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Abstract 
Smaller than five millimetres, the tiny fragments of plastic debris are referred to as microplastics and have 
emerged as a significant environmental contaminant. Because of their high bioaccumulation and resistance 
to breakdown, microplastics represent a serious environmental problem. Unfortunately, only a part of 
microplastics can be recycled, removed, or broken down; there is not enough technology available to entirely 
eliminate them. Moreover, it has been found recently that the fragmentation and degradation of poorly 
managed plastic wastes is one of the primary sources of microplastics in the environment. It can therefore be 
quoted here, "Microplastics may be tiny, but their impact is colossal unveiling the hidden crisis that's shaping 
our future." The review identifies critical research gaps and suggests innovative approaches for future 
investigation. In conclusion, the "little mighty" continue to have an enormous impact on our surroundings 
despite their seeming little size. As a result, we must act quickly to safeguard both our health and the 
environment. 
 
Keywords: Millimetre, plastic, debris, pollution, environment 
 
Introduction 
According to the U.S. National Oceanic and Atmospheric Administration (NOAA) and the 
European Chemicals Agency Microplastics are fragments of any type of plastic, less than 5 mm 
(0.20 in) in length. Microplastics (MPs) considered an emerging environmental pollutant and have 

drawn a lot of attention because of the possible harm they could do to living organisms. The 
world's population growth has boosted plastic usage, which has increased garbage production and 
generation of microplastics. Plastic has permeated every aspect of our lives, from cleaning 
supplies to clothes, due to its low cost, high durability, and low weight. A significant amount of 
plastic trash, known as microplastics, and macroscopic plastic particles, known as big plastic 
wastes, are dumped into rivers and oceans. Tires, synthetic textiles, marine coatings, traffic signs, 
personal hygiene products, plastic pellets, and urban dust are the main sources of microplastics. 
Furthermore, home activities account for the bulk of microplastics with 77 percent and 23 percent 
of the industrial application, according to the most recent estimate of microplastics worldwide, 
there are 51 trillion particles, or 93-236 thousand tons, of microplastics floating on the ocean's 
surface due to the 79 per cent of plastic trash that is disposed of worldwide in landfills, soil acts 
as a major microplastic sink (Boucher and Froit, 2017) [1]. The ability of plastics to break down 
into microplastics by weathering, such as mechanical, microbiological, or photodegradation, is 
one of the main issues and concerns surrounding plastics (Damaj et al 2024) [2]. 
The two main sections of microplastics are Primary microplastics & Secondary microplastics. 
Primary microplastics are made specifically for use as drug vectors, cosmetic abrasives, and air 
blasting, among other industrial and engineering applications. Virgin plastic manufacture pellets, 
which are usually 3-5 mm in diameter, can also be classified as primary microplastics under the 
more expansive definitions of microplastics, despite some critics disputing this classification 
(Andrady, 2011; Costa et al., 2010) [3, 4]. These plastics, which are commonly referred to as 
"microbeads" or "micro-exfoliates," can differ in size, shape, and composition based on the 
specific product (Fendall and Sewell, 2009) [5]. Secondary microplastics are microscopic plastic 
particles that are released from bigger plastic debris during their disintegration, which can occur 
on land or at sea (Ryan et al., 2009; Thompson et al., 2004) [6, 7]. Plastic waste can fragment as a 
result of a combination of physical, biological, and chemical activities that weaken itsstructural 
integrity over time (Browne et al., 2007) [8]. Long-term sun exposure can cause plastics to 
photodegrade; ultraviolet (UV) light oxidizes the polymer matrix and creates link breakage 
(Andrady, 2011; Barnes et al., 2009; Browne et al., 2007; Moore, 2008; Rios et al., 2007) [3, 9, 8, 

10, 11]. Additives intended to improve durability and corrosion resistance may leak out of the 
polymers as a result of this deterioration (Talsness et al., 2009) [12]. 
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Fig 1: Sources of primary and secondary MPs  

 
The number of plastic products produced annually worldwide 

was 460 million tons in 2019; just 9 per cent of these were 

recycled, by 2060, the amount is predicted to rise to 1.2 billion 

tons (OECD, 2022) [13]. Numerous plastics enter the 

environment as a result of high yield and poor recovery. 

Polypropylene (PP), polyethylene (PE), polyethylene 

terephthalate (PET), polystyrene (PS), polyvinyl chloride 

(PVC), and other common commercial plastics are available in 

the market (Andrady, 2011) [3, 14]. Microplastics have been 

found all the way to the Mariana Trench (peng et al., 2018) [15], 

the summit of Mount Everest (Napper et al, 2020) [16], the north 

to the Arctic (Bergmann, et al, 2022) [17], and the south to 

Antarctica (Aves, et al, 2022) [18]. The predominant component 

of marine debris is plastic (Rellan, et al, 2023) [19]. The amount 

of plastics that entered the ocean in 2017 more than eight 

million tons is more than 33 times the total amount that had 

accumulated there by 2015 (Peng et al, 2020) [20]. One of the 

most important environmental problems of the twenty-first 

century is plastic pollution. "End plastic pollution: Towards an 

international legally binding instrument" is the historic 

resolution that was accepted by the United Nations 

Environment Assembly (UNEA) after it was considered 

(UNEP, 2022) [21]. Toxic effects and potential health risks 

associated with microplastics are difficult to identify in the real 

world due to their very complicated sources, diverse 

occurrences, and concealed hazards. One of the primary issues 

in assessing the potential health risks of microplastics to 

humans is the dearth of knowledge regarding the microplastics 

to which people are exposed (Vethaak and Legler, 2021) [22]. 

Research on the origin, prevalence, and toxicity of 

microplastics in the actual world is constrained by the 

qualitative and quantitative analysis techniques used (Ye et al., 

2022) [23]. 

 
Accession of microplastics into the biotic ecosystem: 

Through fresh water ecosystem: 

Environmental factors like wind, waves, currents, and water 

density can affect the spread of microplastics. The main sources 

of microplastics are polymeric components found in cleaning 

and cosmetic products, feedstocks used to make plastic 

products, and plastic powders used in air blasting (Jiang 2018) 
[24]. Microplastics can infiltrate the freshwater system and are 

primarily formed after macroplastics are destroyed, according 

to Morritt et al. (2014) [25]. The main sources of microplastics 

in freshwater ecosystems are run-off from land-based sources, 

air deposition, industrial effluent, drinking water production, 

distribution, and wastewater effluent (Cesa et al. 2017) [26]. 

Drinking water treatment creates a barrier against microplastics. 

Microplastic particles in drinking water are a result of the 

depletion of certain plastic materials used in treatment of plants 

(Mintenig et al. 2019) [27]. Additional sources of microplastic 

particles in drinking water include the bottles and their tops 

(Oßmann et al. 2018) [28]. Wastewater effluent is a well-known 

source of microplastics in freshwater and a crucial repository 

for these freely circulating microplastics (Horton 2017) [29]. 

Microplastics in rivers and coastal areas can be largely sourced 

from sewage treatment plant effluents. The primary local inputs 

into sewage systems are synthetic fibers from clothing and 

microbeads from cosmetics. 

A wastewater treatment facility (WWTP) may serve as a 

microplastics' conduit. The microplastics exit the WWTPs by 

two routes: direct and indirect. Through the direct channel, a 

large quantity of microplastics are released into the 

environment through the wastewater from WWTPs. On the 

other hand, microplastics are discharged from WWTPs through 

an indirect pathway into sludge (Gatidou et al. 2019) [30], and 

this sludge is then applied to agricultural land as fertilizer (Sun 

et al. 2019) [31]. Certain microplastics may escape the filters of 

wastewater treatment plants and end up in receiving bodies of 

water. According to Murphy et al. (2016) [32], WWTP effluent 

contains 65 million microplastic particles every day. 

Microplastic contamination is a result of maritime activity 

through the discharge of paint and fishing equipment particles 

as well as the ocean's disposal of plastic garbage. 

Wet and dry deposition as well as precipitation from 

atmospheric deposition have been identified as additional 

potential sources of microplastics in freshwater environments 

(Wright and Kelly 2017) [33, 34]. It transports microplastic 
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particles to far-off places, including as alpine and arctic regions, 

where they settle and contaminate the environment. The 

atmosphere can introduce microplastics into freshwater 

ecosystems through industrial and urban dust (Abbasi et al., 

2019) [35]. This is an indirect source of microplastics in 

freshwater. Due to rainfall carrying plastic trash into stormwater 

drains from roadways, sidewalks, and urban surfaces, urban 

environments are a major source of microplastic contamination. 

The burning of waste, buildings, industry emissions, landfills, 

use of fertilizer, and traffic are the main sources of the 

microplastics in the air. Heavy metal-rich microplastics found 

in roadway dust are hazardous to freshwater ecosystems. It is 

yet unknown how industry effluents contribute to wastewater's 

microplastic contamination (Kooi et al. 2018) [36]. Industrial 

microplastics have, nevertheless, been found in freshwater. 

 
Through marine ecosystem 

Eighty percent of the plastics identified in marine trash have a 

terrestrial origin (Andrady, 2011) [3, 14]. Since about half of the 

world's population lives within fifty miles of the coast, there is 

a significant chance that these types of plastic will find their 

way into rivers, wastewater systems, or the ocean by being 

blown offshore (Moore, 2008; Thompson, 2006) [10]. A 

significant amount of microplastics will pass through filtration 

systems used in waste-water treatment plants, which trap 

macroplastics and some small plastic debris in oxidation ponds  

or sewage sludge. Microplastics are used in cosmetics as well 

as air-blasting media, and they can enter waterways through 

residential or industrial drainage systems (Derraik, 2002) [37]. 

Numerous studies (Browne et al., 2010; Moore et al., 2002)[38, 

39] have demonstrated how plastic trash enters the ocean due to 

the high unidirectional flow of freshwater systems. Moore 

(2008) [10] measured the amount of plastic particles smaller than 

5 mm in diameter found in water samples taken in 2004-2005 

from two rivers in Los Angeles, California, USA. The data that 

was obtained could be extrapolated to show that, in only two 

days, these two rivers alone would discharge nearly 2 billion 

plastic particles into the marine ecosystem. The movement of 

terrestrial debris from land to sea can be made worse by extreme 

weather events such hurricanes or flash flooding (Barnes et al., 

2009; Thompson et al., 2005) [9]. 

One of the most frequently observed plastic trash objects with a 

marine origin is fishing gear (Andrady, 2011) [3, 14]. Since lost 

or discarded fishing gear, such as nylon netting and plastic 

monofilament line, is usually neutrally buoyant, it can drift in 

the water at different depths. Because of its innate potential to 

entangle marine biota a phenomenon known as "ghost fishing" 

this is especially troublesome (Lozano and Mouat, 2009) [40]. 

According to estimates, the world's commercial fishing fleet 

poured over 23,000 tons of plastic packing materials into the 

ocean during the 1970s, making marine boats historically a 

major source of marine litter (Pruter, 1987) [41]. 

 
 

Fig 2: Graphical summary of the sources and effects of microplastics pollution 

 
Humans ultimately depends on this contaminated aquatic 

ecosystem which leads to the entry of these “tiny particles” into 

their body that eventually accounts for the different ailments. 

Under the food chain, microplastics (MPs) from the sea enter 

marine creatures' diets, accumulate, and eventually affect 

people. As a matter of fact, there have been multiple reports of 

microplastics (MPs) in food and the environment (Hartmann et 

al, 2019; Barboza et al, 2018; Karami et al, 2017) [42, 43, 44], 

mainly in seafood, sea salt, etc. Although the impact of plastics 

on human health is yet unknown, they frequently contain 

additives like flame retardants and stabilizers as well as other 

potentially hazardous chemicals that could affect an organism 
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if consumed (Groh et al, 2019; Nor et al, 2019) [45]. Human 

exposure to MPs is inevitable due to their widespread presence 

in the environment. There are three main ways that MPs can 

enter the body: food, inhalation, and skin contact. Once 

internalized, MPs can cross cell membranes. The body 

perceives them as foreign substances, leading to the production 

of localized immune responses (Schymanski et al, 2018) [46]. 

The possible hazards that MPs offer to human health can give 

rise to discussion because of the uncertainty surrounding the 

amount, variability, and changes of MP exposure 

concentrations and the corresponding incorporation kinetics 

(Zhang et al., 2020) [47]. 

Since food, water, and air all contain significant amounts of 

MPs, ingestion and inhalation are the most frequent ways that 

people become exposed. Bottled water is a common source of 

exposure, which could originate from the plastic container in 

which it is packaged as well as the water itself (Wright & Kelly, 

2017) [33, 34]. A human consumption research found that each 

American consumes between 74,000 and 121,000 microplastic 

particles annually (Smith et al.,2018)[48]. The discovery of MPs 

in human feces provides compelling evidence that they were 

ingested through the food chain and came into contact with the 

stomach (Ilekis et al,2016) [49]. After being swallowed or 

inhaled and eventually entering the bloodstream, MPs can enter 

the lungs and gastrointestinal tract through procedures such 

endocytosis and persorption (Jones et al, 2020) [50]. 

To date, the human exposures to these MP/NPs have only been 

evaluated in a few investigations. A study predicted daily MP 

exposure to 203 particles for girls and 223 particles for males 

based on food and drinking water consumption in the United 

States. Moreover, for boys and girls, the sum of their estimated 

annual exposure to MPs from ingestion and inhalation results in 

roughly 81,000 and 74,000 particles · year−1, respectively. 

However, there is no detailed description of the child 

population, thus it is assumed that all of the individuals are 

under the age of eighteen (Cox et al.,2019) [51]. These numbers, 

though, might be "dramatic underestimates." 

 

 
 

Fig 4: Statistical data of the tested microplastics (a type, b shape, c particle size) and plant species (d) Source: Li  et al, 2022 

 
The estimates of MP consumption in the United States provided 

by Cox et al. (2019) [51] may be underestimated by at least 1 × 

105 (Cox et al.,2019) [51]. According to their findings, up to 

52,000 MP particles can be taken annually by an average adult 

male calorie intake of 15 per cent; tragically, the remaining 85 

per cent of calories cannot be directly linked to a particular 

number of MPs consumed. The authors determined the MP 

concentration in a variety of samples, including seafood, honey, 

salt, sugar, and water, using a variety of analytical techniques, 

such as Fourier-transform infrared spectroscopy (FTIR), 

inductively coupled plasma mass spectrometry (ICP-MS), 

Raman spectroscopy, and Rose Bengal stain. 

The three main materials used to make most MPs that may be 

dangerous to people are polyvinyl chloride (PVC), polystyrene 

(PS), and polyethylene terephthalate (PET) (Rodrigus et al, 

2019). Through the release of chemicals that cause cancer, these 

plastics have been shown in laboratory experiments to 

negatively affect cell viability and activate the activation of 

inflammatory genes. Phthalates and bisphenol A are examples 

of endocrine-disrupting chemicals that can be found in plastics, 

including MPs. Human health problems such epigenetic 

modifications, reproductive toxicity, insulin resistance, type II 

diabetes, obesity, skeletal abnormalities, allergies, asthma, and 

cancer have all been linked to these chemicals (Benjamin et al, 
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2017) [52]. The combination of various polymers and other 

chemicals that make up MPs/NPs may pose more serious health 

hazards (O’Neil & Lawler, 2021) [53]. 

 
Routes for MPs in the Human Body 

According to the research, there are three primary ways that 

MPs can be exposed: ingestion, which is the most significant 

and is estimated to result in annual intakes of 39,000- 52,000 

mg per individual, cutaneous contact, and inhalation (Prata, 

2018) [54]. MPs have the ability to become integrated into tissues 

after being inhaled or eaten. They can avoid the epithelium in 

the digestive tract by diffusion paracellularly or by endocytosis  

processes, after which dendritic cells carry them into the  

lymphatic and circulatory systems (Cox et al.,2019) [51]. As per 

the findings, MPs have the potential to accumulate within the 

body and inflict localized harm by intensifying or inducing 

immunological reactions, so impairing the body's resistance 

against infections (Wright & Kelly, 2017) [33, 34]. 

These MPs may go from the respiratory or digestive systems 

into the placenta by means of paracellular or M-cell-mediated 

endocytosis pathways. Particle absorption and translocation 

which has already been defined as internalization from the 

gastrointestinal tract are the most likely modes of transport for 

MPs (Wright & Kelly, 2017) [33, 34]. According to a recent study, 

MP concentrations in indoor air and dust (from houses and 

businesses) were higher than those outside (Ageel et al, 2022) 
[55]. 

 

 
 

Fig 5: Transfer of microplastics from mother to the fetus through different modes 

 
The following subsections will provide insight into distinct 

modes of transfer, including placental and breast milking, 

inhalation, ingestion, cutaneous contact, circulatory system, and 

brain. 

 
a) Placenta and Breastmilk 

Once MPs have reached the maternal side of the placenta, they 

can infiltrate the tissue deeply by a variety of as-yet-unknown 

active and passive transport mechanisms, just like other foreign 

molecules. Different physiological conditions and genetic 

features can influence the trans-placental transit of MPs, which 

are sized between 5 and 10 µm. This could provide an 

explanation for the different locations and characteristics of the 

particles discovered in the current study, the patients' varying 

food and lifestyle choices, and the fact that two of the six 

placentas studied in a previous study by (Ragusa et al. 2021) [56] 

did not contain MPs. Cellular regulatory pathways that MPs 

may potentially alter in the placenta include nonconforming 

chemokine receptors that regulate communication between the 

fetus and the mother, motioning between the womb and the 

embryo, and the transfer of uterine immune cells like dendritic, 

natural killer, T, and macrophage cells during a characteristic 

gestation. Two adverse pregnancy outcomes that could arise 

from this are preeclampsia and fetal growth restriction (Smith 

et al., 2018)[48]. Breastfeeding should be as clean as possible 

because breastmilk is the best nutritional standard for babies, 

giving them nutrients and bolstering their immune systems. 

Braun et al. 2021[57] confirmed the presence of MPs in the 

placenta, which represents interactions between the mothers 

exposed to the environment and the fetuses. According to recent 

studies, the presence of plastic particles in the circulation causes 

MPs to circulate throughout the entire body (Leslie,et al, 2021) 
[57]. Possible paths for foreign particles to travel from circulation 

to breast milk in the mammary glands include immune cell-

dependent pathways and mammary epithelial cell-dependent 

pathways; the latter is more relevant for inhaled particles (Cai, 

et al., 2019) [58]. 

 
b) Inhalation 

Inhalation has emerged as a key mode of human exposure to 

MPs due to the fact that MPs are routinely detected in high 

concentrations in both indoor and outdoor air (Ahmad et al., 

2023) [59]. From a physiological perspective, MPs that are often 

found in the atmosphere interact with cells and lung fluid (Sethi 

et al,2019) [60]. Chronic obstructive pulmonary disease (COPD), 

dyspnea, asthma, and other acute and chronic respiratory 

disorders can be brought on by inhaling MPs, which can set off 

inflammatory cascade reactions. Since that airway epithelial 

cells are the first line of defense in the respiratory tract, their 

loss of epithelial integrity is a crucial step in the development 
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of COPD (Dong, et al., 2020) [61]. Research suggests that human 

alveolar epithelial cells' absorption of polystyrene nanoparticles 

causes cellular toxicity, increased proinflammatory cytokine 

release, and disruption of tight junctions, all of which may be 

factors in the development of COPD (Xu et al., 2019) [62]. 

Inflammation and oxidative stress damage the epithelium, 

resulting in tight junction expression reduction and increased 

permeability, which ultimately leads to epithelial barrier failure 

(Dong, et al., 2020)[61]. 

In a meta-analysis of 26 research publications on human 

exposure to MPs, with a particular focus on the American 

population, Cox et al. (2019)[51] emphasized the significance of 

the inhalation route (Cox et al. (2019) [51]. The results showed 

that the average concentration was 9.8 MPs per m3. It was 

calculated that whereas children inhaled 110 and 97 MPs daily, 

adult males and females inhaled 170 and 132 MPs daily, 

respectively. These estimations indicated that inhalation is the 

main method that humans are exposed to MPs, accounting for 

at least 50 per cent of the total daily exposure through all routes. 

An average annual inhalation intake of 0.2 mg per kg of body 

weight, or roughly 12,891 MP fibers, was found in another 

recent study carried out in Australian homes. Younger children 

(≤0.5 years old) had an even higher intake, at 0.31 mg per kg of 

body weight annually (Soltani et al., 2021) [63]. While individual 

inhalation exposure was previously estimated to range from 26 

to 132 MPs per day (Prata, 2018) [54], research conducted by 

(Vianello et al. (2019) [64] found that adult males participating 

in light activity inhaled an average of 272 MPs per day. 

Interestingly, a recent study brought attention to the higher risk 

of MP inhalation that comes with using different kinds of face 

masks during the COVID-19 epidemic. 

The two forms of MPs that were most frequently found were 

fibers and spheres; N95 masks showed the lowest levels of MP 

inhalation, while activated carbon masks showed the greatest 

(Ageel, et al, 2022) [55]. Indoor dust has emerged as an important 

matrix for human exposure to microplastics. Children were 

more vulnerable to MPs due to higher rates of dust 

consumption, and high quantities of MPs were identified in 

indoor dust samples. Indoor dust exposure was shown to be 

higher than outdoor exposure, with daily intake of MPs ranging 

from 6500 to 89,700 ng per kg of body weight. It was 

discovered that because of differences in body weight and rates 

of dust ingestion, adults had lower exposure levels, while 

newborns had the highest levels. The importance of taking 

indoor dust exposure into account, particularly for youngsters, 

is emphasized by this (Ageel, et al, 2022)[55]. 

 
c) Ingestion 

Since MPs are present in the digestive systems of many 

different creatures, humans are most exposed to them through 

the digestive tract (Viamello et al,2019). M cells in the gut aid 

in MP absorption, guiding them to the lymphoid tissue (Ensign 

et al, 2012) [65]. In reaction to MPs, the intestinal epithelium 

secretes chemokines and cytokines. In a contact with MPs, gut 

barrier cells, such as colon cells, induce phagocytosis, which 

damages the intestinal barrier (Stock et al, 2019) [66]. MPs 

disrupt the microecology of the gut, affecting energy 

metabolism and potentially harmfully affecting health. This can 

happen both directly and indirectly. Larger MPs are removed by 

mucus and eliminated with feces instead of being effectively 

collected (Schwabl et al,2019) [67]. Determining the toxicity of 

MPs and their impacts on human health requires an 

understanding of how MPs affect the gut microbiota's function 

(Lu et al,2019) [68]. Recent studies have outlined the routes by 

which individuals are exposed to particulates matter (MPs), 

highlighting the significance of indoor dust and nutrition as 

conduits. Dietary factors are important because MPs have been 

found in a wide range of foods, including milk, beer, sugar, 

honey, seafood, and shellfish. Various demographic groups' 

daily MP consumption ranged from 106 to 142 particles per 

day, according to studies that calculated food exposure (Cox et 

al,2019) [51] details are presented in table 1 and graphically 

shown in chart 1. 

As was previously mentioned, the release of MPs from plastic 

packaging, such as teabags (Hernandez et al,2019) [69] and baby 

feeding bottles, is another known source of exposure. MPs have 

also been found in bottled drinks, meat products, and milk 

containers with labels (Kedzierski et al, 2021) [162]. These 

findings emphasize the need for in-depth investigation to fully 

understand the extent and risks associated with food 

consumption. Indoor dust has emerged as another important 

matrix for human exposure to particulates. Children are more 

sensitive to MPs because they consume more dust than adults 

do, according to studies that have identified significant 

quantities of MPs in samples of indoor dust. 

 
d) Dermal Contact 

Synthetic fibers and cosmetic use are examples of cutaneous 

contact. Research that specifically assess the risks of MP 

exposure on human skin are hard to come by. Nonetheless, 

considering the pervasiveness of MPs in indoor dust, 

atmospheric deposition from both indoor and outdoor air, the 

use of microbeads in cosmetics, and the continuous degradation 

of microfibers from textiles, as previously mentioned, it makes 

sense to consider dermal contact as a possible pathway for 

human exposure to MPs. Microbeads are typically smaller than 

1 mm in diameter and are commonly used in toothpaste, denture 

fillings, and skincleaning and exfoliating products. Several 

studies have attempted to estimate the quantity of microbeads 

that each individual uses in different personal care products 

(Gouin et al,2011) [70]. As an illustration, studies on face scrubs 

carried out in the UK found that the MP level varied from 10 to 

100 g per liter, or 40.5 to 215 mg per capita daily (Mowat,2003) 
[71]. Using liquid soaps, another study determined that the 

average daily consumption of MPs in the US population is 2.4 

mg per person (Gouin et al,2011)[70]. Although these few 

studies do not provide a comprehensive understanding of 

human cutaneous exposure to MPs, they do highlight the 

significance of taking this route of exposure into account. 

Nevertheless, there are alternative routes by which larger 

particles may enter the epidermis, such as sweat glands, hair 

follicles, or open wounds. Additionally, cutaneous exposure to 

MPs has been connected to skin damage caused by oxidative 

stress and inflammation. Further research is needed to 

determine how much MPs are exposed to human skin through 

contact with makeup, settling dust particles, fabric fibers, and 

other sources. 
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Table 1: Presence of microplastics in different food products. 
 

Food type Average particles 
Size range of the 

particles 
Type of polymer references 

Salts from Taiwan market 9.77 MP/ Kg 1-1500µm 
Polyethylene terephthalate (PET), Polypropylene 

(PP), Polyethylene (PE) 
Lee et al, 2019 [72]

 

Sea salts from Bangladesh 2676MP/Kg 0.1-5mm 
Polystyrene (PS), Ethylene-vinyl acetate (EVA), 

High-density polyethylene (HDPE) Nylon 
(polyamide 6), Polyethylene terephthalate (PET) 

Parvin et al, 2022 [73]
 

Salt from India 
 

Gujrat 
 

Tamil Nadu 

    

46-115 particles / 200 g 
23-101 particles/ 205-21 

particles/10g 

100-1000µm 
100-1000µm 
100-1000µm 

 

PE, PVC (Polyvinyl chloride), PS PE PVC, PS 
LDPE (Low-density polyethylene) PP, PET, Nylon 

 
Vidyasakar et al,2021 

Nithin et al,2021 [74, 75]
 

    

Table salt from Spain 50-280 particles/kg 10-3500µm PET, PP, PE Iñiguez et al,2017 [159]
 

Sugar from Germany 249±130 partials /kg ‹0.8 µm PET, PE, PP Liebezeit et al, 2018 [164] 

Glass bottled water 35,436MP/L    

Reusable plastic bottled water 23,594 25,518MP/L 90% PET, PE, PP Oßmann et al,2018 
[28]

 

Single use plastic bottled water 
from Germany 

2649 2857MP/L    

Raw water from Germany 0-7MP/m3 50-150 m PE, PA(Polyamide)PS, PVC Mintenig et al, 2019 [27]
 

Drinking water from Saudi 
Arabia 

1.9 4.7particles/L 25-500 m PE, PS, PET Almaiman et al,2021 [76]
 

23 milk samples (22 for adult 
and 1 for child) from Mexico 

6.5 2.3 particles/L 0.1-5 mm PES, PSU (Polysulfide) 
Kutralam-Muniasamy et 

al,2020 [77]
 

Honey from Switzerland 32-108 Fibers/kg 30 and 1 m PET Mühlschlegel et al, 2017 

Canned sardines from Australia 
and Malaysia 

1-3 fragments per individual 149 and 8 m PP, PET Karami et al, 2018 [78]
 

Vegetables (lettuce, broccoli, 
carrot) 

52,600-307,750 MP/kg 1.81-2.29 m   

Oliveri et al,2020 [79]
 Food and beverage packaging 

from Italy 
72,175-130,500 MP/kg 1.51-2.52 m  

Fish (Siganus rivulatus, 
Diplodus sargus, Sardinella 
aurita, Sphyraena viridensis, 
Atherina boyer) from Egypt 

28-7527 particles/fish ≤25-2000 m 
PVA (Polyvinyl alcohol), LDPE, HDPE, PET, PP, 

Nylon 
Shabaka et al, 2020 [80]

 

Teabags from Canada 
11.6 billion MP per cup of tea 

beverage 

10nm-150 m 
including 

nanoparticles 
PET, Nylon 

Hernandez et al, 2019 
[69]

 

Source: Ziani et al,2023 [81] 

 

 
 

Chart 1: representation of concentrations of microplastics in different food types 
 

e) Circulatory System and Brain 

In terms of the circulatory system, inhaled MPs are more likely 

to diffuse into the circulation by both cellular absorption and 

paracellular distribution after passing through the lower 

respirational region, which has a thin covering of secretion 

(Mowat,2003) [71]. The existence of MPs in people is being 
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supported by increasing scientific evidence. Ibrahim et al. 

(2021) [82] reported that MPs were predominant in colectomy 
specimens, but Schwabl et al. reported that MPs were present 

in human feces, indicating that they are only partially able to 

pierce the intestinal membrane (Ibrahim et al. (2021)[82]. 

Research conducted on humans and rats has demonstrated that 
PVC and PS particles with a size less than 150 µm can go from 

the gut to the lymphatic and circulatory systems. We looked into 

MP ingestion, transport, and accumulation using the mussel 

Mytilus edulis. Following intake, MPs gathered in the stomach, 
moved in 3 days to the circulatory system, and remained there 

for more than 48 days. The extended durability of MP particles 

in M. edulis hemolymph has further consequences for raptors, 

including humans, birds, crabs, and starfish (Browne et al,2008) 
[83]. Another study demonstrates that NPs can cause thrombosis; 

in this instance, hamsters were given injections of 60 nm 

polystyrene particles, which subsequently appeared in the blood 

(Nemmar et al,2003) [84]. 
Thus, MPs in the circulatory system may limit blood flow, 

harming vascular tissues and altering heart function (Persiani et 

al. (2023) [85]. Different MP types have been shown to 

accumulate in the heart, as reported by Persiani et al. (2023)[85]. 
This accumulation is explained by a trophic transfer via the 

circulation. Mammals have demonstrated that MP presence 

reduces the activation of fibrotic processes, newborn 

cardiomyocyte apoptosis, and cardiac contractility. When MPs 
and NPs interact negatively with developing hearts, they can 

cause cardiac morphogenesis to fail, loss of function, 

arrhythmia, or reduced contractility in developing and probably 

adult hearts, among other cardiac function impairments. 
Due to their tiny size, MP particles can readily cross biological 

barriers and become deposited in the digestive system. They can 

then travel to different parts of the body, such as the brain, 

kidneys, liver, and blood (Zhu et al, 2023) [86]. One new area of 
toxicity study that has developed is the transgenerational 

neurotoxicology of MPs. Recent studies have focused on the 

transgenerational neurotoxicology of microplastics (MPs), or 

nanoparticles (NPs) derived from the food chain. The function 
of neurotransmitters and genes related to neurodevelopment is 

impacted by these particles, which are inherited and traverse the 

embryonic blood-brain barrier (Nie et al, 2021) [87]. MPs/NPs 

can cause neurotoxic effects in a range of species and are able 
to cross the blood-brain barrier (Prust et al, 2020) [88]. When 

NPs are supplied to a fetus by the trachea or breast milk, they 

breach the placental barrier, which impacts neurodevelopment 
and causes cognitive impairments (Prust et al, 2020)[88]. 

Additionally, there is a higher concentration of NPs in the 

blood-brain barrier in the early embryonic stage, which may be 

due to the fetal blood-brain barrier not developing and allowing 
NPs to cause neurological dysfunction (Fournier et al, 2020) 
[89]. Even though these results emphasize the potential for 

transgenerational neurotoxicity from MPs/NP exposure, more 

research is required to fully comprehend the mechanisms 
underlying the interaction between MPs/NPs and the blood-

brain barrier during transfer or transgenerational transport. 

Similarly, a number of investigations were conducted to 

determine the neurotoxic effects of polystyrene and 
polyethylene micro- and nanoplastics on various aquatic 

creatures (Lei et al, 2018) [90]. In Caenorhabditis elegans 

(nematodes), spherical polystyrene MP exposure led in 

excitatory toxicity, which lowered survival rates, shortened 
average lifespans, and hindered locomotor activity. 

Furthermore, this exposure led to oxidative stress, 

downregulated neuronal genes, and damaged GABAergic and 
cholinergic neurons (Lei et al, 2018)[90]. Eisenia fetida 

(earthworms) exposed to low-density polyethylene particles in 

artificial soil had epidermal injury, altered acetylcholinesterase 

activity, and increased oxidative stress indicators (Chen et 
al,2020) [91]. It was discovered that the tissues of freshwater 

zebra mussels, Dreissena polymorpha, contained polystyrene 

microbeads. The stomach exhibited the largest concentration of 

these beads, indicating no genotoxicity but rather cellular stress 
and higher dopamine levels (Magni et al, 2018) [92]. Similarly, 

the bivalves Scrobicularia plana displayed oxidative stress in 

their gills, increased activity of glutathione-S-transferase and 

superoxide dismutase, and decreased levels of 
acetylcholinesterase and lipid peroxidation in their digestive 

glands and gills after being exposed to polystyrene 

microplastics. The exposure of Mediterranean mussels, or 

Mytilus galloprovincialis, resulted in increased DNA damage, 
altered gene expression in the digestive gland and gills, and 

decreased cholinesterase activity, all of which may have 

neurotoxic consequences (Avio, 2015) [93]. 

Conversely, Corbicula fluminea, or Asian freshwater clams, 
were exposed to polymer microspheres and suffered oxidative 

damage, suppression of cholinesterase activity, and irreversible 

consequences. These effects were exacerbated in the presence 

of florfenicol (Guilhermino et al, 2018) [94]. On the other hand, 
shrimp and striped barnacle larvae of Amphibalanu ampitrite 

and Artemia franciscana exposed to microplastics had altered 

enzyme activity and swimming behaviors, including dose-

independent effects on cholinesterase and increased catalase 
(Gambardella et al,2017) [95]. Lastly, Artemia franciscana 

larvae subjected to amino-modified polystyrene nanoparticles 

displayed increased amounts of inhibition for cholinesterase 

and carboxylesterase as well as decreased oxidative stress 
indicators including GST and catalase activity. 

 
Microplastics Crossing the Blood-Brain Barrier 

The study by Kopatz et al. (2023) [96] has addressed the role of 

the biomolecular corona in MPs and NPs' blood-brain barrier 

(BBB) breaching. The BBB, an essential defense mechanism, 
prevents harmful substances from penetrating the brain. Within 

the mice were administered oral dosages of various sized 

polystyrene micro/nanoparticles in this investigation. For short-

term uptake tests, the values are 9.55, 1.14, and 0.293 µm. The 
results showed that Particles larger than a nanometer could pass 

through the BBB, while larger particles could not within two 

hours after consumption. Shan et al. (2022) [97] investigated into 

the impacts of PS-NPs, or polystyrene nanoparticles, in another 
investigation. PS-NPs were given to mice, and they 

accumulated in the brain and enhanced the permeability of the 

blood-brain barrier (BBB) in a systematic manner. Damage and 

activation of microglia were observed by PS-NPs. to brain cells. 
Using human brain endothelial cells in vitro experiments, PS-

NPs were taken in by the cells, resulting in the generation of 

reactive oxygen species, swelling cell death and a breakdown 

of tight connections. Additionally, PS-NPs stimulated mouse 
microglia cells. and the neurons in their culture media were 

harmed. In general, these results imply that PS-NPs have the 

ability to activate microglia, cause neurotoxicity, and pass the 

blood-brain barrier. 
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Source: BBC Wildlife Magazine 

 

Fig 7: microplastics and animals 

 
Rats and humans are commonly used as study models because 

of the many genetic and biological similarities between them. 

These studies have shown that MPs/NPs bioaccumulate in a 

number of organs following oral or intravenous administration, 

including the liver, spleen, kidney, placenta, stomach, and brain 

shown in an abstract form in fig:6. The particles were between 

40 nm and 50 µm in size; However, little is known about the 

connection because there haven't been many studies done on it 

between the outcomes and particle size (O’Neil & Lawler,  

2021) [53]. However, future research needs to take field 

conditions and assess a broad range of plastic compositions, 

shapes, and sizes. 

 
Toxic Effect of Microplastics on Animals: 

Apart from humans, animals are no exception to this threat 

mostly aquatic animals show more affinity of damage due to 

their habitat is highly contaminated. The diverse impact of MP 

on animal health are shown in table 2. 

Table 2: The diverse impacts of microplastics on animal health. 
 

Animals Microplastics Effects References 
Blue mussels (Mytilus 

edulis L.) 
HDPE (>0-80 μm) 

Histological changes, robust inflammatory response including the 

formation of granulocytomas and lysosomal membrane destabilization  
Moos et al. (2012) 

Damselfish PS (200-300 μm) 
Bolder and more active behaviors that lead to moving further from shelter 

and resulting higher mortality rates  
McCormick et al. 

(2020) [166] 

Earthworms 
PS (100 nm, 1-100 

μm) 
Oxidative stress, severe DNA damage in coelomocytes  

Xu et al. (2021) 
[121] 

Female Wistar rats PS (500 nm) 
Ovarian fibrosis and granulosa cells apoptosis due to activation of Wnt/β-

Catenin signaling pathway and oxidative stress  
An et al. (2021) 

Flesh-footed Shearwaters  
Significant tissue damage, including inflammation, fibrosis, and loss of 

organ structure in the kidney and spleen, along with reduced tubular glands 

and rugae in the proventriculus. 

Rivers-Auty et al. 

(2023) 

Flesh-footed Shearwaters 

(Ardenna carneipes) 
 Scar tissue formation, fibrosis  

Charlton-Howard et 

al. (2021) [158] 

Freshwater benthic 

mollusc (Pomacea) 
PP (11.86-44.62 μm) 

Increased reactive oxygen species levels, disruption of hemostasis, 

fluctuations in digestive enzyme activities in 
Jeyavani et al. 

(2023) [160] 

paludosa)  hepatopancreas, severe damage to the digestive gland cells   
Goldfish (Carassius 

auratus) 
PS (500 nm and 30 

μm) 
Impairing of olfactory neural signal transduction and olfactory information 

processing 
Shi et al. (2022) 

https://www.biochemjournal.com/


International Journal of Advanced Biochemistry Research https://www.biochemjournal.com 

 

1073 

Goldfish (Carassius 

auratus) juveniles 
PVC microbeads 

(0.100-1000 μm) 

Oxidative damage in the brain and liver, downregulated growth hormone 

expression receptor and binding protein genes and upregulated cortisol 

receptors 

Romano et al. 

(2021) [171] 

Lumbricus terrestris 

(Oligochaeta, 

Lumbricidae) 
PE (<150 μm) Increased uptake and mortality rate, weight loss, and lower growth rates.  

Huerta Lwanga et 

al. (2020) [153] 

Male Wistar rats 
PS (average 38.92 

nm) 
Histological lesions in testis tissue, DNA damage, sperm abnormalities, 

alterations in productive hormones and gene expression patterns  
Amereh et al. 

(2020)[98] 

Source: Eunju et al, 2024 [99] 

 

Metabolic Disorder: It has been demonstrated by earlier 

animal studies that microplastics cause intestinal and liver 

malfunction. For example, Kang et al. discover that fish 

intestine injury is caused by microplastics through two distinct 

pathways. When PS is 50 nm in size, it shows more oxidative 

stress, and when PS is 45 μm in size, it significantly upsets the 

equilibrium of intestinal flora. According to (Kim et al., 2022) 
[100] fish digestive enzyme activity is inhibited by microplastics 

as a result of a microalgae-crustacean-small yellow croaker 

food chain. Additionally, intestinal barrier and metabolic 

function are compromised in PS-exposed animals, according to 

(Jin et al. 2019) [101] According to Tan et al., PS exhibits the 

greatest inhibition of lipid digestion when microplastics are 

present in the simulated human gastrointestinal system (Tan et 

al., 2020) [102]. The reduction in lipid digestion occurs regardless 

of PS size. According to Lu et al., fish liver lipid buildup and 

disruption of energy metabolism are caused by PS exposure (Lu 

et al, 2016) [103]. Factors that influence MP uptake by fish is 

shown in fig: 8. Furthermore, (Deng et al.2018) [104] observe that 

mice's metabolites change dramatically following exposure to 

microplastics and organophosphorus flame retardants (OPFRs) 

(Deng et al.2018)[104]. Furthermore, it is evident that 

microplastics increase the toxicity of OPFRs, underscoring the 

dangers to one's health associated with exposure to 

microplastics and other pollutant. 

 

Immune Response: Microplastics have the ability to trigger the 

body's immune system. According to (Yuan et al., 2023) [105] 

exposure to PE causes zebrafish to manufacture mucosal 

immunoglobulin and activates their intestinal immune network 

route (Yuan et al., 2023)[105]. According to (Li et al., 2020) [106] 

rats exposed to PE had higher serum levels of IL-1α, while 

CD4+ 91cell Th17 and Treg cells secreted less of the cytokine 

(Li et al., 2020)[106]. According to Lim et al., rats' lung tissue 

exhibits elevated expression of TGF-β and TNF-α, two 

inflammatory proteins, upon inhaling PS. According to Liu et 

al., intestinal immunological dysbiosis will greatly accelerate 

the build-up of microplastics, resulting in additional harmful 

effects. Additionally, PS exposure dramatically raises the 

expression of inflammatory markers (TNF-α, IL-1β, and IFN-γ) 

in mice (Liu et al 2022) [107, 108, 106]. 

 

Neurotoxicity: Additionally detrimental to cerebral 

development are microplastics. Following exposure to 

microplastics, the most often documented neurotoxic 

consequence is inhibition of acetylcholinesterase (AchE) 

activity (prust et al,2020) [88]. In a study involving young fish, 

the microplastics altered the activities of energy-related 

enzymes, increased brain lipid oxidation, and inhibited AchE 

activity, ultimately leading to neurotoxicity (Barboza et al., 

2018) [43, 109]. According to Prust et al., fish, crabs, and worms 

exhibit aberrant behavior as a result of microplastic 

contamination (Yang et al,2020) [110]. PS (70 nm) can penetrate 

larval epidermis and reach muscle tissue, as found by Yang et 

al. It has the ability to kill nerve fibers, reduce AchE activity, 

and significantly impair larval motility. 

 

 
 

Fig 6: Fish suffocating in water 
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Reproductive and Developmental Toxicity:The quality of 

embryos and the growth of germ cells are indicators of the 

impact of microplastics on reproduction. The toxicity 

mechanism of MPs is shown in fig: 4. For instance, (Liu et al. 

2022) [107, 108, 106] discover that the PS exposure lowers the 

quality of oocytes by influencing the maturation of oocytes and 

the growth of female mice follicles (Liu et al., 2022) [107, 108]. 

Furthermore, immunological diseases linked to microplastics 

may have a negative impact on pregnancy outcomes, according 

to (Hu et al. 2021) [111]. According to Deng et al., sperm quality 

dramatically declines following prolonged exposure to 

environmentally relevant PS levels, which has an impact on 

male mice's fertility (Deng et al, 2022) [151]. Furthermore, (Park 

et al.2020) [112] demonstrate that there are notable changes in the 

number of live births per mother, sex ratio, and body weight of 

pups in groups treated with PE. 

 

 
 

Fig 7: Toxicity cycle of microplastics. 
 

Microplastics and Agriculture 

Approximately 25 per cent of the more than 800 million urban 

farmers practicing agriculture worldwide engage in market-

oriented farming (Qadir et al., 2010) [115]. In low- and middle-

income countries (LMICs), urban and peri-urban farmers can 

increase household income by growing perishable crops like 

leafy vegetables for local markets (Zezza and Tasciotti, 2010) 
[113]. This is important because it ensures that the community has 

a steady supply of vitamin-rich vegetables. Significantly, in 

metropolitan and peri-urban areas, the production of fresh 

vegetables and leafy greens is essential for mitigating hidden 

hunger, which is defined as a diet deficient in micronutrients, 

vitamins, and minerals (Chagomoka et al., 2017) [114]. 

Farmers in low- and middle-income countries (LMICs) 

frequently use wastewater defined in this paper as the use of 

raw, partially treated, or diluted wastewater, primarily from 

domestic sources for irrigation because it can be more 

dependable or less expensive than other surface water sources 

and offers a free source of phosphorus and nitrogen, saving 

money on fertilizers. By reusing water and nutrients, the use of 

wastewater in urban vegetable farms reduces the demand on 

water resources while simultaneously increasing water 

productivity (Qadir et al., 2020; Minhas et al., 2022) [115, 116]. A 

sizable amount of irrigation utilized in agricultural systems in 

the USA, Australia, and many other nations with dry and semi-

arid regions, such as Saudi Arabia, Tunisia, and Pakistan, is 

made up of wastewater, either untreated or secondary/tertiary 

treated. Nevertheless, enteric infections and, more recently, 

microplastics, which have proliferated in the environment over 

the past few decades (Partyka and Bond, 2022; Uddin et al., 

2020; Pérez-Reverón et al., 2022) [117, 118] are frequently linked 

to wastewater irrigation. 

Comprehensive reviews have been conducted on the origins and 

migration routes of microplastics in more intensive agricultural 

systems, such as those in China (Jin et al., 2022; Yu et al., 

2022)[119]. The primary soil inputs are irrigation (Zhou et al., 

2021; Pérez-Reverón et al., 2022) [118], mulching with plastic 

sheeting, and seed coatings that contain plastic carriers. 

Significantly, plastics (and microplastics) can offer a novel 

hydrophobic ecological habitat that can support a variety of 

microbial communities. Microbial biofilms are formed on the 

plastic surface by the extracellular polymeric substances 

secreted by the microorganisms. Known as the "plastisphere" 

(Zettler et al., 2013) [120], this type of biofilm is thought to create 

a shield that allows microorganisms to flourish in harsh 

environments and aids in their spread (Amaral-Zettler et al., 

2020). (Represented in fig: below). It is located at the interface 

between the plastic surface and the environment. Microplastics 

have the potential to be an important pathogen vector because 

the plastisphere can also harbor bacterial and viral human 

pathogens that are able to maintain their virulence and 

infectivity (Moresco et al., 2021; Metcalf et al., 2022; Ormsby 

et al., 2023) [121, 122, 123]. This is especially true if the 

microplastics have come into contact with a source of faecal 

contamination. 
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Fig: (A) Plastics and microplastics, or orange circles and fibres, can find their way into agricultural systems through tainted irrigation water, 

animal excrement, organic fertilizers, or the decomposition of bigger plastic fragments from polytunnels or mulching film. Once in the 

environment, microbial biofilm known as the "plastisphere" which frequently carries human pathogens quickly colonizes plastic, resulting in 

orange rings with black dots; (B) Human diseases can be made more resilient and more likely to spread by the plastisphere, which can  also help 

them reach the rhizosphere, growing roots, the surface of leaves and fruit, or both directly through irrigation and indirectly through splashing 

from the soil; (C) It is unknown whether human pathogens in the plastisphere could subsequently be transferred to the plant once microplastics 

have adhered to plant tissue. Nevertheless, microplastics can be challenging to remove from plant leaves, even after washing, so they may stay 

attached during the harvesting and retail processes, increasing the risk that human pathogens will enter the food chain. Source: Quilliam et al, 

2023[124] 
 

According to Chen et al. (2020) [91], plastic pollution is 

significantly contaminating a growing percentage of soil 

utilized for agricultural production. The amount of plastic in 

soils is expected to rise globally as a result of practices like 

plastic mulching and seed treatments (Li et al., 2022) [107] as 

well as the effects of fast urbanization and, in LMICs in 

particular, inadequate waste management infrastructure 

(Ferronato and Torretta, 2019) [125]. Zhang et al.'s meta-analysis 

from 2022 has recently shown that plastic residues in soil can 

change the cycling of nutrients and impede plant growth. This 

is most likely due to plastics changing the diversity and 

functioning of soil microbial communities, for example by 

possibly promoting enhanced carbon and nutrient cycling 

(Bandopadhyay et al., 2018; Xiao et al., 2022) [126]. However, a 

variety of other parameters, such as size, shape, concentration, 

and polymer type, influence the effects of plastics in soil in 

addition to soil type and environmental circumstances (Iqbal et 

al., 2023) [127]. Degradable "bio-plastics" have recently been 

proposed as a substitute for plastic mulching; however, 

observations from the field reveal that the effects on crop 

production, soil health, and nutrient cycling may vary (Brown 

et al., 2023; Chu et al., 2023; Reay et al., 2023) [128]. 

It has recently been shown that plants can absorb and retain both 

nanoplastics and microplastics, seemingly having little impact 

on plant physiology (Azeem et al., 2021) [129]. While 

microplastics are more likely to aggregate and become adsorbed 

onto the plant surface because of their bigger size, nanoplastics 

can penetrate plants through stomata or fractures (Mateos-

Cárdenas et al., 2021) [130]. The degree of the interaction with 

microplastic particles will depend on the morphology and 

topology of the plant, as microplastics have the ability to stick 

to mucilage and exudates and get caught by trichomes (Bi et al., 

2020) [131]. The charge on the plastic surface and the chemical 

bonds that form between the microplastic and the leaf surface 

make some microplastics very difficult to remove from crops 

like lettuce, even after washing with water (He et al., 2023) [132]. 

The plastic polymer will also affect how strongly microplastics 

bind to leaves. Rice seedlings have the ability to absorb plastic 

particles up to 1 µm in size, which are then drawn to the shoot 

by transpiration (Liu et al., 2022) [107, 108, 106]. Microplastics of 

this size have the ability to bind human viruses, even though 

they are not able to colonize bacteria. 

 
"A Plastic-Free Future: Strategies to Combat 

Microplastics" 

Globe is in hidden threat! From water to air to food to land 

everything has been covered by these tiny monsters which is 

also represented in fig:8, hence we should take it seriously and 

find ways to combat it. Sustainable choices today lead to a 

cleaner planet tomorrow. We can put into practice a number of 

crucial tactics to stop the creation of microplastics and lessen 

their negative effects on the environment. First and foremost, 

we must push for stronger laws governing the manufacture of 

plastics, such as prohibitions on singleuse plastics and 

microbeads in makeup and personal hygiene items. Plastic 

waste can be greatly decreased by encouraging producers to 

adopt sustainable practices and by promoting the use of 

biodegradable materials. Furthermore, improving recycling 

initiatives and offering incentives to companies that recycle can 

aid in preventing plastic waste from ending up in landfills and 

the ocean. Campaigns to raise public knowledge of the negative 

impacts of microplastics are essential because they can increase 

demand for environmentally friendly goods. It will also be 

crucial to support innovation and research in alternative 
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materials, such plant-based plastics. Lastly, supporting proper 

disposal methods and organizing community clean-up events 

can contribute to the reduction of microplastics already present 

in the environment. We are able to effectively stop the 

manufacture and spread of microplastics by implementing a 

comprehensive strategy that includes policy, education, 

innovation, and community action. 

Like any other persistent environmental pollution problem, MP 

contamination needs to be addressed using both preventive and 

remediation strategies. Preventive actions aim to reduce future 

pollution, whereas remediation helps repair the harm that 

pollution has already done to the environment. Since one cannot 

fully replace the other in addressing a pollution problem, both 

prevention and remediation are crucial components of the battle 

against pollution. Although it is imperative to remediate MP-

infested terrestrial or aquatic habitats, there are numerous 

obstacles preventing its prompt implementation. MPs can range 

in size from a few millimeters to fragments that are 

imperceptible to the human eye, as was previously mentioned. 

It is understandable that progress in managing partially invisible 

municipal solid waste (MPs) is sluggish as managing visible 

MPs is already difficult. Most of the time, such as when MP 

pollution occurs in the soil or ocean, there are no proven 

methods for cleaning it up. The technology required for 

identifying MP-polluted settings, isolating/removing MPs, and 

treating MP pollution is still scarce because this is a young 

scientific field. Not all of the few techniques that have been 

found or suggested are economical. 

It has been suggested that bioremediation might lessen 

surroundings, especially soil, that are contaminated with 

microplastics. The process of bioremediation involves using 

microorganisms to hydrolyze and degrade MPs. Numerous 

microorganisms, including bacteria and fungi, can degrade 

plastics by secreting enzymes that hydrolyze MPs, and soil 

provides a haven for these microbes (O’Kelly et al,2021) [133]. 

Eventually, these become monomers, which the microbes may 

break down into water and carbon dioxide. It has been 

suggested that bioretention cells, a kind of runoff water 

treatment, are a useful tool for eliminating MPs from urban 

stormwater (Smyth et al, 2021) [134]. The MPs discovered in 

urban stormwater are probably secondary MPs that are the 

result of bigger MPs being abraded. Stormwater runoff is 

collected and treated in bioretention cells droughts in the 

ground. Research indicates that bioretention can lead to a 

median 84 per cent reduction in MPs (106- 5000 μm) (Smyth et 

al, 2021)[134]. Conversely, initiatives to increase awareness have 

helped preventive measures to reduce MP pollution gain 

popularity. The most effective way to stop MP contamination 

from spreading further is probably source reduction. To put it 

simply, this calls for more work to be done in the areas of 

recycling more, cutting back on plastic use, and educating the 

public to stop littering. Countries are actively enacting rules on 

the majority of frequently used single-use plastic goods in an 

effort to reduce the amount of plastic used; however, the use of 

plastics in packaging materials has not yet been curtailed in the 

same way (UNEO,2018) [135]. Reducing excessive use of 

fertilizer and compost could also aid in lowering MP 

contamination of the soil. It has been suggested and used to use 

biodegradable plastics, maybe ones derived from cellulose, 

starch, or other related polymers. However, because the 

majority of these polymers cannot be recycled after their initial 

use and the production process requires a lot of water and land, 

biodegradable plastics raise additional sustainability issues. 

 

 
 

Fig 8: Abstract representation of “globe- under a hidden threat” 
 

In response to MP concerns, numerous nations and international 

organizations have implemented new laws, policies, and 

regulations in a variety of ways. Improving MP preventative 

measures can be greatly aided by policy actions. The 

Microbead-Free Waters Act was sponsored by the US Congress 

in 2015 with the aim of outlawing the production, packaging, 

and sale of rinse-off cosmetics that incorporate plastic 

microbeads (UNEP, 2018) [135]. Any cosmetic product meant to 

be rinsed off after use, like toothpaste, shaving cream, and 

shampoo, is referred to as a rinse-off cosmetic. In line with the 

present definition, the Microbead-Free Waters Act of 2015 

defines a "plastic microbead" as any plastic particle less than 5 

mm. This law's major goal is to stop rinse-off cosmetics that 

have any primary MPs added on purpose (US, gov. 2015) [136]. 

Furthermore, MP contamination has drawn the interest of the 

United States Environmental Protection Agency (USEPA) in its 

Draft National Strategy to Prevent Plastic contamination, which 

was released in April 2023 (USEPA, 2023) [137]. Preventing 

MPs and nanoplastics from entering waterways is particularly 

one of the three goals of this draft policy. In 2020, Canada 

suggested a new approach for managing plastic garbage. It is a 

thorough management system whose ultimate objective is to 

lower the quantity of MP discharge into the environment as well 

as macroplastics (Environment and climat change, Canada, 

2023) [138]. One of the primary goals of this law was to address 

the sources of MPs, such as microbeads in personal care 

products (Environment and climat change, Canada, 2023). 

2020 witnessed the start of Australia's phase-out of microbeads 

in rinse-off cosmetics and personal hygiene products. The 

Australian government wants to phase out PVC (polyvinyl 

chloride) plastic labels and enact legislation about plastic trash. 

Launched in 2021, the Australian National Plastics Plan lays out 

a strategy to eventually phase plastics out of the Australian 

economy (DAWE, 2021) [139]. It means getting rid of dangerous 

plastics, cleaning up plastic waste from the seas and beaches, 

enacting legislation that holds people accountable for their 

trash, providing funding for recycling facilities, financing 

research, and sustaining recycling support. Though not yet on a 

large enough scale, the possibility for wastewater systems to 

catch particles before they reach surface waterways has already 

started to get interest (Freeman et al, 2020) [140]. For instance, 

intervention control for the wastewater sector was recently 
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advocated by United Kingdom Water Sector Research 

(UKWIR) (UKWIR, 2021) [141]. This covers modifications to 

labeling, increased producer accountability, prohibitions, grants 

and subsidies for reusable items, and adjustments to public 

infrastructure like the provision of disposal containers for 

garbage. 

The seventeen Sustainable Development Goals (SDGs) 

established in 2015 did not, at least not immediately, address 

MP pollution in the 2030 Agenda, which was proposed by the 

UN and approved by 193 member states. One SDG that 

mentions the significance of addressing MP pollution is 

Indicator 14.1.1 in SDG 14 (life below water), which speaks 

briefly of floating plastic waste in the oceans (Walker, 2021) 
[142]. Nonetheless, the main UN environmental organization, the 

United Nations Environment organization (abbreviated UNEP 

or UN Environment), has started a few initiatives to address MP 

contamination, particularly in recent years. The United Nations 

Environment Assembly (UNEA), which has passed four 

resolutions on marine litter since 2014 (UNEA, 2023) [143], is 

recognized by the UN as the highest-level environmental 

decision-making body in the world. One of the few international 

bodies to acknowledge the MP problem is the UNEA, which 

noted it as an environmental danger as early as 2014. They have 

also acknowledged that there is currently no global governing 

structure that can adequately address the problems of marine 

litter and microplastics. An expert panel was formed to search 

for solutions during the UNEA's third assembly in 2017. The 

UNEA unanimously decided at its fifth assembly in 2022 that it 

would be a good idea to create a legally enforceable agreement 

to address plastic pollution (UNEP, 2022) [21]. This is possibly 

the most significant and ambitious worldwide environmental 

initiative since the 1989 Montreal Protocol, and it is without a 

doubt the most significant development pertaining to MP 

pollution in its entire existence. With the goal of finishing this 

work by the end of 2024, the UNEA has called a meeting of the 

intergovernmental negotiating committee (UN, 2022) [144]. 

During its fourth congress in 2019, the UNEA took another 

significant step by establishing the UN Alliance for Sustainable 

Fashion. According to UNEP reports (UNEP, 2022) [21], they 

have joined forces with the other UN agencies in this coalition 

to aggressively advocate for government action to shift the 

textile industry to a sustainable one while minimizing the 

amount of MPs released into the environment. Given that 

polyester, acrylic, and nylon make up over 60% of garment 

material and that these materials account for 9% of MPs that 

end up in the ocean annually, this initiative is very crucial 

(European Commission, 2023) [145]. While there is an ongoing 

awareness effort, it's unclear if the government has made any 

significant progress to date. A comprehensive Circular 

Economy Action Plan was adopted in 2020 by the European 

Commission (EC), the executive branch of the 27-member 

European Union (EU), with the goal of addressing the presence 

of MPs in the environment (Ritchie & Roser, 2018) [146]. This 

comprehensive plan calls for the development of labelling, 

standardization, certification, and regulatory measures on the 

unintentional release of microplastics (MP), in addition to 

limiting purposely added microplastics like microbeads. One of 

the main objectives of the EU's Zero Pollution Action Plan for 

air, water, and soil to be accomplished by 2030 is the reduction 

of MPs emitted into the environment by thirty percent, which 

was set by the EU for the following year, 2021. The gist is 

represented below in table 3. 

 
Table 3: various nations and organizations' actions against microplastic (MP) pollution: 

 

Country/Organization Action/policy  Description Year 

United States Microbead-Free Waters Act 
Out laws production, packaging, and sale of rinse-off cosmetics with 

plastic microbeads. 
2015 

United States 
Draft National Strategy to Prevent 

Plastic Pollution 
Aims to prevent MPs and nanoplastics from entering waterways.  2023 

Canada 
New Approach for Managing Plastic 

Waste 
Comprehensive management system to reduce MP discharge and 

address sources like microbeads. 
2020 

Australia Phasing out Microbeads 
Gradual elimination of microbeads in rinse-off cosmetics and personal 

hygiene products. 
2020 

Australia National Plastics Plan  
Strategy to phase out harmful plastics and improve recycling 

infrastructure. 
2021 

United Kingdom 
Intervention control for waste water 

sector 
Advocates for wastewater systems to capture microplastics before 

they reach waterways. 
Recent 

United Nations (UN) 
Sustainable Development Goals 

(SDGs) 
Addresses MP pollution indirectly through Indicator 14.1.1 in SDG 14 

(life below water). 
2015 

UNEA Resolutions on Marine Litter Four resolutions since 2014 addressing marine litter and microplastics.  
2014-

present 
UNEA Expert Panel Formation  Created to find solutions to microplastic pollution. 2017 
UNEA Legally Enforceable Agreement Decision to create a global agreement to address plastic pollution. 2022 

European Commission Circular Economy Action Plan  
Comprehensive plan to limit unintentional and intentional release of 

microplastics. 
2020 

European Union Zero Pollution Action Plan Aims to reduce MPs emitted into the environment by 30% by 2030. 2021 
 

Conclusion 

The microscopic byproducts of a plastic-fuelled society, 

microplastics are now found everywhere on Earth, from the 

huge oceans to our bodies' tiniest cells. Given their tenacity in 

the environment and capacity to enter the food chain, immediate 

global action is required. The effects of microplastic pollution 

are severe and alarming, especially for vulnerable groups like 

newborns. Even while these contaminants are present in 

frightening amounts, it is still unclear how much of an impact 

they will have on human health, which emphasizes the need for 

further investigation. The deficiency of established techniques 

to evaluate microplastic exposure and toxicity is a noteworthy 

obstacle to comprehending the hazards associated with 

microplastics for the environment and human health. As we 

struggle with these issues, it becomes obvious how important 

preventative actions are. The key to mitigating the issue is to 

reduce plastic usage, increase recycling activities, and develop 

technology for removing microplastics from the environment. 
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Simultaneously, increasing consumer behaviour and public 

knowledge can lead to significant change. In addition to 

tackling a specific problem, the conflict against microplastic 

contamination aims to promote a larger dedication to 

environmental stewardship and human welfare. We can 

preserve our ecosystems and shield future generations from the 

hidden risks associated with plastic pollution by adopting 

creative solutions and legislative measures. Understanding and 

action are the first steps on the path to a cleaner, healthier 

planet; let's support these initiatives with tenacity and drive. 

 
References 

1. Boucher J, Friot D. Primary Microplastics in the Oceans: A 

Global Evaluation of Sources. Gland, Switzerland: IUCN; 

2017. 

2. Damaj S, Trad F, Goevert D, Wilkesmann J. Bridging the 

Gaps between Microplastics and Human Health. 

Microplastics. 2024;3:46-66. 

3. Andrady AL. Microplastics in the Marine Environment. 

Marine Pollution Bulletin. 2011;62(8):1596 1605. 

4. Costa M, Ivar do Sul J, Silva-Cavalcanti J, Araujo M, 

Spengler A, Tourinho P. On the importance of size of 

plastic fragments and pellets on the strandline: a snapshot 

of a Brazilian beach. Environmental Monitoring and 

Assessment. 2010;168:299-304. 

5. Fendall LS, Sewell MA. Contributing to marine pollution 

by washing your face: Microplastics in facial cleansers. 

Marine Pollution Bulletin. 2009;58:1225-1228. 

6. Ryan PG, Moore CJ, van Franeker JA, Moloney CL. 

Monitoring the abundance of plastic debris in the marine 

environment. Biological Sciences. 2009;364:1999-2012. 

7. Thompson RC, Olsen Y, Mitchell RP, Davis A, Rowland 

SJ, John AWG, et al. Lost at sea: where is all the plastic? 

Science. 2004;838. 

8. Browne MA, Galloway T, Thompson R. Microplastic- an 

emerging contaminant of potential concern? Integrated 

Environmental Assessment and Management. 2007;3:559-

561. 

9. Barnes DKA, Galgani F, Thompson RC, Barlaz M. 

Accumulation and fragmentation of plastic debris in global 

environments. Biological Sciences. 2009;364:1985-1998. 

10. Moore CJ. Synthetic polymers in the marine environment: 

a rapidly increasing, longterm threat. Environmental 

Research. 2008;108:131-139. 

11. Rios LM, Moore C, Jones PR. Persistent organic pollutants 

carried by synthetic polymers in the ocean environment. 

Marine Pollution Bulletin. 2007;54:1230-1237. 

12. Talsness CE, Andrade AJM, Kuriyama SN, Taylor JA, vom 

Saal FS. Components of plastic: experimental studies in 

animals and relevance for human health. Biological 

Sciences. 2009;364:2079-2096. 

13. OECD. Global Plastics Outlook Policy Scenarios to 2060. 

2022. 

14. Andrady AL. Microplastics in the marine environment. 

Marine Pollution Bulletin. 2011;62:1596-1605. 

15. Peng X, Chen M, Chen S, Dasgupta S, Xu H, Ta K, et al. 

Microplastics Contaminate the Deepest Part of the World’s 

Ocean. Geochemical Perspectives Letters. 2018;9:1-5. 

16. Napper IE, Davies BFR, Clifford H, Elvin S, Koldewey HJ, 

Mayewski PA, et al. Reaching New Heights in Plastic 

Pollution- Preliminary Findings of Microplastics on Mount 

Everest. One Earth. 2020;3(5):621-630. 

17. Bergmann M, Collard F, Fabres J, Gabrielsen GW, 

Provencher JF, Rochman CM, et al. Plastic Pollution in the 

Arctic. National Review Earth Environment. 

2022;3(5):323-337. 

18. Aves AR, Revell LE, Gaw S, Ruffell H, Schuddeboom A, 

Wotherspoon NE, et al. First Evidence of Microplastics in 

Antarctic Snow. Cryosphere. 2022;16(6):2127 2145. 

19. Rellan AG, Ares DV, Brea CV, Lopez AF, Bugallo PMB. 

Sources, Sinks and Transformations of Plastics in Our 

Oceans: Review, Management Strategies and Modelling. 

Science of the Total Environment. 2023;854:158745. 

20. Peng LC, Fu DD, Qi HY, Lan CQ, Yu HM, Ge CJ. Micro- 

and Nano-Plastics in Marine Environment: Source, 

Distribution and Threats- A Review. Science of the Total 

Environment. 2020;698:134254. 

21. UNEP. Resolution Adopted by the United Nations 

Environment Assembly on 2 March 2022. 2022. 

22. Vethaak AD, Legler J. Microplastics and Human Health. 

Science. 2021;371(6530):672-674. 

23. Ye Y, Yu K, Zhao Y. The Development and Application of 

Advanced Analytical Methods in Microplastics 

Contamination Detection: A Critical Review. Science of 

the Total Environment. 2022;818:151851. 

24. Jiang JQ. Occurrence of microplastics and its pollution in 

the environment: a review. Sustainable Production and 

Consumption. 2018;13:16-23. 

25. Morritt D, Stefanoudis PV, Pearce D, Crimmen OA, Clark 

PF. Plastic in the Thames: a river runs through it. Marine 

Pollution Bulletin. 2014;78(1-2):196-200. 

26. Cesa FS, Turra A, Baruque-Ramos J. Synthetic fibers as 

microplastics in the marine environment: a review from 

textile perspective with a focus on domestic washings. 

Science of Total Environment. 2017;598:1116-1129. 

27. Mintenig SM, Löder MGJ, Primpke S, Gerdts G. Low 

numbers of micro plastics detected in drinking water from 

ground water sources. Science of the Total Environment. 

2019;648:631-635. 

28. Oßmann BE, Sarau G, Holtmannspötter H, Pischetsrieder 

M, Christiansen SH, Dicke W. Small-sized microplastics 

and pigmented particles in bottled mineral water. Wateres. 

2018;141:307-316. 

29. Horton A. Microplastics in the freshwater environment. A 

review of current knowledge. FRR0027. Foundation for 

Water Research, Marlow, UK. 2017. 

30. Gatidou G, Arvaniti OS, Stasinakis AS. Review on the 

occurrence and fate of microplastics in sewage treatment 

plants. Journal of Hazardous Materials. 2019;367:504-512. 

31. Sun J, Dai X, Wang Q, van Loosdrecht MC, Ni BJ. 

Microplastics in waste water treatment plants: detection, 

occurrence and removal. Wateres. 2019;152:21-37. 

32. Murphy F, Ewins C, Carbonnier F, Quinn B. Wastewater 

treatment works (WwTW) as a source of microplastics in 

the aquatic environment. Environmental Science & 

Technology. 2016;50(11):5800-5808. 

33. Wright SL, Kelly FJ. Plastic and human health: a micro 

issue? Environmental Science & Technology. 

2017;51(12):6634-6647. 

34. Wright SL, Kelly FJ. Plastic and Human Health: A Micro 

Issue? Environmental Science & Technology. 

2017;51:6634-6647. 

35. Abbasi S, Keshavarzi B, Moore F, Turner A, Kelly FJ, 

Dominguez AO, et al. Distribution and potential health 

impacts of microplastics and micro rubbers in air and street 

dusts from Asaluyeh County, Iran. Environ Pollution. 

2019;244:153-164. 

https://www.biochemjournal.com/


International Journal of Advanced Biochemistry Research https://www.biochemjournal.com 

 

1079 

36. Kooi M, Besseling E, Kroeze C, van Wezel AP, Koelmans 

AA. Modelling the fate and transport of plastic debris in 

freshwaters: review and guidance. Springer International 

Publishing. 2018:125-152. 

37. Derraik JGB. The pollution of the marine environment by 

plastic debris: a review. Marine Pollution Bulletin. 

2002;44:842-852. 

38. Browne MA, Galloway TS, Thompson RC. Spatial Patterns 

of Plastic Debris along Estuarine Shorelines. 

Environmental Science & Technology. 2010;44(9):3404-

3409.https://DOI.org/10.1021/es903784e 

39. Moore C, Moore S, Weisberg S, Lattin G, Zellers A. A 

comparison of neustonic plastic and zooplankton 

abundance in southern California’s coastal waters. Marine 

Pollution Bulletin. 2002;44(10):1035-

1038.https://DOI.org/10.1016/s0025-326x(02)00150-9 

40. Lozano RL, Mouat J. Marine Litter in the North-East 

Atlantic Region: Assessment and Priorities for Response. 

KIMO International. 2009. 

41. Pruter AT. Sources, quantities and distribution of persistent 

plastics in the marine environment. Marine Pollution 

Bulletin. 1987;18:305-310. 

42. Hartmann NB, Hüffer T, Thompson RC, Hassellöv M, 

Verschoor A, Daugaard AE, et al. Are We Speaking the 

Same Language? Recommendations for a Definition and 

Categorization Framework for Plastic Debris. 

Environmental Science & Technology. 2019;53:1039-

1047. 

43. Barboza LGA, Vieira LR, Branco V, Figueiredo N, 

Carvalho F, Carvalho C, et al. Microplastics Cause 

Neurotoxicity, Oxidative Damage and Energy-Related 

Changes and Interact with the Bioaccumulation of Mercury 

in the European Seabass, Dicentrarchus Labrax (Linnaeus, 

1758). Aquatic Toxicology. 2018;195:49 57. 

44. Karami A, Golieskardi A, Choo CK, Romano N, Ho YB, 

Salamatinia B. A highperformance protocol for extraction 

of microplastics in fish. Science of the Total Environment. 

2017;578:485-494. 

45. Groh KJ, Backhaus T, Carney-Almroth B, Geueke B, 

Inostroza PA, Lennquist A, et al. Overview of known 

plastic packaging-associated chemicals and their hazards. 

Science of the Total Environment. 2019;651:3253-3268. 

46. Schymanski D, Goldbeck C, Humpf HU, Fürst P. Analysis 

of microplastics in water by micro-Raman spectroscopy: 

Release of plastic particles from different packaging into 

mineral water. Water Research. 2018;129:154-162. 

47. Zhang Q, Xu EG, Li J, Chen Q, Ma L, Zeng EY, et al. A 

Review of Microplastics in Table Salt, Drinking Water, and 

Air: Direct Human Exposure. Environmental Science & 

Technology. 2020;54:3740-3751. 

48. Smith DJ, Leal LG, Mitragotri S, Shell MS. Nanoparticle 

transport across model cellular membranes: When do 

solubility diffusion models break down? Journal of Physics 

D. 2018;51:294004. 

49. Ilekis JV, Tsilou E, Fisher S, Abrahams VM, Soares MJ, 

Cross JC, et al. Placental origins of adverse pregnancy 

outcomes. American Journal of Obstetrics and 

Gynaecology. 2016;215:S1-S46. 

50. Jones JI, Vdovchenko A, Cooling D, Murphy JF, Arnold A, 

Pretty JL, et al. Systematic Analysis of the Relative 

Abundance of Polymers Occurring as Microplastics in 

Freshwaters and Estuaries. International Journal of 

Environmental Research. 2020;17:9304. 

51. Cox KD, Covernton GA, Davies HL, Dower JF, Juanes F, 

Dudas SE. Human Consumption of Microplastics. 

Environmental Science & Technology. 2019;53:7068-

7074. 

52. Benjamin S, Masai E, Kamimura N, Takahashi K, 

Anderson RC, Faisal PA. Phthalates impact human health: 

Epidemiological evidences and plausible mechanism of 

action. Journal of Hazardous Materials. 2017;340:360-383. 

53. O’Neill SM, Lawler J. Knowledge gaps on micro and nano 

plastics and human health: A critical review. Journal of 

Environment Chemical Engineering. 2021;3:100091. 

54. Prata JC. Airborne microplastics: Consequences to human 

health? Environmental Pollution. 2018;234:115-126. 

55. Ageel HK, Harrad S, Abdallah MA-E. Occurrence, human 

exposure, and risk of microplastics in the indoor 

environment. Environmental Science Processes & Impacts. 

2022;24:17-31. 

56. Ragusa A, Svelato A, Santacroce C, Catalano P, 

Notarstefano V, Carnevali O, et al. Plasticenta: First 

evidence of microplastics in human placenta Environment 

International. 2021;146:106274. 

57. Braun T, Ehrlich L, Henrich W, Koeppel S, Lomako I, 

Schwabl P, et al. Detection of Microplastic in Human 

Placenta and Meconium in a Clinical Setting. 

Pharmaceutics. 2021;13:921. 

58. Cai J, Zang X, Wu Z, Liu J, Wang D. Translocation of 

transition metal oxide nanoparticles to breast milk and 

offspring: The necessity of bridging mother-

offspringintegration toxicological assessments. 

Environment International. 2019;133:105153. 

59. Ahmad M, Chen J, Khan MT, Yu Q, Phairuang W, 

Furuuchi M, et al. Sources, analysis, and health 

implications of atmospheric microplastics. Emerging 

Contaminants. 2023;9:100233. 

60. Sethi GS, Dharwal V, Naura AS. Immunological Basis of 

Oxidative Stress-Induced Lung Inflammation in Asthma 

and COPD. Springer: Singapore; 2019:195-223. 

61. Dong CD, Chen CW, Chen YC, Chen HH, Lee JS, Lin CH. 

Polystyrene microplastic particles: In vitro pulmonary 

toxicity assessment. Journal of Hazard. Materials. 

2020;385:121575. 

62. Xu M, Halimu G, Zhang Q, Song Y, Fu X, Li Y, et al. 

Internalization and toxicity: A preliminary study of effects 

of nano plastic particles on human lung epithelial cell. 

Science of the Total Environment. 2019;694:133794. 

63. Soltani NS, Taylor MP, Wilson SP. Quantification and 

exposure assessment of microplastics in Australian indoor 

house dust. Environmental Pollution. 2021;283:117064. 

64. Vianello A, Jensen RL, Liu L, Vollertsen J. Simulating 

human exposure to indoor airborne microplastics using a 

Breathing Thermal Manikin. Scientific Reports. 

2019;9:8670. 

65. Ensign LM, Cone R, Hanes J. Oral drug delivery with 

polymeric nanoparticles: The gastrointestinal mucus 

barriers. Adv. Drug Deliv. Rev. 2012;64:557-570. 

66. Stock V, Böhmert L, Lisicki E, Block R, Cara-Carmona J, 

Pack LK, et al. Uptake and effects of orally ingested 

polystyrene microplastic particles in vitro and in vivo. 

Archives of Toxicology. 2019;93:1817-1833. 

67. Schwabl P, Köppel S, Königshofer P, Bucsics T, Trauner 

M, Reiberger T, et al. Detection of Various Microplastics 

in Human Stool: A Prospective Case Series. Annals of 

Internal Medicine. 2019;171:453-457. 

https://www.biochemjournal.com/
https://doi.org/10.1021/es903784e
https://doi.org/10.1016/s0025-326x(02)00150-9


International Journal of Advanced Biochemistry Research https://www.biochemjournal.com 

 

1080 

68. Lu L, Luo T, Zhao Y, Cai C, Fu Z, Jin Y. Interaction 

between microplastics and microorganism as well as gut 

microbiota: A consideration on environmental animal and 

human health. Science of the Total Environment. 

2019;667:94-100. 

69. Hernandez LM, Xu EG, Larsson HCE, Tahara R, Maisuria 

VB, Tufenkji N. Plastic Teabags Release Billions of 

Microparticles and Nanoparticles into Tea. Environmental 

Science & Technology. 2019;53:12300-12310. 

70. Gouin T, Roche N, Lohmann R, Hodges G. A 

thermodynamic approach for assessing the environmental 

exposure of chemicals absorbed to microplastic. 

Environmental Science & Technology. 2011;45:1466-

1472. 

71. Mowat AM. Anatomical basis of tolerance and immunity 

to intestinal antigens. Nature Reviews Immunology. 

2003;3:331-341. 

72. Lee H, Kunz A, Shim WJ, Walther BA. Microplastic 

contamination of table salts from Taiwan, including a 

global review. Science Reports. 2019;9:10145. 

73. Parvin F, Nath J, Hannan T, Tareq SM. Proliferation of 

microplastics in commercial sea salts from the world 

longest sea beach of Bangladesh. Environmental Advances. 

2022;7:100173. 

74. Vidyasakar A, Krishnakumar S, Kumar KS, Neelavannan 

K, Anbalagan S, Kasilingam K, et al. Microplastic 

contamination in edible sea salt from the largest salt-

producing states of India. Marine Pollution Bulletin. 

2021;171:112728. 

75. Nithin A, Sundaramanickam A, Surya P, Sathish M, 

Soundharapandiyan B, Balachandar K. Microplastic 

contamination in salt pans and commercial salts A baseline 

study on the salt pans of Marakkanam and Parangipettai, 

Tamil Nadu, India. Marine Pollution Bulletin. 

2021;165:112101. 

76. Almaiman L, Aljomah A, Bineid M, Aljeldah FM, 

Aldawsari F, Liebmann B, et al. The occurrence and dietary 

intake related to the presence of microplastics in drinking 

water in Saudi Arabia. Environmental Monitoring and 

Assessment. 2021;193:390. 

77. Kutralam-Muniasamy G, Pérez-Guevara F, Elizalde-

Martínez I, Shruti VC. Branded milks Are they immune 

from microplastics contamination? Science of the Total 

Environment. 2020;714:136823. 

78. Karami A, Golieskardi A, Choo CK, Larat V, Karbalaei S, 

Salamatinia B. Microplastic and meso plastic 

contamination in canned sardines and sprats. Science of the 

Total Environment. 2018;612:1380-1386. 

79. Oliveri Conti G, Ferrante M, Banni M, Favara C, Nicolosi 

I, Cristaldi A, et al. Micro- and nano-plastics in edible fruit 

and vegetables. The first diet risks assessment for the 

general population. Environmental Research. 

2020;187:109677. 

80. Shabaka SH, Marey RS, Ghobashy M, Abushady AM, 

Ismail GA, Khairy HM. Thermal analysis and enhanced 

visual technique for assessment of microplastics in fish 

from an Urban Harbor, Mediterranean Coast of Egypt. 

Marine Pollution Bulletin. 2020;159:111465. 

81. Ziani K, Ionită-Mêndrican CB, Mititelu M, Neacsă SM, 

Negrei C, Morosăn E, et al. Microplastics: A Real Global 

Threat for Environment and Food Safety: A State of the Art 

Review. Nutrients. 2023;15:617. 

82. Ibrahim YS, Tuan Anuar S, Azmi AA, Wan Mohd Khalik 

WMA, Lehata S, Hamzah SR, et al. Detection of 

microplastics in human colectomy specimens. The Journal 

of Gastroenterology and Hepatology. 2021;5:116-121. 

83. Browne MA, Dissanayake A, Galloway TS, Lowe DM, 

Thompson RC. Ingested microscopic plastic translocate to 

the circulatory system of the mussel, Mytilus edulis (L.). 

Environmental Science Technology. 2008;42:5026-5031. 

84. Nemmar A, Hoylaerts MF, Hoet PHM, Vermylen J, 

Nemery B. Size effect of intratracheally instilled particles 

on pulmonary inflammation and vascular thrombosis. 

Toxicology and Applied Pharmacology. 2003;186:38-45. 

85. Persiani E, Cecchettini A, Ceccherini E, Gisone I, Morales 

MA, Vozzi F. Microplastics: A Matter of the Heart (and 

Vascular System). Biomedicines. 2023;11:264. 

86. Zhu L, Xie C, Chen L, Dai X, Zhou Y, Pan H, et al. 

Transport of microplastics in the body and interaction with 

biological barriers, and controlling of microplastics 

pollution. Ecotoxicology and Environmental Safety. 

2023;255:114818. 

87. Nie J, Shen Y, Roshdy M, Cheng X, Wang G, Yang X. 

Polystyrene nano plastics exposure caused defective neural 

tube morphogenesis through caveolae-mediated 

endocytosis and faulty apoptosis. Nanotoxicology. 

2021;15:885-904. 

88. Prust M, Meijer J, Westerink RHS. The Plastic Brain: 

Neurotoxicity of Micro- and Nano plastics. Particles and 

Fibre Toxicology. 2020;17(1):24. 

89. Fournier SB, D’Errico JN, Adler DS, Kollontzi S, Goedken 

MJ, Fabris L, et al. Nano polystyrene translocation and fetal 

deposition after acute lung exposure during late-stage 

pregnancy. Particle and Fibre Toxicology. 2020;17:55. 

90. Lei L, Liu M, Song Y, Lu S, Hu J, Cao C, et al. Polystyrene 

(nano)microplastics cause size-dependent neurotoxicity, 

oxidative damage and other adverse effects in 

Caenorhabditis elegans. Environmental Science: Nano. 

2018;5:2009-2020. 

91. Chen Y, Liu X, Leng Y, Wang J. Defence responses in 

earthworms (Eisenia fetida) exposed to low-density 

polyethylene microplastics in soils. Ecotoxicology and 

Environmental Safety. 2020;187:109788. 

92. Magni S, Gagné F, André C, Della Torre C, Auclair J, 

Hanana H, et al. Evaluation of uptake and chronic toxicity 

of virgin polystyrene microbeads in freshwater zebra 

mussel Dreissena polymorpha (Mollusca: Bivalvia). 

Science of the Total Environment. 2018;631-632:778-788. 

93. Avio CG, Gorbi S, Milan M, Benedetti M, Fattorini D, 

d’Errico G, et al. Pollutants bioavailability and 

toxicological risk from microplastics to marine mussels. 

Environmental Pollution. 2015;198:211-222. 

94. Guilhermino L, Vieira LR, Ribeiro D, Tavares AS, Cardoso 

V, Alves A, et al. Uptake and effects of the antimicrobial 

florfenicol, microplastics and their mixtures on freshwater 

exotic invasive bivalve Corbicula fluminea. Science of the 

Total Environment. 2018;622-623:1131-1142. 

95. Gambardella C, Morgana S, Ferrando S, Bramini M, Piazza 

V, Costa E, et al. Effects of polystyrene microbeads in 

marine planktonic crustaceans. Ecotoxicology and 

Environmental Safety. 2017;145:250-257. 

96. Kopatz V, Wen K, Kovács T, Keimowitz AS, Pichler V, 

Widder J, et al. Micro- and Nano plastics Breach the Blood-

Brain Barrier (BBB): Biomolecular Corona’s Role 

Revealed. Nanomaterials. 2023;13:1404. 

97. Shan S, Zhang Y, Zhao H, Zeng T, Zhao X. Polystyrene 

nano plastics penetrate across the blood-brain barrier and 

https://www.biochemjournal.com/


International Journal of Advanced Biochemistry Research https://www.biochemjournal.com 

 

1081 

induce activation of microglia in the brain of mice. 

Chemosphere. 2022;298:134261. 

98. Amereh M, Babaei A, Eslami S, Fazelipour M, Rafiee. The 

emerging risk of exposure to nano(micro)plastics on 

endocrine disturbance and reproductive toxicity: from a 

hypothetical scenario to a global public health challenge. 

Environmental Pollution. 2020;261:114158. 

99. Jeong E, Lee JY, Redwan M. Animal exposure to 

microplastics and health effects: A review. Emerging 

Contaminants. 2024;10(4). 

100.Kim L, Cui RX, Il Kwak J, An YJ. Trophic Transfer of 

Nanoplastics through a Microalgae-Crustacean-Small 

Yellow Croaker Food Chain: Inhibition of Digestive 

Enzyme Activity in Fish. Journal Hazardous Materials. 

2022;440:129715. 

101.Jin YX, Lu L, Tu WQ, Luo T, Fu ZW. Impacts of 

Polystyrene Microplastic on the Gut Barrier, Microbiota 

and Metabolism of Mice. Science of the Total 

Environment. 2019;649:308-317. 

102.Tan H, Yue T, Xu Y, Zhao J, Xing B. Microplastics Reduce 

Lipid Digestion in Simulated Human Gastrointestinal 

System. Environmental Science & Technology. 

2020;54(19). 

103.Lu Y, Zhang Y, Deng Y, Jiang W, Zhao Y, Geng J, et al. 

Uptake and Accumulation of Polystyrene Microplastics in 

Zebrafish (Danio Rerio) and Toxic Effects in Liver. 

Environmental Science & Technology. 2016;50(7):4054 

4060. 

104.Deng Y, Zhang Y, Qiao R, Bonilla MM, Yang X, Ren H, 

et al. Evidence That Microplastics Aggravate the Toxicity 

of Organophosphorus Flame Retardants in Mice (Mus 

Musculus). Journal of Hazardous Materials. 2018;357:348-

354. 

105.Yuan Y, Sepulveda MS, Bi B, Huang Y, Kong L, Yan H, 

et al. Acute Polyethylene Microplastic (PE-MPs) Exposure 

Activates the Intestinal Mucosal Immune Network Pathway 

in Adult Zebrafish (Danio Rerio). Chemosphere. 

2023;311:137048. 

106.Li BQ, Ding YF, Cheng X, Sheng DD, Xu Z, Rong QY, et 

al. Polyethylene Microplastics Affect the Distribution of 

Gut Microbiota and Inflammation Development in Mice. 

Chemosphere. 2020;244:125492. 

107.Liu S, Li H, Wang J, Wu B, Guo X. Polystyrene 

Microplastics Aggravate Inflammatory Damage in Mice 

with Intestinal Immune Imbalance. Science of the Total 

Environment. 2022;833:155198. 

108.Liu ZQ, Zhuan QR, Zhang LY, Meng L, Fu XW, Hou YP. 

Polystyrene Microplastics Induced Female Reproductive 

Toxicity in Mice. Journal of Hazardous Materials. 

2022;424:127629. 

109.Barboza LGA, Vethaak AD, Lavorante BR, Lundebye A-

K, Guilhermino L. Marine microplastic debris: An 

emerging issue for food security, food safety and human 

health. Marine Pollution Bulletin. 2018;133:336-348. 

110.Yang H, Xiong H, Mi K, Xue W, Wei W, Zhang Y. 

Toxicity Comparison of Nano-Sized and Micron-Sized 

Microplastics to Goldfish Carassius Auratus Larvae. 

Journal of Hazardous Materials. 2020;388:122058. 

111.Hu JN, Qin XL, Zhang JW, Zhu YY, Zeng WH, Lin Y, et 

al. Polystyrene Microplastics Disturb Maternal-Fetal 

Immune Balance and Cause Reproductive Toxicity in 

Pregnant Mice. Reproductive Toxicology. 2021;106:42-50. 

112.Park EJ, Han JS, Park EJ, Seong E, Lee GH, Kim DW, et 

al. Repeated-Oral Dose Toxicity of Polyethylene 

Microplastics and the Possible Implications on 

Reproduction and Development of the Next Generation. 

Toxicology Letters. 2020;324:75-85. 

113.Zezza A, Tasciotti L. Urban agriculture, poverty, and food 

security: Empirical evidence from a sample of developing 

countries. Food Policy. 2010;35(4):265-273. 

114.Chagomoka T, Drescher A, Glaser R, Marschner B, 

Schlesinger J, Nyandoro G. Contribution of urban and peri 

urban agriculture to household food and nutrition security 

along the urban-rural continuum in Ouagadougou, Burkina 

Faso. Renewable Agricultural. Food System. 2017;32(1):5-

20. 

115.Qadir M, Drechsel P, Jiménez Cisneros B, Kim Y, 

Pramanik A, Mehta P, et al. Global and regional potential 

of wastewater as a water, nutrient and energy source. 

Natural Resource Forum. 2020;44(1):40-51. 

116.Minhas PS, Saha JK, Dotaniya ML, Sarkar A, Saha M. 

Wastewater irrigation in India: Current status, impacts and 

response options. Sci. Total Environment. 

2022;808:152001. 

117.Partyka ML, Bond RF. Wastewater reuse for irrigation of 

produce: A review of research, regulations, and risks. 

Science of the Total Environment. 2022;828:154385. 

118.Pérez-Reverón R, González-Sálamo J, Hernández-Sánchez 

C, González-Pleiter M, Hernández-Borges J, Díaz-Peña FJ. 

Recycled wastewater as a potential source of microplastics 

in irrigated soils from an arid-insular territory 

(Fuerteventura, Spain). Science of the Total Environment. 

2022;817:152830. 

119.Jin H, Yang C, Jiang C, Li L, Pan M, Li D, et al. Evaluation 

of Neurotoxicity in BALB/C Mice Following Chronic 

Exposure to Polystyrene Microplastics. Environmental 

Health Perspective. 2022;130(10):107002. 

120.Zettler ER, Mincer TJ, Amaral-Zettler LA. Life in the 

“plastisphere”: microbial communities on plastic marine 

debris. Environmental Science & Technology. 

2013;47:7137-7146. 

121.Moresco V, Oliver DM, Weidmann M, Matallana-Surget 

S, Quilliam RS. Survival of human enteric and respiratory 

viruses on plastics in soil, freshwater, and marine 

environments. Environmental Research. 2021;199:111367. 

122.Metcalf R, Oliver DM, Moresco V, Quilliam RS. 

Quantifying the importance of plastic pollution for the 

dissemination of human pathogens: The challenges of 

choosing an appropriate ‘control’ material. Science of the 

Total Environment. 2022;810:152292. 

123.Ormsby MJ, White HL, Metcalf R, Oliver DM, Quilliam 

RS. Clinically important E. coli strains can persist, and 

retain their pathogenicity, on environmental plastic and 

fabric waste. Environmental Pollution. 2023;326:121466. 

124.Quilliam RS, Pow CJ, Shilla DJ, Mwesiga JJ, Shilla DA, 

Woodford L. Microplastics in agriculture - a potential novel 

mechanism for the delivery of human pathogens onto crops. 

Frontiers in Plant Science. 2023;14. 

125.Ferronato N, Torretta V. Waste mismanagement in 

developing countries: A review of global issues. 

International Journal of Environmental. Research & Public 

Health. 2019;16(6):1060. 

126.Bandopadhyay S, Martin-Closas L, Pelacho AM, DeBruyn 

JM. Biodegradable plastic mulch films: impacts on soil 

microbial communities and ecosystem functions. Frontiers 

Microbiology. 2018;9:819. 

https://www.biochemjournal.com/


International Journal of Advanced Biochemistry Research https://www.biochemjournal.com 

 

1082 

127.Iqbal B, Zhao T, Yin W, Zhao X, Xie Q, Khan KY, et al. 

Impacts of soil microplastics on crops: A review. Applied 

Soil Ecology. 2023;181:104680. 

128.Reay MK, Greenfield LM, Graf M, Lloyd CE, Evershed 

RP, Chadwick DR, et al. LDPE and biodegradable PLA-

PBAT plastics differentially affect plant-soil nitrogen 

partitioning and dynamics in a Hordeum vulgare 

mesocosm. Journal of Hazardous Materials. 

2023;447:130825. 

129.Azeem I, Adeel M, Ahmad MA, Shakoor N, Jiangcuo GD, 

Azeem K, et al. Uptake and accumulation of 

nano/microplastics in plants: a critical review. 

Nanomaterials. 2021;11(11):2935. 

130.Mateos-Cárdenas A, van Pelt FN, O’Halloran J, Jansen 

MA. Adsorption, uptake and toxicity of micro-and 

nanoplastics: Effects on terrestrial plants and aquatic 

macrophytes. Environmental Pollution. 2021;284:117183. 

131.Bi M, He Q, Chen Y. What roles are terrestrial plants 

playing in global microplastic cycling? Environmental 

Science & Technology. 2020;54(9):5325-5327. 

132.He D, Guo T, Li J, Wang F. Optimize lettuce washing 

methods to reduce the risk of microplastics ingestion: The 

evidence from microplastics residues on the surface of 

lettuce leaves and in the lettuce washing wastewater. 

Science of the Total Environment. 2023;868:161726. 

133. O’kelly BC, El-Zein A, Liu X, Patel A, Fei X, Sharma S, 

et al. Environmental Geotechnology. 2021;8:586-618. 

134. Smyth K, Drake J, Li Y, Rochman C, Van Seters T, 

Passeport E. Bioretention cells remove microplastics from 

urban stormwater. Water Research. 2021;191:116785. 

135.UNEP. Legal Limits on Single-Use Plastics and 

Microplastics. Nairobi, Kenya: United Nations 

Environment Program; 2018. 

136.US Government Information. Microbead-Free Waters Act 

of 2015. Public Law 114, 114th Congress. Washington DC, 

USA: The Congress; 2015. 

137.USEPA. Draft National Strategy to Prevent Plastic 

Pollution: Part of a Series on Building a Circular Economy 

for All: Executive Summary. Washington, DC, USA: 

United States Environmental Protection Agency; 2023. 

138.Environment and Climate Change Canada. A Proposed 

Integrated Management Approach to Plastic Products to 

Prevent Waste and Pollution. Public Inquiries Centre 

Environment and Climate Change Canada; Quebec, QC, 

Canada; 2019. 

139.DAWE National Plastics Plan 2021. Department of 

Agriculture, Water and the Environment, Canberra, 

Commonwealth of Australia; 2021. 

140.Freeman S, Booth AM, Sabbah I, Tiller R, Dierking J, Klun 

K, et al. Between source and sea: The role of wastewater 

treatment in reducing marine MP. Journal of Environmental 

Management. 2020;266:110642. 

141.UKWIR. Plastics Received by Water Industries and How 

Best to Tackle Them through Source Control. London, UK: 

UK Water Industry Research; 2022. 

142.Walker TR. (Micro)plastics and the UN Sustainable 

Development Goals. Curr. Opin. Green Sustain. Chem. 

2021;30:100497. 

143.UNEA. UNEA Resolutions on Marine Litter. Arendal, 

Norway: United Nations Environmental Assembly; 2019. 

144.UN. Nations Sign Up to End Global Scourge of Plastic 

Pollution. UN News: Global Perspective Human Stories. 

Nairobi, Kenya: United Nations; 2022. 

145.European Commission. Microplastics: The EU Aims to 

Address the Growing Volume of Microplastics in the 

Environment Di-rectorate-General for Environment. 

European Commission; Brussels, Belgium; 2023. 

146.Ritchie H, Roser M. Plastic Pollution. Our World in Data. 

Global Change Data Lab; Oxford, UK; 2018. 

147.Anagnosti L, Varvaresou A, Pavlou P, Protopapa E, 

Carayanni V. Worldwide actions against plastic pollution 

from microbeads and microplastics in cosmetics focusing 

on European policies. Has the issue been handled 

effectively? Marine Pollution Bulletin. 2021;162:111883. 

148.Arthur C, Baker J, Bamford H. Proceedings of the 

International Research Workshop on the Occurrence, 

Effects and Fate of Microplastic Marine Debris. NOAA 

Technical Memorandum. 2009. 

149.Białowas M, Jonko-Sobus K, Pawlak J, Polak-Juszczak L, 

Dabrowska A, Urban-Malinga B. Plastic in digestive tracts 

and gills of cod and herring from the Baltic Sea. Science of 

the Total Environment. 2022;822:153333. 

150.Collignon A, Hecq JH, Galgani F, Collard F, Goffart A. 

Annual variation in neustonic micro- and meso-plastic 

particles and zooplankton in the Bay of Calvi 

(Mediterranean-Corsica). Marine Pollution Bulletin. 

2014;79(1-2):293-298. 

151.Deng Y, Chen H, Huang Y, Wang Q, Chen W, Chen D. 

Polystyrene Microplastics Affect the Reproductive 

Performance of Male Mice and Lipid Homeostasis in Their. 

2022. 

152.Offspring. Environment of Science & Technology. 

2022;9(9):752-757. 

153.Huerta E, Lwanga H, Gertsen H, Gooren P, Peters T, 

Salanki MV, et al. Microplastics in the terrestrial 

ecosystem: implications for Lumbricus terrestris 

(Oligochaeta, Lumbricidae). Environmental Science & 

Technology. 2016;50:2685-2691. 

154.European Chemicals Agency. Restricting the use of 

intentionally added microplastic particles to consumer or 

professional use products of any kind. ECHA. European 

Commission; 2020. 

155.Xu G, Liu Y, Song X, Li M, Yu Y. Size effects of 

microplastics on accumulation and elimination of 

phenanthrene in earthworms. Journal of Hazardous 

Materials. 2021;403:123966. 

156.Materials., 403 (2021), Article 123966 

157.Ghosh S, Sinha JK, Ghosh S, Vashisth K, Han S, Bhaskar 

R. Microplastics as an Emerging Threat to the Global 

Environment and Human Health. Sustainability. 

2023;15(14):10821. 

158.Charlton-Howard HS, Bond AL, Rivers-Auty J, Lavers JL. 

‘Plasticosis’: characterising macro- and microplastic-

associated fibrosis in seabird tissues. Journal of Hazardous 

Materials. 2023;450:131090. 

159.Iñiguez ME, Conesa JA, Fullana A. Microplastics in 

Spanish Table Salt. Science reports. 2017;7:8620. 

160.Jeyavani J, Sibiya A, Gopi N, Mahboob S, Riaz MN, 

Vaseeharan B. Dietary consumption of polypropylene 

microplastics alter the biochemical parameters and 

histological response in freshwater benthic mollusc 

Pomacea paludosa. Environmental Research. 

2022;212:113370. 

161.Kang HM, Byeon E, Jeong H, Kim MS, Chen QQ, Lee JS. 

Different Effects of Nano- and Microplastics on Oxidative 

Status and Gut Microbiota in the Marine Medaka Oryzias 

https://www.biochemjournal.com/


International Journal of Advanced Biochemistry Research https://www.biochemjournal.com 

 

1083 

Melastigma. Journal Hazardous Materials. 

2021;405:124207. 

162.Kedzierski M, Lechat B, Sire O, Le Maguer G, Le Tilly V, 

Bruzaud S. Microplastic contamination of packaged meat: 

Occurrence and associated risks. Food Packaing. Shelf 

Life. 2020;24:100489. 

163.Leslie HA, van Velzen MJM, Brandsma SH, Vethaak AD, 

Garcia-Vallejo JJ, Lamoree MH. Discovery and 

quantification of plastic particle pollution in human blood. 

Environment International. 2022;163:107199. 

164.Liebezeit G, Liebezeit E. Non-pollen particulates in honey 

and sugar. Food Additive Contamination. Part A. 

2013;30:2136-2140. 

165.Lim D, Jeong J, Song KS, Sung JH, Oh SM, Choi J. 

Inhalation Toxicity of Polystyrene Micro (Nano)Plastics 

Using Modified OECD TG 412. Chemosphere. 

2021;262:128330. 

166.McCormick MI, Chivers DP, Ferrari MCO, Blandford MI, 

Nanninga GB, Richards on C, et al. Microplastic exposure 

interacts with habitat degradation to affect behaviour and 

survival of juvenile fish in the field. Proc. Royal Soc. 

2020;287:20201947. 

167.Masiá P, Sol D, Ardura A, Laca A, Borrell YJ, Dopico E, 

et al. Bioremediation as a promising strategy for 

microplastics removal in wastewater treatment plants. 

Marine Pollution Bulletin. 2020;156:111252. 

168.Microplastics in freshwater: Unveiling sources, fate, and 

removal strategies. Groundwater for Sustainable 

Development. 2024;26:101185. 

169.Mohamednor NH, Kooi M, Diepens NJ, Koelmans AA. 

Lifetime Accumulation of Microplastic in Children and 

Adults. Environmental Science & Technology. 

2021;55:5084-5096. 

170.Mühlshlegel P, Hauk A, Walter U, Sieber R. Lack of 

evidence for microplastic contamination in honey. Food 

Additive Contamination. Part A. 2017;34:1982-1989. 

171.Romano N, Renukdas N, Fischer H, Shrivastava J, Baruah 

K, Egnew N, et al. Differential modulation of oxidative 

stress, antioxidant defense, histomorphology, ionregulation 

and growth marker gene expression in goldfish (Carassius 

auratus) following exposure to different dose of virgin 

microplastics. Comparative Biochemistry and Physiology 

Part C: Toxicology & Pharmacology. 2020;238:108862. 

172.Napper IE, Bakir A, Rowland SJ, Thompson RC. 

Characterisation, quantity and sorptive properties of 

microplastics extracted from cosmetics. Marine Pollution 

Bulletin. 2015;99:178-185. 

173.Prata JC, da Costa JP, Lopes I, Duarte AC, Rocha Santos 

T. Effects of Microplastics on Microalgae Populations: A 

Critical Review. Science of the Total Environment. 

2019;665:400-405. 

174.An R, Wang X, Yang L, Zhang J, Wang N, Xu F, et al. 

Polystyrene microplastics cause granulosa cells apoptosis 

and fibrosis in ovary through oxidative stress in rats. 

Toxicology. 2021;449:152665. 

175.Ribeiro F, Garcia AR, Pereira BP, Fonseca M, Mestre NC, 

Fonseca TG, et al. Microplastics effects in Scrobicularia 

plana. Marine Pollution Bulletin. 2017;122:379-391. 

176.Rodrigues MO, Abrantes N, Gonçalves FJM, Nogueira H, 

Marques JC, Gonçalves AMM. Impacts of plastic products 

used in daily life on the environment and human health: 

What is known? Environmental Toxicology and 

Pharmacology. 2019;72:103239. 

177.Torres-Agullo A, Karanasiou A, Moreno T, Lacorte S. 

Overview on the occurrence of microplastics in air and 

implications from the use of face masks during the COVID-

19 pandemic. Science of the Total Environment. 

2021;800:149555. 

178.UN Environment. OCEANS & SEAS: Inside the Clean 

Seas Campaign against Microplastics, STORY: OCEANS 

& SEAS. Nairobi, Kenya: United Nations Environment 

Program; 2022. 

179.Varó I, Perini A, Torreblanca A, Garcia Y, Bergami E, 

Vannuccini ML, et al. Timedependent effects of 

polystyrene nanoparticles in brine shrimp Artemia 

franciscana at physiological, biochemical and molecular 

levels. Science of the Total Environment. 2019;675:570-

580. 

https://www.biochemjournal.com/

