
RESEARCH PAPER 
 

*Author for Correspondence: shravanparaste679@gmail.com 
Page: 206 

Contrasting One Health With Microplastics 
 

Shrawan Singh1* ,Richa Jain2 ,Akriti Singh3 

 
1*2Centre for Scientific Research and Development (CSRD), People’s University, Bhopal, Madhya Pradesh, India.                                                                                                                                                                           

3Jayoti Vidhyapeeth Women’s University, Jaipur 
 

*Corresponding author: Richa Jain 
 Centre for Scientific Research and Development (CSRD), People’s University, Bhopal, Madhya Pradesh, India, Email: 

richa198@gmail.com 

Abstract: - 
A rapidly growing global environmental and public health hazard is microplastic contamination. Uncontrolled usage of 
plastics and lack of appropriate disposal and recycling technology have led to increase the concentration of microplastic 
in environment. Microplastics, or plastic residues are considered to be omnipresent nowadays they are found in an aquatic 
and terrestrial environment as well as in air. These particles come from a variety of primary and secondary sources, they 
are basically released in environment by breaking down of bigger plastic material either due to physical withering, 
chemical reactions or biological activity. Microplastics act as vectors of environmental toxins by absorbing and 
transporting hazardous materials such as pesticides, heavy metals, polychlorinated biphenyls, and persistent complex 
organic compounds. All life forms and environment are continuously exposed to microplastics via., consumption of 
microplastics contaminated food material, inhalation of microplastic particles in the air, and use of cosmetics containing 
microplastics. These particles penetrate physiological and cellular barriers and interfere with life processes. Their 
occurrence in human lungs, blood, placenta, and faeces have raised grave worries about possible bioaccumulation and 
long-term health implications. This review critically narrates the pros and cons of plastics, impact of microplastics with 
reference to one health and environment, their detection and possible bio-remediations. 
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Introduction 
Plastics one of the most essential synthetic elements in 
the modern world, they have transformed the way people 
transport, store, package, and consume commodities. 
They are extensively used in the packaging, 
construction, electric materials, automotive, and 
healthcare sectors due to their affordability, flexibility, 
durability, and low cost [1]. Nevertheless, there exist 
substantial environmental cost associated with these 
benefits. Production of plastic has increased alarmingly 
in past 50 years. Global plastic output topped 360 
million tons in 2019 and is still increasing yearly [2]. 
Recycling rates are still low despite increased awareness 
of the plastic pollution; only over 9% of  it is recycled, 
while the remaining is dumped in  the environment, 
including dumping in water bodies, landfills and burned 
[3]. Microplastics are considered omnipresent, found in 
freshwater systems, drinking water, urban air, 
agricultural fields, marine sediments, and even polar ice 
caps [4,5]. Environmental factors like wind, UV light, 
and mechanical abrasion cause larger plastic waste to 
break down into increasingly smaller pieces, which 
eventually form microplastics and nanoplastics 
(particles smaller than 100 nm) [6]. Plastics sustain their 
original chemical characteristics even after breaking 
down into smaller particles instead they become more 
reactive in leu of increased surface area [7]. The 
environmental buildup of microplastics, and nanoplastic 
particles is one of the biggest challenges in to-days 
scenario. These particles, formerly assumed to be 

harmless, are increasingly recognized as potential risks 
to ecological systems and human health [8]. 
 
Microplastics 
Release of microplastics 
Microplastics are purposefully produced for usage in 
industrial abrasives, air-blasting technologies, and 
cosmetic items (including toothpaste, exfoliants, and 
face scrubs) [9]. The breakdown of bigger plastic debris 
comprising of polyethylene (PE), polypropylene (PP), 
Polystyrene (PS), Polyvinyl chloride (PVC), 
Polyethylene terephthalate (PET) and Polyamide 
(nylon)., generally found in rivers, oceans, agricultural 
soils, and municipal waste systems, resulting in small 
sized microplastics particle [6]. Human activities 
including inappropriate dumping, industrial effluents, 
wastewater treatment output, and road traffic (via., tire 
wear particles), natural vectors like wind, rain, and river 
outflows also contribute to this extensive distribution 
[10]. 
PE are widely used in bags, bottles, and containers [11]. 
Depending on density they are classified as high-density 
(HDPE) and low-density (LDPE) types. PP are used in 
preparing bottle caps, straws, food containers, and 
synthetic fibers [12].  PS are used in disposable cutlery, 
packaging foam, and insulation materials [13]. PVC one 
of the most resistant types of plastic find applications as 
construction materials, piping, and as consumer goods 
[14]. Single use plastics materials are generally made 
from PET. They are used in beverage bottles and 
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synthetic textiles while Polyamide (nylon) are employed 
for preparing fishing nets, textiles, and ropes [15]. 
 
Characterization of Microplastics 
  

To effectively assess microplastics present in 
environment, their behaviour, and associated health 
issues, these must be identified and characterized 
accurately. Based on origin they are broadly classified 
into primary and secondary microplastics. Primary 
microplastics are intentionally manufactured small 
plastic particles, typically spherical or fibrous in shape, 
with uniform surface characteristics. These are 
commonly used in cosmetic and personal care products 
such as sunscreen, hair dye, makeup, shower gels, nail 
polish, scrubs, eye shadow, facial cleansers, air-blasting 
agents, and toothpaste [16–19]. Synthetic fibres released 
during clothing production and laundering are also  
considered as primary microplastics [20]. 
Generally when larger plastic objects break down 
through weathering, photodegradation, and other 
degradation processes, secondary microplastics are 
formed. These particles vary in shape, size, and color 
due to their degradation process [6,21]. The shape 
influences transport behavior and biological uptake [22]. 
In environmental samples microplastic particles may be 
found as pellets, fragments, and fibres, but other forms 
such as ropes, films, sponges, foam rubber, and 
microbeads are also prevalent [23]. Particles larger than 
500 µm can be separated using standard sieves and can 
be visualised using dissecting microscope. In contrast, 
particles  smaller than 500 µm are typically separated 
using density-based methods and filtration techniques 
but their accurate detection is difficult since they may be 
confused with other particles possessing same size range 
[22]. Although no global standard exists for the 
classification of microplastics, several classification 
manuals have been proposed [24,25]. Based on size 
microplastics are defined as large microplastics (1–5 
mm), small microplastics (100 µm–1 mm) and 

nanoplastics (<100 nm). The size significantly affects 
ingestion likelihood, bioavailability, and ability to cross 
biological membranes [7,26].  In addition to size, color 
plays a crucial role in the characterization. Microplastic 
may vary in colours include black, blue, white, 
transparent, red, green, purple, yellow, and pink [24,27]. 
These techniques help classify the plastic type and 
determine the degree of environmental degradation 
[28,29]. 
 
Density separation and filtration: These are 
commonly applied to isolate microplastics from 
complex environmental matrices like soil, sediment, or 
water, using salt solutions and membrane filters [32]. 
Surface morphology and functional groups: 
Environmental aging change the texture of 
microplastics, they become more porous and chemically 
reactive. Thereby making  microplastics  adsorb 
pollutants and interfere with biological systems [30]. 
Visual inspection under a dissecting microscope is used 
for identifying particles >300 µm but prone to human 
error and misidentification, especially for smaller or 
transparent particles [22]. While scanning electron 
microscopy(SEM) and transmission electron 
microscopy(TEM) are useful in identifying changes 
associated with microplastics degradation [31]. 
Analytical techniques for detection: In addition to 
microscopic techniques the molecular and chemical 
identification can be studied more accurately using 
Fourier-transform infrared spectroscopy (FTIR), while 
Raman spectroscopy are widely used to identify polymer 
types based on their characteristic molecular vibration 
patterns [28]. Toxics effect of leached microplastics 
from mask made up polypropylene (PP), was studied on 
using Chlorella Sp. and Scenedesmus Sp.. The analysis 
of morphological changes in surface as well as cell 
aggregation were performed using Optical microscope 
and FTIR. [32] . The identification of microplastics is 
also possible using spectrophotometric techniques.  The 
lambda max of plastic polymers is mentioned in Table 
1. 

 
Table 1. Lambda Max of Microplastic Polymers 

Polymer Type Average wavelengths (nm) Reference 
Polyethylene (PE) 200–800 [33] 
Polypropylene (PP) 300–360 [34] 
Polystyrene (PS) 200–300 [35] 
Polyvinyl chloride (PVC) 290–340 [36] 
Polyethylene terephthalate (PET) 300–750 [37] 

 
Thermal methods: Pyrolysis–Gas 
Chromatography/Mass Spectrometry (Py-GC/MS), 
Differential Scanning Calorimetry (DSC) and 
Thermogravimetric Analysis (TGA) allow 
decomposition of polymers into thermal fragments, 
which can be analyzed to determine plastic type [38]. 
However, there is still a lack of globally standardized 
protocols, which complicates inter-study comparisons 
and the formulation of consistent policies [3,39]. 
 
Microplastics vs Environment Health 

These size ranges reflect common particle dimensions 
found in environmental and experimental studies and 
underscore their potential for cellular interaction and 
internalization. The toxicity and environmental fate of 
each polymer are influenced by its unique density, 
chemical characteristics, and degrading behaviours 
[22,40,41]. Microplastic creates negative impact on flora 
and fauna depends on their absorptivity and interaction 
with surroundings.  It has been noticed that microplastic 
interaction with soil alters its water holding capacity and 
its permeability which in turn reduce the agricultural 
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productivity [42], raising the risk of desertification and 
ultimately jeopardising human and animal provisioning. 
 
Environmental entry points of microplastics 
Microplastics are no longer confined to surface waters 
like rivers, lakes, and ponds—they have also been 
identified in deep-sea sediments, polar regions, and 
other remote environments [5,43, 44,45]. Plastics make 
up roughly 10% by weight of the debris found in 
municipal drainage systems and sewage effluents [2]. 
Additionally, sewage sludge spills can introduce 
microplastics into the soil, contributing to terrestrial 
pollution [46]. Over 150 million metric tons of plastic 
waste has been dumped in  oceans [43], representing 
approximately 2.6% of all primary plastic production 
[3]. 
Significant plastic pollution also arises from tourism 
activities such as visits to beaches, waterfalls, and dams, 
where plastics are improperly discarded [13,40,47]. 
Furthermore, plastic debris from damaged fishing and 
agricultural equipment—including nets, lines, and 
films—is frequently dumped into both aquatic and 
terrestrial environments [47,48]. Plastic waste from 
households, daily activities, and industrial processes also 
significantly contributes to plastic pollution. 
In the atmosphere, sources of microplastics include 
synthetic textiles, construction materials, abrasive 
powders, 3D printing processes, waste incineration, and 
tire wear particles [49]. In agriculture, microplastic 
contamination arises from materials used for making 
greenhouse, irrigation pipes, soil conditioners, 
fertilizers, irrigation water, atmospheric deposition, and 
abrasion of plastic materials used on farms [50]. 
Industrial processes such as cutting, grinding, and 
manufacturing of polymers release large amount of 
microplastc in air. Also release microplastics into the air. 
Although some plastic polymers are considered 
biochemically inert because of greater molecular size, 
hence they are not considered directly harmful to their 
nearby surrounding [51]. Residual monomers remaining 
after polymerization can leach out posing environmental 
risks. Although the associate risk depends on 

physicochemical properties of  the polymer [52]. 
Leithner et al. [53] introduced a method for assessing  
hazardous effects of a polymer,  based on the 
toxicological classification of its monomeric 
constituents. According to Lebreton et al. [54], an 
estimated 300 million tons of microplastics have already 
been accumulated on the Earth’s thereby posing 
alarming  threat to ecosystems [55]. 
 
Infiltration of microplastics in the environment 
Plastic waste is carried into water bodies via stormwater 
drainage and urban runoff [13]. The discharge of 
microplastics is largely caused by wastewater treatment 
plants (WWTPs). A significant amount of microplastics 
escape into effluents, despite the fact that many facilities 
maintain a high percentage of microplastics in sludge 
[56,57]. Agricultural runoff contributes microplastics 
into soil ecosystems, especially when sewage sludge or 
plastic mulch is employed [58]. Synthetic fibres, 
construction dust, vehicle emissions, and tire wear 
release microplastics in atmosphere resulting in air 
pollution  [4,59]. Recreational activities, plastic 
packaging, abandoned fishing gear, and riverine 
transportation are all sources of inputs to freshwater and 
marine systems [11,54]. 
Similarly, microplastics disruption of light penetration 
and other sea ice processes [60] may have detrimental 
impacts on the local ecosystem and the climate globally, 
hurting the environment as well as the health of people 
and animals. Plastic litter may have an impact on dune 
systems in coastal environments. This includes  release 
microplastic which may interfere with germination of 
seed by mimicking phytohormones production of plastic 
leachates that may change seed germination by imitating 
phytohormones, which could have an effect on the 
dynamic dune formation [61]. Because dunes are crucial 
for preventing flooding and coastal erosion [62], 
microplastic impacts may have broader effects on the 
geomorphology, economy, and health of these areas. 
These numerous channels of entry draw attention to how 
complicated microplastic pollution is and how 
challenging it is to identify and reduce its sources. 
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Figure 1. Source of plastics and microplastics entering the environment. 

 
Microplastics vs human health 
Microplastics being omnipresent may enter human body 
by various routes and interfere with human’s 
metabolism. With microplastics present in seafood, sea 
salt, honey, drinking water, and a variety of other foods, 
ingestion is arguably the most well-established route 
[63,64]. Another important pathway is inhalation, 
especially indoors where it is easy to breathe in fibers 
from household dust and textiles [9]. Though skin 
penetration of microplastics is still poorly understood, 
recent research have also increased the risk of cutaneous 
exposure, especially through cosmetic goods and 
occupational use of materials containing plastic [65]. 
Personal care products containing microbeads may lead 
to accumulation of microplastics on skin thereafter 
penetrating inside body [17]. 
The biological fate of microplastics in the human body 
whether they build up, are eliminated, or eventually have 
subclinical or clinical health effects is still not 
established. Internal environment of organism such as 
pH, temperature, enzymes, organic molecules etc plays 
a major role in deciding its impact. The size, shape, type 
of polymer, and surface charge of the particles all affect 
some of these effects, which are dose dependent. The 
chronic and cumulative effects, especially from 
persistent low-level exposure, are still mostly unknown, 
even if acute toxicity may not necessarily be seen at 
environmentally relevant concentrations [66]. 
Occurrence of microplastics in human blood raised the 
possibility that they may circulate throughout the body 
and reach different organs [67]. They have also been 
detected in blood, stool, lung tissue, and placental tissue 
[67–69]. In vitro studies on impact of microplastics on 
human cell lines such as HT29, MTX-E12, CaCo 2, 
T98G, and HeLa have shown to cause oxidative stress, 
DNA damage, pro-inflammatory reactions, and even 
apoptosis [70–72]. An average adult could ingest over 

50,000 microplastic particles per year, and even more 
when including inhalation sources [73]. These ingested 
particles may interact with the gastrointestinal lining, 
causing inflammation and potentially entering systemic 
circulation [10]. 
 
Microplastics vs animal health 
Aquatic animals 
Although  the effect of microplastics on metabolic 
functions  of aquatic animals is  not clearly implicit, 
scientific reports confirmed adverse effects in growth, 
survival, and reproduction [74]. Filter feeders like 
mussels, clams, and oysters ingest microplastics from  
aquatic environments, which then accumulate in their 
tissues [63]. In a marine aquaculture system's 
microplastics had 100–5000 times more antibiotic-
resistant bacteria than the surrounding water, 
endangering both human and fish health [75]. As fish 
make up 20% of the world's total animal protein intake, 
both direct and indirect effects of microplastics on fish 
populations may result in nutritional inadequacies in 
humans [76]. The adversative impacts of microplastics 
on biota may affect fisheries as well as aquaculture, 
which provides half of the fish consumed [77]. This may 
arise from the disruption of digestive functions brought 
on by exposure to microplastics, which can alter 
enzymes like trypsin and amylase [78]. A large amount 
of wild fish accumulate  microplastics [79] through food 
and fish meal which pollute with these particles [80], 
adverse consequences may have an impact on 
aquaculture gains. Similar to this, aquatic habitats may 
experience a decline in these creatures' gains or survival. 
Furthermore, worries about microplastics in seafood 
may cause people to eat less of it, which could have a 
unfavourable effect on nutrition [81]. Marine animals 
have been found to consume microplastic particles in 
oceanic places around the world [82–85]. Research on 

Synthesis of plastic by chemical polymerisation

Plastics

Microplastics

Soil pollution Air pollution Water pollution

CoalCrude oil Natural Gas
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marine species consuming microplastics has been 
conducted; the majority of these studies are based on 
stomach contents examination [86–88]. When consumed 
by marine life, microplastics injure them chemically and 
physically. 
Microplastics may stick to external surface of marine 
organism and impede their movement, on other hand 
when consumed may clog the digestive tract and cause 
hepatic stress, they may induce inflammation and retard 
growth [83]. It has been reported that microplastics 
effect organisms living in various trophic levels in 
marine ecosystem. They have been largely  detected in 
invertebrates such as  lugworms [85,89], mussels 
[90,91], barnacles, sea cucumbers, amphipods, and 
zooplankton [88,92], fish-eating birds, fish, turtles, and 
mammals [86,93–95]. 
The entry of microplastics in marine organisms usually 
takes place through process of ventilation wherein water 
moves from the base of organisms limbs , absorbs tiny 
particle debris into the gill chamber and finally inside 
gills [96]. Microplastic is frequently found in marine 
cetaceans, such as dolphins and whales. Hernandez-
Gonzalez et al. [97], reported presence of microplastics 
in stomach of dolphins'. Synthetic polymers of various 
sizes and shapes, including nylon, polyvinyl chloride, 
and polystyrene  have been detected in  gut of Megaptera 
Sp.  [98]. Both acute and chronic toxicity might result 
from the consumption of these microplastics by cetacean 
species. According to Besseling et al. [98] eating 
microplastic can impede digestion by obstructing the 
intestinal track. Additionally, research revealed that 
microplastic may obstruct or clog marine organisms' 
(Balaenoptera Physalus L.) filtering systems. There have 
also been reports of marine turtles ingesting microplastic 
[99]. Some frequent harmful effects linked to a turtle 
ingesting microplastic include severe digestive tract 
damage and obstruction, decreased stomach capacity, 
and death. Additional detrimental consequences linked 
to marine turtles consuming microplastic include 
changes in swimming habits, immunological response, 
growth rate, and ability to evade prey. The number of 
marine turtles is declining as a result of all these reasons. 
Additionally, Camedda et al. [100] and Wilcox et al. 
[101] noted that turtles can become entangled in plastic 
waste, which can lead to several turtle deaths. Plastic 
waste can have an adverse effect on environmental 
elements like temperature in the turtle's habitat, and this 
change in habitat quality has an adverse effect on the sea 
turtle's ability to reproduce. 
 
Terrestrial animals 
Sacred cows in India died of malnutrition after 
consuming plastics because it obstructed their digestive 
tracts [102]. Livestock or wild animals may experience 
the same fate if there are significant levels of plastics or 
microplastics in the environment. Humans would lose 
out on nutrient-dense and valuable animal food products 
or ecosystem services that these animals provide (such 
as grazing to manage vegetation). Although it is not 
anticipated that microplastics will have such negative 
impacts on large cattle, they might have comparable 

negative effects on smaller organisms that also provide 
ecosystem services, including detritivores [103,104]. 
 
Toxicological effects on human cells 
Can microplastics affect human cells and tissues? 
Clearly, there's an absence of toxicity data for humans in 
vivo at this point. However, several studies have 
investigated the impact of microplastics on human cells. 
Not surprisingly, in a number of these studies, despite 
documenting some degree of cellular uptake, signs of 
cellular toxicity were found to be either absent or 
insignificant, except in cases involving very high 
concentrations of microplastics [105]. 
In their investigation involving polyethylene 
terephthalate (PET) produced via laser ablation and 
assessed on the human gut adenocarcinoma epithelial 
line Caco-2, researchers [106] observed a marked 
tendency for nanoparticle uptake and penetration 
through a Caco-2 cell-derived intestinal barrier model. 
Several other studies have demonstrated some degree of 
cellular toxicity or pathological effects on a range of 
human cell lines. Shirinzi et al. [72] carefully 
documented a clear but modest level of reactive oxygen 
species (ROS) in the cytotoxic effects caused by 
microplastics (MPs) in both T98G and HeLa cell lines. 
In their study involving Caco-2 cells, Wu et al. [107] 
shed light on the cellular impact that PS nanoparticles 
(0.1 and 5 μm) had on mitochondrial depolarization and 
ATP-binding cassette (ABC) transporter function. 
Consequently, arsenic toxicity was increased. 
In their comprehensive investigation spanning various 
human and mouse cell types, Hwang et al. [108] 
documented the manifestation of cytotoxicity linked to 
high concentrations of 20 µm polypropylene (PP) 
microplastics, accompanied by notable reactive oxygen 
species (ROS) induction. Moreover, the MPs elicited the 
production of pro-inflammatory cytokines IL-6 and 
TNF-α from human peripheral blood mononuclear cells 
(PBMCs) and heightened histamine release from mast 
cell lines. In their investigation, Poma et al. [109] found 
that 100 nm polystyrene (PS) nanoparticles elicited 
heightened reactive oxygen species (ROS) production, 
leading to the induction of genotoxic stress and DNA 
damage. 
Due to the presence of large amounts of plastic particles 
in the air, terrestrial animals are also exposed to 
microplastics and nanoplastics via inhalation. In this 
context, Dong et al. [110] and associates found that PS 
microplastics produced cytotoxic effects, oxidative 
stress, and inflammatory responses in human lung 
epithelial cells and were disruptive to the epithelial cell 
layer in vitro. Xu et al. [111] and colleagues found that 
PS nanoplastics (25 and 70 nm) impaired viability, 
induced cell cycle arrest, and upregulated nuclear factor 
(NF)-kB as well as some pro-inflammatory cytokines in 
the human alveolar epithelial line A549. Additionally, it 
was revealed that polystyrene (PS) nanoparticles 
exhibited cytotoxic effects only at elevated 
concentrations. Nanoplastics also instigated metabolic 
alterations and triggered endoplasmic reticulum (ER) 
stress within a human bronchial epithelial cell line [112]. 
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Overall, the trials with pristine microplastic on human 
cells reported so far did not indicate severe cytotoxic or 
cytostatic effects. However, their effects cannot be 

ignored. Therefore, more in-depth study is needed in this 
area. 

 
Table 2. Summary of toxicological findings associated with MPs/NPs in human cells 

Human cell models MPs/NPs 
(Type and size) 

Effect References 
 

HeLa (human cervical 
adenocarcinoma cell line) 
T98G (human glioblastoma 
cell line) 

Polyethylene (PE) 
and Polystyrene (PS), 
from 10 ng/mL to 10 
µg/mL 

• Induced cytotoxic effects in both cell 
lines.  
• Elevated reactive oxygen species 
(ROS) generation. 

[72] 

Human colon adenocarcinoma 
Caco-2 cells 
 

Polystyrene 
microplastics (PS-
MPs) from 0.1 mm 
and 5 mm 

• Minimal effects on cell viability, 
oxidative stress, and membrane 
integrity.  
• Disruption of mitochondrial membrane 
potential.  
• Inhibition of ATP-binding cassette 
(ABC) transporter activity. 

[107] 

HMC-1 (The human mast cell 
line −1) 
Peripheral blood mononuclear 
cells (PBMCs) 
Human dermal fibroblasts 

Polypropylene 
microplastics of 
approximately ~20 
μm and 25–200 μm 

• Increased secretion of cytokines and 
histamines in PBMCs and HMC-1.  
• Mild cytotoxicity at high 
concentrations of 20 µm particles. 

[108] 

Human lung epithelial BEAS-
2B cells 

PS-MPs were 1.72 ± 
0.26 𝜇m (1.67–2.17 
𝜇m) 

• Elevated risk of respiratory impairment 
and chronic lung disease.  
• Potential contributor to chronic 
obstructive pulmonary disease (COPD). 

[110] 

Human alveolar epithelial 
A549 cell line 

PS-NP 25 nm and 70 
nm 

• Decreased cell viability and induced 
cell cycle arrest.  
• Altered expression of pro-apoptotic 
and cell cycle-related proteins. 

[111] 

Human bronchial epithelial 
(BEAS-2B) cells 

PS nanoparticles • Cytotoxic only at high concentrations.  
• Induced metabolic disruption at lower 
exposures. 

[112] 

Hs27 cell line Polystyrene 
nanoparticles 100nm 

• Increased ROS production.  
• Genotoxic effects and DNA damage 
confirmed via cytokinesis-block 
micronucleus assay. 

[109] 

 
Microplastics vs Plants and Algal Health 
The alteration of microalgae populations, either through 
decreased nutrient absorption or altered populations of 
predator species, may have an additional ecosystem-
wide impact of microplastics. This could affect the 
survival of these organisms, which account for half of 
the primary net production, for preserving water quality, 
several biogeochemical processes, and significant O2 

production [113]. 
The number of algae that serve as a source of energy for 
several other aquatic species that eat them may also be 
impacted by the presence of microplastics in aquatic 
bodies. There have been numerous reports of algae, 
including Chlorella Sp., Scenedesmus, and Dunaliella 
Sp., absorbing and accumulating microplastics [114]. 
Microplastics have harmful consequences on algae, 
including oxidative stress and a decrease in 
photosynthetic activity. The microplastic's positive 
charge and the algae's negative charge facilitate its 
absorption and buildup through the algae. When 
microplastics are present, a decrease in photosynthetic 
activity has a direct detrimental impact on algae 

biomass, which lowers the total amount of food 
available to other marine animals that depend on algae 
[115]. The detrimental impact of microplastics on the 
marine biota was thoroughly demonstrated by the 
investigations. 
Mao et al. [116] conducted experiment using 0.1 mm and 
1.0 mm size microplastics, in three concentration 
(10mg/l, 50mg/l, and 100mg/l) gradient, and found dose 
dependent toxic effect on growth of Chlorella 
pyrenoidosa. The other associated effect included 
physical damage to thylakoids and membranes. 
polymethyl methacrylate (PMMA) microplastics 
adversely affected growth and photosynthetic activity of 
Phaeodactylum tricornutum. They found of 
microplastics and salinity both together can significantly 
affect chlorophyll fluorescence parameters. 
Accumulation of soluble protein, alteration in 
antioxidant activity and malondialdehyde (MDA) 
content were observed inside algal cells when exposed 
to microplastics [117]. 
Studies were conducted using PVC microplastics where 
Phaeodactylum tricornutum (B255), Chaetoceros 
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gracilis (B13), and Thalassiosira Sp. were exposed for 
24, 48, 72, and 92 hours with microplastics. Studies 
reported high PVC concentration (200 mg/L) reduced 
chlorophyll content, inhibited Fv/Fm, and affected 
photosynthesis of all three marine diatoms. Physical 
damage to the structure of algae cells [118]. While 
Zhang, et. al. [119] used SEM to observe interactions 
between microplastics and algae. Microplastics (PVC, 
average diameter 1 mm) inhibited the growth of 
microalgae, and the maximum growth inhibition ratio 
reached 39.7% after 96 hours of exposure. 
Photosynthesis was negatively impacted as both 
chlorophyll content and photosynthetic efficiency 
(фPSⅡ) decreased under PVC treatment. Have been 
studied by Ziajahromi, et al. [120] they identified 
microplastics using FTIR, they found an average of 0.9 
± 0.3 and 4.0 ± 2.4 microplastic particles/L in the water 
phase in the inlet and outlet samples, respectively. The 
sediment contained 595 ± 120 and 320 ± 42 microplastic 
particles/kg of dry sediment in the inlet and outlet 
sediments, respectively. 
 
Microplastics as Vectors 
Once released into the environment, microplastics 
interact with a range of contaminants, including organic 
pollutants such as polycyclic aromatic hydrocarbons 
(PAHs), polychlorinated biphenyls (PCBs), pesticides 
like dichloro diphenyl trichloroethane (DDT), heavy 
metals like cadmium, lead, and mercury can be adsorbed 
on microplastic surface [121] and serve as carriers for a 
wide range of dangerous compounds [26]. Large surface 
area and hydrophobicity, enable microplastics to adsorb 
and transport organic pollutants across environmental 
compartments, thereby amplifying their ecological 
impact [122]. These may interact with a variety of 
biological systems such as human, animal, plants, 
microbes etc along with their microhabitat and 
macrohabitats and their surroundings. A study by Bakir 
et al. [123] investigated the adsorption and desorption 
behaviours of PVC and PE in relation to several organic 
pollutants, including DDT, phenanthrene, 
perfluorooctanoic Acid (PFOA), and Di(2-ethylhexyl) 
phthalate (DEHP). The research assessed the 
environmental hazard of combinations of plastics and 
pollutants and categorizing them according to the level 
of environmental impact. Seidensticker et al. [124] 
examined 19 different pollutants across three pH levels, 
using two types of plastic materials and discovered 
hydrophobic organic compounds exhibited significantly 
stronger adsorption of microplastics as compared to 
neutral or polar substances, highlighting the role of 
chemical characteristics in pollutant-plastic interactions. 
In addition to organic compounds, microplastics may 
adsorb heavy metals on their surfaces. When 
microplastics enter the soil, they geochemically interact 
with heavy metals. Hodson et al. [125] demonstrated 
microplastics enhance the mobility and bioavailability of 
heavy metals in terrestrial ecosystems. The adsorption 
rates of heavy metals vary greatly depending on 
chemical and physical properties of microplastics 
[121,126]. Exposure to ultraviolet (UV) radiation further 
modifies the surface properties of microplastics, 

enhancing their adsorption capacity. Bandow et al. [127] 
reported that after 2000 hours of UV irradiation, the 
adsorption of copper (Cu) and zinc (Zn) on microplastics 
increased significantly. Similarly, Brennecke et al. [126]  
found that aged PVC debris accumulated higher 
concentrations of Cu and Zn. A study by Massos and 
Turner [128] quantified the adsorption rates of cadmium 
(Cd) and lead (Pb) on plastic surfaces, reporting values 
of 6.9% for Cd and 7.5% for Pb, indicating the 
adsorption heterogeneity of different microplastics. 
These variations are influenced by polymer type, surface 
aging, and environmental conditions. 
Upon ingestion or inhalation, these bound pollutants 
may desorb in human tissues, increasing systemic 
toxicity and bioaccumulation [121,121]. The sorption 
process depends on microplastic properties like polymer 
type, aging, surface charge, as well as environmental 
factors such as pH and temperature [129]. These 
interactions raise concern that microplastics act not only 
as physical particulates but also as chemical vectors, 
potentially enhancing exposure to persistent organic 
pollutants and heavy metals in humans. 
 
Degradation and Bioremediation 
Degradation mechanisms of plastics and microplastics 
are generally slow and incomplete under natural 
environmental conditions, particularly in low-light, low-
temperature, or anoxic settings [130] as a result, 
microplastics can persist for decades, contributing to 
long-term environmental contamination. 
Photodegradation, triggered by sunlight, is often the 
initial step, which prepares plastic polymers for 
subsequent oxidative and hydrolytic breakdown [131]. 
Several other natural processes can aid in the 
degradation of plastics, including thermo-oxidative 
degradation, hydrolysis, and biodegradation by 
microorganisms [40]. Moreover, the biodegradation 
potential of plastic-consuming insects, such as 
mealworms (Tenebrio molitor) and waxworms (Galleria 
mellonella), is a growing field of interest. These 
organisms have demonstrated the ability to ingest and 
degrade synthetic polymers like polystyrene and 
polyethylene through gut microbiota-assisted 
mechanisms. Further research into such insect-plastic 
interactions could uncover novel enzymes or metabolic 
pathways for biotechnological applications [132]. 
 
Microbial Biodegradation 
Microbial biodegradation of plastics has emerged as 
promising approach, as many microbes possess enzymes 
capable of breaking down plastic polymers through 
chain cleavage and depolymerization. Microorganisms 
involved in plastic biodegradation harbour genes 
encoding enzymes such as monooxygenases, 
peroxidases, dehydrogenases, lipases, hydrolases, 
esterases, and depolymerases, all of which contribute to 
the breakdown of complex polymer chains [133,134]. 
As a result, the polymers become brittle and fragment 
into monomers, oligomers, and dimers, which can then 
be metabolized by microbial pathways [40,133,135,136] 
Numerous bacteria capable of degrading plastic 
polymers have been identified. For example, Singh et al. 
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[137] reported that Staphylococcus Sp., Pseudomonas 
Sp., and Bacillus Sp. Isolated from soil were able to 
degrade plastic [115]. Similarly, Caruso et al. [138] 
reported the degradation of PVC by Pseudomonas 
putida. In another study by Asmita et al. [139], 
microorganisms such as Aspergillus niger, 

Pseudomonas aeruginosa, and Bacillus subtilis, 
demonstrated the ability to degrade PET and PS. These 
findings highlight the potential of microbial approaches 
for the biodegradation of microplastics and warrant 
further investigation into the metabolic pathways and 
enzyme systems involved. 

 
Table 2. Some of the microorganisms capable of degrading plastic are listed in the table 

Species Polymer 
Targeted Pivotal takeaways/inferences Enzymes Involved References 

Pseudomonas 
aeruginosa PE, PS 

The PS composites were 
decomposed in vitro. 
For hydrocarbon degradation 

Trypsin, 
monooxygenases [140–142] 

Bacillus subtilis PET 

Not specified: more research 
needed 
PET-hydrolase activity in the 
formation of terephthalic acid 
upon incubation with PET. 

Unknown [143] 

Staphylococcus 
Sp. PE Decomposition of 40µ 

polythene. Unknown [137] 

Pseudomonas Sp. PE Degradation of Polyethylene. Esterase [144] 

Bacillus Sp. PS Degradation of High Impact 
polystyrene film. Lipase, esterase [137,144] 

Rhodococcusruber PE 

Polymerization and subsequent 
processing, such as unsaturated 
carbon–carbon double bonds, 
carbonyl groups, and 
hydroperoxide groups. 

Esterase [145,146] 

 
Enzymes such as monooxygenases, peroxidases, dehydrogenase lipases, hydrolases, esterase, and depolymerases play a 
role in the cleavage of polymer chains into monomers [133,134]. Biodegradation is influenced by environmental factors 
like temperature, Ph, and polymer crystallinity. 

 
Figure 2. Degradation of plastic pollution by microorganisms. 

 
Regulatory Measures and Global Responses 
In addition to scientific solutions, public awareness is 
essential. Governments and regulatory bodies must take 

strong legislative actions to curb plastic pollution. In 
2015, the United States government banned the 
manufacture, packaging, and distribution of rinse-off 

H2O CO2

Metabolized of the monomers, dimers,
and oligomers by microorganisms
such as Pseudomonas aeruginosa,

Bacillus subtilis, Staphylococcus sp.,
Pseudomonas sp., Bacillus sp.,

Rhodococcus ruber etc.

Photodegradation of
plastics by UV-B

radiation

Hydrolysis and oxidative of
polymers by enzymes like

monooxygenases, peroxidases,
dehydrogenase lipases, hydrolases,

esterase, and depolymerases etc.

Enzymes
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cosmetic products containing microbeads [147]. Under 
the REACH regulation, the European Chemicals Agency 
(ECHA) proposed restrictions on the intentional use of 
microplastics in cosmetics, detergents, paints, and 
agricultural products. The regulation is expected to 
prevent the release of 500,000 tonnes of microplastics 
over 20 years [148]. In India, states have implemented 
bans on single-use plastics while at national-level the 
Plastic Waste Management Rules (2022) have 
emphasized Extended Producer Responsibility (EPR) 
for treating plastic waste, including microplastic 
generation [149]. Cooperation among biologists, 
aquaculture managers, and environmental scientists 
could help determine the exposure and impact of 
microplastics. Meanwhile, medical experts can 
communicate potential health risks to humans and 
promote a sustainable, healthy lifestyle. Involvement of 
all stakeholders including engineers, consumers, 
producers and designers involved in development of 
plastic packaging and process may help in facing 
alarming situations arising because of microplastic 
pollution. However, effective implementation of policies 
remains challenging in developing economies due to a 
lack of infrastructure and regulatory capacity [150]. 
 
Future Directions 
Environmental pollution caused by microplastics and 
nanoplastics derived from conventional plastic materials 
has emerged as a global concern due to their persistence, 
ecological impact, and potential toxicity. Addressing this 
issue requires a multi-pronged approach involving 
materials science, microbiology, and environmental 
policy. A systematic review of microbial plastic 
degradation is essential to identify sustainable and 
scalable solutions [151]. In particular, the isolation and 
genetic characterization of plastic-degrading 
microorganisms offer great promise. Identification of 
key biodegradation genes serves as baseline for 
engineering more efficient microbial strains or enzyme 
systems for useful in degrades microplastics residues. 
Recent studies have advocated the use of free-living 
algae for plastic degradation due to their enzymatic 
capabilities and potential to integrate into recycling 
processes [152]. Algae not only colonize plastic surfaces 
but also facilitate photo-oxidation and enzymatic 
hydrolysis, making them viable candidates for bio-
recycling systems. 
Supporting interdisciplinary research in this domain and 
providing platforms for scientific innovation are critical 
to accelerating the transition toward a circular plastic 
economy. 
 
Conclusion 
Microplastics are a silent but pervasive threat, with 
implications for ecosystem stability and human health. 
Their interaction with biological systems, particularly at 
the cellular level, underscores the urgency of addressing 
this crisis. They are reported to cause oxidative stress, 
mitochondrial malfunction, DNA damage, inflammatory 
reactions, and altered immunological activities in living 
cells. While acute toxicity is often minimal, chronic 
exposure and bioaccumulation may lead to profound 

effects. As plastic production continues to rise, so does 
our responsibility to manage its life cycle sustainably. A 
unified global response integrating science, policy, and 
community action is critical to mitigate the long-term 
impact of microplastics on human health and the 
environment. Additionally, emphasis should be placed 
on the development and use of eco-friendly and 
biodegradable plastics that are less harmful to the 
environment and easier to degrade. 
Highlight the pressing need to confront this new hazard 
through combined scientific, regulatory, and societal 
methods. Microplastics are a growing environmental 
contaminant of major concern because of their 
pervasiveness and the current knowledge gaps about 
their long-term health impacts. With suggestions to 
restrict purposeful plastic additives and prohibitions on 
microbeads in cosmetics in a number of nations, 
regulatory frameworks are starting to change. However, 
there is an urgent need for a comprehensive worldwide 
strategy that combines environmental policy, scientific 
research, and public health surveillance. The exposure 
pathways, cellular biological reactions, the function of 
microplastics as pollutant vectors, and current 
advancements in biodegradation techniques are also 
highlighted. In order to safeguard the environment and 
public health, this study aims to guide research 
directions, public policy, and risk mitigation methods by 
examining the wider ramifications of microplastic 
pollution. 
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