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ABSTRACT 

Plastic waste is a global environmental problem and without clear handling this plastic waste 

might enter the aquatic environment, threaten the life of aquatic organisms. A series of physical, 

chemical and biological reactions can occur when plastic enters the water, thus forming fragments less 

than 5 mm in size or called microplastics. Microplastic particles have a great possibility to interact with 

the phytoplankton community, the main primary producer group in the waters. This paper aims to 

comprehensively examine the morphological and physiological impacts of microplastic exposure on 

phytoplankton. The results of literature studies showed that exposure to microplastics causes damage to 

phytoplankton cell structures such as loss of cell membrane integrity, damage to cell organelles 

(Chloroplasts, Mitochondria), changes in cell volume and the formation of cytoplasmic vacuoles. 

Meanwhile, the physiological impact were the inhibition of cell growth, disruption of the photosynthesis 

process, increased concentrations of reactive oxygen species (ROS), changes in antioxidant activity and 

cell membrane peroxidation. Phytoplankton can perform several mechanisms in maintaining cells, 

namely the secretion of external polysaccharides (EPS), formation of vacuoles, homo-aggregation and 

hetero-aggregation, and biochemical detoxification. Information about these impacts is needed as an 

effort to handle and anticipate microplastic pollution in the waters. 
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1.  INTRODUCTION 

 

Plastic pollution has become common in almost all environmental bodies, especially in 

waters (Zhang et al., 2020). Since it was first used on a mass scale in 1950, plastic has become 

a part of human life and its production reached 288 million tons in 2000, an increase of almost 

170 times (Europe 2015). Indonesia is one of the largest plastic waste producing countries in 

the world after China (Jambeck et al., 2015). At least 6.8 million tons of plastic waste are 

produced every year with an increase of 5% per year (Global Plastic Action 2022). Most of this 

amount is not managed properly so that it enters the aquatic environment and ends up in the 

sea. The amount of plastic waste in Indonesia that is predicted to enter the marine environment 

will reach approximately 30% or 800,000 tons by 2025. The waste problem in Indonesia can 

also be converted into a transboundary pollution issue due to the possibility of spreading plastic 

waste carried by hydrodynamic currents to enter the marine environment. neighboring countries 

(Handyman et al., 2019; Rizal et al., 2020). 

Plastics that enter the waters can undergo physical transformation due to environmental 

influences such as temperature and currents, thus forming smaller fragments less than 5 mm in 

size, or called microplastics (Ayuningtyas et al., 2019). Microplastics have been reported to be 

found in almost all parts of the environment from water, sediment, soil, ice to deep sea areas 

(Dewi et al., 2015; Hanif et al., 2021; Xu et al., 2020; Kelly et al., 2020; Courtene-Jones et al., 

2017; Tchounda et al., 2019). Due to its resistance to degradation, microplastics will accumulate 

and pose a risk of exposure to humans. The content of microplastics in aquatic organisms such 

as fish, bivalves to marine mammals has been detected in several studies, even the latest 

research found microplastics in human blood cells (Yudhantari et al., 2019; Wahdani et al., 

2020; Zantis et al., 2021; Leslie et al., 2022). Microplastics with concentrations up to 3.8 g/L 

were found in four mouths of the Chesapeake Bay river in San Francisco (Yonkos et al., 2014) 

and more were found in the Danube River in Europe, reaching 700 g/L (Lechner et al., 2014). 

Benoa Bay located in Bali was reported to have been contaminated with microplasty with a 

density of 0.58 particles/m3 which was dominated by the type of fragment (Riska et al., 2019; 

Azhari et al., 2022). While in Taihu Lake, in China, the concentration of microplastics even 

reached 50,000 ug/L or 50 ppm (Su et al., 2016). Based on estimates, it is estimated that 12.7 

million tons of microplastics enter marine waters every year (Jambeck et al., 2015). This shows 

that the risk of exposure to microplastics through biomagnification in aquatic ecosystems is an 

important study to understand the dangers and prevent their exposure to humans.  

The process of bioaccumulation and biomagnification of microplastics in the aquatic 

environment will begin through the interaction between microplastic fragments and groups of 

primary producer organisms that occupy the lowest strata of the food chain, namely 

phytoplankton. Phytoplankton are unicellular organisms that are autotrophs and play an 

important role in aquatic ecology, as primary producers as well as oxygen providers (Cokrowati 

et al., 2014; Permana and Akbarsyah, 2021). Phytoplankton are generally microscopic in size, 

making them susceptible to exposure to microplastics. Several studies reported a positive effect 

where exposure to microplastics, although initially had a negative effect on phytoplankton, after 

some time could stimulate growth by several mechanisms. However, with plastic production 

that continues to increase and the volume of plastic waste entering water bodies continuously, 

the negative impact of microplastics can naturally affect the population. 

Several studies have examined the impact that occurs due to the interaction between 

microplastic fragments and phytoplankton cells. The study was conducted on various types of 
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species, both freshwater and seawater species. For example, Luo et al., (2019) observed the 

effect of microplastics on the growth and photosynthesis of freshwater microalgae Chlorella 

vulgaris. Tetraselmis chuii, a phytoplankton that is often used as natural food in abalone 

cultivation has also been reported to experience growth inhibition effects due to exposure to 

microplastics (Davarpanah and Guilhermino, 2019; Permana et al., 2021). A study conducted 

by Seoane et al., (2019) showed that polystyrene (PS) microplastic which had modified amine 

group (-NH2) with a size of 50 nm, was able Chaetoceros neogracile to effectivelyafter 72 hours 

of exposure (EC50 72h) at a concentration of 2.5 g/mL. In addition, the growth of the 

microalgae Dunaliella tertiolecta is known to be inhibited by 25.37% after exposure to PS type 

microplastics with a charge of 40 nm in size (Bergami et al., 2017). Polyvinylchloride (PVC) 

microplastics were reported to have more negative impacts on the growth and photosynthesis 

of the microalgae Chlorella pyrenoidosa and Microcystis flos-aquae compared to 

polypropylene (PP) microplastics (Wu et al., 2019). PVC-type microplastics were also reported 

to be more toxic to Daphnia magna test organisms than PP, polyethylene (PE), acrylonitrile-

butadiene-styrene and epoxy resins (Lithner et al., 2012).  

Microplastics can affect phytoplankton in several ways, including disrupting the 

metabolism of phytoplankton cells and physically damaging phytoplankton cells so that they 

cannot function properly (Prata et al., 2019). This is influenced by the type of phytoplankton 

species and their ability to detoxify foreign material that enters their cells, the size of the 

microplastic particles and the type of material that makes up the microplastic. This paper will 

review and review research studies related to the impact of microplastic exposure on 

phytoplankton physiologically and morphologically to obtain a comprehensive picture of the 

vulnerability of primary producer groups in these waters to microplastic pollution. This study 

will cover a discussion regarding its impact on individuals (physiology and morphology) and 

the phytoplankton population in general, followed by the mechanism of microplastic toxicity 

on phytoplankton and their detoxification. 

 

 

2.  MICROPLASTIC 

 

Plastics are polymers composed of synthetic monomers at high temperatures, through a 

polymerization process (Debling Jon A., and W. Harmon Ray, 1995). Plastics in nature are 

resistant to physical, chemical and biological degradation, making them persistent and can last 

for a long time in the environment. When plastic enters the waters, physical and chemical 

processes in the water will not remove the plastic, but over time and also based on the nature 

of the constituent material, the plastic will break down into smaller pieces or commonly called 

microplastics (Ayuningtyas et al., 2019). 

Microplastics range in size from 0.3 mm to 5 mm. Based on their size, microplastics can 

be divided into several categories, namely the category of large microplastics measuring 1-5 

mm, and small microplastics or nanoplastics with a size of less than 0.3 mm (Rahmat et al., 

2019). Based on the formation process, microplastics are divided into primary microplastics 

and secondary microplastics. Primary microplastics are plastics that have been produced from 

the start with a micro size or less than 5 mm, so they are included in the microplastic group. 

Examples of primary microplastics include particles used in cosmetics, textile materials in 

clothing and also fishing nets (Auta et al., 2017).  

https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Jon+A.++Debling
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=W.+Harmon++Ray
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While secondary microplastics are plastics that are produced in macro size but undergo a 

decomposition process to form smaller pieces or fragments or microplastics (Rahmat et al., 

2019).  

Microplastics can be formed in the aquatic environment through photooxidation 

processes, thermal oxidation reactions and mechanical or biological degradation (Galloway et 

al., 2017). Plastic that enters the aquatic environment will be susceptible to photooxidation 

triggered by ultraviolet (UV) radiation from the sun. This photooxidation will release polymer 

fragments with low molecular weight such as monomers and oligomers (Gewert et al., 2015). 

Further mechanical and biological degradation will fragment the plastic into smaller sizes. 

Plastic fragmentation can also occur through temperature-dependent thermo-oxidation 

(Weinstein et al., 2016).  

Microplastic particles can also aggregate, either with other microplastic particles 

(homoaggregation) or with other materials including microalgae (heteroaggregation) so that 

this microplastic aggregate is heavier and settles in the sediment (Long et al., 2017). 

 

 
 

Figure 1. Types of Microplastics by Type of Particles. Filaments (A), Fragments (B),  

Beads (C) and Films (D) (Sources: Yin et al., 2019; Jiang et al., 2018; Talvitie et al., 2017) 
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Microplastics can be divided into several types based on the particle type. According to 

Brate et al., (2016), the types of microplastics include Beads or granules, Filaments, Fragments 

and Films (Figure 1). Research related to microplastics initially developed with studies on the 

impact of polyethylene-based beads-type microplastics because they are easy to obtain and 

widely available, but along with its development, studies on other types of microplastics are 

increasingly being studied (Rillig et al., 2019). The most common types of microplastics based 

on their constituent materials found in the environment are polystyrene (PS), polypropylene 

(PP), polyvinyl chloride (PVC), polyethylene (PE), nylon, and polycarbonates. PS, PP and PE 

are the most common types of microplastics found in the environment, including water and 

sediment (Cincinelli et al., 2017). 

 

 

3.  IMPACT OF MICROPLASTIC EXPOSURE ON PHYTOPLANKTON 

 

Studies on the impact of microplastic exposure on aquatic organisms, especially marine 

organisms, have begun to increase along with many reports of findings of high concentrations 

of microplastics in water bodies. Comprehensive toxicology studies have been carried out 

targeting high-level organisms such as fish, shellfish, marine mammals, coral polyps, benthic 

organisms and so on. Oral, inhalation and skin exposure are mechanisms commonly observed 

in aquatic organisms until they accumulate in tissues and organs. Phytoplankton are unicellular 

organisms, so the mechanism of exposure to microplastics is generally due to the interaction 

between the cell membrane and the microplastic surface. The adverse effects that occur when 

phytoplankton cells are exposed to microplastics can be in the form of physical and biological 

impacts. Physically, exposure to microplastics can cause cell death, organelle damage and 

membrane damage. Biological impacts include the induction of oxidative stress, inflammation, 

growth inhibition and photosynthetic disturbances. 

 

3. 1. Morphological changes of phytoplankton due to microplastics 

Several studies have examined the impact of exposure to microplastics on phytoplankton 

cells by observing their morphological changes using a Scanning Electron Microscope (SEM) 

or Terminal Electron Microscope (TEM) on various species (Figure 2). Generally, cell damage 

is influenced by the size of microplastic particles and their type. Microplastic particles that are 

large enough usually become substrates for microorganisms including bacteria and 

phytoplankton to grow on their surface or are called plastispheres. Smaller particles can stick 

to the surface of the cell wall or enter the cell cytoplasm through several mechanisms such as 

phagocytosis and endocytosis (Figure 2B) (Long et al., 2017), this will then disrupt the integrity 

of the cell from within, and ultimately damage organelles and functions. cell physiology.  

Mao et al., (2018) observed cell changes in Chlorella pyrenoidosa after exposure to PS 

microplastic with particle sizes of 0.1 m and 1 m and concentrations of 10 mg/L, 50 mg/L and 

100 mg/L. The results showed that cells exposed to microplastics had indistinct pyrenoids with 

cell walls detached from the plasma membrane (Figure 2A). Thylakoid cells also appear 

indistinct and distorted, indicating a disturbance in photosynthesis. Microplastic exposure also 

causes cell walls to thicken and become areas for microplasty attachment to the cell surface. 

Microplastic particles attached to the cell surface can cause reduced light that can be captured 

by cells and interfere with nutrient and gas exchange between plasma and outside the cell (Chen 

et al., 2012). 
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Figure 2. Damage to cell morphology due to exposure to microplastics. Chlorella 

pyrenoidosa (A), Chlamydoman reindharti (B), Platymonas helgoglandica (C), Chaetoceros 

gracilis (D), Chaetocheros neogracilis (E), Thalassiosira sp. (F) (Sources: Mao et al., 2018; 

Yan et al., 2021; Wang et al., 2020a; Seone et al., 2019; Wang et al., 2020b) 
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Exposure to microplastics with higher concentrations showed a more severe impact on 

the damage to the morphology of phytoplankton cells. Wang et al., (2020a) observed the 

appearance of folds, small holes and cracks on the cell surface of the phytoplankton type 

Platymonas helgoglandica after exposure to microplastic type PS up to 2000 g/L. Along with 

the increase in the concentration of microplastics, the surface of the microalgae cells 

increasingly showed deformation characterized by tearing and withering of the cell surface. An 

increase in the concentration of microplastics also causes cell wall damage andcytoplasmic 

vacuolation, namely the formation of vacuoles in the cell cytoplasm due to foreign material 

entering the cell or bacterial and viral infections (Aki et al., 2012). Cytoplasmic vacuolation 

which is irreversible indicates that the cell is under continuous stress which can eventually lead 

to cell death (Shubin et al., 2016). 

The cell membrane of phytoplankton is an important barrier against influence from 

outside the cell because it is a site for the exchange of materials from outside to inside the cell, 

and vice versa. Microplastics can enter the cell through the cell membrane and accumulate in 

the cell. Membrane permeability is usually associated with cell viability which is generally 

related to mitochondrial and chloroplast function. Research by Wang et al., (2020) reported that 

mitochondrial membrane permeability increased when exposed to microplastics. This indicates 

that the mitochondrial membrane function has been disrupted by the presence of microplastics 

and indicates that mitochondrial swelling has occurred (Vander Heiden et al., 1997). Increased 

mitochondrial membrane permeability also indicates that energy production increases as a form 

of defense against the entry of microplastic particles into cells, which is associated with a loss 

of cell integrity (Zhang et al., 2018). 

Cell volume has also been reported in several studies to be affected by microplastic 

exposure.phytoplankton cells Chlorella pyrenoidosa exposed to PS microplastics at 

concentrations of 0-3 mg/L and 10.5-30 mg/L reduced cell volume, while concentrations of 3-

10.5 mg/L were effective in increasing cell size (Li et al., 2020). Nutrient loss and cell shrinkage 

due to plasmolysis, vacuolation and cytoderm thought to be the main causes of reduced cell 

volume at low exposure concentrations. When the concentration increases, hetero-aggregation 

occurs which protects the phytoplankton cells, but as the concentration continues to increase it 

causes damage to chlorophyll so that it interferes with the photosynthetic process of cells. 

Exposure to microplastics has been shown to have an impact on the morphology of 

phytoplankton cells which is influenced by concentration and duration of exposure, as well as 

particle size of microplastics. 

 

3. 2. Physiological changes of phytoplankton due to microplastics 

Disturbance in the photosynthetic system is the most widely reported physiological 

impact as a result of exposure to microplastics on phytoplankton. As primary producers in 

waters, phytoplankton are highly dependent on their ability to carry out photosynthesis to 

produce their cellular biomass. Disruption of the photosynthesis process will cause cells to 

experience various physiological effects. Growth inhibition, oxidative stress and disturbances 

in chloroplast synthesis are some of the common mechanisms found in studies of the toxic 

effects of microplastics on phytoplankton.  

Phytoplankton grows according to four main phases, namely the lag phase, the 

exponential or logarithmic phase, the stationary phase and the death phase. Exposure to PS 

microplastic with a size of 0.1 m showed an effect on the growth of Chlorella pyrenoidosa , 

namely inhibition of 21%, 29% and 38.5% at concentrations of 10 mg/L, 50 mg/L and 100 
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mg/L respectively (Mao et al. , 2018). The exposure also turned out to cause the logarithmic 

phase to be longer, resulting in a higher cell density. The growth of phytoplankton cell types 

Phaeodactylum tricornutum and Thalassiosira sp. reported inhibition up to 78.56% and 78.78% 

respectively when exposed to PVC microplasty for 24 hours with a concentration of 200 mg/L, 

while phytoplankton species Chaetoceros gracilis showed inhibition up to 94.14 when exposed 

to PVC microplastic with the same concentration but exposure time of 96 hours (Wang et al., 

2020). Zhang et al., (2017) reported the results of their study on Skeletonema costatum exposed 

to microplastics for 96 hours and resulted in growth inhibition of up to 39.7%. Dunaliela 

tertiolecta exposed to 10 mg/mL of 0.1 mm PS microplastic for 72 hours experienced growth 

inhibition of up to 40% (Figuredella et al., 2018). The inhibition of cell growth is thought to be 

caused by the transfer of energy used by cells to detoxify microplastics such as for the synthesis 

of extracellular polysaccharides (EPS), which are the building blocks of cell walls. 

Excessive EPS synthesis has also been reported in several studies of the impact of 

microplastic exposure on phytoplankton. EPS secretion of phytoplankton species 

Chlamydomonas reindhartii exposed to 100 nm microplastic with a concentration of 500 mg/L 

increased up to 48% and the protein content also increased up to 1.85 times compared to the 

control treatment (Yan et al., 2021). Lagarde et al., (2022) reported that two phytoplankton 

genes involved in EPS biosynthesis, namely UDP-glucoronate decarboxylase and UDP 

glucose-4-epimerase were overexpressed when exposed to 400 m HDPE microplastic with a 

concentration of 1 g/L. This shows that the energy possessed by cells to carry out photosynthesis 

and growth has been diverted to carry out EPS biosynthesis when exposed to microplastics. 

Microplastics can interact with EPS and block light from entering the photosynthetic reaction 

center and interfere with the efficiency of electron transmission (Zhang et al., 2017). The 

attachment of these microplastics can also block the entry and exit of important substances in 

cell metabolism, including gas and energy.  

Exposure to microplastics is also reported to reduce the content of chlorophyll A, which 

will result in decreased photosynthetic activity. A total of 62.82% reduction in chlorophyll A 

content occurred in Phaeodactylum tricornutum exposed to 200 mg/L PVC microplastic for 96 

hours. The same thing also happened to the cells of Thalassiosira sp. and Chaetoceros gracilis 

which decreased chlorophyll content by 89.95% and 90.42% respectively after exposure to PVC 

microplastic for 96 hours with the same concentration (Wang et al., 2020). The decrease in 

chlorophyll A content in the phytoplankton Microcystis flos-aquae reached 46.93% on 

exposure to PVC microplastic with a concentration of 500 mg/L and 16.92% on exposure to PP 

microplastic with the same concentration (Wu et al., 2019). Meanwhile, Yan et al., (2021) 

compared PS microplastics with two sizes, 100 m and 100 nm and looked at their impact on the 

synthesis of total chlorophyll and carotenoid content in the phytoplankton Chlamydomonas 

reindhartii. The results showed that PS microplastic with a smaller size had a greater effect on 

the decrease in the content of carotenoids and chlorophyll A, which reached 72.6% and 72.8%, 

respectively. The content of chlorophyll A in these cells is directly correlated with the ability 

of cells to photosynthesize and form their biomass. The reduced content of chlorophyll A 

indicates the reduced capacity of phytoplankton to carry out photosynthesis so that this will also 

have an impact on inhibiting cell growth. 

The photosynthetic activity of cells can be observed using a pulse-amplitude-modulated 

fluorometer which will quantify the fluorescence produced by chlorophyll during the 

photosynthesis process (Brooks et al., 2011). Important parameters to measure photosynthetic 

activity at the Photosystem II reaction center (PSII) include photochemical efficiency (Fv/Fm), 
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potential photosynthetic activity (Fv/F0) and actual photosynthetic efficiency (Fv'/Fm'). The 

decrease in the values of Fv/Fm, Fv/F0 and Fv'/Fm' indicates that light has inhibited 

photosynthesis. When cells are exposed to microplastics, electron transport between qa and qb 

(a quinone molecule that acts as an electron acceptor from a donor) is disrupted, resulting in the 

formation of a PSII reaction center with unreduced qb. This will cause electrons to accumulate 

and worsen photo-inhibition so that it ends in increasing levels of Reactive Oxygen Species 

(ROS) in cells. The results of research by Wang et al., (2020) showed a decrease in the value 

of Fv/Fm in phytoplankton P. tricornutum, C. gracilis, and Thalassiosira sp. when exposed to 

PS microplastics. The same thing was observed by Mao et al., (2018) for the phytoplankton C. 

pyrenoidosa and Wu et al., (2019) for the phytoplankton C. pyrenoidosa and Microcystis flos-

aquae. 

Reactive oxygen species (ROS) are oxygen-derived molecules associated with aerobic 

processes in cells. Increased number of ROS in cells correlates with molecular damage in cells 

and inhibits chlorophyll biosynthesis and is called oxidative stress (Geoffroy et al., 2003). 

Chlamydomonas reindhartii increased ROS levels in cells up to 130.2% when exposed to PS 

microplastic with a concentration of 500 mg/L (Yan et al., 2021). The concentration of ROS in 

phytoplankton of Phaeodactylum tricornutum also increased up to 1.51 times when exposed to 

PS microplastic with a concentration of 200 mg/L (Lang et al., 2022). Liu et al., (2019) also 

reported a 1.8-fold increase in ROS concentration when Scenedesmus obliquus exposed to 50 

mg/L PS microplastic. Increased concentration of ROS in cells will be associated with cell 

apoptosis and increased activity of antioxidant enzymes such as superoxide dismutase (SOD), 

peroxidase (POD) and catalase (CAT). Increased ROS will also affect lipid peroxidation in cell 

membranes, which is characterized by increased levels of the end product of cell membrane 

lipid peroxidation, namely malondialdehyde (MDA). 

 

3. 3. Microplastic detoxification mechanism phytoplankton 

Cells Phytoplankton cells exposed to microplastics and other foreign materials in general, 

such as heavy metals, nanoparticles or pathogenic bacteria and viruses, will carry out a 

detoxification mechanism as a form of defense. Studies show that phytoplankton cells can carry 

out detoxification efforts in various ways including by secreting more EPS so that the cell walls 

thicken, forming cytoplasmic vacuoles, forming aggregates with fellow phytoplankton cells as 

well as with microplastic particles and biochemically by increasing the activity of enzymes 

related to detoxification. cell.  

Cell wall thickening by increasing EPS secretion can help phytoplankton cells reduce the 

negative impact of microplastics. Microplastics can adhere to the surface of the EPS and prevent 

microplastics from entering the cell plasma. This thickening can also reduce the physical 

damage that can occur from exposure to microplastics. Microplastics can adhere to EPS by 

forming hydrogen bonds or through electrostatic interactions (Quigg et al., 2013). The 

interaction between EPS and microplastics will reduce the surface charge and hydrodynamic 

diameter of microplastics, thereby reducing their bioavailability to cells (Bellingeri et al., 2019). 

However, due to the influence of several factors such as particle size that is too small 

(nanoplastic) and surface charge, microplastic particles can enter the cell plasma even though 

the cell has carried out a detoxification mechanism by secreting EPS. Microplastic particles can 

enter the plasma of phytoplankton cells by endocytosis and phagocytosis mechanisms (Long et 

al., 2017). When the particles are already in the plasma, phytoplankton cells can carry out a 

defense mechanism by forming cytoplasmic vacuoles (Yan et al., 2019; Li et al., 2019).  
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This vacuole will collect microplastic particles in the cell and prevent them from diffusing 

in other important cell organelles, such as chloroplasts or mitochondria. However, this 

cytoplasmic vacuole will not forever be able to hold microplastic particles, if there is no other 

special mechanism capable of removing particles from the cell, the cell can die. 

Another mechanism that can be taken by phytoplankton as a defense system is to form an 

aggregate with other phytoplankton cells or called homo-aggregation. When the phytoplankton 

cells form an aggregate, the phytoplankton community protects the cells from further damage. 

This cell aggregation reduces the ratio of surface area to cell volume, causing the number of 

microplastic particles that can adhere to cells to decrease (Chen et al., 2012). Phytoplankton 

cells can also form aggregates with microplastic particles, which is known as hetero-

aggregation. The formation of aggregate between phytoplankton cells and microplastic particles 

will facilitate microplastics to be deposited to the bottom of the water, thereby reducing the 

concentration of microplastics in the water column. Thus, the phytoplankton cells that are still 

suspended in the water column are protected from exposure to microplastics. 

In addition, another mechanism that cells can use to deal with the entry of microplastic 

particles into cells is biochemically through the enzymatic activity of cells. When microplastic 

particles stick to cell walls or enter cells, physiological reactions of phytoplankton cells will 

occur, including increased levels of ROS in cells. This reactive oxygen molecule will stimulate 

antioxidant enzymes to increase their activity. Reactive oxygen molecules (•O2ˉ) be converted 

by the SOD enzyme into hydrogen peroxide (H2O2 whichwillisa free radical (Suman et al., 

2021). The hydrogen peroxide formed will then be eliminated from the cell with the help of 

CAT and POD enzymes in the form of oxygen and water (Li et al., 2016). The quantification 

of enzymes related to these antioxidants can be used as indicators in studies of the impact of 

toxicant exposure on phytoplankton cells. In other words, the activity of this enzyme can be 

said as a form of defense of phytoplankton cells against microplastic exposure. 

 

 

4.  CONCLUSION 

 

Based on the results of literature studies that have been detailed and comprehensively 

described, it can be concluded that so far research on the impact of microplastic exposure on 

phytoplankton has been carried out. Damage to cell morphological structures such as damage 

to cell walls and other cell organelles as well as physiological disturbances, especially in the 

process of photosynthesis, is a commonly reported impact in studies of exposure to several 

types and sizes and concentrations of microplastics on various types of phytoplankton, both 

from fresh water and sea water. Detoxification mechanisms such as cell wall thickening, 

vacuole formation, aggregate formation and increased cell biochemical activity have also been 

reported to be used as cell defense efforts against microplastics. The negative effects of 

microplastics on phytoplankton need to be studied further to better understand how 

microplastics interact with phytoplankton cells and other materials that naturally exist in waters. 
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