6%). These make up
approximately 80% of plastics production and contributing significantly
to marine littering (Kershaw et al., 2019).
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Once entering into the aquatic environment, plastics degrade slowly
into so-called secondary microplastics (MPs) with sizes smaller than 5
mm (Thompson et al., 2004; Cole et al., 2011) under the action of
environmental physical, chemical, and biological process (Anon, 2019).
MPs are also produced for industrial abrasives, personal care, and
medical products (Hidalgo-Ruz et al., 2012; Mitrano and Wohlleben,
2020; Browne, 2015). Primary MPs may also enter into the water
environment through industrial drainage systems, domestic, surface
runoff, and the discharge of wastewater treatment plants eventually. In
2012, Eriksen, et al (Eriksen et al., 2013). found that the average
abundance of MPs in the Great Lakes of North America is 43,000 par-
ticles/km?, most of which are floating debris. Perhaps due to human
activities, the abundance of MPs in Taihu Lake reached 6800,000 par-
ticles/km?, which is two orders of magnitude higher than that of the
Great Lakes (Su et al., 2016). Hurley, et al (Hurley et al., 2018). reported
that an area of the Tame Riverbed had a maximum concentration of 517,
000 plastic particles/m?, which were almost double the previously
recorded values for any marine or freshwater regions. Recent studies
showed that MPs have been detected in deep-sea sediments (Van Cau-
wenberghe et al., 2013), Tibet plateau (Zhang et al., 2016), or even the
North Pole (Obbard et al., 2014). Due to its widely disperse and unique
physiochemical properties, known as about 92% of global marine plastic
debris (Eriksen et al., 2014), MPs may pose a threat to the freshwater
and marine systems (Bucol et al., 2020; Rodrigues et al., 2018).
Numerous studies have reported the biological effects of MPs in the
aquatic environment. MPs may be easily eaten as food by aquatic or-
ganisms of various trophic levels due to their comparable size to
plankton (Bessa et al., 2018; Su et al., 2019). Herein, MPs might be
accumulated at a higher trophic level, enter the food chain, and
endanger human health (Hwang et al., 2019). The potential negative
effects of MPs on aquatic organisms contain behavioral, hematological,
and biochemical changes, histopathological damage, embryotoxicity,
and neurotoxicity (Chen et al., 2017; Yin et al., 2018; Lei et al., 2018a;
Hamed et al., 2019; Li et al., 2020a). VOSviewer, a software tool for
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constructing and visualizing bibliometric networks, was used in this
study to verify MPs abundance and research drive content. We collected
the keywords, microplastics and aquatic organisms, using the Web of
science searching. As shown in Fig. 1, studies on MPs Studies with
aquatic organisms have focused on plastic debris, persistent organic
pollutants, ingestion, bioaccumulation, degradation, toxicity, and
human health.

Although there are many review articles about the toxic effects of
MPs, studies about the influence of MPs on the food chain in freshwater
and marine system are rare. The factors influencing the toxicity of MPs
to aquatic organisms are not incomprehensively explored. To better
understand the MPs pollution and potential risks in an aquatic envi-
ronment, this review focused on the progress of the toxicity of MPs to
aquatic biota with different trophic levels and elucidated the potential
toxic mechanism, as well as the main direct and indirect effects on the
toxicity of MPs to the aquatic organisms. Furthermore, we also briefly
overviewed the analytical methods for identifying and charactering
microplastics in complex environmental samples.

2. Methodology of literature review

We collected and analyzed the available literature published from
2004 to 2022 based on the database of Web of Science (https://www.
webofscience.com), Google Scholar (https://scholar.google.com), and
ScienceDirect (https://www.sciencedirect.com) using the keyword
included but were not limited to: “microplastics” OR “microplastic” in
conjunction with “aquatic”, “toxic effects” AND “heavy metal”. From the
results obtained, we selected a total of 254 publications based on the h-
index of citations, mostly from the previous 10 years, and further
divided them into several subtopics, i.e., ecotoxicology, toxic mecha-
nisms, influencing factors, and characterization of MPs.
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Fig. 1. The network of top 40 keywords about microplastics.The size of the dot means the rate of occurrence of the keyword, the connectingline means the in-
ternational cooperation between the keywords. The data wasobtained by Web of Science.
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3. Results and discussion
3.1. Toxic effects of MPs on aquatic organisms

Bacteria play a vital role in the natural environment. Once released,
the interaction between bacteria and MPs increases, and its effects on
the environment would not be ignored (Qiu et al., 2022). The effects of
MPs on bacteria are mainly reflected in toxicity.

3.1.1. Effect of MPs on bacteria and algae

In spite of increasing research efforts, there is still little under-
standing of how MPs might interact with bacteria in the aquatic envi-
ronment, which depends on the types of MPs and bacteria (Table 1). Due
to the composition of bacteria cell walls, this may show a different
behavior (toxic or nontoxic) under MPs exposure, such as bacterial
susceptibilities, and attachment (Qiu et al., 2022). Microorganisms can
also form biofilms on MPs, thus forming a habitat for them (Qiu et al.,
2022). Upon entering an aquatic environment, MPs may quickly become
adhered to the surface by microorganisms and algae (Ivleva et al., 2017;
Lobelle and Cunliffe, 2011; Oberbeckmann et al., 2015). MPs have
become a new biological habitat and the relative studies on the aquatic
microorganisms attached to MPs can be traced back to the 1970 s
(Carpenter and Smith, 1972). Owing to their low surface polarity, MPs
tend to be more hydrophobic and make microorganisms colonized easily
and the biological communities in their attached biofilm are called
“plastisphere”. Previous studies have demonstrated that a variety of
pathogens are attached to the surface of MPs, which can be transmitted
long-distance in water with the help of ocean currents (Goldstein et al.,
2014; Feng et al., 2020a; Li et al., 2019; Yousefi et al., 2019a). For
instance, MPs act as the carriers for the enrichment of vibrio in the
estuarine environment with high salinity, increasing the potential
environmental risk of MPs in the aquatic system (Li et al., 2019). Mi-
croorganisms attached to the surface of MPs and then enter into a new
area, which could cause microbial invasion and pose a threat to the
ecological environment. McCormick, et al (McCormick et al., 2014).
reported that MPs acted as a bio-sponge for pathogens and parasites,
which led to higher concentrations of harmful bacteria, including Sten-
otrophomonas maltophilia, Bacillus cereus, and E. coli, on the MPs’ sub-
strate off the coast of Belgium. The biofilm contains conditional
pathogens, which may also cause harmful risks (Gregory, 2009).

Due to their small size, rapid reproduction, and sensitivity to toxins,
algae have been used as model organisms to evaluate the potential
toxicity of MPs in aquatic systems. Previous studies showed that MPs can
inhibit the algal cell growth (Table 1), e.g., both 20 and 50 nm PS nano-
plastics (NPs) caused a significant growth inhibition on C. vulgaris and it
took a long time for the effect to become apparent (Hazeem et al., 2020).
The negative effects might be due to the impaired photosynthesis caused
by MPs exposure (Qiu et al., 2022; Bhattacharya et al., 2010; Mao et al.,
2018; Lagarde et al., 2016; Yousefi et al., 2019b), and such effects could
be caused by the down-regulation of photosynthetic gene expression
(Lagarde et al., 2016). In addition, PS could also reduce the contents of
Chlorophyll A, inhibit the efficiency of the photosystem, reduce organic
synthesis, and induce oxidative damage (Hazeem et al., 2020; Lanctot
et al., 2020; Li et al., 2020b; Sendra et al., 2019; Zhang et al., 2017).
Most of the literature reported that the adsorption of nano-plastics or
MPs on the surface of cells algae is the main reason leading to the
reduction of photosynthesis through the shading effect, hindering the
material exchange, and reduced CO, uptake (Bhattacharya et al., 2010;
Saido et al., 2014). Conversely, positive effects on the growth of algae
have been also reported. For example, Canniff and Hoang (Canniff and
Hoang, 2018) found that R. subcapitata grew more in the PE MPs
(63-75 pum, 130 mg/L) exposure media than without MPs media. The
additive chemicals (UV stabilizers and phthalates) leached from MPs
may explain why PE can promote the Dunaliella salina growth (Chae
etal., 2019). Similarly, PS leachate may also enhance the contents of the
photosynthetic pigment of algae (Li et al., 2020b; Feng et al., 2020b). In
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Table 1
Toxic effect of MPs on bacteria and algae.

Test organism Polymer/Size Effect Criteria Reference

Streptomyces PS 20 nm, Cytotoxicity, reactive (Liu et al.,
coelicolor M145 100 nm, 1 yum oxygen species (ROS) 2021).

and 1 mm level, permeability,
the trends were size
and concentration-
dependent.

Escherichia coli (E. PS, 200 nm Size and functional (Ning et al.,
coli) modification depend, 2022).

ROS generation, DNA
damage.
E. coli PS, 10, 50 and Size-dependent effect (Zha et al.,
500 nm on gene transfer, ROS 2022).
generation, cell
membrane
permeability.
E. coli and Bacillus PS, 60, 220, ROS generation, Nano- (Kim et al.,
sp. 430, 700, 1040, PS accumulated inside 2022).
1700, and bacterial cells, Micro-
2260 nm PS inhibited the
growth of E. coli and
Bacillus sp. cells.
Halomonas PS, 50 and Size-dependent toxic (Sun et al.,
alkaliphila 55nm, 1um effect , ROS 2018).
generation, nano-MPs
disrupt the ecological
function of bacteria.
Vibrio fischeri PE, 1-500 pm No acute toxicity (Gambardella
et al., 2019).

E. coli and Bacillus PS, PS inhibited E. coli (Yi et al.,

cereus (B. cereus) growth but promoted 2021).
B. cereus growth

Scenedesmus PS, 5 um Algal growth (Chen et al.,

obliquus decreased with 2020).
increasing MPs
concentration.

Chlorella vulgaris PS, 20, 50 and 20 and 50 nm PS (Hazeem et al.,
(C. vulgaris) 500 nm showed toxicity to 2020).

algae. Reduction cell
viability, chlorophyll a
contents and ROS
increased, and cell
wall damage.

Stylophora pistillata  PE, 106-125 ym  High concentration PE (Lanctot et al.,
affected the 2020).
photosynthetic
efficiency and altered
the metabolite profiles
of coral.

Chlamydomonas PS, 300-600 nm  Exposure dose- (Li et al.,
reinhardtii (C. dependent, EPS 2020Db).
reinhardtii) released by microalgae

was inhibited, MDA
levels increased.

Phaeodactylum PS, 50 and Toxicity, (Sendra et al.,
tricornutum 100 nm internalization or 2019).

strong adsorption.

Skeletonema PVC, 1 um, Toxicity of MPs (Zhang et al.,
costatum 1 mm depends on particle 2017).

size, No-shading effect.
Karenia mikimotoi PS, 65 nm, Nano/micro-PS (Zhao et al.,
100 nm and inhibited the algal 2020a).
1 um growth and caused
oxidative damage.
Size-dependent
toxicity, cell structure
damage.

Raphidocelis PE, 63-75 pm MPs promoted the (Canniff and
subcapitata (R. algal growth. Hoang, 2018)
subcapitata)

Phaeodactylum PE, 1-500 pm No acute toxicity (Gambardella
tricornutum et al., 2019).
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addition, no effect on the growth of algae under MPs exposure was also
found by Seoane et al. (2019), which may be attributed to the oil body
produced by algae.

3.1.2. Effect of MPs on Daphnia magna

Due to MPs’ small size, they are easily ingested via water and food by
aquatic organisms (Zhao et al., 2016; Mazurais et al., 2015; Jabeen et al.,
2017), including vertebrates, invertebrates, and zooplanktonic organ-
isms (Covernton et al., 2019; Kokalj et al., 2018; ASmonaite et al., 2018).
MPs can enter the body of Daphnia through water uptake or feeding
behavior. The MPs that are adsorbed on the surface of algae can enter
the Daphnia as food (Gross et al., 2016). Therefore, MPs are often found
concentrated in the intestine, which may further influence the growth,
feeding, movement, and reproduction of D. magna (Besseling et al.,
2014; Ogonowski et al., 2016; Rehse et al., 2016). For instance, Eltem-
sah and Bghn (Eltemsah and Bghn, 2019) tested the toxicity of PS-MPs
with a size of 6 um to the juvenile and adult D. magna and found that
the ECsq values are 34.3 and 52 mg/L in 120 h, suggesting that a juve-
nile was about 50% more sensitive to the toxicity than that an adult’s.
Chenxi, et al (Chenxi et al., 2022). selected Daphnia pulex (D. pulex) as
the model animal and found the survival function of D. pulex was
inhibited by 2 mg/L of 500-nm PS NPs and the body length was reduced
by 4 mg/L after 14 and 21 days of exposure, respectively. However,
previous study also found that PE MPs filled the gut of D. magna, the
survival and reproduction did not seem to be affected (Canniff and
Hoang, 2018). Scherer et al. (2017) demonstrated that D. magna could
ingest up to 6180 particles/h, which is higher than any other aquatic
organisms they have tested, including Lumbriculus variegatus (8 parti-
cles/h), Gammarus pulex (10 particles/h), Physella acuta (118 parti-
cles/h) and Chironomus riparius (226 particles/h). Besides, Mattsson
et al. (2015) suggested that nano-PS (24 and 27 nm) can transfer from
algae (Scenedesmus sp.) and Zooplankton (D. magna) to Crucian Carp
(Carassius carassius), demonstrating that PS MPs could be transferred to
a higher trophic level along the food chain and showed severe effects on
both metabolism and behavior in fish.

3.1.3. Effects of MPs on other aquatic animals

Studies of microplastic impacts on marine organisms have mainly
been conducted in the field and in laboratories (Rehse et al., 2016), such
as zooplankton (Vroom et al., 2017), corals (Hall et al., 2015), fish
(Karbalaei et al., 2019), fur seals (Perez-Venegas et al., 2018), and
whales (Moore et al., 2020; Besseling et al., 2015) who ingested the MPs
with the different trophic levels from the marine environment. In the lab
conditions, many studies have also confirmed that the marine organisms
ingested the MPs, e.g,, mussels (Farrell and Nelson, 2013), freshwater
bivalve (Oliveira et al., 2018), krills (Dawson et al., 2018), pelagic
species (Lee et al., 2013), amphipods (Wright et al., 2013a), and fish
(Jabeen et al., 2017). Studies under lab conditions also found the
transfer of MPs from zooplankton to mysid shrimps (Setéla et al., 2014)
as well as from mussels to crabs (Farrell and Nelson, 2013). For instance,
Lei et al. (2018b) investigated the toxic effects of five types of MPs
(polyamides (PA), PE, PP, PVC and PS) on Danio rerio (D. rerio) and
found that all MPs caused gut damage including splitting of enterocytes
and cracking of villi. When microplastics (50 m) accumulate in goldfish
larvae’s digestive tracts, they can undergo oxidative stress, organ
damage, and inhibition of growth and movement, and microplastics
(70 nm) can penetrate into muscle tissues through the epidermis of
larvae, resulting in greater adverse effects (Yang et al., 2020a). It is also
believed that the nanoplastics may be able to pass the blood-brain
barrier, resulting in brain damage and behavioral abnormalities in the
crucian carp fish (Mattsson et al., 2017). The accumulation and tissue
distribution of PS-MPs in the red tilapia (Oreochromis niloticus) followed
the order gut > gills > liver ~ brain (Ding et al., 2018). They also found
that PS inhibited the AchE activity in the brain and disturbed meta-
bolism in the liver of red tilapia (Ding et al., 2018). On the contrary,
other studies find no adverse effects on aquatic toxic biomarkers when
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MPs were used (Kaposi et al., 2014; Van Cauwenberghe et al., 2015).
Even though, data on the absorption, bioaccumulation and metabolism
fates will help to further understand the toxicological effects of MPs on
the aquatic organisms (Table 2), however, several studies conducted in
the field have demonstrated that fish retain only a small amount of
microplastics, which are unlikely to accumulate in the intestinal tract for
very long periods of time and are unlikely to adversely affect wild fish,
specifically top predators, for an extended period of time (Chagnon
et al., 2018). Therefore, there is still a lot of work need to be done to
quantitatively study the complete process on the MPs and organisms at
environmentally relevant concentrations.

3.2. Potential toxic mechanisms of MPs to aquatic organisms

The exact toxic mechanisms of MPs are still under study. However,
some mechanisms have been proposed to explain the toxicity of MPs to
aquatic organisms. This includes the lack of energy supply, intestinal
damage, metabolism disturbance, immunotoxicity, neurotoxicity,
reproductive toxicity, and oxidative damage, which are listed in Table 3.

Recent studies showed that the potential toxic mechanism of MPs on
bacteria and algae mainly includes oxidative stress caused by ROS
generation (Ning et al., 2022; Sun et al., 2018), interface effects (Bhat-
tacharya et al., 2010), and cell membrane damage (Déniel et al., 2020).
The toxicity of MPs to microalgae may also contain such shading effects,
genotoxicity, however, these mechanisms need to be further demon-
strated. ROS has been reported to be responsible for the toxicity of MPs
toward marine bacterium such as Halomonas alkaliphila (Sun et al.,
2018), Chlorella pyrenoidosa (Mao et al., 2018), Microcystis aeruginosa
(Zheng et al., 2021), etc. Due to interaction of the algal exudates, solu-
tion chemistry, plastic surface properties, and electrostatic interaction,
NPs could adsorb on Chlorella and Scenedesmus to form a physical
blockage that hinders the entry of light and CO2 uptake, then inhibit
photosynthesis and promote ROS generation (Bhattacharya et al., 2010).

Considering the similar specific gravity of algae and MPs, which
makes MPs become a prey analog for plankton and may be treated and
ingested similarly as food (Brillant and MacDonald, 2000). The ingestion
of MPs items is widely recognized in aquatic organisms. Based on their
physical properties, MPs constitute the first-line contact with aquatic
organisms by ingesting plastic debris of different sizes. Ingestion of MPs
may lead to asphyxia or a decreased sense of feeding when MPs are
permanently retained in the digestive tract, which would cause digestive
dysfunction, reduce the absorption of nutrients and then inhibit growth
and the reproduction of aquatic organisms, and even cause death (Li
etal., 2018; Au et al., 2015). For instance, Jemec et al. (2016) found that
PE MPs blocked the gut in all dead Daphnis. Compared with PE beads
exposure, the survival of D. magna under PE fragments exposure was
reduced by 50%, which may ascribe to the two-fold greater retention
time of PE fragments in the digestive tract (Ogonowski et al., 2016).
Similarly, Cappello et al. (2021) reported the number of MPs accumu-
lated in mussel digestive glands and caused osmoregulation, energy, and
protein metabolism disorders. These findings suggest that the accumu-
lation and the long retention time of MPs in the gut contribute to the
death of D. magna and other aquatic organisms.

In the marine and freshwater systems, more than 150 fish species
have been reported that can ingest MPs (Jabeen et al., 2017). Once the
MPs ingestion, structural and functional deteriorations may happen in
the gut, causing nutritional and growth problems for fish. Ingestion of
MPs may change the metabolic homeostatic (Mattsson et al., 2015; Lu
et al., 2016), disturb the innate immune system (Greven et al., 2016),
induce inflammatory responses (Lu et al., 2016), disturb the balance of
intestinal flora (Qiao et al., 2019a) and cause oxidative stress (Lu et al.,
2016; Qiao et al., 2019a; Yousefi et al., 2017), DNA damage (Sokmen
et al., 2020) and neurotoxicity (Bhagat et al., 2020) in fish. For instance,
Zhao et al. (2021) reported that PE-MPs have a significant impact on
zebrafish phospholipid metabolism, affecting cell membrane stability
and the ability of cells to bind essential proteins. The previous study also
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Table 2

Toxic effect of MPs on fish species.

Ecotoxicology and Environmental Safety 251 (2023) 114564

Test organism

Polymer/Size

Effect Criteria

Reference

Danio rerio (D. rerio)
D. rerio

zebrafish larvae

D. rerio

Male adult zebrafish
Larval zebrafish

D. rerio embryos

Larval zebrafish
(D. rerio)

Pimephales promelas

Juvenile jacopever
(Sebastes schlegelii)

Fathead minnow
(Pimephales promelas)

Gilthead seabream
(Sparus aurata L)

PE, 38.26 + 15.64 um
PS-MPs, 5 pym and 20 pm

PS, 700 nm

PA, PE, PP, PVC with the size of ~ 70 um
and the sizes PS are 0.1 ym, 1.0 um and

5.0 um

PS, 0.5 and 50 um
PS, 5 and 50 pm
PS, 0.5 um

PS, 1 um

PS, 5.58 & 0.06 um

PS, 15 um

PS 41 nm and polycarbonate 158.7 nm

PVC, 40-150 pm

Toxicity on D. rerio embryos and larvae; Negative effect on embryos’ hatching
rate.

The MPs in fish gills, liver, and gut are 5 yum in diameter, the 20 um MPs are
only found in the liver; inflammation and lipid accumulation in fish liver.
Minimal biodistribution; Internalized MPs caused an immune response; lipid
metabolism and oxidative stress.

Intestinal damage, oxidative stress

PS MPs induced zebrafish gut microbiota dysbiosis and gut inflammation.
Gut microbiota dysbiosis, Genes involved in glucose and lipid metabolism are
disrupted by MPs; Metabolism disorder.

The ingestion, tissue distribution and toxicity on embryos; MPs in the gut and
migrated outside the gut epithelium

MPs enter into the digestive system; MPs decreased the swimming competence
of larvae; Inflammation and oxidative stress related genes were significantly
upregulated on MPs exposure.

MPs in gut but not in other organs; short retention time; Higher BCF and BAF
values than D. magna

MPs reduced feeding activity, decreased swimming and exploration ability; PS
accumulated in gill and gut which caused significantly gallbladder and liver
damaged.

Nano-plastics disturbed the innate immune system of fish

A significant increase was observed in the activity of aspartate
aminotransferase and creatine kinase, as well as in the levels of albumin and

(Malafaia et al., 2020).
(Lu et al., 2016).
(Veneman et al., 2017).
(Lei et al., 2018b).

(Jin et al., 2018).

(Wan et al., 2019).
(Parenti et al., 2019).

(Qiang and Cheng,
2019)

(Elizalde-Velazquez
et al., 2020).
(Yin et al., 2018).

(Greven et al., 2016).

(Espinosa et al., 2017).

glucose.

Common goby PE, 420-500 pm The predatory performance and efficiency of fish decreased under MPs (de Sa et al., 2015).
(Pomatoschistus exposure.
microps)

European sea bass PVC, <0.3 mm Severe histological changes in distal intestine; Alter intestinal tissues. (Peda et al., 2016).
(Dicentrarchus labrax)

African catfish (Clarias LDPE, < 60 um Histopathological damaged in the gill and liver; Altered the blood biochemical  (Karami et al., 2016).
gariepinus) parameters.

Goldfish (Carassius ethylene vinyl acetate (EVA) fibers, PS, Shape and size-dependent effects; Fibers accumulated in gills, gut and feces; (Jabeen et al., 2018).
auratus) and PA, < 5 mm liver damage

Silver barb Barbodes
gonionotus fry

PVC, 0.1-1000 pm

No histopathological damage to gut tissue or gills; gut mucosal epithelium
thickened under PVC exposure.

(Romano et al., 2018).

suggested that PS-MPs can disrupt lipid and energy metabolism in fish
liver (Lu et al., 2016), providing new insights into the molecular
mechanisms of MPs-induced toxicity. In Addition, exposure to MPs may
also induce neurotoxicity and disturb the nerve-related enzymes in
aquatic organisms, such as acetylcholinesterase (AchE). As shown in
Table 3, AchE may be a sensitive and suitable indicator to evaluate the
toxicity caused by MPs.

3.3. Factors influencing the toxicity of MPs to aquatic organisms

Identifying the main influencing factors of the toxicity effects and the
potential toxicological mechanism of MPs on aquatic organisms are the
important link to improve the ecological risks assessment system of MPs.

3.3.1. Direct factors: physiochemical properties of MPs

In toxicological research, regardless of the research focus, the
physicochemical properties of MPs as the basic information must be
provided. Physicochemical properties affect and determine their envi-
ronment