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Microplastic emerging pollutants — impact on
microbiological diversity, diarrhea, antibiotic
resistance, and bioremediation
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Advanced economic development and technologies cause worldwide plastic waste to increase many folds,
leaving policymakers with the dilemma of managing it. Synthetic solid particles or polymeric matrices of
plastics with diverse shapes and sizes are the primary concern of environmental pollution of the marine
ecosystem, freshwater, agriculture fields, atmosphere, food, drinking water, and other remote locations.
Researchers demonstrated microplastics (MPs) as multifaceted stressors in the ecosystem, carrying toxic
chemicals and vectors of transport, and described the implications of these hazardous chemicals on
human health. MPs in the environment can adsorb organic, nitrogenous substances and other minerals.
This complex system may promote microbial growth and aggregation. Continuous contact of microbes
with MPs changes the internal arrangement of ions and atoms, alternating physio-chemical properties
and becoming hydrophobic. These properties allow specific bacterial growth on MPs and promote
bacterial resistance and transfer of resistance genes. MPs aged by ultra-violet light, temperature, and
chemicals increase bacterial adsorption and antibiotic-resistance gene transfer synergistically. MPs are
mitigated in the environment by aggregation of microbes, which leads to aging and loss of the crystalline
structure of microplastic due to the release of enzymes that cause oxidation, demethylation and
desertification, and hydrolysis of MPs. Aerobic conditions are preferred to degrade MPs in different
environmental conditions for large-scale degradation of MPs. However, anaerobic degradation requires
controlled conditions and specialized equipment. The use of a consortium of bacteria increases
biodegradation efficiency. Among the microorganisms, fungi were the most effective at detoxicating
xenobiotics in the environment due to their adaptability and ability to tolerate diverse conditions. This
critical review analyses microplastic-induced microbial diversity and microbial adaptations to it.
Furthermore, it describes MP's role in the cause of diarrhea, antimicrobial resistance, and spread. The
potential use of bioremediation methods and pathways for eliminating MPs like phthalates and bisphenol
from ecosystems is discussed in detail. Finally, suggestions are put forward for controlling and removing
MPs from the environment.

production occurring between 2002 and 2015.> Due to the
COVID-19 epidemic, its manufacturing and use have expanded

In today's world, plastic is everywhere because of its extensive
use and durability.* A total of 7800 million tonnes of plastics
were manufactured between 1950 and 2015, with half of that
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significantly over the previous two decades, reaching an
astounding level. During the COVID-19 epidemic, 1.6 million
tonnes of plastic garbage were produced per day, primarily due
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Environmental significance

In today's world, plastic is everywhere because of its extensive use and durability. A total of 7800 million tonnes of plastics were manufactured between 1950 and
2015, with half of that production occurring between 2002 and 2015. As a result, plastic pollution has a significant and wide-ranging influence on people's
health, the economy, tourism, and beach aesthetics. Microplastics (MPs) in the coastal and marine environment significantly harm the trophic levels of the food
web, including bivalves, crustaceans, fish, and mammals. It can penetrate the intestinal wall or clog the intestines, which can mechanically harm an organism's
digestive tract and reduce its ability to absorb nutrients. It decreases the energy reserves and feeding activity of marine worms. The power of microplastic
absorbs toxic chemicals, which may then be consumed by aquatic organisms and causes severe health hazards to them. Humans are exposed to MPs in several
ways, including seafood, drinking water, inhalation, and dermatological contact. MPs ingested through inhalation of particles breathed will either stay confined
in the lungs or reach the digestive system through mucociliary clearance. MP in the respiratory tract leads to inflammation and respiratory discomfort in
breaking. However, the knowledge that MPs exist in human lung tissues and their association with health implications provides new research avenue. The fate
and bioaccumulation of ingested plastics remain unknown within the digestive tract of animals. There is a significant knowledge gap in understanding
ubiquitous organic environmental pollutants like micro/nanoplastics in biological systems. MPs are believed to enter the intestine through food and water,
which is also a carrier for pathogenic bacteria. This review will contribute to the understanding of MPs role in microbial adaptations, diarrhea, antimicrobial
resistance, and probable mechanism of mitigation of MPs by bioremediation methods. Especially, the pathways for eliminating MPs like phthalates and
bisphenol from ecosystems is discussed in detail alongside its advantages and disadvantages. Finally, suggestions are put forward for controlling and removing
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MPs from the environment.

to the increased production of disposable personal protective
equipment. Which equates to 75 kg of plastic waste produced
annually per person.® Environmental MPs are classified into two
categories primary, artificially generated micro-sized polymers
made through extrusion or grinding, and secondary, a frag-
mentation of larger plastics by physical, biological, and chem-
ical processes.* Abiotic and biotic processes cause plastics to
age and change in size when submerged in the marine envi-
ronment. Mechanical abrasion and ultraviolet radiation expo-
sure under simulated coastal conditions produced millions of
secondary MPs.® MPs (MP) are found in marine and freshwater
habitats, such as beaches, seawater, marine sediments, surface
water, and silt from lakes and rivers.®

Estuaries and rivers are the sources of most MP in the ocean
and coastal waters.! In addition, current research has conclu-
sively demonstrated that soils accumulate more MPs than
aquatic habitats.> Due to poor degradation rates and inappro-
priate usage and disposal, the amount of plastic in the
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environment is growing yearly.® A total of 368 million tonnes of
plastic were produced in 2019 due to the industrialization of
several countries. About 40 million tonnes of plastic are still
estimated to enter the environment each year, of which 11
million tonnes are the macro- and microplastic (MP) debris that
ends up in the ocean.” Due to increased shipping activities,
Arctic surface waters and sea ice have been found with MPs.?
The existence of MPs in Arctic surface is an alarming situation
of contamination in the environment and the persistence of
MPs worldwide. MPs were found in the water, sediments, and
biota of Asian freshwater ecosystems, which are considered
a “hot spot” for plastic manufacture. Asia is home to the top 20
polluting rivers, which provide more than two-thirds of the
yearly global inflow. Global modelling studies rank the South-
east Asian rivers are the largest source of plastics entering the
ocean.’ India's production, imports, and exports of plastics have
dramatically expanded during the past three decades to satisfy
the nation's rapidly growing population. Plastic pollution has
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a significant and wide-ranging influence on people's health, the
economy, tourism, and beach aesthetics. MPs in the coastal and
marine environment significantly harm the trophic levels of the
food web, including bivalves, crustaceans, fish, and mammals.*’
It can penetrate the intestinal wall or clog the intestines, which
can mechanically harm an organism's digestive tract and
reduce its ability to absorb nutrients. It decreases the energy
reserves and feeding activity of marine worms. The power of
microplastic absorbs toxic chemicals, which may then be
consumed by aquatic organisms and causes severe health
hazards to them.' Humans are exposed to MPs in several ways,
including seafood, drinking water, inhalation, and
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dermatological contact. MPs ingested through inhalation of
particles breathed will either stay confined in the lungs or reach
the digestive system through mucociliary clearance.™ MP in the
respiratory tract leads to inflammation and respiratory
discomfort in breaking. However, the knowledge that MPs exist
in human lung tissues and their association with health
implications provides new research avenues."”” The residues of
polystyrene (PS) and polyvinyl chloride (PVC) are commonly
acquired micro- and nano-plastics (MNPLs) in human implants
via day-to-day activities like ingestion, inhalation, and dermal
exposure. The long-term persistence of these MNPLs in
different organs and tissues leads to cancer development. A
recent review emphasized that MNPLs have the potential to
induce fibrosis, inflammation, and genotoxicity.'*** The fate of
MPs that reach the digestive system through oral and muco-
ciliary clearance potentially impacts the gastrointestinal tract.
Experimental demonstration of in vitro and in vivo in mammals
provided evidence for MPs that affects the epithelial barrier, gut
microbial imbalance, catabolic disorders, and endocrine
disturbance. MP's distribution and adverse effect in GIT and
organs depend upon MPs' nature, size, and physiochemical
properties.” MPs may persist in the colon and be cleared
through urine and feces.

A human colonoscopy study demonstrated the presence of
filaments or fibers in the colon, mainly polycarbonate (90%),
polyamide, and polypropylene.’® The human excretion of MPs
through urine has not been reported yet. Still, a recent rat
animal model experiment evidenced that both nano and MPs
that entered the blood circulation were excreted through urine
with size ranges between 100 nm and 3 um." Although MPs
were detected in faeces and urine, the role of the cause of
diarrhoea is yet not clearly understood. The smaller-sized MP
distributed in the environment is unsuitable for recycling
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disposal using procedures designed for big plastic.'® Several
conventional methods can remove plastics, including thermo-
oxidative degradation, ultrafiltration, wet-air oxidation, reverse
osmosis, coagulation, thermal degradation, biodegradation,
ozonation, sonolysis, photocatalysis, and the Fenton process.*
Among all these methods, biodegradation is green technology
for removing MPs. This process involves a variety of biological
agents, including higher eukaryotes, fungi, and bacteria. These
microorganisms can interact with MPs, aggregate on the MPs,
and alter MPs' surface morphology and crystal lattice, leading to
degradation. Often, extracellular enzymes produced by micro-
organisms can convert complex organic matter into simpler
forms that support growth bacteria as a carbon source. Several
pure cultures and microbial consortia have been successfully
demonstrated to degrade MPs. Depending on the organisms,
molecular mass and size of MPs and other environmental
attributes greatly influence the microbes-assisted trans-
formation.>*** Microplastic recently got tremendous attention
from researchers of biological and ecological domains.
Although the term microplastic is debatable,” the environ-
mental impact of microplastics has been extensively studied.*
There is growing scientific evidence of microplastics association
with various human illnesses. However, microplastics are not
yet wholly elucidated on human health with the clinical spec-
imen. It is genuinely unknown that the persistence of ingested
plastics remains within the digestive tract of animals. There is
a significant research gap in understanding ubiquitous organic
environmental pollutants like micro/nanoplastics in biological
systems. Microplastics are thought to enter the intestine
through food and water, which is also a carrier for pathogenic
bacteria. This review will contribute to the understanding of
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MPs role in microbial adaptations, diarrhea, antimicrobial
spread, and probable mechanism of mitigation of MPs by
microbes, which will outline the new avenues for possible
research to mitigate the impact of MPs on human health.

Microbial diversity and adaptation with
MPs

In low-income and developing countries, microbes pollute the
environment. The major causes of microbial pollution are
industrial effluents, sewage, and natural microbial communi-
ties. Microbes in this background can bioengineer themselves
to fight against various chemicals, antimicrobials, and other
environmental and physical factors. They join together in bio-
film, providing the greatest strength to microbes to fight against
several antibiotics and chemicals. Microbes can easily survive in
the environment by consuming dissolved natural carbon
concentrations of 30.7 umol L™ '. However, microorganisms will
adapt, evolve and support the degradation of plastics. Micro-
organisms offer a wide variety of pathways to degrade plastics to
plastic metabolites. The potential adaptations of bacteria on the
MPs are a crucial feature of microorganism fitness, growth, and
cell reproduction in different niches.”* However, scientific
evidence has yet to reveal a link between MPs and the devel-
opment of microorganisms.

As a result of marine ecosystems being biologically more
diverse than their equivalent terrestrial ecosystems, microor-
ganisms are found in greater abundance in marine ecosystems.
The microorganisms growing on microplastic are opportunistic
organisms. Macro and MPs are the primary pollutants present
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in the environment of urban and semi-urban surface water.
These plastics float on the water and hold several organic and
other filthy matter together. MPs are chemically polymeric and
remain inert on environmental surfaces in the form of natural
organic aggregates and seston. These can adsorb nutrients from
the surroundings and provide nutrients such as carbon,
nitrogen, and other elements required for bacterial growth
(Fig. 1).*® Different MPs can significantly affect nitrogen cycling
processes in sediments, which may serve as organic carbon
substrates for microbial communities (Fig. 2). Chemical
processes such as nitrification and denitrification of soils cause
polyurethane foam (PUF) or polylactic acid (PLA) to become
a by-product of organic carbon substrates needed for microbial
growth. Still, PVC-fortified soil inhibited both processes.*
Heavy metals with MPs in the soil can affect soil fertility,
enzymes, catabolic functions, microbial diversity, total organic
carbon (TOC), total nitrogen (TN), pH value, and biodegrada-
tion xenobiotics.”” MPs size and shape indirectly exacerbated
microbial nutrient availability, metabolism and nutrient
cycling, etc.”® The organic aggregates of MPs on the soil can
exert selective pressure on the microbes in the vicinity of
aggregates that allow the microbes to survive, adopt a unique
substrate for colonization and support evolutionary changes.*

A high concentration of MPs (>10%) present in soil could
compete with sediment microorganisms of niches and also be
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able to migrate downward into the soil of a certain distance.* It
supports the dominant growth of Chloroflexi, Proteobacteria,
Bacteroidota, Firmicutes, and Actinobacteria.®® MPs cause an
abundance of Proteobacteria and Bacteroidota in the soil. Low-
density polyethylene MPs with concentration ranges of 2-7%
could affect the Earth's bacterial diversity. In addition, it
enhances the genes that encode nitrogen cyclings, such as nifH,
AOBamoA, and nirK, in different phages.** The constant contact
of microbes with MPs changes properties such as crystallinity
and becomes hydrophobic. These properties of MPs allow
heterotrophic organisms such as cyanobacteria and Basidiomy-
cota to grow on them. It increases the abundance of
microplastic-degrading  bacteria,®® promotes microbiota
composition changes, uptake of isotopic elements, and alters
growth and reproduction.**

Low-density polyethylene microplastic concentration ranges
from 2-7%, affecting the soil bacterial diversity. In addition, it
enhances the genes that encode nitrogen cyclings, such as nifH,
AOBamoA, and nirK, in different phages.’* Wastewater treatment
plant (WWTP) effluents have been considered pathways for MPs
entry into aquatic environments. This microplastic favours the
attachment of specific bacteria and organisms that could carry
antimicrobial resistance genes that provide unique tolerance to
selective antibiotics and environmental pressures, thereby
increasing abundance and spread.
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MPs associated diarrheal pathogens

Inadvertent ingestion of MPs by humans through the oral route
of contaminated foods and water leads to various MPs in the
stool (Fig. 3).** The ingested MPs could accumulate in the
epithelial cells of the intestine, and the persistence of MPs in
the intestine needs more scientific evidence. MPs are wide-
spread environmental pollutants found in accumulation in
various tissues of human beings, yet the risk of MPs in the
occurrence of diarrheal disease is unclear. In mice models,
microplastic exposure had a limited impact on the jejunum and
liver. However, in the colon, the over-proliferation of mucosal
cells leads to increased secretion of inflammatory markers such
as IL-1B and IL-6 levels, increase in TNF-o levels, colitis with
bloody diarrhea, and overactivation of the Notch signalling
pathway in intestinal organoids.*® Secretion of these inflam-
matory markers could affect the jejunum and liver. Inflamma-
tory markers are vital regulators of progressing inflammatory
bowel disease.*” However, microplastic presence could injure
the intestinal epithelial cell and also causes dysbiosis that leads
to infections in multiple systems.*® Recently, MPs can interfere
with the secretion system and affected normal physiological
functions.®® Intestinal epithelial cell disturbance and alteration
of normal physiological function in the intestine lead to
a potential risk of inflammatory intestinal disease.** Nano-
plastics (NPs) of polyvinyl chloride (PVC) size ranges between
50-310 nm exposure to human monocytes and monocyte-
derived dendritic cells provoked immune cells to secrete
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cytokines which leads to a progression of inflammation.**
Chronic diarrhea is closely related to inflammatory disease, and
the cause of inflammation in the intestine may be associated
with bacteria or xenobiotics.

The mathematical models revealed the relationship between
chronic diarrhea and urinary phthalate metabolite in adult
patients from the USA. In the multivariate logistic regression
analysis, urinary phthalate metabolite concentrations corre-
lated with a risk of chronic diarrhea, and phthalates promote
chronic diarrhea, particularly in adults.** Several confounding
factors were identified, such as complex pathophysiological
conditions, intestinal inflammation, and obesity.** Microplastic
was detected in the feces of patients with inflammatory bowel
diseases (IBD) with a concentration of 41.8 items per g dm than
healthy people at 28.0 items per g.** Polyethylene terephthalate
and polyamide were prominent MPs detected among the several
MPs present in the fecal samples. The contamination in
humans may be plastic packaging of drinking water, food, and
dust exposure.*® However, the correlation between MP inges-
tion, resident time of MPs in the human body, the onset of IBD,
recurrence, and the total amount of MPs present in the stool
specimens are yet to be established.****

Human pathogenic microbes in the
plastisphere

The environmental biofilm of bacteria on plastic debris is called
the “plastisphere”. It has a remarkable tendency to recruit
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Fig. 3 Mode of human ingestion of MPs, distribution into different organs and biological impacts.
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a unique species of microorganism to grow in the aquatic
environment than the sea ecosystem and the potential enough
to create diverse microbial community populations in different
ecosystems and cause microbial invasion. MPs significantly
impact microbial catabolism in ecosystems, including carbon,
nitrogen, sulfur cycles, compound degradation, and pathoge-
nicity.* A close relationship exists between environmental
microorganisms on the plastisphere (macroplastics to nano-
size plastics) and natural health. Several organisms have been
found on plastics’ surfaces, including pathogenic bacteria,
which implies plastics may act as carriers of microbes that lead
to the spread of diseases.** However, the specific microbial
populations on the plastisphere depend on several factors, such
as environment, geographical regions, season, nutrient avail-
ability, and types of plastics.”” When MPs are ingested into
animals, it can alter the structure of gut microbiota, create an
imbalance among the commensal bacterial populations, and
supports the growth of pathogens. By cellular internalization, it
can also traverse the gastrointestinal tract into the tissue and
cause serious health problems.**

However, different types of MPs, like polyethylene and
polystyrene, support the growth of diverse populations, and the
dominance of certain species depends on the exposure duration
to MPs. Virgin MPs tested in zebrafish (Danio rerio) models
induced changes in metabolome and gut microbiota. As a result
of these changes, zebrafish gut metabolites such as 8-amino-7-
oxononanoate, cholesterol fatty acid ester, phosphatidylinosi-
tol, and n-triacontanol were altered. The gut microbiota, such as
Fusobacteria and Proteobacteria were allowed to dominate over
Firmicutes.* A PS-MP with a diameter of 32-40 meters and
a concentration of 100-1000 g L™ " has been observed to increase
the size of goblet cells in juvenile guppies (Poecilia reticulata).
Metabolic enzyme activity was also reduced, including trypsin,
chymotrypsin, amylase, and lipase. In addition, the immune
response such as TNF-a, IFN-y, TLR4, and IL-6 elicited by MPs
after 28 days of exposure.*® Exposure of polyvinyl chloride with
a size of 2 um and concentration of 100 mg kg ' exposed
intestine of rat models showed to cause changes in gut
histology, biomarkers, and expression of mRNA expression
levels of colonic mucus secretions.”® Hence, MPs can alter
chemical compositions like bile salts and small and long-chain
fatty acids, which are among the components that induce
microbial diversity in the GIT. Humans are continuously
exposed to MPs by inhaling and ingesting them through oral.
Infants are prone to get exposure to MPs through toys.

A study of the impact of polyethylene MPs on infants' intestines
was conducted using stimulated artificial colons coupled with co-
cultures of epithelial and mucus cells. The decreased butyrate
production and changes in volatile organic compound availability
in the intestine are harmful to pathobionts of Dethiosulfovi-
brionaceae and Enterobacteriaceae.”* The Vibrio species are a marine
organism that causes infection in fish and humans and have been
linked with MPs. This species has been proven to initiate biofilm
and promote the further attachment of other bacterial species.*
Recently, pathogenic Vibrio parahaemolyticus has been isolated
from MP particles such as polyethylene, polypropylene and poly-
styrene from North/Baltic Sea. In addition, V. cholerae, and V.
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vuinificus also been found to reside on the surface of polypropylene
(PP) and polyethylene (PE) MPs.>* These MPs are poorly degradable
and enable the bacteria to colonize rapidly. Compared to natural
plant or animal-based polymers, these are easily transported over
long distances, carrying microbes.>*

A fish pathogen, Aeromonas salmonicida and Campylobacter
spp. has been detected in DNA isolated from MPs obtained from
the North Adriatic sea by high throughput and metagenomic
techniques.*® PE MPs exhibits hydrophobic characteristics in
water and can agglomerate pathogens rather than disperse in
the aqueous medium. PE MPs with high concentrations of E.
coli were shown to adsorb and aggregate on the surface within
30 seconds. DNA samples from in situ tests of PE MP beads in
river Barrow, Carlow, Ireland revealed that Enterobacter spp.,
Helicobacter spp., Arcobacter spp., Clostridium perfringens, and E.
coli were present.”® It shows MPs are prone to attract enteric
pathogens like E. coli and other pathogens in the aqueous
medium and resist inactivation by disinfectant. Hence,
agglomerated enteric pathogens on PE may pose a serious
public health impact.®” However, different pathogens showed
diverse preferences for adsorption on microplastic substrates.
This was highly influenced by temperature and the availability
of inorganic salt like nitrate. Polyethylene terephthalate (PET)
was most favored by pathogens such as Vibrio, Tenacibaculum,
and E. coli than polyethylene (PE), and polypropylene (PP) in an
aqueous medium.”® Enteric viruses are available in large
quantities on the surface water of the environment. The asso-
ciation of these viruses with plastic spheres could potentially
cause infections in humans. Recently, the enveloped bacterio-
phage (Phi6) and enteric virus-like rotavirus (RV) SA11 have
been tested in different water, such as sterile, environmental,
and with added nutrients. Viruses are strongly associated with
biofilm-colonized pellets. It protects itself from getting inacti-
vated and stable for more than two days. Hence, viruses that
colonized the MPs may have a potential public health risk of
water when coming in contact with a susceptible host.>

There were thirteen gastrointestinal parasite taxa present in
three wild populations of capybaras in the west-side lowlands of
the Orinoco Basin. These included five protozoans of the phyla
Apicomplexa, Amoebozoa, and Ciliophora, and eight metazoans
of the phyla Nematoda and Platyhelminthes. However, no
significant relationship was reported between parasites and
MPs.* Recently, it has been demonstrated that enteric parasites
such as Toxoplasma gondii, Cryptosporidium parvum, and Giar-
dia enterica could adhere to microfiber surfaces compared with
microbeads. These pathogens are persistent in the marine
environment, and the association of these with MPs mediates
the transmission of the parasite from wildlife to humans.®

Research suggests that the gut microbiome is responsible for
good human health and lifestyle-related diseases.®*®
Commensals of gastrointestinal microorganisms can poten-
tially secrete lipolytic esterases such as lipases, esterases, cuti-
nases, and PETases, which convert nutrients into end products.
Recently, Lactobacillus rhamnosus GG (ATCC 53103) and Bifido-
bacterium longum (NCC 2705) has shown to secrete the acyl
hydrolase/lipase and to cleave esters of fatty acids into their
metabolites.** Bacterial metabolizing enzymes are versatile and
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work differently under diverse conditions. Bacteria can use
metabolizing enzymes as biocatalysts to degrade microplastics,
particularly esters of microplastic residues.®® Recently, Acineto-
bacter baumannii, Bacillus weihenstephanensis, Pseudomonas
aeruginosa, Pseudomonas fluorescens, and Rhodococcus ruber
have been shown to exhibit the breakdown of microplastics into
microbial biomass and gases.®® Bacteria evade the action of
microplastics by secreting inherited metabolizing enzymes like
hydrolases and lipases. Some bacteria secrete lipases that allow
them to survive in various niches, escape the host's defenses,
thermotolerant, hydrophobic and metabolize xenobiotics such
as esters of microplastic residues.®**” In opportunistic human
diarrheal pathogens, lipases are considered essential virulence
traits. Pathogenic Vibrio species adapt to various niches for
survival, including host cells and a protective environment by
secreting metabolizing enzymes of esterases/lipases.®”

MPs in the dissemination of antibiotic
resistance

MPs solubilized in the water are effective carriers of the environ-
mental microbes and antimicrobial resistance bacteria (ARB),
making them likely to be continuously imported into the aqua-
culture environments and by humans. The aquatic environment
serves as an excellent reservoir for ARG, heavy metals, and dis-
solved organic substances that promote bacteria to form biofilm.
MPs particles provide a hydrophobic nature in the environment
that facilitates the adsorption of bacteria and selectively enable the
bacteria to form biofilm. In addition, MPs can absorb pharma-
ceuticals, including antibiotics, biocides, and heavy metals.
Absorption of these agents on the MPs containing biofilm may
lead to tolerance of selective pressure and the emergence of ARB.
Low concentrations of antibiotics, biocides, and heavy metals can
help bacteria become antibiotic resistance phenotypes and induce
horizontal ARG transfer.® Recent research has demonstrated that
many of these chemicals, such as metallic nanoparticles, non-
antibiotic drugs, and non-antibiotic conditions of MPs could
accelerate the dissemination of ARGs and are highly favorable for
the evolution of ARGs.* Bacterial conjugative transfers can be
accelerated by up to 1.7 folds by microplastics, which aggravates
ARG spread. Additionally, MPs regulates genes encoding outer
membrane proteins and plasmids needed for conjugation.”
Moreover, horizontal gene transfer among the bacteria is more
efficient in the biofilm form of bacteria in biofilms than planktonic
bacteria.”

Transfer of antibiotic resistance genes between microorgan-
isms on the surface of plastics may favor the persistence of path-
ogens in the environment. The natural aging of plastics in the soil
leads to plastic vibration, fragmentation, and translocation. MPs
aged by UV light, temperature, and chemicals increase bacterial
adsorption and ARG transfer synergistically. Micro and nano-sized
rod-shaped plastic fibers could travel downward from the surface
of loamy soil. The antibiotics tetracycline, beta-lactam and sul-
phonamide were detected in the plastic recover from penetrated
soil due to hetero-aggregation of soil minerals with MPs and
antibiotics were identified as a driving mechanism for MPs
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translocation.” Biodegradable MPs broadened the host range for
antimicrobial resistance genes and propagated resistance genes
among diverse bacterial populations such as Proteobacteria, Bra-
dyrhizobium, and Pseudomonas.” MPs present in the freshwater,
coastal, and deep ocean sediments were selectively enriched genus
Afipia and other bacteria of Nitrobacteraceae to colonize MPs. These
nitrifiers, denitrifiers, and ammonia oxidizer significantly altered
the concentration of NO;~, NO, , and NH," in MPs. These
chemical alterations could be directly related to promoting the
efflux pump system on bacteria. The reactive oxygen species
generated may be mediated by DNA damage, increased efflux, and
stress response induced by MPs exposure could promote ARG
transfer.””> MPs like polyethylene terephthalate increase bacteria's
resistance to antibiotics, such as Vibrio, Muricauda, and Ruegeria.
These organisms showed resistance to penicillin, sulfafurazole,
erythromycin, and tetracycline at high levels of MPs. Several gene
cassettes are associated with class 1 integrons in bacteria that
contain MPs compared to bacteria that do not.” Sludge anaerobic
digestion increases the antimicrobial resistance genes. It promotes
the spread of antimicrobial resistance genes through mobile gene
genetic elements at a concentration of 10 mg L™, which is
a hundredfold higher environmental concentration of dimethyl
phthalate in the water.”” In sewage sludge thermophilic anaerobic
digestion (AD), PE-MPs selectively enriched acetogens Thermoa-
naerobacter and hydrolytic bacteria Caldicoprobacter, which may be
hosts for ARGs and MGEs.” Recently, UV-aged polystyrene MPs
(PS-MPs) have been demonstrated to understand the aging process
of MPs and ARG transfer efficiency. After twenty days of UV
exposure, PS-MPs exhibited 5-8-fold increased adsorption capacity
for E. coli carrying ampicillin, carbapenemase, and streptomycin
resistance plasmids compared to pristine PS-MPs. UV exposure to
PS-MPs can depolymerize PS-MPs, which could induce intracel-
lular reactive oxygen species generation, increase cell permeability
and up-regulate horizontal gene transfer associated genes.” Poly-
vinyl chloride (PVC), and polyamide (PA) can stimulate and
support extracellular polymeric substances and reactive oxygen
species. In aerobic granular sludge systems, these MPs increase
intracellular and extracellular ARGs such as the tetracycline resis-
tance genes tetW and tetE and class 1 integrase genes (intl1) in
potential pathogenic bacteria.®* It has been demonstrated that
class 1 integron integrase genes (intI1) and bacterial communities
associated with microplastic biofilms under antibiotic sulfame-
thoxazole (SMX) pressure increased relative abundance of ARGs on
the two different MPs. SMX stress increased the abundance of
mobile genetic elements like integrons at high concentrations and
promoted the dissemination of ARGs at low concentrations after
prolonged incubation.®

Mitigation of MPs in the environment
by bioremediation
Biodegradation of phthalates

Several microorganisms isolated from diverse sources (Table 1)
such as wetland soil, contaminated soil pesticides, recycled
paper industry, water, sediments, sewage treatment plant, tap
water of the public toilet, and marine plastic debris tested for
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