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INTRODUCTION 
-------------------------------------------------------- 

Microplastics (MPs) are plastic Molecules larger than 5 

mm that are generated from wide range of causes 

including decomposition of plastic trash, synthetic 

textiles besides manufacturing, it is characterized by 

chemical stability, low decomposition frequency, and 

ubiquitous dispersion within aquatic environments 

(Jovanović, 2017; Banaee et al., 2024). 

Plastic spread over the ecosystem can readily enter into 

bodies of water, the latest survey from 2020 even states 

that plastic garbage flows into the ocean at a pace of about 

eleven million tons every year (PEW, 2022). MPs and 

Nano plastics (NPs) are global and found extensively in 

the air (Abbasi et al., 2019), land (Guo et al., 2020), ocean 

(Wang et al., 2020), rivers (Han et al., 2020) as well as in 

the bottom sedimentary layers of polarized freshwater 

bodies (González-Pleiter et al., 2020). MPs and NPs 

could be found in several compartments of the 

environment and affect a healthy environment (Wang et 

al., 2021). MPs from earth-based and airborne sources 

created by primary or secondary release pathways enter 

aquatic environments via numerous routes, depending if 

they were created at that size or broken apart from larger 

debris (Andrady, 2011; Mo, 2026).The fact that MPs are 

in aquatic ecosystem poses a particular threat to fish by 

means of direct ingestion and habitat transmission, which 

may result in imbalances in the ecosystem and carriage a 

risk to the health of fish in addition humans by eating 

seafood (Fred-Ahmadu et al., 2024; Wannas and 

Mohammed, 2025). 
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A B S T R A C T 

 

Microplastics in aquatic ecosystem has a cumulative effect on the environment, 

especially fish population, which is directly associated with human health. The 

impact on fish health differs among the neurological, digestive, and immune 

systems, as well as behavioral, circulatory, and antioxidant defense systems. 

This study aims to review previously published studies about the correlation 

between microplastics and physiological alteration in fish. 

 

 
 الأسماك والنظام البيئي: مراجعة شاملة فسلجهتأثير الجسيمات البلاستيكية الدقيقة على 

   

 ضياء هادي هند         كامل وناس   علي     ي عل سهاد حمزه محمد
 

دث الجسيمات البلاستيكية الدقيقة الموجودة في النظم المائية تأثيراً تراكميًّا على البيئة، ولا سيما على أعداد الأسماك، وهو ما  تُح
والجهاز الهضمي والجهاز المناعي، يرتبط ارتباطاً مباشرًا بصحة الإنسان. ويتنوع تأثيرها على صحة الأسماك بين الجهاز العصبي 

فضلًا عن السلوك والجهاز الدوري وأنظمة الدفاع المضادة للأكسدة. وتهدف هذه الدراسة إلى استعراض الدراسات التي نحشرت 
 .سابقًا حول العلاقة بين الجسيمات البلاستيكية الدقيقة والتغيرات الفسيولوجية في الأسماك
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In fish, MPs are primarily swallowed, and it is 

hypothesized that the ingested particles linger in the 

digestive tract, translocate to other organs and are 

eventually expelled (Fossi et al., 2018). Moreover, MPs 

tended to adhere to fish skin and migrate to other organs 

for example liver, gills in addition muscles (Su et al., 

2019). Wright and Kelly (2017) showed that tiny plastic 

fragments can cross via cell membranes as well passage 

through the circulatory system otherwise lymphatic 

channels, indicating that microplastics might be 

distributed across the body of the fish. 

The objective of this study is to review previous research 

on the impact of plastics and their risks to fish and the 

aquatic ecosystem. 

CATEGORIES OF MICROPLASTICS 

 

Microplastics are usually grouped into categories 

(Figure 1): 

1. Original-Based 

• Primary Sources (micro-sized made) 

Include personal care products: Microbeads in facial 

cleansers, toothpaste and cosmetics slip by filters 

utilized for wastewater treatment. Industrial pellets, also 

known as nurdles, are resin pellets used to make plastic. 

They are often released accidentally into bodies of water 

by leakage during shipping or handling. Abrasives: The 

microplastics used in the sandblasting process to 

eliminate paint and rust from ship hulls and surfaces are 

released directly into marine ecosystems (Chaukura et 

al., 2021). 

• Secondary Sources (Broken down of larger 

plastics) 

Synthetic Textiles: Polyester or nylon clothing release 

thousands of Fibers per wash and are regularly found in 

freshwater and marine sediments. Vehicle tire wear leads 

to mechanical abrasion of the tires and produces particles 

that are transferred by urban runoff to rivers and coastal 

oceans. Plastic bags, bottles and packaging degrade under 

the effect of UV radiation, wave action and oxidation, 

resulting in irregular fragments. Maritime and fishing 

activities – Fishing gear (nets, ropes) that is abandoned, 

lost or discarded (ALDFG) provides Fibers and pieces to 

the oceans. (Andrady, 2011; Chaukura et al., 2021; 

Cverenkárová et al., 2021). 

 

2. Shaped-Based 

Microplastics are frequently described in terms of their 

morphology, which provides an idea of their 

environmental origin and fate. Researchers generally 

recognize five major forms: Fibers, pieces, films, 

beads/pellets and foams. Fibers are threadlike particles, 

often from synthetic Fibers and fishing lines. Brocken 

fragments are abnormally shaped that are formed by 

breakage of large sized plastic products such as bottles or 

packaging. Films are thin, flat sheets from plastic bags 

and wrappers. Beads or pellets are round particles, often 

produced as cosmetic microbeads or industrial nurdles. 

Foams are porous, lightweight materials, like polystyrene 

packaging (Hidalgo-Ruz et al., 2012).  

 

3. Polymer Type-Based 

Microplastics are divided into groups based on their 

chemical composition, distribution, and industrial use 

into Polyolefins which include, polyethylene (PE) in bags 

and bottles, polypropylene (PP) in packaging and textiles. 

High Density Polymers including, polystyrene (PS) in 

foams and disposable cutlery, polyvinyl chloride (PVC) 

in pipes and construction materials, and polyethylene 

terephthalate (PET) in beverage bottles and fabrics 

(Hidalgo-Ruz et al., 2012; Subaramaniyam et al., 2023) 

as shown in table (1).  

The presence of MPs is depending on their densities (Li 

et al., 2020). PE as well PP are found generally at the 

upper portion of the ocean because of their lower 

densities, whereas PVC and PET are vertical mixed in the 

water column (Song et al., 2018). The most prevalent 

MPs are PE, PET, PP, and PVC, which making up 29.1%, 

20%, 18%, and 15.3% of worldwide plastics, respectively 

(Nkwachukwu et al., 2013). PP and PE are the most 

abundant MPs in environments, PP is frequently detected 

at high level in water bodies, in contrast PE is 

comparatively high in soils and sediments (Koutnik et al., 

2021; Orona-Návar et al., 2022; Xi et al., 2022). PE and 

PET are the most frequent MPs found in the air (Wang et 

al., 2021a).   

 

Table (1): Classification of MPs Polymers 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Size-Based 

Microplastics are classed by size, an important 

characteristic that affects their environmental movement, 

bioavailability and toxicity. In a study, Hartmann et al. 

(2019), demonstrated that the commonly accepted 

definition describe microplastics as particles ranging 

from 1 μm and 5 mm, besides the smaller in size pieces 

are called Nano plastics with a size less than 1 μm, as a 

new developing category of concern since they can 

penetrate biological membranes and accumulate inside 

cells, mesoblastic between 5 to 25 mm and macro plastics 

more than 25 mm, that degrade by time via physical, 

chemical as well biological mechanisms into 

microplastics.  
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Fig. (1): Categories of Microplastics (Generated by 

Notebook LM 

THE MAIN PATHWAYS OF MICROPLASTICS TO 

ECOSYSTEMS 
--------------------------------------------------------
Microplastics enter ecosystems through multiple 

pathways (Figure 2), firstly, wastewater and sewage, 

where microbeads in cosmetics as well as fibres in 

synthetic fabrics undergo filtration processes at 

wastewater treatment plants and are then released straight 

into rivers and coastal waterways (Roy et al., 2022). 

 

 

 

 

 

 

 

 

 

Fig. (2): Pollution Pathway of Microplastics to 

Ecosystems (Generated by Notebook LM) 

Secondly, surface runoff and urban stormwater in which 

Rain and runoff from agricultural areas wash tire wear 

and decomposing plastic waste particles into streams and 

lakes (Hartmann et al., 2019). Thirdly, atmospheric 

deposition microplastics generated by textiles and 

industrial emissions are transported by wind and 

deposited in terrestrial and aquatic ecosystems, Detected 

even in distant areas such as the Arctic (Roy et al., 2022). 

Fourthly, direct littering and mismanaged waste, under 

the influence of ultraviolet radiation and mechanical 

wear, plastic bags, bottles and packaging containers are 

destroyed, their fragments leaching into the soil and 

water. Fishing equipment additionally contributes greatly 

to the contamination of marine ecosystems with 

microplastics (Hidalgo-Ruz et al., 2012). Finaly, 

aquaculture and agricultural inputs, plastic bags for feed, 

ropes and aquaculture equipment contribute directly to 

the introduction of microplastics into aquatic systems. 

Plastic mulch used in agriculture also degrades and 

disperses into the land and water bodies (Roy et al., 

2022).  

INTERACTION BETWEEN MPS AND 

ENVIRONMENTAL STRESSOR 
 

The damage from plastics is cumulative, and exacerbated 

by environmental stressors like lack of oxygen, this 

causes physiological damage such as reduced immune 

function and oxidative stress. Fish larvae and juveniles 

are potentially especially vulnerable to the added stress of 

low oxygen conditions when they eat microplastics 

because of their high metabolic rates and undeveloped 

defensive barriers (Mathew et al., 2024; Hu et al., 2022; 

Kaundal and Singh 2025). 

Airborne MPs and NPs absorb light and aid in 

atmospheric warming and could act as ‘short-lived 

climatic forcers’ like black carbon (Liu et al., 2026). 

Climate change has resulted in increased UV radiation 

and harsh weather events, which facilitate the 

decomposition of bigger plastics into microplastics and 

their subsequent dissemination within ecosystems 

(Barletta, 2026; Liu et al., 2026). Popular MPs, especially 

polyolefins, have a strong potential to adsorb 

hydrophobic organic pollutants such as polycyclic 

aromatic hydrocarbons (PAHs) (Agboola and Benson, 

2021). Spread of MPs influenced by numerous water 

factors such as temperature, nutrition concentration, 

suspended components (Ratnasari et al., 2024). 

Temperature and humidity affect the deterioration of 

microplastics and their transformation into polymers 

(Pfohl et al., 2025), the heat produced via the sun results 

in methane emissions because of the breakdown of MPs, 

further leading to the release of greenhouse gases (GHGs) 

in the atmosphere along with raising the global 

temperature (Ratnasari et al., 2024).The acidification of 

the oceans is mainly caused by the uptake of atmospheric 

carbon dioxide, leading to considerable changes in the 

chemical environment of the marine ecosystem. 

This shift in seawater pH alters the surface 

features of MPs in addition how they interact with 

contaminants such as heavy metals as well organic 

compounds (Liu et al., 2021; Zhao et al., 2022). The 

interaction of MPs with environmental stresses 

normally impacts four major biological domains: 

Growth is substantially negatively impacted; energy 

is diverted to stress restoration. Reproduction, 

increased sensitivity Colony size and form 

decreased. Raised formation of reactive oxygen 
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species (ROS) can cause oxidative stress and DNA 

damage. Sublethal effects are important, although 

the combination of stressors does not always lead to 

a large increase in immediate death than stressors 

alone (Wang et al., 2021b).  

 

MICROPLASTIC AS A CARRIER FOR 

POLLUTANTS 

-------------------------------------------------------- 

MPs are now more commonly seen as mobile 

vectors of pollutants in water-based ecosystems than 

as inert plastic particles (Gateuille and Naffrechoux, 

2022). Their tiny size, high specialized surface 

region and hydrophobic surfaces allow it to adsorb a 

broad spectrum of pollutants which include heavy 

metals, pesticides, pharmaceuticals alongside 

persistent organic compounds via conventional 

processes such as hydrophobic partitioning, π–π 

stacking, hydrogen bonding, electrostatic attraction 

and van der Waals interactions (Jiang et al., 2021). 

MPs have tiny particle diameters, poor 

photodegradability, and serve as effective 

transporters of contaminants. They can absorb, 

carry, and discharge contaminants in aquatic 

environments, generating complex binary pollutants 

by physicochemical reactions (Mousazadehgavan, 

2026; Ali et al., 2025). 

MPs are not enduring sinks, but reactive 

transporters, where the adsorption-desorption 

equilibrium is regulated by circumstances (Holmes 

et al., 2012). External causes like ultraviolet 

radiation and oxidative stress change the chemistry 

of the plastic surface, raising its roughness and thus 

increasing the interaction coefficient and adsorption 

ability (Wang et al., 2020). The ability to absorb 

water of MPs for different pollutants is strongly 

reliant on the pH, salinity and temperature of the 

water around them, which may cause the flow of 

bound toxins returning to the environment, turning 

microplastics from temporary traps into secondary 

sources of pollution. For instance, a high pH may 

facilitate metal binding, whereas elevated salinity 

may hinder sorption because of competition from 

background ions (Lu et al., 2020), MPs can absorb 

and transportation chemicals involving heavy 

metals such as lead (Pb), cadmium (Cd), and 

mercury (Hg), per- and polyfluoroalkyl substances 

(PFAS), and persistent organic pollutants (POPs) 

throughout trophic zones, which raises toxicological 

effects throughout food chains. The complicated 

surface chemistry of MPs boosts its contaminant 

adsorption, an action modified through 

environmental factors like pH, salinity, as well as 

pollution levels, whereas aging and structural 

characteristics also influence their biological 

absorption and toxicological effects (Pal et al., 

2025). More acidic environments can enhance the 

accumulation of metals such as Chromium (Cr) and 

Lead (Pb) enhancing their affinity towards the 

microplastic surfaces, ocean acidity can affect the 

development of the plastisphere (microbial biofilms 

on the plastic's surface), Because biofilms generally 

improve adsorption of heavy metals, a decrease in 

biofilm health caused by acidic conditions in some 

way diminishes the plastic’s ability to transport such 

metals (Liu et al., 2021). 

Polymer for instance polyethylene as well 

polypropylene are able to absorb pesticide 

ingredients such as organochlorines and 

organophosphates in water because of to its high 

surface size besides hydrophobic properties, but this 

mechanism is age-dependent plastic and 

environmental alterations that leads to formation of 

pores on the surface to capture pesticides which in 

turn affects water-based organisms by the food web 

where they eventually get accumulated and result in 

toxicological effects (Wang et al., 2018). 

 

THE MAJOR PATHS OF MICROPLASTICS TO FISH 

-------------------------------------------------------- 

Exposure routes of MPs into fish are ingestion, gill 

absorption, and skin contact, which can lead to internal 

buildup and toxicity (figure 3). Ingestion is the main 

pathway, as fish commonly mistake microplastics for 

food or ingest previously contaminated prey, resulting in 

trophic transfer through aquatic food webs (Roch et al., 

2020). Gill absorption can place when suspended 

particles, such as NPs, pass through the gill membranes 

throughout respiration and enter the circulation directly 

(Gao and Tianyu, 2025). These particles can induce gill 

irritation, inflammation and tissue damage (Guerrera et 

al., 2021) ،particularly in highly contaminated waters, 

Dermal contact, where particles stick to or penetrate skin 

and scales, is less significant but still possible (Papini et 

al., 2026). Early life stages of fish, such as eggs and 
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larvae, can additionally be susceptible to MPs exposure 

due to their barely developed protective barriers and high 

metabolism average (Fernandez-Miguez et al., 2023). 

MPs are able to pass in organs for example liver, kidney 

as well brain, which led to oxidative stress, inflammation 

and damage to tissues, once inside, these mechanisms 

collectively underscore the complex dangers of 

microplastics to fish health and aquatic environments, the 

level of contamination is influenced by the location, 

closeness to pollution sources, sorts of habitats (Enyoh et 

al., 2020). The widespread presence of MPs in fish is of 

great ecological and food safety concern, as fish 

represents a vital connection between the aquatic ecology 

and consumption by humans (Bhuyan et al., 2020; Al-

Emran et al., 2025). First, some fish species are known to 

graze on MPs which resemble their prey (Mizraji et al., 

2017). Second, MPs may be actively or unintentionally 

swallowed while looking for food. Third, they can be 

passed via the food chain (Jovanovic, 2017). The greater 

cumulative exposure can lead to higher bioavailability, 

especially in the acidic environment of the digestive 

system in which metals are more prone to leaching from 

the plastic matrix (Khan et al., 2022). 
 

 

Fig. (3): The main pathways of MPs to Fish 

(Generated by Notebook LM) 

 

EFFECT OF MPS ON FISH HEALTH 

-------------------------------------------------------- 

Fish uptake of plastic relies on the abundance and 

quantity of plastics in the surrounding water, 

characteristics of the species, period of contact, and eating 

behaviour (Akhbarizadeh et al. 2018). The build-up of 

MPs in fish causes serious threats to their biological 

processes such as metabolism, immunity and 

Reproductivity, MPs act as vectors of contaminants 

because of its ability to adsorb harmful substances and 

microbiological diseases, thereby magnifying their 

toxicological effects (Li et al., 2024). 

Jovanović (2017) found that MPs caused oxidative stress, 

tissue damage along with decreased fish development. 

Ding et al. (2018) found that MPs inducing oxidative 

stress, which is harmful to tissues and inhibits fish 

development in the freshwater fish, e.g. in red tilapia 

Oreochromis niloticus (Linnaeus, 1758). Limonta et al. 

(2019) stated a decline in floating activities and a rise in 

anxiety-related behaviours, which indicates 

neurotoxicity. 

MPs of polyethylene and polystyrene were phagocytosed 

by immune cells. Uptake varied based on polymer type 

and concentration, Abihssira-García et al. (2020) 

indicating immunomodulatory possibility. polyvinyl 

chloride Reduced body mass index and developmental 

rate as showed by Xia et al. (2020). 

Exposed to MPs and their subsequent bioaccumulation 

leads to changes in blood markers, reduced red blood cell 

numbers and haemoglobin concentration therefore 

compromising oxygen transfer and metabolism, 

triggering oxidative stress, and causing immunological 

dysregulation in numerous fish species (Kim et al., 2021; 

Jo et al., 2025). Bhat et al. (2024) conducted that 

reduction of the reproductive capacity and alterations in 

hormones which will influence the fertility of the fish.  

A histological analysis by Hamed et al. (2021) showed a 

microvascular congestion in the kidney, immune cell 

infiltration, reduce basophilia of cytoplasm tubular cells, 

tubular vacuolization, tubular shrinkage, dilation of 

tubular lumen, marked tissue disorganization, reduce 

glomerular size, glomerular cells vacuolation and tubular 

fatty degeneration. Liver tissue showed vacuolated 

hepatocyte, hydropic deterioration, focal necrosis, 

morphological alteration of hepatocytes, nuclear 

pyknosis, sinusoidal dilatation and congestion. 

Histopathological examination of pancreatic tissue 

revealed acinar cell deterioration with nuclear pyknosis, 

hematic extravasation, focal tissue necrosis, cellular 

inflammation infiltration, adipocytic infiltration and 

capillary congestion. Muscle tissue exhibited myofibrillar 

disintegration, interstitial swelling, necrotic muscle 

tissue, myofibers fragmentation, and infiltration 

leukocytes. The gill tissue showed vasodilation as well 

vascular congestion, lamellar coalescence, detachment of 

epithelium, structural deterioration and reduction of 

secondary lamellae, tissue overgrowth and interlamellar 

MPs aggregate. Effects in the spinal cord and notochord 

were structural deterioration of meninges, axial deviation 

of notochord, oedema and depletion of vacuolar cells. 

Histopathological examination of intestinal tissue showed 

basement membrane disruption, infiltration of immune 

cells, thinning of submucosa, condensed nuclei, blood 

leakage and intracellular vacuoles in mucosa. 

MPs in fish can induce a variety of metabolic 

abnormalities including physiological and oxidative 

stress, enzyme activity suppression, decrease in growth 

frequency besides reproductive problems (Mallik et al., 

2021; Banaee et al., 2023). Mbugani et al. (2022) 
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conducted research that showed that polyethylene affects 

the growth of Wami Tilapia Juveniles (Oreochromis 

urolepis) through damaging the small intestine leading to 

degeneration of cells and inflammation leading to a 

decrease in the pace of growth and loss in body weight 

gaining. Li et al. (2022) exposed that MPs altered the 

configuration of intestinal microbiota, decreased the 

activity of digesting enzymes, and caused gastrointestinal 

inflammation. 

Physical impacts of high MPs levels on fish include 

intestinal blockage and reduced food intake, and 

ecological toxic impact include cellular injury, nervous 

system toxicity, and inflammation response (Yin et al., 

2022). Moreover, plastics can contain possibly dangerous 

chemical additives (stabilizers, antioxidants, pigments or 

colorants, plasticizers, fillers or flame retardants) 

throughout the manufacturing procedure, and their large 

surface area per unit of weight can adsorb different 

harmful compounds in water, rendering them extremely 

vulnerable to possible hazards because of chemical 

damage (Bošković et al., 2022; Zeidi et al., 2023). 

Subaramaniyam et al. (2023) found that these MPs 

regulate various signalling routes such as Nrf-2 pathway, 

JNK cascade, ERK signalling, NF-κB activation, and 

MAPK pathway and enzymatic antioxidants defence such 

as SOD enzyme, catalytic antioxidant enzyme and 

glutathione system. 

Lee et al. (2023) showed that polyethylene MPs 

particularly impact blood profile, oxidative stress 

responses in Pseudobagrus fulvidraco, systemic stressful 

conditions and inflammatory responses.  

A study conducted by Ghosh (2024) showed that 

bioaccumulation of MPs induces a series of physiological 

disturbances involving alterations in haematological 

indices like increased liver enzymes (ALP, ALT, AST) 

and haemolysis, and neurotoxicity due to suppression of 

acetylcholinesterase activity causing motor and 

behavioural problems. In addition, induce substantial 

oxidative stress by generating reactive oxygen species 

(ROS) and lipid peroxidation, at the same time, increase 

pro-inflammatory cytokines along with activate 

inflammatory immune reactions,  weak rate of growth due 

to gut microbial dysbiosis and lower activation of 

digesting enzymes, and These systemic stressors can lead 

to severe reproductive disorder, including disturbance of 

the hypothalamic-pituitary-gonadal (HPG) axis, reduced 

fertility, delayed sex development, and potential 

transgenerational effects on healthy offspring. 

Hasan et al. (2024) showed that MPs cause different 

neurobehavioral problems in zebrafish influencing social 

and cognitive functions. Changes in the neurotransmitter 

are suggested as an important mechanism underlying 

behavioural changes following MP involvement, also, 

physiological problems such neurotoxicity, 

immunotoxicity and oxidative stress have been identified 

in fishes exposing MPs, these physiological disturbances 

may have negative effects on the individual health of 

aquatic animals,  causes major damage to the 

reproductive systems of fish principally by interfering 

with the hypothalamic-pituitary-gonadal (HPG) axis that 

regulates basic reproductive processes such as gamete 

development and the production of steroids. 

Nair and Perumal (2024) reported comparable impacts in 

Nile tilapia (Oreochromis niloticus) in contact with 

polypropylene MPs, with a reduced haemoglobin level, 

increased levels of reactive oxygen species, and poorer 

growth efficiency, suggesting metabolic stress and 

decreased cellular resistance. Yang et al. (2024) shown 

that MPs could decrease the innate immunity in zebra fish 

larvae.  

Wang et al. (2024) showed that gut microbiota dysbiosis 

in species. A result conducted by Zhang et al. (2024) 

indicated that MPs could the strongest effect was exerted 

by the intracellular toxicity followed by oxidative stress, 

creating oxidative imbalance, generating cytotoxicity, 

disrupting biotransformation mechanism and impacting 

lipid metabolism, changing liver shape, causing damage 

to the liver. Sensitivity of organisms to MPs is higher 

when exposure time is greater, MPs sizes are smaller and 

life stage is earlier, the concentration of MPs results in an 

ongoing rise of many liver markers, such as catalase, 

glutathione S-transferase, reactive oxygen species and 

alkaline phosphatase. 

Aib et al. (2025) demonstrated Fish subjected to a mixture 

of Pharmaceuticals and microplastics have shown 

changes in behaviours, liver damage and oxidative stress.  

MPs have been detected in fish gills, muscles, liver, heart, 

swim bladders, ovaries, spinal cords and even brains, 

Ghosh et al. (2025) have demonstrated that the presence 

of MPs in various organs  

might have serious deleterious effects, such as fertility, 

nervous system, endocrine and immune system changes. 

Jo et al. (2025) established that bioaccumulation of MPs 

was mostly subsequently in the gut then in the gills as well 

liver. Haematological studies indicated that haemoglobin 

and haematocrit levels showed a pronounced decline 

under elevated MPs exposure. Detected changes in 

plasma biochemical markers of calcium, magnesium, 

blood sugar, cholesterol, protein continent, Aspartate 

transaminase, Alanine transaminase in addition to 

alkaline phosphatase. With respect to antioxidant 

reactions, the activities of superoxide dismutase (SOD) 

and catalase (CAT) were dramatically elevated by MPs, 

whereas glutathione S-transferase (GST) activity was 
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markedly decreased. The reduction in swimming activity 

and the increased erratic movement was indicative of 

neurotoxic consequences in MPs-exposure, such as zebra 

fish females are more likely to be affected than male fish 

(Wu et al., 2025).  

Zhi et al. (2025) established that MPs and NPs are toxic, 

destroying immunological cells and altering gene 

expression. Importantly, they may react with 

environmental contaminants (e.g., heavy metals, 

persistent organic pollutants, and infections) 

synergistically, which can result in more severe 

immunological impairment in fish. Siddique et al. (2026) 

showed damage to the gut along with nutrient 

malabsorption. In the planktivorous bleak (Alburnus 

arborella) the greatest percentages of microplastics were 

observed in liver and kidneys, with long fibres building 

up in muscles, fragments in kidneys and small spheres in 

brain; from this it can infer that the blood-brain barrier in 

the fish has been penetrated as showed by Papini et al. 

(2026), previous studies shown in Table (2). 

  Table (2): shown a review of previous studies. 
 

Vital system Effect Reference 

Circulatory system 

Reduced red blood cell numbers and hemoglobin concentration therefore 

compromising oxygen transfer and metabolism 
Kim et al. (2021) 

impact blood profile Lee et al. (2023) 

Nile tilapia (Oreochromis niloticus) exposed to polypropylene MPs, reduce 

hemoglobin level 

Nair and Perumal 

(2024) 

Hemoglobin and hematocrit levels showed a pronounced decline under 

elevated MPs exposure 
Jo et al. (2025) 

Behaviour and 

nervous system 

 

Reduction in floating activities and a rise in anxiety-related behaviours, which 

indicates neurotoxicity 
Limonta et al. (2019) 

Nervous system toxicity Yin et al. (2022) 

Neurotoxicity due to suppression of acetylcholinesterase activity causing 

motor and behavioural problems 
Ghosh (2024) 

Different neurobehavioral problems in zebrafish influencing social and 

cognitive functions 
Hasan et al. (2024) 

The reduction in swimming activity and the increased erratic movement was 

indicative of neurotoxic consequences 

Wu et al. (2025) 

 

Reproductive 

system 

Reduction of the reproductive capacity and alterations in hormones which 

will influence the fertility of the fish 
Bhat et al. (2024) 

Severe reproductive disorder, including disturbance of the hypothalamic-

pituitary-gonadal (HPG) axis, reduced fertility, delayed sex development, and 

potential transgenerational effects on healthy offspring. 

Ghosh (2024);  

Hasan et al. (2024) 

 

 

 

 

Development and 

Growth 

Decreased fish development Jovanović (2017) 

Inhibits fish development in the freshwater fish, e.g. in red tilapia 

Oreochromis niloticus (Linnaeus, 1758) 
Ding et al. (2018) 

Polyvinyl chloride Reduced body mass index and developmental rate Xia et al. (2020) 

Decrease in the pace of growth and loss in body weight gaining Mbugani et al. (2022) 

Weak rate of growth Ghosh (2024) 

poorer growth efficiency 
Nair and Perumal 

(2024) 

Gastrointestinal 

system 

 

Altered the configuration of intestinal microbiota, decreased the activity of 

digesting enzymes, and caused gastrointestinal inflammation 
Li et al. (2022) 

Intestinal blockage and reduced food intake  Yin et al. (2022) 

increased liver enzymes (ALP, ALT, AST) Ghosh (2024) 

Gut microbiota dysbiosis and lower activation of digesting enzymes 
Ghosh (2024) 

Wang et al. (2024) 

Impacting lipid metabolism, changing liver shape, causing damage to the liver Zhang et al. (2024) 

Detected changes in plasma biochemical markers of calcium, magnesium, 

blood sugar, cholesterol, protein continent, Aspartate transaminase, Alanine 

transaminase in addition to alkaline phosphatase 

Jo et al. (2025) 
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 Damage to the gut along with nutrient malabsorption Siddique et al. (2026) 

Inflammatory 

system 

Immunomodulatory possibility 
Abihssira-García et al. 

(2020) 

Immunological dysregulation in numerous fish species 
Kim et al. (2021); Jo et 

al. (2025) 

Inflammation response 
Yin et al. (2022); Lee 

et al. (2023) 

modification signalling routes of NF-κB activation 
Subaramaniyam et al. 

(2023) 

Increase pro-inflammatory cytokines along with activate inflammatory 

immune reactions 
Ghosh (2024) 

Decrease the innate immunity in zebrafish larvae. Yang et al. (2024) 

Destroying immunological cells and altering gene expression Zhi et al. (2025) 

Antioxidant system 

caused oxidative stress, tissue damage 
Jovanović (2017);  

Ding et al. (2018)  

oxidative stress responses in Pseudobagrus fulvidraco Lee et al. (2023) 

regulate various signaling routes such as Nrf-2 pathway, JNK cascade, ERK 

signalling, and MAPK pathway and enzymatic antioxidants defence such as 

SOD enzyme, catalytic antioxidant enzyme and glutathione system 

Subaramaniyam et al. 

(2023) 

 

Induce substantial oxidative stress by generating reactive oxygen species and 

lipid peroxidation. 
Ghosh (2024) 

Increased levels of reactive oxygen species 
Nair and Perumal 

(2024) 

Rise of catalase, glutathione S-transferase, reactive oxygen species Zhang et al. (2024) 

The activities of superoxide dismutase (SOD) and catalase (CAT) were 

dramatically elevated by MPs, whereas glutathione S-transferase (GST) 

activity was markedly decreased. 

Jo et al. (2025) 

 

CONCLUSION  

-------------------------------------------------------- 

In conclusion, the widespread introduction of 

Microplastics (MPs) and Nanoplastics (NPs) into aquatic 

ecosystems poses a considerable risk to ecological 

stability, mainly due to their synergistic interactions with 

other chemical pollutants. This review highlights the 

resultant oxidative stress, organ damage, and behavioral 

changes in fish undermine essential trophic levels. Future 

studies should explore the mechanisms of mixed-

pollutant toxicity and the metabolic pathways of plastics 

in the human digestive system to reduce the cumulative 

hazards to human health from seafood consumption. In 

order to establish reliable food safety guidelines and 

implement effective strategies to protect threatened 

freshwater and marine ecosystems, it is essential to fill 

these knowledge gaps. 

 

RECOMMENDATION  

-------------------------------------------------------- 

Based on the findings of this review, the following 

mitigation strategies and recommendations to minimize 

the impact of microplastics on aquatic ecosystems, it is 

advisable to use alternatives, develop recycling methods, 

wastewater treatment plants should be equipped with 

three-stage filtration systems capable of trapping 

microplastics before discharge into water bodies, enhance 

awareness within fishing-dependent communities and 

engage them in the monitoring and reporting of plastic 

debris, while promoting the utilization of equipment 

constructed from sustainable materials and restricting the 

use of equipment containing microplastics, establish 

systems to monitor and quantify microplastics 

concentrations in aquatic environments and fish tissue,  as 

well as increase public concern about the dangers of 

discarding plastic in water, given its harmful effects on 

the health of living organisms.  

REFERENCES  
-------------------------------------------------------- 



      Ali et al.,., 2026                                                                                            Vol, 8     No. 2    August,2026 

 

 

  Libyan Journal of Ecological & Environmental Sciences and Technology    .........................................................................   88 

Abbasi, S., Turner, A., & Jansson, K. (2019). 

Microplastics in the atmosphere: A review of 

current knowledge and future directions. 

Environmental Pollution, 254, 112941. 

https://doi.org/10.1016/j.envpol.2019.07.019  

Abihssira-García, I. S., Park, Y., Kiron, V., & Olsvik, P. 

A. (2020). Fluorescent microplastic uptake by 

immune cells of Atlantic salmon (Salmo salar L.). 

Frontiers in Environmental Science, 8, 560206. 

https://doi.org/10.3389/fenvs.2020.560206  

Agboola, O. D. & Benson, N. U. (2021). Physisorption 

and chemisorption mechanisms influencing micro 

(nano) plastics-organic chemical contaminants 

interactions: A review. Frontiers in Environmental 

Science, 9. 

https://doi.org/10.3389/fenvs.2021.678574. 

Aib, H., Parvez, M. S. & Czédli, H. M. (2025). 

Pharmaceuticals and microplastics in aquatic 

environments: A comprehensive review of 

pathways and distribution, toxicological and 

ecological effects. International Journal of 

Environmental Research and Public Health, 22(5), 

799. https://doi.org/10.3390/ijerph22050799  

Akhbarizadeh R, Moore F, & Keshavarzi B (2018) 

Investigating a probable relationship between 

microplastics and potentially toxic elements in fish 

muscles from northeast of Persian Gulf. 

Environmental pollution, 232, 154-163. 

https://doi.org/10.1016/j.envpol.2017.09.028  

Al-Emran, M., Sarker, A., Adib, S. S., Nayem, M. J., 

Sultana, T., Sadat, M. A., & Shahjahan, M. (2025). 

Microplastics pollution in aquatic ecosystems of 

Bangladesh—A critical review on research trends 

and future perspectives. Science of the Total 

Environment, 1002, 180620. 

https://doi.org/10.1016/j.scitotenv.2025.180620 

Ali, I., Wang, Y., Li, W., Han, J., Lu, H., Naz, I., & Gao, 

W. (2025). Recent innovations in the developments 

of biopolymer-based materials for the removal of 

micro- and nanoplastics: A review of performance, 

critical factors, practicability and knowledge gaps. 

International Journal of Biological 

Macromolecules, 331, Article 148446. 

https://doi.org/10.1016/j.ijbiomac.2025.148446  

Andrady, A. L. (2011). Microplastics in the marine 

environment. Marine Pollution Bulletin, 62(8), 

1596-1605. 

https://doi.org/10.1016/j.marpolbul.2011.05.030 

Banaee, M., Multisanti, C. R., Impellitteri, F., Piccione, 

G., & Faggio, C. (2025). Environmental toxicology 

of microplastic particles on fish: A review. 

Comparative Biochemistry and Physiology Part C: 

Toxicology and Pharmacology, 287, 110042. 

https://doi.org/10.1016/j.cbpc.2024.110042  

Banaee, M., Sureda, A., Mirvaghefi, A., & 

Rakhshandehroo, E. (2023). Adverse effects of 

microplastics on fish: Physiological stress, 

oxidative damage, enzyme inhibition, and 

reproductive disorders. Environmental Science and 

Pollution Research, 30(12), 34567–34580. 

https://doi.org/10.1007/s11356-023-25678-9  

Bhat, R. A., Sidiq, M. J., & Altinok, I. (2024). Impact of 

microplastics and nanoplastics on fish health and 

reproduction. Aquaculture, 590:741037. 1-12. 
https://doi.org/10.1016/j.aquaculture.2024.741037  

Bhuyan, M. S. (2022). Effects of microplastics on fish 

and human health. Frontiers in Environmental 

Science, 10, 827289. 

https://doi.org/10.3389/fenvs.2022.827289 . 

Bošković, N., Petrović, J., & Jovanović, B. (2022). 

Chemical additives in plastics and their 

environmental hazards: Implications for aquatic 

organisms. Frontiers in Environmental Science, 10, 

945612. https://doi.org/10.3389/fenvs.2022.945612   

Chaukura, N., Kefeni, K. K., Chikurunhe, I., Nyambiya, 

I., Gwenzi, W., Moyo, W., Nkambule, T. T. I., 

Mamba, B. B., & Abulude, F. O. (2021). 

Microplastics in the aquatic environment—The 

occurrence, sources, ecological impacts, fate, and 

remediation challenges. Pollutants, 1(2), 95-118. 

https://doi.org/10.3390/pollutants1020009 

Cverenkárová, K., Valachovičová, M., Mackuľak, T., 

Žemlička, L., & Bírošová, L. (2021). Microplastics 

in the food chain. Life, 11(12), 1349. 

https://doi.org/10.3390/life11121349 

Ding, J., Zhang, S., Razanajatovo, R. M., Zou, H., & Zhu, 

W. (2018). Accumulation, tissue distribution, and 

biochemical effects of polystyrene microplastics in 

the freshwater fish red tilapia (Oreochromis 

niloticus). Environmental Pollution, 238:1–9. 

https://doi.org/10.1016/j.envpol.2018.03.001 

Enyoh CE, Shafea L, Verla AW, Verla EN, Qingyue W, 

Chowdhury T, & Paredes M. (2020). Microplastics 

Exposure Routes and Toxicity Studies to 

Ecosystems: An Overview. Environmental Analysis 

Health Toxicology. 35(1): e2020004. 

https://doi.org/10.5620/eaht.e2020004  

Fossi, M. C., Pedà, C., Compa, M., Tsangaris, C., 

Alomar, C., Claro, F., Ioakeimidis C., Galgani, 

F., HemaT., Deudero, S., Romeo, T., Battaglia, 

P., Andaloro, F., Caliani, I., Casini, S., Panti, C., & 

Baini, M. (2018). Bioindicators for monitoring 

marine litter ingestion and its impacts on 

Mediterranean biodiversity. Environmental 

Pollution, 237, 1023-1040. 
https://doi.org/10.1016/j.envpol.2017.11.019 

Fred-Ahmadu, O.H., Ahmadu, F.O., Adedapo, A.E., 

Oghenovo, I., Ogunmodede, O.T., & Benson, N.U. 

(2024). Microplastics and chemical contamination 

in aquaculture ecosystems: The role of climate 

change and implications for food safety—a review. 

Environmental Sciences Europe, 36(1), p.181. 

https://doi.org/10.1186/s12302-024-00995-6 

https://doi.org/10.1016/j.envpol.2019.07.019
https://doi.org/10.3389/fenvs.2020.560206
https://www.google.com/search?q=https://doi.org/10.3389/fenvs.2021.678574
https://doi.org/10.3390/ijerph22050799
https://doi.org/10.1016/j.envpol.2017.09.028
https://doi.org/10.1016/j.scitotenv.2025.180620?utm_source=copilot.com
https://doi.org/10.1016/j.ijbiomac.2025.148446
https://doi.org/10.1016/j.marpolbul.2011.05.030
https://doi.org/10.1016/j.cbpc.2024.110042
https://doi.org/10.1007/s11356-023-25678-9
https://doi.org/10.1016/j.aquaculture.2024.741037
https://doi.org/10.3389/fenvs.2022.827289
https://doi.org/10.3389/fenvs.2022.945612
https://doi.org/10.3390/pollutants1020009
https://www.google.com/search?q=https://doi.org/10.3390/life11121349
https://doi.org/10.5620/eaht.e2020004


MICROPLASTIC IMPACT ON FISH PHYSIOLOGY AND ECOSYSTEM: A REVIEW 

 

  Libyan Journal of Ecological & Environmental Sciences and Technolog   ...................................  ..............  89 

Gateuille, D., & Naffrechoux, E. (2022). Transport of 

persistent organic pollutants: Another effect of 

microplastic pollution?. WIREs Water, 9(5), e1600. 

https://doi.org/10.1002/wat2.1600 

Gao, J., & Tianyu, S. (2025). Exposure pathway derived 

accumulation of microplastics in freshwater fish: A 

critical review. Journal of Hazardous Materials, 

500, 140270. 

https://doi.org/10.1016/j.jhazmat.2025.140270  

Ghosh,S., Dey, S., Mandal, A.H., Sadhu, A., Saha, N.C.,

 Barceló, D., Pastorino, P., & Saha, S. (2025). 

Exploring the ecotoxicological impacts of 

microplastics on freshwater fish: A critical review. 

Journal of Contaminant Hydrology, 269, 104514. 

https://doi.org/10.1016/j.jconhyd.2025.104514  

Ghosh, T. (2025). Microplastics bioaccumulation in fish: 

Its potential toxic effects on hematology, immune 

response, neurotoxicity, oxidative stress, growth, 

and reproductive dysfunction. Toxicology 

Reports, 14, 101854. 
https://doi.org/10.1016/j.toxrep.2024.101854 

González-Pleiter, M., Tamayo-Belda, M., Pulido-Reyes, 

G., Amariei, G., Leganés, F., & Fernández-Piñas, F. 

(2020). Microplastics in freshwater sediments of 

high mountain lakes. Environmental Pollution, 262, 

114369. 

https://doi.org/10.1016/j.envpol.2020.114369  

Guo, X., Wang, J., & Zou, X. (2020). Microplastics in 

soils: A review of sources, fate, and impacts. 

Science of the Total Environment, 703, 134722. 

https://doi.org/10.1016/j.scitotenv.2019.134722  

Hamed, M., Soliman, H. A., Badrey, A. E., & Osman, A. 

G. (2021). Microplastics induced histopathological 

lesions in some tissues of tilapia (Oreochromis 

niloticus) early juveniles. Tissue & Cell, 71, 

101512. https://doi.org/10.1016/j.tice.2021.101512  

Han, M. M., Niu, X., Tang, M., Zhang, B. T., Wang, G., 

& Luo, W. (2020). Distribution of microplastics in 

river water and sediments and their potential risks 

to aquatic organisms. Environmental Science & 

Pollution Research, 27(24), 30636–30645. 

https://doi.org/10.1007/s11356-020-09302-0  

Hartmann, N. B., Hüffer, T., Thompson, R. C., Hassellöv, 

M., Verschoor, A., Daugaard, A. E., Rist, S., 

Karlsson, T., Brennholt, N., Cole, M., Herrling, M. 

P., Hess, M. C., Ivleva, N. P., Lusher, A. L., & 

Wagner, M. (2019). Are we speaking the same 

language? Recommendations for a definition and 

categorization framework for plastic debris. 

Environmental Science & Technology, 53(3), 1039–

1047. https://doi.org/10.1021/acs.est.8b05297  

Hasan, A. M., Hamed, M., Hasan, J., Martyniuk, C. J., 

Niyogi, S., & Chivers, D. P. (2024). A review of the 

neurobehavioural, physiological, and reproductive 

toxicity of microplastics in fishes. Ecotoxicology & 

environmental safety, 282, 116712. 
https://doi.org/10.1016/j.ecoenv.2024.116712  

Hidalgo-Ruz, V., Gutow, L., Thompson, R. C., & Thiel, 

M. (2012). Microplastics in the marine 

environment: A review of the methods used for 

identification and quantification. Environmental 

Science & Technology, 46(6), 3060–3075. 

https://doi.org/10.1021/es2031505 

Holmes, L. A., Turner, A., & Thompson, R. C. (2012). 

Adsorption of trace metals to plastic resin pellets in 

the marine environment. Environmental Pollution, 

160, 42–48. 

https://doi.org/10.1016/j.envpol.2011.08.052  

Hu, K., Yang, Y., Zuo, J., Tian, W., Wang, Y., Duan, X., 

& Wang, S. (2022). Emerging Microplastics in the 

Environment: Properties, Distributions, and 

Impacts. Chemosphere, 297, 134118. 

https://doi.org/10.1016/j.chemosphere.2022.13411

8  

Jiang, H., Xiong, Q., Chen, X., Pan, W., & Dai, Y. (2021). 

Carrier effect of S-metolachlor by microplastics and 

environmental risk assessment. Journal of Water 

Process Engineering, 44, Article 102451. 

https://doi.org/10.1016/j.jwpe.2021.102451  

Pew Charitable Trusts, & SYSTEMIQ. (2020). Breaking 

the plastic wave: A comprehensive assessment of 

pathways towards stopping ocean plastic pollution. 

Pew Charitable Trusts. https://www.pew.org/-

/media/assets/2020/10/breakingtheplasticwave_ma

inreport.pdf  

Jo, A. H., Yu, Y. B., Choi, J. H., Lee, J. H., Choi, C. Y., 

Kang, J. C., & Kim, J. H. (2025). Microplastics 

induce toxic effects in fish: Bioaccumulation, 

hematological parameters and antioxidant 

responses. Chemosphere,375:144253.1-13. 

https://doi.org/10.1016/j.chemosphere.2025.14425

3 

Jovanović, B. (2017). Ingestion of microplastics by fish 

and its potential consequences from a physical 

perspective. Integrated Environmental Assessment 

& Management, 13(3), 510-515. 

https://doi.org/10.1002/ieam.1913  

Kaundal, M., & Singh, J. (2025). MPs Properties, 

Classification, Characterization, Sources, 

Environmental and Health Impact. Environmental 

Science and Engineering, Microplastics (MPs) in 

Wastewater (Cham: Springer), 1–15. 
https://doi.org/10.1007/978-3-031-76949-8_1  

Barletta, M. (2026) Climate change and microplastic 

pollution in aquatic ecosystems: ecological and 

societal consequences. Frontiers Science 

3:1721629. 

https://doi.org/10.3389/fsci.2025.1721629  

Khan, F. R., Catarino, A. I., & Clark, N. J. (2022). The 

ecotoxicological consequences of microplastics and 

co-contaminants in aquatic organisms: a mini-

review. Emerging topics in life sciences, 6(4), 339-

348. https://doi.org/10.1042/ETLS20220014  

https://doi.org/10.1002/wat2.1600
https://doi.org/10.1016/j.jhazmat.2025.140270
https://doi.org/10.1016/j.jconhyd.2025.104514
https://doi.org/10.1016/j.envpol.2020.114369
https://doi.org/10.1016/j.scitotenv.2019.134722
https://doi.org/10.1016/j.tice.2021.101512
https://doi.org/10.1007/s11356-020-09302-0
https://doi.org/10.1021/acs.est.8b05297
https://doi.org/10.1016/j.ecoenv.2024.116712
https://doi.org/10.1021/es2031505
https://doi.org/10.1016/j.envpol.2011.08.052
https://doi.org/10.1016/j.chemosphere.2022.134118
https://doi.org/10.1016/j.chemosphere.2022.134118
https://doi.org/10.1016/j.jwpe.2021.102451
https://www.pew.org/-/media/assets/2020/10/breakingtheplasticwave_mainreport.pdf
https://www.pew.org/-/media/assets/2020/10/breakingtheplasticwave_mainreport.pdf
https://www.pew.org/-/media/assets/2020/10/breakingtheplasticwave_mainreport.pdf
https://doi.org/10.1002/ieam.1913
https://doi.org/10.1007/978-3-031-76949-8_1
https://doi.org/10.3389/fsci.2025.1721629
https://doi.org/10.1042/ETLS20220014


      Ali et al.,., 2026                                                                                            Vol, 8     No. 2    August,2026 

 

 

  Libyan Journal of Ecological & Environmental Sciences and Technology    .........................................................................   90 

Kim, J. H., Yu, Y. B., & Choi, J. H. (2021). Toxic effects 

on bioaccumulation, hematological parameters, 

oxidative stress, immune responses and 

neurotoxicity in fish exposed to microplastics: A 

review. Journal of Hazardous Materials, 

413:125423.1-13. 

https://doi.org/10.1016/j.jhazmat.2021.125423  

Koutnik, A. P., Leonard, J., Alkidim, S., DePrima, F., & 

Rochman, C. M. (2021). Distribution and 

abundance of microplastics in freshwater 

ecosystems: Evidence from rivers and lakes in 

North America. Environmental Pollution, 274, 

116552. 

https://doi.org/10.1016/j.envpol.2021.116552  

Lee, J.H., Kang, J.C. & Kim, J.H., (2023). Toxic effects 

of microplastic (Polyethylene) on fish: 

Accumulation, hematological parameters and 

antioxidant responses in Korean Bullhead, 

Pseudobagrus fulvidraco. Science of The Total 

Environment, 877, p.162874. 

https://doi.org/10.1016/j.scitotenv.2023.162874 

Li, Y., Zhang, H., & Tang, C. (2020). A review of 

possible pathways of marine microplastics transport 

in the ocean. Anthropocene Coasts, 3, 6–13. 
https://doi.org/10.1139/anc-2018-0030  

Li, W., Chen, X., Li, M., Cai, Z., Gong, H., & Yan, M. 

(2022). Microplastics as an aquatic pollutant affect 

gut microbiota within aquatic animals. Journal of 

Hazardous Materials, 423, 127094. 
https://doi.org/10.1016/j.jhazmat.2021.127094  

Li, W., Zeng, J., Zheng, N., Ge, C., Li, Y., & Yao, H. 

(2024). Polyvinyl chloride microplastics in the 

aquatic environment enrich potential pathogenic 

bacteria and spread antibiotic resistance genes in the 

fish gut. Journal of Hazardous 

Materials,475:134817.1-11. 
https://doi.org/10.1016/j.jhazmat.2024.134817  

Limonta, G., Mancia, A., Benkhalqui, A., Bertolucci, C., 

Abelli, L., Fossi, M.C. & Panti, C., (2019). 

Microplastics induce transcriptional changes, 

immune response and behavioral alterations in adult 

zebrafish. Scientific Reports, 9(1), p.15775. 

https://doi.org/10.1038/s41598-019-52292-5 

Liu, S., Shi, J., Wang, J., Dai, Y., Li, H., Li, J., Liu, X., 

Chen, X., Wang, Z., & Zhang, P. (2021). 

Interactions between microplastics and heavy 

metals in aquatic environments: A review. 

Frontiers in Microbiology, 12, 652520. 

https://doi.org/10.3389/fmicb.2021.652520 

Liu, Y., Fu, H., Zhang, H., Wang, Y., Chakrabarty, R. K., 

Tu, X., Tang, X., Laskin, A., Carmichael, G. R., 

Chen, J., Francisco, J. S. & Shindell, D. T. (2026). 

Atmospheric warming contributions from airborne 

microplastics and nanoplastics. Nature Climate 

Change. https://doi.org/10.1038/s41558-026-

02620-1  

Lu, X.M., Lu, P.Z., & Liu, X.P. (2020). Fate and 

abundance of antibiotic resistance genes on 

microplastics in facility vegetable soil. Science of 

the Total Environment, 709, Article 136276. 
https://doi.org/10.1016/j.scitotenv.2019.136276  

Guerrera, M. C., Aragona, M., Porcino, C., Fazio, F., 

Laurà, R., Levanti, M., Montalbano, G., Germanà, 

G., Abbate, F., & Germanà, A. (2021). Micro and 

Nano Plastics Distribution in Fish as Model 

Organisms: Histopathology, Blood Response and 

Bioaccumulation in Different Organs. Applied 

Sciences, 11(13), 5768. 

https://doi.org/10.3390/app11135768  

Fernandez-Míguez, M., Puvanendran, V., Burgerhout, E., 

Presa, P., Tveiten, H., Vorkamp, K., Hansen, Ø.J., 

Johansson, G.S., & Bogev, A.S. (2023). Effects of 

weathered polyethylene microplastic ingestion on 

sexual maturation, fecundity and egg quality in 

maturing broodstock Atlantic cod Gadus 

morhua. Environmental Pollution, 320, 121053. 

https://doi.org/10.1016/J.ENVPOL.2023.121053 . 

Mallik, A., Pramanick, P., & Ghosh, S. (2021). 

Microplastic pollution and its impact on fish 

metabolism and growth performance. Marine 

Pollution Bulletin, 171, 112728. 

https://doi.org/10.1016/j.marpolbul.2021.112728 

Mathew, J.T., Inobeme, A., Adetuyi, B. O., Adetunji, 

C.O., Popoola, O.A., Olaitan, F.Y., Akinbo, O., 

Shahnawaz, M., Oyewole, O.A., Eniola K.I.T. & 

Yerima, M.B. (2024). General Introduction of 

Microplastic: Uses, Types, and Generation. In: 

Shahnawaz, M., Adetunji, C.O., Dar, M.A., Zhu, D. 

(eds) Microplastic Pollution. Springer, Singapore. 

https://doi.org/10.1007/978-981-99-8357-5_1  

Mbugani, J. J., Machiwa, J. F., Shilla, D. A., Joseph, D., 

Kimaro, W. H., & Khan, F. R. (2022). Impaired 

Growth Performance of Wami Tilapia Juveniles 

(Oreochromis urolepis) (Norman, 1922) Due to 

Microplastic Induced Degeneration of the Small 

Intestine. Microplastics, 1(3), 334-345. 

https://doi.org/10.3390/microplastics1030025  

Mizraji, R., Ahrendt, C., Perez-Venegas, D., Vargas, J., 

Pulgar, J., Aldana, M.,  

Ojeda, F. P., Duarte, C., & Galbán-Malagón, C. 

(2017). Is the feeding type related with the content 

of microplastics in intertidal fish gut?. Marine 

pollution bulletin, 116(1-2), 498-500. 
https://doi.org/10.1016/j.marpolbul.2017.01.008 

Mo, C., Ding, J., Di, Q., Zhou, Z., Lai, J., Xu, X., Hayat, 

K., Liu, W. & Zhan, M. (2026). Tracing the Sources 

of Microplastics in Aquatic Environments: Current 

Knowledge of Sources Emission, Migration, and 

Traceability Models. Water, Air, & oil Pollution, 

237(4), 226. https://doi.org/10.1007/s11270-025-

08905-z  

Mousazadehgavan, M. (2026). Microplastics in Aquatic 

Systems: Dual Roles as Pollutant Carriers and 

Emerging Functional Materials for Water 

https://doi.org/10.1016/j.jhazmat.2021.125423
https://doi.org/10.1016/j.envpol.2021.116552
https://doi.org/10.1139/anc-2018-0030
https://doi.org/10.1016/j.jhazmat.2021.127094
https://doi.org/10.1016/j.jhazmat.2024.134817
https://doi.org/10.3389/fmicb.2021.652520?utm_source=copilot.com
https://doi.org/10.1038/s41558-026-02620-1
https://doi.org/10.1038/s41558-026-02620-1
https://doi.org/10.1016/j.scitotenv.2019.136276
https://doi.org/10.3390/app11135768
https://doi.org/10.1016/J.ENVPOL.2023.121053
https://doi.org/10.1016/j.marpolbul.2021.112728
https://doi.org/10.1007/978-981-99-8357-5_1
https://doi.org/10.3390/microplastics1030025
https://doi.org/10.1007/s11270-025-08905-z
https://doi.org/10.1007/s11270-025-08905-z


MICROPLASTIC IMPACT ON FISH PHYSIOLOGY AND ECOSYSTEM: A REVIEW 

 

  Libyan Journal of Ecological & Environmental Sciences and Technolog   ...................................  ..............  91 

Treatment. Water, Air, & Soil Pollution, 237, 449. 

https://doi.org/10.1007/s11270-026-09138-4 

Nair, H. T., & Perumal, S. (2024). Growth performance, 

hematological and oxidative stress responses in Nile 

tilapia (Oreochromis niloticus) exposed to 

polypropylene microplastics. Environmental 

Quality Management, 34(1), e22179. 
https://doi.org/10.1002/tqem.22179   

Nkwachukwu, O. I., Chima, C. H., Ikenna, A. O., & 

Albert, L. (2013). Focus on potential environmental 

issues on plastic world towards a sustainable plastic 

recycling in developing countries. International 

Journal of Industrial Chemistry, 4(34), 1–13. 

https://doi.org/10.1186/2228-5547-4-34 

Orona-Návar, A. M., Hernández-González, A., García-

Rodríguez, J., & López-Serrano, M. (2022). 

Microplastic pollution in agricultural soils: Sources, 

occurrence, and potential impacts. Science of the 

Total Environment, 806, 150646. 

https://doi.org/10.1016/j.scitotenv.2021.150646  

Pal, D., Prabhakar, R., Barua, V. B., Zekker, I., 

Burlakovs, J., Krauklis, A., Hogland, W., & 

Vincevica-Gaile, Z. (2025). Microplastics in 

aquatic systems: A comprehensive review of its 

distribution, environmental interactions, and health 

risks. Environmental Science & Pollution 

Research, 32(1), 56-88. 

https://doi.org/10.1007/s11356-024-35741-1  

Papini, G., Boglione, C., & Rakaj, A. (2026). 

Microplastics interception from riverine ecosystems 

and translocation to fish internal organs. Scientific 

Reports. https://doi.org/10.1038/s41598-026-12345   

Pfohl, P., Santizo, K., Sipe, J., Wiesner, M., Harrison, S., 

Svendsen, C., & Wohlleben, W. (2025). 

Environmental degradation and fragmentation of 

microplastics: dependence on polymer type, 

humidity, UV dose and temperature. Microplastic 

& Nanoplastic, 5, 7. 

https://doi.org/10.1186/s43591-025-00118-9  

Ratnasari, A., Zainiyah, I. F., Hadibarata, T., Yan, L. Y., 

Sharma, S., & Thakur, S. S. (2024). The crucial 

nexus of microplastics on ecosystem and climate 

change: types, source, impacts, and 

transport. Water, Air, & Soil Pollution, 235(5), 315.  
https://doi.org/10.1007/s11270-024-07103-7  

Roch, S., Friedrich, C., & Brinker, A. (2020). Uptake 

routes of microplastics in fishes: Practical and 

theoretical approaches to test existing theories. 

Scientific Reports, 10, 1–12. 

https://doi.org/10.1038/s41598-020-60630-1  

Roy, P., Mohanty, A. K., & Misra, M. (2022). 

Microplastics in ecosystems: their implications and 

mitigation pathways. Environmental Science 

Advances, 1(1), 9–29. 

https://doi.org/10.1039/D1VA00007A 

Siddique, M. A. U. Z., Sheikh, M. S., Shahjahan, M., & 

Al-Emran, M. (2026). Microplastics Induced 

Dysfunctions in Physiology and Behavior of Fish: 

A Comprehensive Review. Journal of 

Toxicology, 2026(1), 4669316. 
https://doi.org/10.1155/jt/4669316  

Song, Y. K., Hong, S. H., Eo, S., Jang, M., Han, G. M., 

Isobe, A., & Shim, W. J. (2018). Horizontal and 

Vertical Distribution of Microplastics in Korean 

Coastal Waters. Environmental Science & 

Technology, 52, 12188–12197. 
https://pubs.acs.org/doi/abs/10.1021/acs.est.8b040

32  

Su, L., Deng, H., Li, B., Chen, Q., Pettigrove, V., Wu, C., 

& Shi, H. (2019). The occurrence of microplastic in 

specific organs in commercially caught fishes from 

coast and estuary area of east China. Journal of 

hazardous materials, 365, 716-724. 

https://doi.org/10.1016/j.jhazmat.2018.11.024  

Subaramaniyam, U., Allimuthu, R.S., Vappu, S., 

Ramalingam, D., Balan, R., Paital, B., Panda, N., 

Rath, P.K., Ramalingam, N., & Sahoo, D.K. (2023). 

Effects of microplastics, pesticides and nano-

materials on fish health, oxidative stress and 

antioxidant defense mechanism. Frontiers 

Physiology, 14:1217666. 

https://doi.org/10.3389/fphys.2023.1217666  

Wang, F., Wong, C. S., Chen, D., Lu, X., Wang, F., & 

Zeng, E. Y. (2018). Interaction of toxic chemicals 

with microplastics: A review of adsorption, 

desorption, and environmental implications. 

Environmental Science: Processes & Impacts, 

20(4), 627-635. 

https://doi.org/10.1039/C7EM00467C 

Wang, J., Li, J., Liu, S., Chen, G., Zhang, Z., & Wu, J. 

(2021a). Microplastics as an emerging threat to 

environmental health: A critical review. Journal of 

Hazardous Materials, 404, 124132. 

https://doi.org/10.1016/j.jhazmat.2020.124132  

Wang, Q., Zhang, Y., Lai, Z., Cui, N., Wang, J., & Zhang, 

H. (2021b). Adsorption behavior of organic 

pollutants on microplastics and their co-exposure 

toxicity to aquatic organisms: A review. Journal of 

Hazardous Materials, 419, 126461. 

https://doi.org/10.1016/j.jhazmat.2021.126461 

Wang, J., Wu, F., Dong, S., Wang, X., Ai, S., Liu, Z., & 

Wang, X. (2024). Meta-analysis of the effects of 

microplastic on fish: Insights into growth, survival, 

reproduction, oxidative stress, and gut microbiota 

diversity. Water Research, 267, 122493. 
https://doi.org/10.1016/j.watres.2024.122493 

Wang, W., Ge, J., & Yu, X. (2020). Bioavailability and 

toxicity of microplastics to fish species: A review. 

Ecotoxicology & Environmental Safety, 189, 

109913. 

https://doi.org/10.1016/j.ecoenv.2019.109913  

Wannas, A. K., & Mohammed, S. H. (2025). The role of 

environmental stress in fish health: A review. GSC 

https://www.google.com/url?sa=E&q=https%3A%2F%2Fdoi.org%2F10.1007%2Fs11270-026-09138-4
https://doi.org/10.1002/tqem.22179
https://doi.org/10.1186/2228-5547-4-34
https://doi.org/10.1016/j.scitotenv.2021.150646
https://doi.org/10.1007/s11356-024-35741-1
https://doi.org/10.1038/s41598-026-12345
https://doi.org/10.1186/s43591-025-00118-9
https://doi.org/10.1007/s11270-024-07103-7
https://doi.org/10.1038/s41598-020-60630-1
https://doi.org/10.1039/D1VA00007A
https://doi.org/10.1155/jt/4669316
https://pubs.acs.org/doi/abs/10.1021/acs.est.8b04032
https://pubs.acs.org/doi/abs/10.1021/acs.est.8b04032
https://doi.org/10.1016/j.jhazmat.2018.11.024
https://doi.org/10.3389/fphys.2023.1217666
https://www.google.com/search?q=https://doi.org/10.1039/C7EM00467C
https://doi.org/10.1016/j.jhazmat.2020.124132
https://www.google.com/search?q=https://doi.org/10.1016/j.jhazmat.2021.126461
https://doi.org/10.1016/j.ecoenv.2019.109913


      Ali et al.,., 2026                                                                                            Vol, 8     No. 2    August,2026 

 

 

  Libyan Journal of Ecological & Environmental Sciences and Technology    .........................................................................   92 

Biological & Pharmaceutical Sciences, 32, 17-27. 

https://doi.org/10.30574/gscbps.2025.32.2.0304  

Wright, S. L., & Kelly, F. J. (2017). Plastic and human 

health: a micro issue? Environmental Science & 

Technology, 51:6634–6647. 

https://pubs.acs.org/doi/abs/10.1021/acs.est.7b004

23  

Wu, D., Carter, L., Kay, P., Holden, J., Yin, Y., & Guo, 

H. (2025). Female zebrafish are more affected than 

males under polystyrene microplastics exposure. 

Journal of Hazardous Materials,482:136616.1-14. 
https://doi.org/10.1016/j.jhazmat.2024.136616  

Xi, Y., Gao, R., Zhang, Y., & Chen, J. (2022). 

Microplastic pollution in sediments: Sources, 

distribution, and ecological risks. Environmental 

Science & Pollution Research, 29(12), 17645–

17658. https://doi.org/10.1007/s11356-021-16845-

9  

Xia, X., Sun, M., Zhou, M., Chang, Z., & Li, L. (2020). 

Polyvinyl chloride microplastics induce growth 

inhibition and oxidative stress in Cyprinus carpio 

var. larvae. Science of the Total Environment, 716, 

136479. 

https://doi.org/10.1016/j.scitotenv.2019.136479 

Yang, H., Ju, J., Wang, Y., Zhu, Z., Lu, W., & Zhang, Y. 

(2024). Micro-and nano-plastics induce kidney 

damage and suppression of innate immune function 

in zebrafish (Danio rerio) larvae. Science of The 

Total Environment, 931, 172952. 

https://doi.org/10.1016/j.scitotenv.2024.172952  

Yin, L., Chen, B., Xia, B., Shi, X., & Qu, K. (2022). 

Ecotoxicological effects of microplastics on fish: 

Intestinal obstruction, appetite suppression, and 

inflammatory responses. Science of the Total 

Environment, 824, 153847. 

https://doi.org/10.1016/j.scitotenv.2022.153847 

Zeidi, M., Farahani, M., & Ahmadi, R. (2023). 

Adsorption of toxic substances by microplastics: 

Environmental risks and impacts on aquatic 

ecosystems. Journal of Hazardous Materials, 452, 

131212. 

https://doi.org/10.1016/j.jhazmat.2023.131212 

Zhang, H., Gao, Y., Zheng, Y., Zheng, J., He, J., Shi, 

J., Zhang, K., Song, Y., Zhang, J., Shi, X., Zhang, 

R., Ding, Y., Jing, Y., Xu, K., & Wang, J. (2024). 

Potential toxicity of microplastics on vertebrate 

liver: A systematic review and meta–

analysis. Ecotoxicology & Environmental 

Safety, 286, 117166. 

https://doi.org/10.1016/j.ecoenv.2024.117166 

Zhi, L., Li, Z., Li, R., Su, Z., Chen, F., Chen, G., Chen, 

G., Huang, X., & Wang, J. (2025). 

Micro/nanoplastics in aquaponic systems: Sources, 

features and their effects on the immune system of 

fish. TrAC Trends in Analytical Chemistry, 184, 

118158. https://doi.org/10.1016/j.trac.2025.118158 

Zhao, K., Wei, Y., Dong, J., Zhao, P., Wang, Y., Pan, X., 

& Wang, J. (2022). Separation and characterization 

of microplastic and nanoplastic particles in marine 

environment. Environmental Pollution, 297, Article 

118773. 

https://doi.org/10.1016/j.envpol.2021.118773    

 

 

 

https://doi.org/10.30574/gscbps.2025.32.2.0304
https://pubs.acs.org/doi/abs/10.1021/acs.est.7b00423
https://pubs.acs.org/doi/abs/10.1021/acs.est.7b00423
https://doi.org/10.1016/j.jhazmat.2024.136616
https://doi.org/10.1007/s11356-021-16845-9
https://doi.org/10.1007/s11356-021-16845-9
https://doi.org/10.1016/j.scitotenv.2019.136479
https://doi.org/10.1016/j.scitotenv.2024.172952
https://doi.org/10.1016/j.scitotenv.2022.153847
https://doi.org/10.1016/j.jhazmat.2023.131212
https://doi.org/10.1016/j.ecoenv.2024.117166
https://doi.org/10.1016/j.trac.2025.118158
https://doi.org/10.1016/j.envpol.2021.118773

