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Microplastics, as globally emerging pollutants, threaten aquatic ecosystems through dual 
mechanisms: (1) exerting direct physicochemical stress on organisms, and (2) interacting 
synergistically with co-existing pollutants, ultimately disrupting food web integrity and 
jeopardizing both ecological security and human health. However, research on the 
ecological risks of microplastics faces important gaps: first, experimental conditions 
differ significantly from real environmental conditions, making it difficult to accurately 
simulate chronic low-dose exposure scenarios; second, cross-scale risk assessments from 
the molecular to the ecosystem level are lacking. This severely hinders the accurate 
understanding and effective management of microplastic risks in aquaculture systems. 
Based on this, this study systematically integrates the cross-scale mechanisms of 
microplastic impacts on aquatic organisms, focusing on their environmental distribution, 
biological exposure pathways, and bioaccumulation characteristics to elucidate their 
toxic effects and ecological risks. The study reveals the “individual-community-system” 
cascade effect of microplastics on aquatic ecosystems, and then proposes standardized 
suggestions for risk assessment of microplastics in aquaculture, providing a theoretical 
basis and practical guidance for risk control of microplastics in both natural and 
aquaculture systems. 

INTRODUCTION 

Global plastic pollution has emerged as one of the most 
pressing environmental challenges. Recent data indicates 
that global annual plastic production has surpassed 360 
million tonnes, but only approximately 7% is effectively re
cycled and reused.1 Among these pollutants, microplastics 
(MPs, <5 millimeters) and nanoplastics (NPs, <1 microme
tre) have become critical environmental threats due to their 
ubiquity, bioavailability, and resistance to degradation.2,3 

Although research on microplastics and nanoplastics has 
grown exponentially in recent years (Figure 1 ), existing re
search still has three key limitations. First, regarding ex
perimental design, most studies use short-term and high-
concentration exposure conditions,4,5 which differ 
substantially from the chronic, low-dose exposures in the 
actual environment. Second, in toxicity assessment, only a 
few species have established specific toxicity thresholds.6‑8 

Notably, most studies have analyzed the effects of mi
croplastics and nanoplastics on aquatic organisms from 
specific perspectives, but there is a lack of comprehensive 
understanding of the effects of these particles on aquatic 
organisms and ecosystems from the microscopic to the 

macroscopic scale. Based on the above research gaps, this 
study used VOSviewer software to conduct a bibliometric 
analysis of research hotspots and trends in the field of mi
croplastics in recent years (Figure 2 ). The results showed 
that although “oxidative stress” and “intestinal damage” 
are current research hotspots (data sourced from Web of 
Science), due to methodological differences (such as par
ticle characterization technology and exposure schemes), 
most research results are difficult to compare directly. 
Microplastics and nanoplastics threaten the health of 

aquatic ecosystems in two main ways: on the one hand, 
their direct toxicity can affect the normal expression and 
regulation of their genes, leading to tissue damage and 
physiological dysfunction in aquaculture organisms.9 On 
the other hand, microplastics, as carriers of pollutants, may 
lead to a decrease in species richness and have a significant 
impact on the structure of the food web.10 It is particularly 
noteworthy that in aquaculture systems, microplastics can 
change the local concentration, environmental persistence, 
environmental behavior, and ecological risks of coexisting 
heavy metals and organic pollutants through adsorption 
and desorption.11 For example, microplastics can increase 
the bioavailability and toxicity of lead in Mytilus coruscus 
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Figure 1. Research progress in MPs studies Statistical       
graph of the number of articles published on         
microplastics in the last five years       

Figure 2. Hot spot map of microplastics research. The        
microplastics theme map based on keywords that        
appeared more than 6 times from 2020 to 2025 was           
constructed by VOSviewer 1.6.17 software      

through adsorption.12 The adsorption of polystyrene (PS) 
nanoparticles can increase the concentration of bisphenol 
A in the head and viscera of zebrafish by 2 times and 2.6 
times, respectively, and aggravate the neurotoxicity of 
bisphenol A in the central nervous system and dopamin
ergic system.13 Therefore, conducting multi-scale studies 
(from molecular to ecosystem level) to clarify the environ
mental behavior and ecological effects of microplastics in 
natural ecosystems and aquaculture systems is of great sci
entific value for a comprehensive assessment of their risks. 
Based on a multi-scale perspective, this review summa

rizes the latest research results in freshwater and marine 

environments and systematically explores the three core 
issues of microplastic pollution. (1) It clarifies the char
acteristics and distribution of microplastics in aquatic en
vironments, focusing on the migration characteristics and 
driving factors of microplastics, (2) It analyzes the current 
status of microplastic pollution in aquatic organisms and 
their response mechanisms. Based on biological, histolog
ical and toxicological evidence, it comprehensively evalu
ates the microplastic exposure characteristics and health 
risks of aquatic organisms at different trophic levels, (3) It 
systematically expounds on the multi-scale impacts of mi
croplastics on aquatic ecosystems and comprehensively an
alyzes their ecological effects from the microscopic (mol
ecular and cellular levels) to the macroscopic (ecosystem) 
level. Finally, the review proposes standardized recommen
dations for risk assessment of microplastics in aquaculture, 
providing theoretical support for the formulation of ecolog
ical management strategies, especially for the scientific ba
sis for the control of microplastics in high-risk aquaculture 
systems 
. 

CHARACTERISTICS AND DISTRIBUTION OF 
MICROPLASTICS IN AQUATIC ENVIRONMENT 

SOURCES AND FORMATION OF MICROPLASTICS 

In modern society, plastic products are produced and used 
in large quantities, and with the increasing global plastic 
production, many plastics are discarded at will because 
they cannot be recycled.14 These discarded plastics finally 
enter the water environment through natural forces such as 
wind, rivers, and precipitation. Microplastics have become 
one of the new pollutants in the world, such as polystyrene 
(PS), polytetrafluoroethylene (PTFE), polyvinyl chloride 
(PVC), polyamide (PA), polyethylene (PE), and polypropy
lene (PP).14 Microplastics have been ubiquitous in the envi
ronment, and their sources are quite diverse. Microplastics 
can be divided into primary microplastics and secondary 
microplastics according to their sources: primary mi
croplastics are directly discharged from land to the aquatic 
environment, such as tiny plastic particles added in deter
gents and cosmetics.15 Secondary microplastics are mainly 
microplastics produced by the division and degradation of 
larger plastics in the environment through physical, chem
ical, and biological processes,16 including microplastics 
formed by the decomposition of large plastic articles in the 
ocean due to weathering, water currents, microbial action, 
and ultraviolet radiation.17 

THE CHARACTERISTICS OF MICROPLASTICS 

Microplastics are composed of different polymers. Plastic 
fragments have different shapes, sizes, and colors, while 
different polymers possess distinct physicochemical prop
erties and aquatic distribution patterns. These character
istics collectively determine microplastic bioavailability to 
organisms and habitats. Plastic fragments such as poly
styrene, polyethylene, and polypropylene will float on the 
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surface of water due to buoyancy, while plastics with higher 
density, such as polyvinyl chloride and nylon, can easily 
sink into water, so these microplastics are dispersed in wa
ter columns at different depths.18 Because of their minus
cule size, microplastics can spread widely in the environ
ment, can be ingested by aquatic organisms, and may 
eventually affect human health through the food chain. 
Microplastics have high surface areas and porous struc

tures and can adsorb many organic and inorganic sub
stances in the environment, which makes microplastics act 
as carriers and combine harmful substances to exist in the 
water environment. Microplastics in the aquatic environ
ment can migrate and transform through the food chain 
and accumulate in organisms. Microplastics accumulated in 
aquatic organisms of different trophic levels will be trans
mitted throughout the food chain along with the predation 
relationship. Trophic level transfer represents a pivotal 
process of microplastics movement and distribution in the 
marine ecosystem.19 There are various ways to migrate and 
transform microplastics through trophic levels in the food 
chain. 
Microplastics entering the aquatic environment can ad

sorb bacteria and other microorganisms, become carriers of 
these microorganisms, and form a biofilm on the surface 
of microplastics, which may enhance pollutant transfer.20 

Concurrently, microplastics have the capacity to absorb sig
nificant quantities of heavy metals, including cadmium 
(Cd), chromium (Cr), copper (Cu), iron (Fe), and lead (Pb).21 

A significant positive correlation was found between the 
content of PVC and PS and the presence of heavy metals 
(Pb, Cu, and Zn) in marine sediments. This is primarily 
due to the higher density of PS and PVC, which favors 
their deposition in sediments.22 Similarly, the interaction 
between copper ions and small organic molecules or sur
factant groups on the surface of polystyrene enhanced the 
adsorption capacity of PS particles.23 Furthermore, mi
croplastics act as carriers, transporting pollutants such as 
heavy metals to organisms. The accumulation of microplas
tics will lead to an increase in the levels of pollutants. The 
presence of heavy metals will aggravate their toxicity.8 At 
the same time, microplastics in the environment will un
dergo different degrees of aging. After aging, the surface of 
microplastics is rough, the specific surface area increases, 
and their adsorption capacity for heavy metals increases 
proportionally. After entering the food chain, microplastics 
enriched with heavy metals cause greater harm to the food 
chain and harm aquatic organisms to varying degrees. 
However, the adsorption capacity of microplastics for 

heavy metals varies across different aquatic environments 
(e.g., pH and salinity).24 Liu et al.25 reported that pH exerts 
a significant influence on the adsorption behaviour of mi
croplastics by modulating their surface charge and the con
figuration of metal ions.25 In the context of elevated pH 
levels, the decline in free ions facilitates the adsorption of 
metal cations, including Pb²⁺, Cd²⁺, Ni²⁺, and Co²⁺, on 
the surface of microplastics. Moreover, other studies have 
demonstrated that within the pH range of 5-9, the adsorp
tion of Cd²⁺ on microplastic surfaces exhibits a tendency 
to first increase and then decrease.26,27 In a similar man

ner, water salinity is also a pivotal environmental para
meter influencing the capacity of microplastics to adsorb 
metals. Holmes et al.28 found that increased salinity signif
icantly reduced the adsorption rates of Co, Ni, and Cd by 
microplastics, but simultaneously promoted the adsorption 
of Cr28Consequently, when comparing the adsorption effi
ciency of microplastics for different heavy metals and their 
differences in biological toxicity, variations in water en
vironmental conditions must be considered. Furthermore, 
the question of whether microplastics that adsorb heavy 
metals augment the genotoxicity of these metals to fish is a 
matter of significant concern. 

DISTRIBUTION CHARACTERISTICS AND ANALYTICAL 
TECHNIQUES FOR MICROPLASTICS IN AQUATIC 
ENVIRONMENTS 

Microplastic pollution exhibits a global distribution trend. 
Research indicates that microplastics are present in nearly 
all marine regions worldwide,29 including critical aquacul
ture zones. Eriksen et al.30 documented diverse microplas
tic morphotypes (size, shape, texture) and polymer com
positions across 21 sampling sites in the South Pacific 
Subtropical Gyre.30 Notably, microplastic abundance varies 
significantly across marine regions, with pollution levels 
particularly elevated near industrial hubs and urban cen
ters—areas that concurrently serve as major aquaculture 
zones. This pattern is also evident in China’s nearshore wa
ters. Zhao et al.31 conducted a systematic survey across 72 
stations in the Bohai and Yellow Seas, confirming wide
spread microplastic distribution in these vital aquaculture 
regions and highlighting their potential threat to shellfish 
and finfish aquaculture.31 

Further research indicates that the distribution patterns 
of microplastics are driven by multiple factors, with natural 
hydrodynamic processes such as tides and ocean currents 
playing a key regulatory role. Wessel et al.32 confirmed that 
areas directly influenced by hydrodynamic forces exhibit 
higher microplastic abundance and diversity.32 Conversely, 
freshwater ecosystems are more susceptible to human ac
tivity interference. Yusuf et al.33 noted that urban devel
opment, population density, and industrial activities within 
a watershed are the primary influencing factors.33 Taking 
the Yangtze River Estuary as an example, the concentra
tion of microplastics (primarily fibres, particles, and films) 
in its surface waters is significantly higher than in adjacent 
seas. These areas are important aquaculture bases, and mi
croplastic pollution may affect the health of farmed organ
isms through the food chain.34 

In order to accurately assess these complex distribution 
characteristics and their impact on aquaculture, it is neces
sary to establish a reliable detection method system. Cur
rently, three primary techniques are employed: (1) Pyroly
sis gas chromatography–mass spectrometry (Py-GC/MS) is 
suitable for quantitative polymer analysis in aquaculture 
waters, but it cannot determine particle count or size35; 
(2) Micro-Fourier transform infrared spectroscopy (μ-FTIR) 
can simultaneously acquire morphological and chemical in
formation on microplastics, but its resolution is limited 
for particles <10 μm36; (3) Raman spectroscopy effectively 
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Figure 3. Microplastic accumulation in grass carp      
(Ctenopharyngodon idellus ) tissues. (A, B) Intestines      
showing black microplastic particles (labelled MPs);       
(C, D) Gills with visible MPs. These observations         
demonstrate tissue-specific MP distribution,     
confirming ingestion by grass carp. All panels share a          
500 µm scale bar.     

detects small particles, but is highly susceptible to fluo
rescence interference from organic matter in aquaculture 
water.37 Therefore, method selection should integrate con
siderations of target particle size, sample matrix, data re
quirements, and interference resistance to ensure analyti
cal reliability in aquaculture environments. 

IMPACTS OF MICROPLASTICS ON AQUATIC 
ORGANISMS AND ECOLOGICAL SYSTEMS 

THE IMPACT OF MICROPLASTICS ON THE HEALTH OF 
AQUATIC ORGANISMS 

Feeding constitutes the fundamental behavior for aquatic 
organisms to obtain energy. Numerous aquatic species in
advertently ingest microplastics during feeding 
processes,38 leading to progressive accumulation within or
ganisms (e.g., zooplankton and fish). This bioaccumulation 
can induce mechanical damage, gastrointestinal obstruc
tion, and reproductive impairment in affected organisms, 
with severe cases causing mortality.39 Studies indicate that 
after three days of exposure to microplastics, fish exhibited 
significantly higher concentrations of microplastics in their 
gill and intestinal tissues compared to control groups (Fig
ure 3 ). 
The effects of microplastics on aquatic organisms arise 

from complex interactions between exposure parameters 
(concentration, duration) and particle characteristics (size), 
resulting in multifaceted impacts. The existing experimen
tal evidence indicates that long-term low-dose exposure 
(3% body weight daily for 114 days) induced oxidative stress 

in brown sea bream (Sparus aurata) without altering feed
ing behavior or triggering inflammation40; Short-term 
high-concentration exposure (10 mg/L for 14 days) caused 
significant tissue damage in zebrafish (Danio rerio), includ
ing cellular swelling, mucosal necrosis, and intestinal vac
uolization41; Moderate-concentration exposure (500 μg/L 
for 14 days) significantly inhibited the growth rate of the 
grass carp (Ctenopharyngodon idella).42 These results not 
only corroborate the concentration effect but also under
score the limitations of studies on species sensitivity dif
ferences. With regard to the effects of particle size, larger 
microplastics (15 μm) primarily resulted in mechanical in
testinal damage and growth inhibition, while smaller parti
cles (0.5 μm) primarily induced liver damage and oxidative 
stress.43,44 The multi-scale visualization research system 
elucidates the underlying mechanism (Figure 4 ). At the 
macro level, the system demonstrates the spatial distribu
tion of microplastics within the gills and gastrointestinal 
tract. At the micro level, it reveals the process by which 
particles are retained by the gill filtration structure and 
dynamically interact with the intestinal epithelium. Con
currently, the figure distinctly differentiates between two 
exposure pathways: direct contact through the gills and in
gestion through feeding (Figure 4 ). This finding can facili
tate a more profound comprehension of the organ-specific 
accumulation mechanism of microplastics. 
Microplastics significantly disrupt molecular-level phys

iological functions in aquatic organisms through three pri
mary mechanisms: oxidative stress, reproductive endocrine 
disruption, and intestinal barrier damage. Oxidative stress 
mechanisms are evidenced by zebrafish studies where 3-μm 
polystyrene microplastics (PS-MPs) induce reactive oxygen 
species (ROS) overproduction, concurrently upregulating 
ROS-responsive genes (e.g., sod1, cat) and antioxidant en
zyme transcription.45 In terms of reproductive health: (1) 
Endocrine disruption: Exposure to microplastics resulted 
in significant reductions in follicle-stimulating hormone 
(FSH), luteinizing hormone (LH), and sex steroid hormone 
levels in loggerhead turtles.46 (2) HPG axis disruption: Ex
posure to PS-MPs resulted in abnormal expression of key 
genes in the hypothalamic-pituitary-gonadal (HPG) axis in 
mudskippers.47 (3) Increased apoptosis: Pathological dam
age and apoptosis were observed in gonadal tissues. (4) Ga
mete development disorders: Manifested as reduced sperm 
parameters and decreased egg hatching rates.48 In terms of 
intestinal health, PS-MPs disrupt the physical barrier func
tion of the intestinal tract in Leuciscus waleckii, activate 
the pro-inflammatory NF-κB signalling pathway while in
hibiting the antioxidant Nrf2 pathway, and induce intesti
nal inflammation.49 It is worth noting that while current 
laboratory high-concentration exposure experiments can 
elucidate toxic mechanisms, they may overestimate actual 
risks. Future research should focus on low-concentration, 
long-term, and multi-pollutant exposure scenarios to more 
accurately assess the ecological health risks of microplas
tics. 
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Figure 4. Conceptual model of microplastic accumulation in the fish gastrointestinal tract and gills             

EFFECT OF MICROPLASTICS ON THE FOOD CHAIN 

Due to their durability and resistance to degradation,50 mi
croplastics are gradually enriched in the food chain. For ex
ample, small fish ingest zooplankton containing microplas
tics, and microplastics will accumulate in large fish through 
the trophic transfer of food chain.51 In this way, microplas
tics may accumulate among advanced consumers in the 
food chain.52 It is found that both microplastics and 
macroplastics will cause potential obstacles to the physio
logical function of beaked whales and can lead to a decrease 
in the number of individuals and destroy the stability of the 
nutrient chains in the ocean.53 

The impact of microplastics on aquatic ecosystems ex
hibits multi-scale cascading effects, with their mechanisms 
of action following a transfer pathway from individuals to 
communities to ecosystems. At the individual level, the 
impact of microplastics on aquatic organisms is size-de
pendent: larger microplastics (1-5 mm) cause mechanical 
damage through surface retention,54 while ingested mi
croplastics can damage the digestive tract mucosa and im
pair nutrient absorption.55 Even nanoplastics can penetrate 
cell membranes and significantly alter gene expression by 
disrupting cellular metabolic homeostasis, inducing oxida
tive stress, and altering epigenetic regulation.45 These 
multi-layered physiological disturbances ultimately lead to 
phenotypic abnormalities in aquatic organisms, such as re
duced growth and reproductive rates. Damage at the indi
vidual level can have cumulative effects at the community 
level, significantly reducing the abundance of pollution-
sensitive species, altering interspecific competition, and ul
timately decreasing community diversity.10 At the ecosys
tem level, microplastics exert their impacts through two 
pathways: first, by directly inhibiting the photosynthetic 

efficiency of primary producers by changing the optical 
properties of water bodies (e.g., reducing transparency)56; 
second, by interfering with energy flow pathways through 
trophic cascade effects, manifested as:(1) changes in the 
population dynamics of key species,53 (2) disruption of 
trophic cascading relationships,10 and (3) reduced energy 
transfer efficiency.57 These mechanisms interact, ulti
mately leading to the degradation of ecosystem functions. 
This cross-scale cascade effect is amplified step by step 
through bioaccumulation, habitat changes, and the reshap
ing of interspecies relationships, fully revealing the com
plex transmission process of microplastics from the micro
scopic to the macroscopic level,55 thus fully revealing the 
complex transmission process of microplastics from the mi
croscopic to the macroscopic level. However, its specific ac
tion thresholds and long-term ecological risks still require 
further quantitative research. 

IMPACT OF MICROPLASTICS ON HUMAN HEALTH 

As consumers at the top of the food chain, humans are the 
ultimate accumulators of microplastic pollution. Numer
ous studies have confirmed that microplastics can enter the 
human body through various pathways, including diet and 
respiration, and are widely distributed in various tissues, 
disrupting physiological balance and triggering a chain re
action of pathological reactions, ultimately posing a signifi
cant threat to health.58 Recent data show that microplastics 
are most abundant in human feces (33 particles/g), indi
cating that the digestive tract is the primary route of ex
cretion. Detection in breast milk (10 particles/g), placenta 
(5.2 particles/g), and lung tissue (0.63 particles/g) confirm 
their potential accumulation in the body.59 More concern
ingly, a survey of over 200 surgical patients revealed that 
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nearly 60% had microplastics, or even smaller nanoscale 
particles, in their aortas.60 Microplastic particles of varying 
forms have also been found in human placental tissue.61 

Critically, clinical studies further found that among nearly 
300 subjects, individuals whose arterial plaque fatty de
posits contained microplastics had significantly increased 
incidence and mortality of cardiovascular disease.62 

The harm microplastics pose to human health is primar
ily achieved through the following mechanisms: firstly, mi
croplastics can be absorbed by special epithelial cells in 
the intestine, enter the bloodstream via the lymphatic sys
tem, and then enter the liver and gallbladder via the lym
phatic system,63 Secondly, microplastics have the ability to 
break through physiological barriers and can penetrate the 
placental barrier and blood-brain barrier.64 Finally, within 
the vascular system, microplastics have been demonstrated 
to induce oxidative stress, activate inflammatory pathways, 
and lead to endothelial dysfunction and the instability of 
atherosclerotic plaques.65 Collectively, these mechanisms 
elucidate the transition of microplastics from environmen
tal pollutants to pathogenic factors that pose a threat to 
human health. This scientific understanding provides a 
foundation for the development of preventive and control 
measures. 

INTEGRATED EFFECTS AND MITIGATION STRATEGIES 
FOR MICROPLASTIC AND HEAVY METAL CO-POLLUTION 

Different polymers exhibit significant differences in their 
adsorption capacity for heavy metals. Studies have shown 
that polylactic acid (PLA) has a significantly higher adsorp
tion capacity for Cu than polyethylene (PE), polystyrene 
(PS), and polyethylene terephthalate (PET), and its adsorp
tion capacity for Pb²⁺ is also superior to other heavy met
als.12 In contrast, polyvinyl chloride (PVC) particles exhibit 
a stronger affinity for Cu and Zn, with aged PVC fragments 
adsorbing more Cu than PS particles. This may be due to 
the increased specific surface area during pyrolysis, which 
leads to a relative increase in heavy metal adsorption ca
pacity.66 Notably, environmental factors such as pH, humic 
acid, temperature, and SO₄²⁻ concentration significantly 
influence the adsorption of Pb²⁺ and Cu²⁺ by PP and PS 
microplastics.67 Furthermore, microplastics such as PP and 
PVC have good adsorption properties for heavy metals such 
as Mn and Pb, and the differences in adsorption of Pb, Cu, 
and Cd by PP microplastic particles are closely related to 
adsorption time and metal ion concentration.68 It is im
portant to emphasize that the adsorption capacity of mi
croplastics for metal ions decreases with increasing particle 
size, and as microplastic concentration increases, the com
bined effect of microplastics and heavy metals shifts from 
antagonism to a synergistic effect.69 

Heavy metals adsorbed on microplastics, when ingested 
by aquatic organisms, can lead to increased potential tox
icity.70 Once entering the food chain, heavy metals pose a 
threat to aquatic life and human health. Multiple studies 
have confirmed the synergistic toxicity of this combined 
pollution. Jinhui et al.71 found that heavy metals such as 
Cu, Cd, and Pd attached to microplastics can cause oxida
tive damage, such as lipid peroxidation, in the hippocam

pus, and confirmed that these effects are primarily due to 
heavy metal accumulation rather than the microplastics 
themselves.71 Similarly, Yan et al.72 demonstrated that the 
combination of microplastics with Cd, Pb, and Zn reduced 
gut microbial diversity in medaka and increased the pollu
tant load in their gut.72 Qiao et al.73 found that Cu exac
erbated the toxic effects of microplastics in zebrafish, lead
ing to oxidative damage and inflammatory responses in the 
intestine and liver. These findings are supported by multi
ple studies, including one demonstrating that the coexis
tence of heavy metals (Cu and Pb) with microplastics can 
severely disrupt the gut microbiome of zebrafish larvae.74 

Furthermore, studies on marine mussels (Mytilus coruscus) 
have shown that simultaneous exposure to microplastics 
and Pb significantly increases oxidative damage, placing 
greater strain on their immune systems.12 However, other 
studies have found that the adsorption of Cd²⁺ by poly-PS 
and PE can reduce its toxicity to Chlorella vulgaris by re
ducing its bioavailability.75 

Although some experiments have proved that microplas
tics can cause harm to aquatic organisms (Figure 5 ;  Table  
1), significant knowledge gaps persist regarding the direct 
impact of microplastics on human health. In order to ad
dress this environmental challenge, researchers have iden
tified microorganisms capable of breaking down microplas
tics and accelerating their biodegradation. This is of critical 
importance for both biological and environmental protec
tion.76 Therefore, developing biodegradable polymer alter
natives is a key strategy to control microplastic pollution at 
its source. Furthermore, it is imperative to establish food 
safety regulations and revise standardized protocols for the 
collection and detection of microplastics, providing strong 
support for long-term research on the accumulation pat
terns of microplastics in organisms and their pathogenic 
thresholds. 

SUMMARY AND FUTURE PERSPECTIVES 

Currently, promoting the construction of a standardized 
system for microplastic research should focus on the fol
lowing three core areas: (1) establishing a standardized 
sampling technology system, including standardization of 
key parameters such as mesh aperture, trawl length, speed, 
sampling time and depth; (2) developing a unified pre
treatment methodology, by precisely controlling digestion 
time and temperature, and optimizing the oxidation-acid-
base hydrolysis-enzymatic hydrolysis protocols for differ
ent matrix samples; (3) instituting a data sharing mecha
nism, mandating the disclosure of core metadata such as 
particle size distribution and polymer type to ensure the 
comparability and reproducibility of research results. These 
approaches will provide a reliable scientific basis for the 
ecotoxicological assessment of microplastics and thus sup
port the improvement of the ecological environment and 
the aquaculture risk prevention and control system. 
Future research should focus on: (1) developing stan

dardized sampling equipment suitable for different water 
types; (2) establishing a standard for rapid identification of 
microplastics based on artificial intelligence; and (3) pro
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Figure 5. Schematic representation of microplastic pollution impacts on aquatic organisms, human health, and             
ecosystems  

Table 1. Effects of microplastics on organisms and ecosystems and specific manifestations           

Impact 
Aspect of 

impact 
Specific manifestation References 

Organismal 
health 

Toxic effects 

Causes intestinal damage, altered colonic microbiota, increased susceptibility to pathogens, 
and marked hepatic congestion in grass carp 

42 

Prolonged exposure to microplastics negatively affects the reproductive abilities of 
crustaceans, reducing the likelihood of egg hatching 

48 

Disruption of the internal balance in zebra mussels results in increased energy expenditure 
and reduced growth rates 

27 

Digestive 
Problems 

Microplastics can reduce the feeding rate of brine shrimp, exacerbate intestinal health 
problems, and cause intestinal inflammation and cellular damage 

77 

Energy intake Microplastics can impair the digestive system and cause satiety or inflammation 78 

Food chain 

Disruption of 
the food chain 

The reduction in organism abundance and physiological dysfunction caused by microplastics 
disrupts the stability of the food web 

53 

Decline in 
biodiversity 

Microplastics can cause species extinction, community structure changes, and food web 
disruption 

54 

Habitat 
destruction 

Microplastics affects photosynthesis and destroys habitat for aquatic organisms 56 

Genetic 
contamination 

Microplastics can induce oxidative stress and DNA damage, ultimately leading to 
genotoxicity 

79 

Human 
health 

Risks to 
human health 

Microplastics can enter the liver and gallbladder via the lymphatic system 63 

Microplastics can be absorbed by the gastrointestinal tract and lungs, potentially causing 
harm to these organs 

64 

Microplastics may contribute to fat deposit accumulation, potentially resulting in vessel 
occlusion 

65 

Combined 
toxicity 

Toxic effects 

Microplastics in combination with Cu, Cd and Pd induce lipid peroxidation and other 
oxidative damage in the hippocampus, leading to increased mortality 

71 

Microplastics in combination with Cd, Pb and Zn reduced the diversity and abundance of 
intestinal microbiota in carp, resulting in higher intestinal contamination 

72 

Cu exacerbated the toxicity of microplastics in zebrafish, causing oxidative damage and 
inflammation in the intestine and liver 

73 

moting the construction of a global unified microplastic 
database. Through cross-disciplinary and international co
operation, a standardized research framework covering the 
entire continuum of “sampling-analysis-assessment-man
agement” will eventually be formed. 
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