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Abstract

Plastic trash dumped into water bodies degrade over time into small fragments. These plastic fragments, which come under
the category of micro-plastics (MPs), are generally 0.05-5 mm in size, and due to their small size they are frequently con-
sumed by aquatic organisms. As a result, widespread MPs infiltration is a global concern for the aquatic environment, posing
a threat to existing life forms. MPs easily bind to other toxic chemicals or metals, acting as vector for such toxic substances
and introducing them into life forms. Polyethylene, polypropylene, polystyrene, and other polymers are emerging pollutants
that are detrimental to all types of organisms. The main route for MPs into the aquatic ecosystems is through the flushing
of urban wastewater. The current paper investigates the origin, environmental fate, and toxicity of MPs, shedding light on

their sustainable remediation.
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Introduction

Plastic is a material that is commonly used in everyday life
for multiple purposes and in multiple forms sequipment,
packaging material. Although invented for convenience,
plastic has become a curse to life forms due to its persis-
tent nature. Smaller plastics (0.05-5 mm) or "microplastics”
(MPs) are of particular interest to researchers because they
can harm living organisms (Ma et al. 2020; Rezania et al.
2018). MPs are a global concern because of ubiquitous pres-
ence , thus affecting aquatic (freshwater and marine),
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terrestrial, and remote arctic ecosystems, thereby impacting
various lifeforms (Woodall et al. 2014; Nizzetto et al. 2016).
MPs are widely used for a variety of purposes due to their
low-cost and attractive properties such as high durability
(Zhang et al. 2020).

According to recent statistical analysis, global plastic
waste generation will triple between 2015 and 2060 (Lebre-
ton and Andrady 2019). Bayer Plastics (Germany) and Gen-
eral Electric (USA) began producing bisphenol A (BPA)-
based plastics for industrial applications in 1955 (Sarma and
Lee 2018). Nowadays diverse types of day-to-day materials
like cosmetics, skincare, cleaning fluids, soaps, shampoos,
face or body washing, facial goods, skin cleaner, epoxy,
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vehicles, glass construction, sports protective equipment,
medical laboratories and equipment, chairs, and reusable
bottles contain plastics.

Plastic has recently been identified as a pollutant in the
context of the international economic and environmental
crisis, owing to its ability to last for several decades (Worm
et al. 2017). According to research, the aquatic environment
in several regions has been polluted by plastic debris (Bar-
letta et al. 2019; Wagner et al. 2014). Large plastic particles
have long been known to interact with a variety of aquatic
species via processes such as entanglement and ingestion
(Duncan et al. 2017). Multiple genera, ranging from inver-
tebrates to vertebrates, are affected by marine MPs pollution
(Deudero and Alomar 2015).

Plastics can easily enter water bodies along with waste-
water (Wu et al. 2020). These plastics can persist in the
water bodies or break down into smaller parts as a result of
physical stress, ultraviolet radiation, temperature changes,
wave impacts, and also biological processes (Wu et al.

Tiny plastics, microbeads ®
manufactured for various

2019). Figure 1 shows the mechanism of the production of
MPs. These MPs can make up more than 95% of marine
litter that accumulate and spread over marine environment
matrixes, water surfaces and water columns, marine sedi-
ments, coastlines, sea floors, and even inj marine species,
and show major spatial and temporal variations (Barboza
and Gimenez 2015; Bergmann et al. 2015). MPs have been
globally distributed throughout the marine ecosystem due to
hydrodynamic processes and diffusion mechanisms (Kuku-
lka et al. 2012). MPs enter marine environments via sewer,
wind, and tidal processes (Zalasiewicz et al. 2016), putting
organisms at risk due to their consumption (Guo et al. 2020;
Wang et al. 2016).

MPs infiltration on algae has been reported (Besseling
et al. 2014), which not only harms the algae but may also
pose a risk to humans, as some seaweeds are popular in
many countries. This could be an example of MPs entering
the food chain and eventually reaching higher trophic levels,
including humans (Reisser et al. 2014; Van Cauwenberghe

i Z S e Microplastics
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Fig. 1 Mechanism of production of MPs. Tiny plastics are manufac-
tured for various industrial applications e.g., cosmetic production,
medicine formulations, etc. (primary sources of MPs). Larger-sized
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et al. 2015). Much attention to MPs is given because of their
detection in human-related foods such as honey, beer, milk,
table salts, etc. (Zhang et al. 2020). MPs pollution has sig-
nificant adverse consequences upon public health and global
economy.

MPs can lead to serious health hazards and can inflict
toxic effects on individuals through oral or dermal infusion,
and inhalation. MPs have also been reported to be inhaled
along with air (Vethaak and Legler 2021). Strict regulatory
guidelines and strategies are warranted to minimize MPs
penetration into the aquatic as well as the marine ecosys-
tems. Even though many countries have adopted different
strategies for this purpose, most countries are unable to
effectively regulate plastics penetration into the environ-
ment (Reisser et al. 2014; Guo et al. 2020; Wang et al. 2016).

Keeping in mind the detrimental effects of plastics and
MPs, the present review focuses on the primary sources of
MPs, its hazardous effects, and possible measures to miti-
gate the pollution sustainably. It also discusses the future
prospects of research in the concerned area, so that in-depth
knowledge on MPs is obtained which will eventually help
in arousing awareness among the masses.

Plastics and microplastics

Plastic accounts for approximately 85% of marine litter.
Plastics and microplastics are persistent pollutants that are
increasingly found in the littering of every environmental
niche on a global scale (Barletta et al. 2019; Jambeck et al.
2015). Plastic waste is becoming a major concern due to its
persistent nature and impact on aquatic organisms as well
as humans (Thompson et al. 2009). The pores in MPs can
absorb various chemicals from their surroundings and can
transport toxic components to living organisms (Yuan et al.
2020; Wu et al. 2019). MPs have been shown in studies to
inhibit growth, reduce immune function, and cause oxida-
tive stress in marine organisms (Avio et al. 2015). Plastic
particle aggregation in the ecosystem has toxic effects on
biodiversity (Dawson et al. 2018; Gall and Thompson, 2015;
Lu et al. 2016). As a result, immediate management strate-
gies are required to reduce or eliminate potential threats to
organism life (Barletta et al. 2019; Bour et al. 2018; Daiwile
et al. 2015).

Origin and sources of MPs

According to the United States Department of Commerce's
National Oceanic and Atmospheric Administration (NOAA),
plastic is now a significant type of aquatic junk particle (West-
phalen and Abdelrasoul 2017). MPs are difficult to be traced
back to their origins due to their fragmented existence and

small size. Understanding the origins of both plastic materi-
als and MPs will aid in the development of effective methods
for reducing their entry into marine environments. MPs are
commonly introduced into the environment via (1) wastewater
treatment plants (Murphy et al. 2016), (2) drainage systems
(Wagner et al. 2018), (3) litter from ships and recreational
events, (4) dissolution from agricultural polyethylene foils,
(5) washing and cleaning of cloths (Mintenig et al. 2017), (6)
car tire abrasions, (7) fertilizer runoff (Dubaish and Liebezeit
2013). The origin of the sources, the size of the particles, and
the transfer of MPs through ocean waves and currents—all
these factors affect variation in an aquatic ecosystem (Kukulka
et al. 2012). MPs are derived from two sources: primary and
secondary (Fig. 2).

Primary MPs

Primary MPs are those that are designed for specific indus-
trial applications and can be as small as nanoscale. Further-
more, these small particles are used in the manufacturing of
consumer goods as resin pellets or catalysts (Duis and Coors
2016). Mechanical exfoliants include: microfiber clothing,
adhesive scrub sheets, and wide range of cosmetic products
such as handwash, facewash, eyeliner, scents, beauty talc, hair
care products, nail polish, sunscreen, insecticides, and tooth-
paste’ in which primary MPs have been widely used (Auta
et al. 2017). These products are freely used and discarded
(Castaneda et al. 2014). These MPs are also widely used in
wind turbines. Again, MPs are involved in clinical applica-
tions, such as serving as carriers in medicines and producing
products used by dental surgeons to clean teeth (Lassen et al.
2015; Auta et al. 2017).

Secondary MPs

Secondary MPs are formed in marine environments as a result
of the fragmentation of larger plastic products into fine particu-
late matter. Secondary MPs are released into the water from
hard plastic, synthetic fibers, clothing, pipes, plastic sheets,
bottles, and nets, to name a few. MP fiber has been found in
aquatic ecosystems as a result of secondary MPs production
processes such as oxidation, photothermal degradation, and
mechanical abrasion (Wagner et al. 2014). Plastics have been
reduced in size in coastal areas due to excessive ultraviolet
light, physiological tide erosion, and the availability of oxygen
(Shim and Thomposon 2015).
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Fig.2 Sources of MPs that infil-
trate the marine environment
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Factors influencing MPs bioavailability
Size

MPs are bioavailable due to their small size. Because of their
small size, MPs can be mistaken by natural predators during
regular feeding activities and consumed passively. Certain
zooplankton species consume MPs ranging in size from 0.5
to 816 m (Cole and Galloway 2015; Desforges et al. 2015).

Density

The bioavailability of plastic debris in the water column
would be assessed by its density. Filter feeders, even sus-
pension eaters are likely to experience sustainable, lower-
density plastics on their ocean face in planktivores' sur-
face waters, such as polyethylene (PE). For example, PE
20x 28 cm long food bags showed a well-developed biofilm
within one week, and due to the neutral elasticity, these PE
bags started to drain after third week under the ocean's sur-
face (Lobelle and Cunliffe 2011).

Affluence (abundance)
MPs are typically more prevalent in marine environments.
Certain types of MPs are more abundant in certain regions,

whereas other types of MPs may be abundant in other areas.
According to one study, expanded polystyrene was more
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abundant in Eastern and South-Eastern Asia, whereas poly-
ethylene and polypropylene were found elsewhere (Shahul
Hamid et al. 2018). Furthermore, seasonal variation was
discovered to influence MP abundance (Kang et al. 2015).
The greater the abundance of MPs in a given environment,
the greater the chance of their consumption by organisms.

Colour

The colour of the MPs can significantly influence their con-
sumption by aquatic organisms. The bioavailability of MPs
may be enhanced by microplastic colours, and the similar-
ity of MPs to prey particles may increase the likelihood of
consumption (Wright et al. 2013). Only a few studies have
looked at the effect of MP colour on zooplankton. Euphausi-
ids and copepods are important MP grazers in the North-
Eastern Pacific coastal waters, where they are mostly black,
red, and blue in colour (Desforges et al. 2015).

Shape

MPs can be introduced into the environment directly as
cylindrical beads used in the treatment of sewage in treat-
ment plants, in clothes-washed fibers and cosmetic products
(Napper and Thompson 2016; Thompson 2015). MPs in the
form of shaped components can be found improperly due to
the weathering and deterioration of large plastic materials.
A recent study has discovered that zooplankton Calanus
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finmarchicus easily consume microbeads, including micro-
plastic fragments of size less than 30 mm (Vroom et al.
2017).

MPs’ impacts on the marine environment

In many cases, aquatic organisms mistake MPs as food,
while other species may intentionally use them as food
(Lonnstedt and Eklov 2016). Chemical and physical paral-
ysis occurs if MPs are consumed by aquatic species. The
binding of plastic with the cell surfaces can block flexibility
as well as create blockages in the digestive system; addition-
ally, it can also lead to hepatic stresses and reduced growth
(Setala et al. 2016).

The MPs might carry organic compounds, such as
diethylhexylphtalate (DEHP), which are harmful to aquatic
organisms (Bakir et al. 2014). Table 1 shows a few MPs
that have been reported to be consumed by aquatic organ-
isms. Furthermore, different chemicals and metals can
remain associated with MPs that can have additional nega-
tive impacts on aquatic organisms (Mammo et al. 2020).
The neurotoxic effect of MPs has also been reported in
previous studies, where acetylcholinesterase activity was
measured under laboratory setup (Oliveira et al. 2013; Bar-
boza et al. 2018). MPs can also lead to oxidative stress that
causes lipid peroxidation of cellular membranes (Alomar
et al. 2017). The detection of MPs in several commercially
important edible fishes poses the threat of its transfer to
higher organisms including human beings (Fossi et al.
2018). Campananle et al. (2020), discussed the effect of

Table 1 Aquatic organisms consume MPs and the resultant effects

MPs in humans that include respiratory troubles, accu-
mulation in the gastrointestinal tract and the circulatory
system (Campanale et al. 2020). Figure 3 depicts the hier-
archical distribution of MPs across the organism system.
Several studies on the effect of MPs exposure among vari-
ous test organisms such as crustaceans, molluscs, fish, etc.,
interpret the induction of physical and chemical toxicity,
genotoxicity, oxidative stress, behavioural changes, high
transgenerational effects on the populations (Avio et al.
2015; Fonte et al. 2016; Barboza et al. 2018; Zhu et al.
2019). Another study (Sussarellu et al. 2016) found the
detrimental effect of polystyrene MPs in reproduction and
feeding of oysters affecting egg count and sperm count.
Penguins were also reported to be affected by the con-
sumption of MPs along with water (Bessa et al. 2019).
The zooplankton community is also severely affected by
MPs. Two economically valuable zooplanktons, Euphasia
Pacific (Euphausiid) and Neocalanuscristatus (calanoid
copepod), have been examined for MPs detection in the
North Atlantic using the acid digestion method (Desforges
etal. 2015).

Methods of identification of MPs

MPs can be identified using both physical and analyti-
cal/instrument-based methods. Instrument-based methods
are more accurate and reliable. Table 2 depicts the meth-
ods of identification as well as their characteristics and
disadvantages.

Type of plastic Organism Mechanism Effect References
Polyethylene Mytilus edulis (Bivalves) Ingestion Aggregation in soft tissues Van Cauwenberghe and Janssen
(2014)
Polyethylene or polystyrene Artemia nauplii (Brine shrimp) Ingestion  Swelling of liver and aggrega- Batel et al. (2016)
beads tion in liver
Polyethylene, polypropylene  Balaenoptera Ingestion  Toxicity symptoms increases  Fossi et al. (2016)
Physalus (Whale)

Polyethylene, polystyrene Mpytilus edulis (Blue mussel),  Ingestion Granulocytoma formulation,  Avio et al. (2015), Chua et al.
Allorchestes compressa destabilization/vector for (2014) and von Moos et al.
(Amphipods) aggregation of POPs (2012)

Polylactic acid, Polyethylene  Ostrea edulis (European flat Ingestion  Respiratory rate exaltation, Besseling et al. (2013) and
oysters), Arenicola marina metabolic rate increases Green (2016)
(Lugworm)

Polystyrene Calanus helgolandicus, Cen-  Ingestion  Feeding decreases, reproduc-  Cole et al. (2016) and Desforges
triscus cristatus, Euphasia- tion decreases et al. (2015)
pacifa (Copepod)

Polystyrene microbeads Paramecium sp. strain RB1 Ingestion Can aid in the transmission Bulannga and Schmidt (2022)

and Tetrahymena sp. strain
RB2

and bioaccumulation of MPs
in freshwater food webs
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Fig. 3 Transfer of MPs to organisms across the food chain

Measures to control pollution caused by MPs

The prevalence of MPs in our everyday life has resulted in
their release into aquatic bodies. Because of the growing
demand for plastic components, production is increasing at
an exponential rate (Plastics Europe 2019). Plastics account
for approximately 80% of marine litter, and they keep on
piling in the environment, affecting living organisms (Ryan
et al. 2009). As a result, it is extremely important to control
the release of plastics into the environment.

Strict regulations and Initiatives

The United Nations Convention on the Law of the Sea
(UNCLOS) was proposed in 1982 to regulate all aspects of
the sea's resources (United Nations 1982). It focused on a
variety of issues including navigation rights, economic juris-
diction, territorial sea limits, the legal status of resources on
sea-beds, and measures for marine environmental protection,
including the protection of marine living organisms. Article
210 of the UNCLOS states that nations must develop frame-
works to control marine pollution caused by waste dump-
ing. Following the UNCLOS, several other programmes
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and frameworks, such as the United Nations Environment
Program (UNEP) and the Marine Debris Program (MDP),
were designed to reduce marine pollution (da Costa et al.
2020). In 2017, the UNEP met in Kenya and adopted a draft
resolution on marine litter and MPs (UNEP 2017). The draft
primarily addresses the use of unnecessary plastics and
promotes the use of eco-friendly alternatives. In addition,
United Nations (UN) has declared the period 2021-2030
as the "Decade of Ecosystem Restoration" (United Nations
2020). The UN has set 17 sustainable development goals
(SDGs); SDG14 focuses on underwater life conservation and
sustainable ocean and sea resource utilisation.

To better implement the goals, the theme 'our ocean,
our future, call for action' was introduced in 2017. The UN
countries have made efforts to reduce plastic pollution in the
ocean by minimising the use of plastics; a focus on reducing
single-use plastics and single-use plastic packaging is also
encouraged. The initiative's goal is to focus on long-term
pollution management as well as plastic litter control. The
European Union implemented a variety of waste manage-
ment strategies to reduce marine litter from both the sea and
the land (European Parliament 2019). Plastic restrictions in
marketplaces, thereby encouraging the use of sustainable
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Table 2 Methods of identification of MPs

Drawback

Feature

Identification basis

Method

It is a time-consuming technique as well as not accurate

Usually carried to examine the big size range of MPs

Characterizes the morphological and physical appear-

Visual identification

as compared to alternative approaches

ance of MPs
Provides the data regarding surface quality, structural

Drawback of the microscopy includes poor separation

Used for the identification method of MPs of the size

Microscopy

of the light sediment particles in sediment sample

ranges from 100 microns

information, etc

Takes more time for analysis, cannot analyse more

Based on the density and C:H:N ratio analysis, nature Recognize the type or origin of the plastic material

C:H:N ratio analysis

samples, not applicable for the identification of the

smaller particles

of the MPs can be detected

Measurement of changes in the physical and chemical The analysis of the certain minimum size of the parti-

Based on the thermal stability of the material

Thermal analysis

cles, this results in the lower size limit of particles

properties of the material in the thermal environ-

ment

Sensitive to additive and pigment chemicals that inter-

Identifies plastic as well as provides a chemical

Help in the analysis of microscopic plastic pieces

Raman spectroscopy

fere with MPs, which interfere with the identification

of polymer types

composition of the polymer provides a contact-less

analysis of the sample

by focusing a laser beam on a small spot to obtain

Raman spectra.

Time-consuming technique for the identification of the

Provides information about the polymer

FTIR, in combination with the MP hunter software,

Fourier-transform

large samples

proved to be a quick and accurate method of auto-

matically identifying microplastics.

infrared spectroscopy

(FTIR)

alternatives, are among the measures being considered.
Various regulatory frameworks such as the Marine Strategy
Framework Directive (MSFD) (European Parliament 2008),
which focuses on marine economic and social activities,
have been designed to protect the marine environment and
control the dumping of plastic litter (Gago et al. 2016).

Several companies and organisations are taking steps to
adopt environment-friendly practises such as prohibiting
single-use plastics and excluding plastics from a variety of
goods (Eschener 2019). Ban on use of plastic bags has been
implemented in several counties, with the goal of eradicat-
ing disposable plastic goods (Vesilevskaia 2018). However,
due to the the scarcity of other cost-effective alternatives,
such bans have become quite unrealistic in practise and not
implemented properly. Many countries have imposed man-
datory plastic bag surcharges in market areas in order to
promote the use of biodegradable bags and reduce the usage
of plastics. But so far these measures have not proven to be
very effective.

Modern engineering tools for contamination
prevention and clean-up of MPs

The recent developments of engineering technology provide
us with opportunities to remove MPs from the environment.
Waste water treatment plants (WWTPs) have been used for
the elimination of plastic particles from waste waters. The
efficiency of such plants have been evaluated (Talvitie et al.
2017b; Lares et al. 2018). In order to eliminate high-grade
MPs, the traditional WWTPs could not be a good option
and the MPs removal range is below average. Membrane
agglomeration-coagulation and electrodeposition are gen-
erally used for advanced WWTPs. Membrane bioreactor
(MBR) is one of the most effective processes in which mem-
brane formulations such as ultrafiltration or microfiltration
are used to clean wastewater. The conventional activated
sludge-based process showed 98.3% removal of MPs, but
the MBR technique showed a 99.4% increase in MPs sepa-
ration performance, which is greater than the conventional
activated sludge-based process (Talvitie et al. 2017a). MBRs
have also been constructed with other revolutionary tertiary
treatments, such as rapid gravity filtration and dissolved air
flotation, which can lead to more than 95% separation of
MPs from primary and secondary pollutants. The gravity
filtration process, as well as dissolved air flotation, is used
for revolutionary tertiary MBR treatments that can separate
MPs at a level of up to 95% from primary and secondary
effluents. High performance for the removal of MPs is also
demonstrated by biological active filter, i.e., BAF (Talvitie
et al. 2017a). BAF has been developed for advanced waste-
water treatment plants with approximately 99% of the total
retention capacity for MPs.
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Another well-known method for the extraction of MPs
from wastewater streams is electrocoagulation (EC). The
EC technology is an efficient way for reducing wastewater
MPs by achieving maximum separation efficiency of 99.24%
at 7.5 pH (Perren et al. 2018). Harmful effects of pollut-
ants could be treated by using Electro-oxidation (EO) in an
electrochemical flow reactor using Ti/Pt or Boron Doped
Diamond, i.e., BDD anodes and cathodes prior to discharge
of effluents into the marine environment (Durén et al. 2018).
In the discharge of MPs, the power density used for analy-
sis with Ti/Pt, the BDD anode shows a distinct pattern and
improved productivity. EO can become an economically
efficient and effective therapeutic strategy for the remedia-
tion of MPs and other contaminants, particularly with the
BDD anode.

Increased recycle, recovery and reuse rate of plastic
materials

Currently the emphasis is on the three R hierarchies of an
integrated waste management system, namely reduction,
reuse, and recycling. The use of plastic material can be
reduced by prohibiting the use of certain types of plastic
like that for single use. Higher recycling rates can help sig-
nificantly reduce plastics in the marine environment. Plastic
recycling is a complicated process that includes the follow-
ing steps: (1) consumer waste management, (2) recyclable
separation and pollutant removal, (3) polymer and colour
grounding and differentiation, (4) polymer and colour sam-
ple distillation, and (5) recycle products to manufacturing
(Bing et al. 2014; Walker, 2018). Diverse wastes should
be properly treated in recycling units, and direct dumping
should be avoided at all costs. A large number of plastics
can be found in a large load of waste from medical units.
In the current situation of the Covid-19 pandemic, the use
of personal protective equipment (PPE), masks, and covers
that are typically one-time use have increased exponentially.
Such wastes should be properly treated, or else it can lead
to severe environmental pollution in the future, affecting the
ecosystem (Issac et al. 2021). The pandemic situation should
not be used as an excuse for ignoring the treatment of such
wastes. In fact such medical plastic wastes should be treated
even more seriously.

Utilization of biodegradable or biological based
polymer materials

To solve the problem, use of a variety of recyclable products
such as biodegradable plastics and nano-plastics (Paco et al.
2019) could be an alternative option. Biodegradable alterna-
tives such as paper, jute, cotton, wool, or other fabrics can be
used to make carry bags (Iheukwumere et al. 2020). Several
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plant and bacterial material are also being explored for uti-
lisation as bioplastics.

Sustainable bioengineering solutions

Conventional BPA-based plastics can be degraded by vari-
ous types of bacteria, fungi via enzymatic action (Sarma
et al. 2019). Some plastics may degrade, such as polyeth-
ylene terephthalate (PET) is reported to be degraded by
Ideonella sakaiensis (Yoshida et al. 2016) and polyethylene
(PE) by the aquatic fungus Zalerion maritimum (Paco et al.
2017). Developing on-site biodegradation strategies for MPs
with the addition of microbes or increasing natural attenua-
tion with the use of native microflora is critical. Since envi-
ronmental and physical conditions have a large impact on
bioremediation, simulating such factors will make it easier
and more convenient to accelerate the microbial degradation
process (Tiwari et al. 2020). Yuan et al. (2020) summarised
the various bacterial and fungal populations that can utilize
MPs and help in their removal from the environment.

Conclusion

MPs have become one of the most common marine litter
wastes. Almost all life forms are affected by the toxic effects
of MPs in the marine environment. MPs pollution can be
reduced by implementing proper regulatory framework and
cutting-edge biotechnology. Even though the government
and policymakers have enacted numerous laws and regula-
tions, it is the responsibility of individuals and organisa-
tions to ensure that regulations are enforced to protect eco-
systems from the negative effects of plastic litter. Since there
have only been a few studies on the health effects of MPs,
future research in this area is important and necessary. Fur-
thermore, using microbes to efficiently remove plastic litter
from the environment can provide green solution for reduc-
ing MPs pollution and impact on ecosystems.

Acknowledgements The authors would like to thank the financial
and facility support of Bodoland University; Swami Rama Himalayan
University, Dehradun, Uttarakhand; Sharda University, Greater Noida,
Delhi NCR; and Mahatma Gandhi Central University, Bihar, India.

Authors contributions HS compiled information from the literature
and wrote this manuscript. RPH revised the manuscript in response to
the reviewers' comments. The manuscript is the result of collaborative
research between various institutions. All authors agree to participate
in this research study on a voluntary basis. SP, RP, VK, AR, and HS
designed and developed the idea. The manuscript was read, revised and
approved by all authors before it was submitted.

Funding This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.



Environmental Sustainability (2022) 5:39-49

47

Availability of data and material (data transparency) All relevant data
are within the paper.

Code availability (software application or custom code) Not applicable.

Declarations

Conflict of interest The authors declare no conflict of interest.

Ethical approval (include appropriate approvals or waivers) Not appli-
cable.

Consent to participate (include appropriate statements) The voluntar-
ily agree to participate in this research study.

Consent for publication (include appropriate statements) I hereby
transfer, assign, or otherwise convey all copyright ownership, includ-
ing any and all rights incidental thereto, exclusively to the journal, in
the event that such work is published by the journal.

References

Alomar C, Sureda A, Cap6 X, Guijarro B, Tejada S, Deudero S (2017)
Microplastic ingestion by Mullus surmuletus Linnaeus, 1758
fish and its potential for causing oxidative stress. Environ Res
159:135-142

Auta HS, Emenike CU, Fauziah SH (2017) Distribution and impor-
tance of microplastics in the marine environment: a review of
the sources, fate, effects, and potential solutions. Environ Int
102:165-176

Avio CG, Gorbi S, Milan M, Benedetti M, Fattorini D, d’Errico G,
Pauletto M, Bargelloni L, Regoli F (2015) Pollutants bioavailabil-
ity and toxicological risk from MPs to marine mussels. Environ
Pollut 198:211-222

Bakir A, Rowland SJ, Thompson RC (2014) Transport of persistent
organic pollutants by MPs in estuarine conditions. Estuar Coast
Shelf Sci 140:14-21. https://doi.org/10.1016/j.ecss.2014.01.004

Barboza LGA, Gimenez BCG (2015) MPs in the marine environment:
current trends and future perspectives. Mar Pollut Bull 97:5-12.
https://doi.org/10.1016/j.marpolbul.2015.06.008

Barboza LGA, Vieira LR, Guilhermino L (2018) Single and combined
effects of microplastics and mercury on juveniles of the European
seabass (Dicentrarchus labrax): changes in behavioural responses
and reduction of swimming velocity and resistance time. Environ
Pollut 236:1014-1019

Barletta M, Lima ARA, Costa MF (2019) Distribution, sources and
consequences of nutrients, persistent organic pollutants, met-
als and MPs in South American estuaries. Sci Total Environ
651:1199-1218. https://doi.org/10.1016/j.scitotenv.2018.09.276

Batel A, Linti F, Scherer M, Erdinger L, Braunbeck T (2016) Transfer
of benzo[a]pyrene from MPs to Artemia nauplii and further to
zebrafish via a trophic food web experiment: CYP1A induction
and visual tracking of persistent organic pollutants. Environ Toxi-
col Chem 35:1656-1666. https://doi.org/10.1002/etc.3361

Bergmann M, Gutow L, Klages M (eds) (2015) Marine anthropogenic
litter. Springer International Publishing, Berlin. https://doi.org/10.
1007/978-3-319-16510-3

Bessa F, Ratcliffe N, Otero V, Sobral P, Marques JC, Waluda CM,
Trathan PN, Xavier JC (2019) Microplastics in gentoo penguins
from the Antarctic region. Sci Rep 9(1):1-7

Besseling E, Wegner A, Foekema EM, van den Heuvel-Greve MJ,
Koelmans AA (2013) Effects of microplastic on fitness and PCB

bioaccumulation by the Lugworm Arenicola marina (L.). Envi-
ron Sci Technol 47:593-600. https://doi.org/10.1021/es302763x

Besseling E, Wang B, Liirling M, Koelmans AA (2014) Nanoplastic
affects growth of S. obliquus and reproduction of D. magna.
Environ Sci Technol 48(20):12336-12343

Bing X, Bloemhof JM, van der Vorst JGAJ (2014) Sustainable
reverse logistics network design for household plastic waste.
Flex Serv Manuf J 26:119-142. https://doi.org/10.1007/
$10696-012-9149-0

Bour A, Avio CG, Gorbi S, Regoli F, Hylland K (2018) Presence of
MPs in benthic and epibenthic organisms: influence of habitat,
feeding mode and trophic level. Environ Pollut 243:1217-1225.
https://doi.org/10.1016/j.envpol.2018.09.115

Bulannga RB, Schmidt S (2022) Uptake and accumulation of micro-
plastic particles by two freshwater ciliates isolated from a local
river in South Africa. Environ Res 204:112123. https://doi.org/
10.1016/J. ENVRES.2021.112123

Campanale C, Massarelli C, Savino I, Locaputo V, Uricchio VF (2020)
A detailed review study on potential effects of microplastics and
additives of concern on human health. Int J Environ Res Public
Health 17(4):1212

Castafieda RA, Avlijas S, Simard MA, Ricciardi A (2014) Microplastic
pollution in St. Lawrence River sediments. Can J Fish Aquat Sci
71:1767-1771. https://doi.org/10.1139/cjtas-2014-0281

Chua EM, Shimeta J, Nugegoda D, Morrison PD, Clarke BO (2014)
Assimilation of polybrominated diphenyl ethers from MPs by the
marine amphipod, Allorchestes compressa. Environ Sci Technol
48:8127-8134. https://doi.org/10.1021/es405717z

Cole M, Galloway TS (2015) Ingestion of nanoplastics and MPs by
Pacific Oyster Larvae. Environ Sci Technol 49:14625-14632.
https://doi.org/10.1021/acs.est.5604099

Cole M, Lindeque PK, Fileman E, Clark J, Lewis C, Halsband C, Gal-
loway TS (2016) MPs alter the properties and sinking rates of
zooplankton faecal pellets. Environ Sci Technol 50:3239-3246.
https://doi.org/10.1021/acs.est.5b05905

da Costa JP, Mouneyrac C, Costa M, Duarte AC, Rocha-Santos T
(2020) The role of legislation, regulatory initiatives and guide-
lines on the control of plastic pollution. Front Environ Sci 8:104.
https://doi.org/10.3389/fenvs.2020.00104

Daiwile AP, Naoghare PK, Giripunje MD, Rao PDP, Ghosh TK,
Krishnamurthi K, Alimba CG, Sivanesan S (2015) Correlation
of melanophore index with a battery of functional genomic stress
indicators for measurement of environmental stress in aquatic eco-
system. Environ Toxicol Pharmacol 39:489-495. https://doi.org/
10.1016/j.etap.2014.12.006

Dawson A, Huston W, Kawaguchi S, King C, Cropp R, Wild S, Eisen-
mann P, Townsend K, Bengtson Nash S (2018) Uptake and depu-
ration kinetics influence microplastic bioaccumulation and toxic-
ity in Antarctic Krill (Euphausia superba). Environ Sci Technol
52:3195-3201. https://doi.org/10.1021/acs.est.7b05759

Desforges J-PW, Galbraith M, Ross PS (2015) Ingestion of MPs by
zooplankton in the Northeast Pacific Ocean. Arch Environ Contam
Toxicol 69:320-330. https://doi.org/10.1007/s00244-015-0172-5

Deudero S, Alomar C (2015) Mediterranean marine biodiversity under
threat: reviewing influence of marine litter on species. Mar Pollut
Bull 98:58-68. https://doi.org/10.1016/j.marpolbul.2015.07.012

Dubaish F, Liebezeit G (2013) Suspended microplastics and black car-
bon particles in the Jade system, southern North Sea. Water Air
Soil Pollut 224(2):1-8

Duis K, Coors A (2016) MPs in the aquatic and terrestrial environ-
ment: sources (with a specific focus on personal care products),
fate and effects. Environ Sci Eur 28:2. https://doi.org/10.1186/
$12302-015-0069-y

Duncan EM, Arrowsmith J, Bain C, Broderick AC, Lee J, Metcalfe
K, Pikesley SK, Snape RT, van Sebille E, Godley BJ (2018)
The true depth of the Mediterranean plastic problem: extreme

@ Springer


https://doi.org/10.1016/j.ecss.2014.01.004
https://doi.org/10.1016/j.marpolbul.2015.06.008
https://doi.org/10.1016/j.scitotenv.2018.09.276
https://doi.org/10.1002/etc.3361
https://doi.org/10.1007/978-3-319-16510-3
https://doi.org/10.1007/978-3-319-16510-3
https://doi.org/10.1021/es302763x
https://doi.org/10.1007/s10696-012-9149-0
https://doi.org/10.1007/s10696-012-9149-0
https://doi.org/10.1016/j.envpol.2018.09.115
https://doi.org/10.1016/J.ENVRES.2021.112123
https://doi.org/10.1016/J.ENVRES.2021.112123
https://doi.org/10.1139/cjfas-2014-0281
https://doi.org/10.1021/es405717z
https://doi.org/10.1021/acs.est.5b04099
https://doi.org/10.1021/acs.est.5b05905
https://doi.org/10.3389/fenvs.2020.00104
https://doi.org/10.1016/j.etap.2014.12.006
https://doi.org/10.1016/j.etap.2014.12.006
https://doi.org/10.1021/acs.est.7b05759
https://doi.org/10.1007/s00244-015-0172-5
https://doi.org/10.1016/j.marpolbul.2015.07.012
https://doi.org/10.1186/s12302-015-0069-y
https://doi.org/10.1186/s12302-015-0069-y

48

Environmental Sustainability (2022) 5:39-49

microplastic pollution on marine turtle nesting beaches in
Cyprus. Mar Pollut Bull 136:334-340

Durén FE, de Aratjo DM, do Nascimento Brito C, Santos EV, Gan-
iyu SO, Martinez-Huitle CA (2018) Electrochemical technology
for the treatment of real washing machine effluent at pre-pilot
plant scale by using active and non-active anodes. J Electroanal
Chem 818:216-222. https://doi.org/10.1016/j.jelechem.2018.
04.029

Eschener K (2019) Unilever’s plan to stop massive plastic pollution
from destroying the oceans. Englewood Cliffs, NJ: CNBC

European Parliament (ed) (2008) Directive 2008/56/EC, in 2008/56/
EC. European Union, Strasbourg

European Parliament (ed) (2019a) Directive (EU) 2019/904 of the
European Parliament and of the Council of 5 June 2019 on the
reduction of the impact of certain plastic products on the environ-
ment, in PE/11/2019/REV/1. Brussels: European Union

Fonte E, Ferreira P, Guilhermino L (2016) Temperature rise and micro-
plastics interact with the toxicity of the antibiotic cefalexin to
juveniles of the common goby (Pomatoschistus microps): post-
exposure predatory behaviour, acetylcholinesterase activity and
lipid peroxidation. Aquat Toxicol 180:173-185

Fossi MC, Marsili L, Baini M, Giannetti M, Coppola D, Guerranti C,
Caliani I, Minutoli R, Lauriano G, Finoia MG, Rubegni F, Pani-
gada S, Bérubé M, Urban Ramirez J, Panti C (2016) Fin whales
and MPs: the Mediterranean Sea and the Sea of Cortez scenarios.
Environ Pollut 209:68-78. https://doi.org/10.1016/j.envpol.2015.
11.022

Fossi MC, Peda C, Compa M, Tsangaris C, Alomar C, Claro F,
Ioakeimidis C, Galgani F, Hema T, Deudero S, Romeo T
(2018) Bioindicators for monitoring marine litter ingestion
and its impacts on Mediterranean biodiversity. Environ Pollut
237:1023-1040

Gago J, Galgani F, Maes T, Thompson RC (2016) Microplastics in
seawater: recommendations from the marine strategy framework
directive implementation process. Front Mar Sci 3:219. https://
doi.org/10.3389/fmars.2016.00219

Gall SC, Thompson RC (2015) The impact of debris on marine life.
Mar Pollut Bull 92:170-179. https://doi.org/10.1016/j.marpolbul.
2014.12.041

Green DS (2016) Effects of MPs on European flat oysters, Ostrea edulis
and their associated benthic communities. Environ Pollut 216:95—
103. https://doi.org/10.1016/j.envpol.2016.05.043

Guo J-J, Huang X-P, Xiang L, Wang Y-Z, Li Y-W, Li H, Cai Q-Y, Mo
C-H, Wong M-H (2020) Source, migration and toxicology of MPs
in soil. Environ Int 137:105263. https://doi.org/10.1016/j.envint.
2019.105263

Theukwumere SO, Nkwocha KF, Tonnie-Okoye N, Umeh PP (2020) A
look at plastic bags and alternatives. J Geogr Meteorol Environ
3(1):121-134

Issac MN, Kandasubramanian B (2021) Effect of microplastics in water
and aquatic systems. Environ Sci Pollut Res 1-19

Jambeck JR, Geyer R, Wilcox C, Siegler TR, Perryman M, Andrady
A, Narayan R, Law KL (2015) Plastic waste inputs from land into
the ocean. Science 347:768-771. https://doi.org/10.1126/science.
1260352

Kang J-H, Kwon OY, Lee K-W, Song YK, Shim WJ (2015) Marine
neustonic MPs around the southeastern coast of Korea. Mar Pol-
lut Bull 96:304-312. https://doi.org/10.1016/j.marpolbul.2015.
04.054

Kukulka T, Proskurowski G, Morét-Ferguson S, Meyer DW, Law KL
(2012) The effect of wind mixing on the vertical distribution of
buoyant plastic debris. Geophys Res Lett. https://doi.org/10.1029/
2012GL0O51116

Lares M, Ncibi MC, Sillanpdd M, Sillanpdd M (2018) Occurrence,
identification and removal of microplastic particles and fibers
in conventional activated sludge process and advanced MBR

@ Springer

technology. Water Res 133:236-246. https://doi.org/10.1016/].
watres.2018.01.049

Lassen C, Hansen SF, Magnusson K, Hartmann NB, Jensen PR,
Nielsen TG, Brinch A (2015) MPs: occurrence, effects and
sources of releases to the environment in Denmark. Danish Envi-
ronmental Protection Agency

Lebreton L, Andrady A (2019) Future scenarios of global plastic waste
generation and disposal. Palgrave Commun 5(1):1-11

Lobelle D, Cunliffe M (2011) Early microbial biofilm formation on
marine plastic debris. Mar Pollut Bull 62:197-200. https://doi.
org/10.1016/j.marpolbul.2010.10.013

Lonnstedt OM, Eklov P (2016) Environmentally relevant concentra-
tions of microplastic particles influence larval fish ecology. Sci-
ence 352:1213-1216. https://doi.org/10.1126/science.aad8828

Lu Y, Zhang Y, Deng Y, Jiang W, Zhao Y, Geng J, Ding L, Ren H
(2016) Uptake and accumulation of polystyrene MPs in Zebrafish
(Danio rerio) and toxic effects in liver. Environ Sci Technol
50:4054-4060. https://doi.org/10.1021/acs.est.6b00183

Ma G, Peng F, Yang W, Yan G, Gao S, Zhou X, Qi J, Cao D, Zhao Y,
Pan W, Jiang H, Jing H, Dong G, Gao M, Zhou J, Yu F, Wang J
(2020) The valuation of China’s environmental degradation from
2004 to 2017. Environ Sci Ecotechnol 1:100016. https://doi.org/
10.1016/j.ese.2020.100016

Mammo FK, Amoah ID, Gani KM, Pillay L, Ratha SK, Bux F,
Kumari S (2020) Microplastics in the environment: Interactions
with microbes and chemical contaminants. Sci Total Environ
743:140518

Mintenig SM, Int-Veen I, Loder MG, Primpke S, Gerdts G (2017)
Identification of microplastic in effluents of waste water treat-
ment plants using focal plane array-based micro-Fourier-transform
infrared imaging. Water Res 108:365-372

Murphy F, Ewins C, Carbonnier F, Quinn B (2016) Wastewater treat-
ment works (WwTW) as a source of microplastics in the aquatic
environment. Environ Sci Technol 50(11):5800-5808

Napper IE, Thompson RC (2016) Release of synthetic microplastic
plastic fibres from domestic washing machines: effects of fabric
type and washing conditions. Mar Pollut Bull 112:39-45. https://
doi.org/10.1016/j.marpolbul.2016.09.025

Nizzetto L, Bussi G, Futter MN, Butterfield D, Whitehead PG (2016)
A theoretical assessment of microplastic transport in river catch-
ments and their retention by soils and river sediments. Environ Sci
Process Impacts 18(8):1050-1059

Oliveira M, Ribeiro A, Hylland K, Guilhermino L (2013) Single and
combined effects of microplastics and pyrene on juveniles (0+
group) of the common goby Pomatoschistus microps (Teleostei,
Gobiidae). Ecol Ind 34:641-647

Paco A, Duarte K, da Costa JP, Santos PSM, Pereira R, Pereira ME,
Freitas AC, Duarte AC, Rocha-Santos TAP (2017) Biodegradation
of polyethylene MPs by the marine fungus Zalerion maritimum.
Sci Total Environ 586:10-15. https://doi.org/10.1016/j.scitotenv.
2017.02.017

Paco A, Jacinto J, da Costa JP, Santos PSM, Vitorino R, Duarte AC,
Rocha-Santos T (2019) Biotechnological tools for the effective
management of plastics in the environment. Crit Rev Environ Sci
Technol 49:410-441. https://doi.org/10.1080/10643389.2018.
1548862

Perren W, Wojtasik A, Cai Q (2018) Removal of microbeads from
wastewater using electrocoagulation. ACS Omega 3:3357-3364.
https://doi.org/10.1021/acsomega.7b02037

PlasticsEurope (ed) (2019) Plastics—the facts 2019, Plastics Europe
and EuPC. Plastics Europe, Brussels

Reisser J, Shaw J, Hallegraeff G, Proietti M, Barnes DKA, Thums M,
Wilcox C, Hardesty BD, Pattiaratchi C (2014) Millimeter-sized
marine plastics: a new pelagic habitat for microorganisms and
invertebrates. PLoS ONE. https://doi.org/10.1371/journal.pone.
0100289


https://doi.org/10.1016/j.jelechem.2018.04.029
https://doi.org/10.1016/j.jelechem.2018.04.029
https://doi.org/10.1016/j.envpol.2015.11.022
https://doi.org/10.1016/j.envpol.2015.11.022
https://doi.org/10.3389/fmars.2016.00219
https://doi.org/10.3389/fmars.2016.00219
https://doi.org/10.1016/j.marpolbul.2014.12.041
https://doi.org/10.1016/j.marpolbul.2014.12.041
https://doi.org/10.1016/j.envpol.2016.05.043
https://doi.org/10.1016/j.envint.2019.105263
https://doi.org/10.1016/j.envint.2019.105263
https://doi.org/10.1126/science.1260352
https://doi.org/10.1126/science.1260352
https://doi.org/10.1016/j.marpolbul.2015.04.054
https://doi.org/10.1016/j.marpolbul.2015.04.054
https://doi.org/10.1029/2012GL051116
https://doi.org/10.1029/2012GL051116
https://doi.org/10.1016/j.watres.2018.01.049
https://doi.org/10.1016/j.watres.2018.01.049
https://doi.org/10.1016/j.marpolbul.2010.10.013
https://doi.org/10.1016/j.marpolbul.2010.10.013
https://doi.org/10.1126/science.aad8828
https://doi.org/10.1021/acs.est.6b00183
https://doi.org/10.1016/j.ese.2020.100016
https://doi.org/10.1016/j.ese.2020.100016
https://doi.org/10.1016/j.marpolbul.2016.09.025
https://doi.org/10.1016/j.marpolbul.2016.09.025
https://doi.org/10.1016/j.scitotenv.2017.02.017
https://doi.org/10.1016/j.scitotenv.2017.02.017
https://doi.org/10.1080/10643389.2018.1548862
https://doi.org/10.1080/10643389.2018.1548862
https://doi.org/10.1021/acsomega.7b02037
https://doi.org/10.1371/journal.pone.0100289
https://doi.org/10.1371/journal.pone.0100289

Environmental Sustainability (2022) 5:39-49

49

Rezania S, Park J, Din MFM, Taib SM, Talaickhozani A, Yadav KK,
Kamyab H (2018) Microplastics pollution in different aquatic envi-
ronments and biota: a review of recent studies. Mar Pollut Bull
133:191-208

Ryan PG, Moore CJ, van Franeker JA, Moloney CL (2009) Monitoring
the abundance of plastic debris in the marine environment. Philos
Trans R Soc B Biol Sci 364:1999-2012

Sarma H, Lee WY (2018) Bacteria enhanced lignocellulosic activated
carbon for biofiltration of bisphenols in water. Environ Sci Pollut
Res 25:17227-17239. https://doi.org/10.1007/s11356-018-2232-7

Sarma H, Nava AR, Manriquez AME, Dominguez DC, Lee WY (2019)
Biodegradation of bisphenol A by bacterial consortia isolated
directly from river sediments. Environ Technol Innov 14:100314.
https://doi.org/10.1016/j.eti.2019.01.008

Setild O, Norkko J, Lehtiniemi M (2016) Feeding type affects micro-
plastic ingestion in a coastal invertebrate community. Mar Pollut
Bull 102:95-101. https://doi.org/10.1016/j.marpolbul.2015.11.053

Shahul Hamid F, Bhatti MS, Anuar N, Anuar N, Mohan P, Periathamby A
(2018) Worldwide distribution and abundance of microplastic: how
dire is the situation? Waste Manag Res 36(10):873-897

Shim WJ, Thomposon RC (2015) MPs in the Ocean. Arch Envi-
ron Contam Toxicol 69:265-268. https://doi.org/10.1007/
$00244-015-0216-x

Sussarellu R, Suquet M, Thomas Y et al (2016) Oyster reproduction is
affected by exposure to polystyrene microplastics. Proc Natl Acad
Sci 113:2430-2435. https://doi.org/10.1073/pnas. 1519019113

Talvitie J, Mikola A, Koistinen A, Setéld O (2017a) Solutions to micro-
plastic pollution—removal of MPs from wastewater effluent with
advanced wastewater treatment technologies. Water Res. https://doi.
org/10.1016/j.watres.2017.07.005

Talvitie J, Mikola A, Setild O, Heinonen M, Koistinen A (2017b) How
well is microlitter purified from wastewater? A detailed study on
the stepwise removal of microlitter in a tertiary level wastewater
treatment plant. Water Res 109:164—172. https://doi.org/10.1016/].
watres.2016.11.046

Thompson RC, Moore CJ, Vom Saal FS, Swan SH (2009) Plastics, the
environment and human health: current consensus and future trends.
Philos Trans R Soc B Biol Sci 364(1526):2153-2166

ThoMPson RC (2015) MPs in the marine environment: sources, conse-
quences and solutions. In: Bergmann M, Gutow L, Klages M (eds)
Marine anthropogenic litter. Springer International Publishing,
Cham, pp 185-200. https://doi.org/10.1007/978-3-319-16510-3_7

Tiwari N, Santhiya D, Sharma JG (2020) Microbial remediation of micro-
nano plastics: current knowledge and future trends. Environ Pollut
265:115044

UNERP (ed) (2017) Draft resolution on marine litter and microplastics in
UNEP/EA.3/L.20, U.N.E. Assembly. Nairobi: UNEP

United Nations (1982) United Nations convention on the law of the sea,
in 31363. Jamaica: UN General Assembly

United Nations (2020) United Nations decade of ocean science for sus-
tainable development. https://www.oceandecade.org/. Accessed 25
May 2020

Van Cauwenberghe L, Janssen CR (2014) MPs in bivalves cultured for
human consumption. Environ Pollut 193:65-70. https://doi.org/10.
1016/j.envpol.2014.06.010

Van Cauwenberghe L, Devriese L, Galgani F, Robbens J, Janssen CR
(2015) MPs in sediments: a review of techniques, occurrence and
effects. Mar Environ Res Part Oceans Implic Safe Mar Environ
111:5-17. https://doi.org/10.1016/j.marenvres.2015.06.007

Vasilevskaia D (2018) Marine plastic pollution: can law help? https:/
legal-dialogue.org/marine-plastic-pollution-can-law-help. Accessed
10 July 2019

Vethakk AD, Leggler J (2021) Microplastics and human health. Science
371:672—674. https://doi.org/10.1126/science.abe504 1

von Moos N, Burkhardt-Holm P, Kohler A (2012) Uptake and effects of
MPs on cells and tissue of the Blue Mussel Mytilus edulis L. after

an experimental exposure. Environ Sci Technol 46:11327-11335.
https://doi.org/10.1021/es302332w

Vroom RIJE, Koelmans AA, Besseling E, Halsband C (2017) Aging of
MPs promotes their ingestion by marine zooplankton. Environ Pollut
231:987-996. https://doi.org/10.1016/j.envpol.2017.08.088

Wagner M, Scherer C, Alvarez-Mufioz D, Brennholt N, Bourrain X,
Buchinger S, Fries E, Grosbois C, Klasmeier J, Marti T, Rodriguez-
Mozaz S, Urbatzka R, Vethaak AD, Winther-Nielsen M, Reiffersc-
heid G (2014) MPs in freshwater ecosystems: what we know and
what we need to know. Environ Sci Eur 26:12. https://doi.org/10.
1186/s12302-014-0012-7

Wagner S, Hiiffer T, Klockner P, Wehrhahn M, Hofmann T, Reemtsma
T (2018) Tire wear particles in the aquatic environment—a review
on generation, analysis, occurrence, fate and effects. Water Res
139:83-100

Walker TR (2018) Drowning in debris: solutions for a global pervasive
marine pollution problem. Mar Pollut Bull 126:338. https://doi.org/
10.1016/j.marpolbul.2017.11.039

Wang J, Tan Z, Peng J, Qiu Q, Li M (2016) The behaviors of MPs in the
marine environment. Mar Environ Res 113:7-17. https://doi.org/10.
1016/j.marenvres.2015.10.014

Westphalen H, Abdelrasoul A (2017) Challenges and treatment of MPs in
water. Water Chall Urb World. https://doi.org/10.5772/intechopen.
71494

Woodall LC, Sanchez-Vidal A, Canals M, Paterson GL, Coppock R,
Sleight V, Calafat A, Rogers AD, Narayanaswamy BE, Thompson
RC (2014) The deep sea is a major sink for microplastic debris. R
Soc Open Sci 1(4):140317

Worm B, Lotze HK, Jubinville I, Wilcox C, Jambeck J (2017) Plastic as
a persistent marine pollutant. Annu Rev Environ Resour 42:1-26.
https://doi.org/10.1146/annurev-environ-102016-060700

Wright SL, ThoMPson RC, Galloway TS (2013) The physical impacts of
MPs on marine organisms: a review. Environ Pollut 178:483-492.
https://doi.org/10.1016/j.envpol.2013.02.031

Wu P, Cai Z, Jin H, Tang Y (2019) Adsorption mechanisms of five
bisphenol analogues on PVC microplastics. Sci Total Environ
650:671-678

Wu P, Tang Y, Jin H, Song Y, Liu Y, Cai Z (2020) Consequential fate
of bisphenol-attached PVC microplastics in water and simulated
intestinal fluids. Environ Sci Ecotechnol 2:100027. https://doi.org/
10.1016/j.ese.2020.100027

Yoshida S, Hiraga K, Takehana T, Taniguchi I, Yamaji H, Maeda Y,
Toyohara K, Miyamoto K, Kimura Y, Oda K (2016) A bacterium
that degrades and assimilates poly (ethylene terephthalate). Science
351(6278):1196-1199

YuanJ, Mal, Sun Y, Zhou T, Zhao Y, Yu F (2020) Microbial degradation
and other environmental aspects of microplastics/plastics. Sci Total
Environ 715:136968

Zalasiewicz J, Waters CN, Ivar do Sul JA, Corcoran PL, Barnosky AD,
Cearreta A, Edgeworth M, Gatuszka A, Jeandel C, Leinfelder R,
McNeill JR, Steffen W, Summerhayes C, Wagreich M, Williams M,
Wolfe AP, Yonan Y (2016) The geological cycle of plastics and their
use as a stratigraphic indicator of the anthropocene. Anthropocene
13:4-17. https://doi.org/10.1016/j.ancene.2016.01.002

Zhang Q, Xu EG, LiJ, Chen Q, Ma L, Zeng EY, Shi H (2020) A review
of microplastics in table salt, drinking water, and air: direct human
exposure. Environ Sci Technol 54(7):3740-3751

Zhu ZL, Wang SC, Zhao FF, Wang SG, Liu FF, Liu GZ (2019) Joint
toxicity of microplastics with triclosan to marine microalgae Skel-
etonema costatum. Environ Pollut 246:509-517

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1007/s11356-018-2232-7
https://doi.org/10.1016/j.eti.2019.01.008
https://doi.org/10.1016/j.marpolbul.2015.11.053
https://doi.org/10.1007/s00244-015-0216-x
https://doi.org/10.1007/s00244-015-0216-x
https://doi.org/10.1073/pnas.1519019113
https://doi.org/10.1016/j.watres.2017.07.005
https://doi.org/10.1016/j.watres.2017.07.005
https://doi.org/10.1016/j.watres.2016.11.046
https://doi.org/10.1016/j.watres.2016.11.046
https://doi.org/10.1007/978-3-319-16510-3_7
https://www.oceandecade.org/
https://doi.org/10.1016/j.envpol.2014.06.010
https://doi.org/10.1016/j.envpol.2014.06.010
https://doi.org/10.1016/j.marenvres.2015.06.007
https://legal-dialogue.org/marine-plastic-pollution-can-law-help
https://legal-dialogue.org/marine-plastic-pollution-can-law-help
https://doi.org/10.1126/science.abe5041
https://doi.org/10.1021/es302332w
https://doi.org/10.1016/j.envpol.2017.08.088
https://doi.org/10.1186/s12302-014-0012-7
https://doi.org/10.1186/s12302-014-0012-7
https://doi.org/10.1016/j.marpolbul.2017.11.039
https://doi.org/10.1016/j.marpolbul.2017.11.039
https://doi.org/10.1016/j.marenvres.2015.10.014
https://doi.org/10.1016/j.marenvres.2015.10.014
https://doi.org/10.5772/intechopen.71494
https://doi.org/10.5772/intechopen.71494
https://doi.org/10.1146/annurev-environ-102016-060700
https://doi.org/10.1016/j.envpol.2013.02.031
https://doi.org/10.1016/j.ese.2020.100027
https://doi.org/10.1016/j.ese.2020.100027
https://doi.org/10.1016/j.ancene.2016.01.002

	Microplastics in marine and aquatic habitats: sources, impact, and sustainable remediation approaches
	Abstract
	Introduction
	Plastics and microplastics
	Origin and sources of MPs
	Primary MPs
	Secondary MPs

	Factors influencing MPs bioavailability
	Size
	Density
	Affluence (abundance)
	Colour
	Shape

	MPs’ impacts on the marine environment
	Methods of identification of MPs
	Measures to control pollution caused by MPs
	Strict regulations and Initiatives
	Modern engineering tools for contamination prevention and clean-up of MPs
	Increased recycle, recovery and reuse rate of plastic materials
	Utilization of biodegradable or biological based polymer materials
	Sustainable bioengineering solutions

	Conclusion
	Acknowledgements 
	References




