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Abstract In the midst of escalating global concern surrounding microplastic pollu-
tion, this chapter takes the reader on illuminating the intricate core aspects of
microplastic. It delves into fundamental components of microplastic pollution,
including their sources, profound ecological imprint, detection techniques, and the
dynamic regulatory measures implemented throughout the globe. It emphasizes the
numerous repercussions of microplastic contamination on aquatic and terrestrial
ecosystems. More importantly, the life-threatening impact of microplastic on human
health potentially through ingestion, inhalation, and dermal contact has been high-
lighted. Additionally, it provides insights into the visionary policies and regulations
of entities like the European Union, the progressive strategies of the United Nations
Environment Programme, and the forward-thinking approach of developing nations,
like the Indian Government, propelling global responses to combat microplastic
pollution. This chapter offers a valuable overview of the fundamental key points
associated with microplastic pollution and a roadmap of the solutions adopted by
policymakers toward a sustainable future.
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Abbreviations

Microplastics

Single-use plastics

Wastewater treatment plants

Scanning electron microscopy
Transmission electron microscopy
Fourier-transform infrared spectroscopy
Extended producer responsibility
European Union

United Nations Environment Program
European Chemical Agency

Global Partnership on Waste Management
Joint Group of Experts on Scientific Aspects of Marine Environmental Protection
Sustainable Development Goals

United Nations

United Nations Environment Assembly

1 Introduction

Microplastic pollution has been recognized as a burgeoning concern, raising alarm
among scientists, environmentalists, and the general community due to the expo-
nentially growing usage of plastic products in various sectors of the world. Typi-
cally, microplastics (MPs) refer to diminutive particles having a size less than 5 mm
(Hartmann et al., 2019). These small particles have the potential to pervade various
environmental matrices, encompassing aquatic and terrestrial systems, as well as
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9 *Exploring the Core Aspects of Microplastic Pollution: Origin ... 3

atmospheric environments. This can exert both direct or unintended effects on the
ecosystem and human health, necessitating urgent and effective mitigation strategies.

Numerous recent scientific investigations have emphasized the pronounced risk
of freshwater and marine animals ingesting MPs, resulting in physical complica-
tions and mortality. Various marine species have exhibited deleterious effects on the
reproductive health (Sharifinia et al., 2020), growth and development processes, and
other biological functions as a consequence of MP ingestion (Galloway, 2015). In
freshwater environments, MPs can cause reduced growth in photoautotrophs, higher
mortality for certain invertebrates, and genetic alteration in amphibians (Castro-
Castellon et al., 2022). Furthermore, the infiltration of MPs into the food chain has
emerged as a significant concern for human health, as bioaccumulation of MPs in
human tissues and organs has been observed, which can yield long-term health ramifi-
cations (Chen et al., 2023; Prata et al., 2020; Zhang et al., 2022a). In response to these
escalating consequences of MPs, several international organizations and govern-
ments across different countries have proactively adopted comprehensive policies
and initiatives aimed at mitigating single-use plastics (SUPs) and the amelioration of
waste management practices. Figure 1 summarizes the core aspects of microplastic
pollution. It demonstrates growing plastic waste contributes to the generation of MPs,
producing significant detrimental consequences on aquatic and terrestrial ecosys-
tems. Thus, the mitigation of MPs through the adoption of strict regulatory measures
and the development of sustainable methods for MP mitigation from the environment
is of utmost importance.

1.1 Sources

MP pollution is a rapidly advancing environmental threat, demanding a compre-
hensive understanding of the sources governing MP production. Gaining insights
into these sources is vital to disentangle their complex source—pathway—sink inter-
relationships. The most prevalent origins of MP can be classified into primary and
secondary sources (Borah et al., 2023) (Fig. 2).

a. Primary Sources: Sources, which intentionally manufacture MPs, which are
deliberately produced for various purposes such as in cosmetics, personal care
products such as scrubs and facials, and industrial applications, are known
as primary sources of MPs. They are mainly comprised of microbeads and
microfibers which are often easily released into the environment.

b. Secondary Sources: Secondary sources refer to the unintentional generation of
MPs through the breakdown of bulk plastic materials. Plastic debris can undergo
fragmentation due to natural physical, chemical, or biological stressors, operating
independently of artificial external factors, ultimately transforming bulk plastic
debris into microplastic.

J 534311_1_En_9_Chapter TYPESET [__]DISK [_|LE CP Disp.:29/7/2024 Pages: 19 Layout: T1-Standard




Gl
o
o
=
Ay
—
o
e
-
=
<
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Fig. 1 A concise overview of the escalating microplastic pollution in the ecosystem and its core

aspects
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Fig. 2 Primary and secondary sources of MPs. Borah et al., 2023 Copyright © 2023, The Author(s),
under exclusive licence to Springer Science Business Media, LLC, part of Springer Nature ()
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9 *Exploring the Core Aspects of Microplastic Pollution: Origin ... 5

1.2  Global Distribution

The distribution of MPs across the globe through different routes and the factors
involved in its transportation are important aspects of MP pollution. Recent research
reveals that MP is on its way to be ubiquitously present in nearly all global ecosys-
tems, encompassing ocean, glaciers, freshwater systems, soil, and atmosphere,
signifying their extensive distribution throughout the planet. Currently, wastew-
ater treatment plants (WWTPs), plastic microbeads, synthetic textile production,
and many other MP sources have been put under the scrutiny of researchers and
environmentalists (Tadsuwan & Babel, 2022).

Untreated or inadequately treated wastewater from WWTPs and industrial facil-
ities can harbor MPs from various sources. MPs can be released into their neigh-
boring environment, including water bodies such as rivers and streams. MPs can
be discharged into water bodies or infiltrate terrestrial soil. In marine environments,
ocean currents play a significant role in MP transportation, resulting in their global
distribution. Similarly, within freshwater systems, microplastics can be transported
by the flow of rivers and streams, consequently accumulating in lakes and reservoirs
(Lu et al., 2023). Interestingly, recent studies have provided evidence that MPs can
also be present in tap water, drinking water, and bottled water (Muhib et al., 2023;
Sol et al., 2023; Tse et al., 2022).

Furthermore, MPs can leak into the air through various routes. Urban and indus-
trial locations are major areas where high atmospheric MP content is present; while it
has been hypothesized that remote areas may also be equivalently contaminated over
the next few years. Subsequently, these atmospheric MPs can remain suspended or
deposit over a variety of surfaces (atmospheric deposition), and may further undergo
short/long-range transport through influential factors such as wind speed and direc-
tion (Roblin et al., 2020). Finally, deposited atmospheric MPs can create toxic reper-
cussions. These pollutants are capable of depositing in a number of habitats, with
humans being particularly susceptible to inhalation of suspended atmospheric MPs.
Table 1 is a compilation of the MPs detected at various locations, depicting their
global distribution.

In recent years, the deposition of MPs in remote and seemingly pristine areas,
such as mountainous regions (Parolini et al., 2021; Talukdar et al., 2023; Yang et al.,
2022), arctic regions (Hamilton et al., 2021; Primpke et al., 2022), Antarctic regions
(Rota et al., 2022), and glaciers (Dong et al., 2021; Zhang et al., 2022b) has grabbed
a surprising pivotal point for researchers. Despite the absence of significant plastic
consumption and human interventions in these regions, studies have revealed unex-
pected and noteworthy levels of MPs. Recent research indicates that atmospheric
deposition is a prominent route for detecting MPs in isolated areas (Evangeliou
et al., 2020). Consequently, there is a crucial need to assess the occurrence of MPs
in distant regions and understand the various trajectories, including wind and water
transport.
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Table 1 Studies carried out across the globe for understanding the widespread deposition of MPs
at different locations

MP Size Shape Deposition Location References
PP, RY, PES, |50-2210 wm | Fibers, 0.013-0.063 N/m? South China | Ding et al.,
PS fragments, Sea (2021)
granules
PET, PAN, 50 wm-5 mm | Fibers, 51-178 particles/m?/ | Rooftop, Huang
PP, PA fragments, |d China etal.,
films and (2021)
microbeads
PE and PP 51-67 pm Fibers 1.1 x 103 £ 0.06 x Urban waters, | Sun et al.,
103 t0 3.5 x 103+ | China (2022)
0.3 x 103 particles/
m?/day
PP, PET, PE, | <30 pum Fibers and | 178 (+£79) MP/m?/ Central Allen et al.,
PS, PVC fragments | day Pyrenees (2021)
MP <100 pm Amorphous | 10° items m~2 d~! | Dining/ Fang et al.,
fragments drinking (2022)
venues, China
PE, PET, 50-1910 pm | Fibers and | 0.39 £ 0.39to 4.91 £ | Aosta Valley, | Parolini
PES, HDPE, fragments | 2.48 MPs/L ‘Western etal.,
LDPE Italian Alps (2021)
PES and PP | 5-5000 um | Fibers, 0m2d~!to Coastal zone, |Szewc
films,and |30 m~2d~! Southern etal.,
fragments Baltic area (2021)
PP, PE, PVC | 300-5000 wm | Fibers, 71-917 items South of Truong
films and m24d! Vietnam etal.,
fragments (2021)
PS, PE, PES | 500-1000 pwm | Foam, 3-40 particles Jakarta, Purwiyanto
and Fragment | m~2d~! Indonesia etal.,
Polybutadiene and Fibers (2022)
PS and PE <50 pm Fragment, | 365 particles m2d-! | Saharan-, Allen et al.,
films, fibers North African | (2019)
PET, PA, and | <1000 pm Fibers 3261.22 + 2847.99 Shanghai, Jia et al.,
PVF particles -m—2d~! China 2022)
PET - Fibers 0.0046 to 0.064 North-western | Ding et al.,
items/m> Pacific Ocean |(2022)
PP, PS, PVC, |<I1pum — 10-367 N m~2 day*1 Weser River Kernchen
PE and PET catchment etal.,
(2022)
PET 50-500 pm Fragments |353.83 N m2d-! Lanzhou, Liu et al.,
and fibers China (2022)

PP: Polyethylene; PAN: Polyacrylonitrile; RY: Rayon; PES: Polyester; PS: Polystyrene; PET:
Polyethylene Terephthalate; PP: Polypropylene; PVF: Polyvinyl Fluoride; PA: Polyamide; PVC:
Polyvinyl Chloride
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9 *Exploring the Core Aspects of Microplastic Pollution: Origin ... 7

2 Microplastic Imprint

2.1 Aquatic and Terrestrial System

Various organisms may ingest MPs under the assumption that they are food sources.
Ingestion of MPs has been reported to cause physical injuries, blockages in the
digestive tract, and hinder nutrient absorption, potentially causing malnutrition and
mortality. Besides, MPs can infiltrate the soil, thereby altering soil properties, and
causing harm to microorganisms. Some of the major impacts of MPs on both
terrestrial and aquatic systems have been highlighted.

a. Bioaccumulation and Biomagnification

MPs can penetrate the food chain and cause bioaccumulation, where they grad-
ually accumulate in the tissues of living organisms. Additionally, biomagnification
phenomena may also take place in which MP concentration increases as they ascend
the food chain. This suggests that apex predators in the food chain may face increased
vulnerability (Borah et al., 2023) (Fig. 3). Bioaccumulation of MPs can lead to
oxidative stress, inflammation, and damage to cells and tissues.

b. Reproduction and Growth

The ability to reproduce may also be hindered as a consequence of MP exposure.
Recent studies reveal hindered larval development and decreased hatching successes.
This can have detrimental effects on the dynamics of marine species under long-
term exposure to MPs. Ingested MPs can cause a lowered ability to absorb nutrients,
resulting in lower reproduction rates and reduced growth rates. Additionally, the

X, o\t

(a) % e 8 %, : i
i 2 < -
Sub cellular level Cellular level Organ system level l

Microplastics

+ Affects enzymatic activity o (Oaddathie stress * Altered

i taboli
(b) siic goits wpression * Inflammation e )
+ Oxidative damage * Cancer : 5
ng-b,_‘,!-b ‘--b?-b oo
Zooplankton Small fishes Large fishes Very large fishes Ecosystem level

Fig. 3 The flow of MPs from lower level to higher level organisms in the food chain. Borah et al.,
2023 Copyright © 2023, The Author(s), under exclusive licence to Springer Science Business Media,
LLC, part of Springer Nature ()
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8 S.J. Borah et al.

accumulation of MPs in tissues can directly affect the health and growth of offspring,
leading to reduced survival rates.

¢. Chemical Contamination

Plastic products often contain chemical additives, which are used to enhance
their various physical and chemical properties. For instance, bisphenol A has been
largely used in various plastic products. The release of plastic additives into the
environment alongside MPs can lead to enhanced toxicity. Additionally, MPs may
have the ability to interact with pesticides, heavy metals, nano-waste, and other
hazardous contaminants, resulting in potentially harmful repercussions. Organisms
at the lower end of the food chain ingest MPs, and the associated toxins and chemicals
can be transferred up the food chain to higher level predators.

2.2 Human Health

Microplastics present an emerging hazard to human health due to their trivial size and
ubiquitous dispersion in different environments. Figure 4 demonstrates the myriad
pathways that facilitate human exposure to MPs. Through multiple exposure routes,
including consumption, respiration, and dermal absorption, these pollutants can
infiltrate the human physiological system. As research continues, comprehending,
assessing, and mitigating the risks of MPs becomes imperative for ensuring public
safety and environmental well-being.
Humans can be affected by MPs through various pathways:

YT

j/_h{ | -+ Releases in air
« Spread through by wind flow ¢
air 0 o=
1\1 /} . @
=\
Human -
population Microplastic interacts Gurbage dump
with Dust particles
@ Distributed to different
Health affected region

({4
«

o % > o=

Affecting lungs Skin Infection Gut inflammation Oceans lakes

Fig. 4 Interaction of MPs with the human health and the environment
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Ingestion: MPs can contaminate seafood, bottled water, and the soil. This
indicates that consuming MP-contaminated seafood and drinking water, or
eating crops grown in microplastic-contaminated soil can directly expose human
lifestyle to MPs (Alberghini et al., 2022; Patil et al., 2022). Once ingested, MPs
may lead to bioaccumulation in the gastrointestinal tract, causing inflammation
and physical damage.

Inhalation: Airborne MPs can be inhaled, leading to respiratory exposure. Recent
reports have concluded a high concentration of fibrous MPs (Vianello et al., 2019;
Yuanetal., 2022). Additionally, young children have been reported to be at higher
risk of MP inhalation.

Health and Gut: Although research has not achieved advanced stages, there
are primitive studies through mouse models and human cell lines, which
have reported adverse health effects such as inflammation and oxidative stress
(Bahadur et al., 2023). Moreover, bioaccumulation of MPs may also occur due
to long-term exposure.

Chemical Contamination: MPs may function as carriers for the transportation of
hazardous plastic additives, heavy metals, organic contaminants, airborne viruses
such as COVID-19, and other environmental pollutants into the human body
(Amato-Lourengo et al., 2022; Pandey et al., 2021). These chemicals and co-
contaminants can potentially trigger a wide range of detrimental consequences on
human health, including cancer, cardiovascular, and respiratory illness (Osman
et al., 2023).

3 Detection and Analysis

Numerous advanced techniques are incorporated for the detection and analysis of
MPs to comprehensively elucidate their spatial dispersal, prevalence, and possible
repercussions. The key techniques involved in the MPs research and investigations
have been summarized.

a.

b.

Optical microscopy: Optical microscopy enables visual identification and char-
acterization of MPs to determine their shape, size, and morphology (Huang et al.,
2023). This provides essential information on individual particles and often acts
as the initial step in MP detection and analysis.

Electron Microscopy: Scanning electron microscopy (SEM) and transmis-
sion electron microscopy (TEM) enable high-magnification images for even
very small particles (Huang et al., 2023). SEM, in particular, confirms the
morphology, texture, and shape of MPs through high-resolution images. Addi-
tionally, elemental composition and components of chemical additives or other
co-contaminants can be analyzed through energy-dispersive X-ray spectroscopy
(EDS).

Infrared Spectroscopy: Fourier-transform infrared spectroscopy (FTIR) serves as
a vital method in characterizing the chemical composition of MPs, enabling the
differentiation of distinct plastic polymers, and ensuring accurate identification

J 534311_1_En_9_Chapter TYPESET [__]DISK [_|LE CP Disp.:29/7/2024 Pages: 19 Layout: T1-Standard




Author Proof

216

217

218

219

220

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253
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(Huang et al., 2023). Furthermore, integrating microscopy with FTIR, in the form
of w-FTIR, offers a direct analytical approach for MPs, providing comprehensive
insights into their chemical attributes. Thus, this integration enhances precision
and in-depth analysis.

d. Raman Spectroscopy: This technique is used to analyze the chemical structure
of different polymers through molecular vibrations (Huang et al., 2023). Similar
to w-FTIR, micro-Raman Spectroscopy combines spectroscopy with Raman,
enabling in-situ characterization with enhanced sensitivity.

e. Pyrolysis Gas Chromatography-Mass spectrometry: In this technique, pyrolysis
is employed to thermally degrade MP, resulting in the release of gases. The anal-
ysis of these liberated gases allows a comprehensive assessment of the chemical
composition of MP (Huang et al., 2023).

4 Policy and Regulations

Animportant global trend in the last ten years has been the adoption of environmental
legal authorities to reduce the impact of plastic waste. Current available science and
technology may not be able to completely eradicate MPs generated from the enor-
mous litter accumulated due to the never-ending usage of plastics. However, it is truly
possible to reduce the usage and accumulation of plastic waste through the adoption
of strict policies. The recent consensus among global experts, leaders, and environ-
mentalists underscores the necessity for the development of robust plastic policies.
Effective measures should not only encompass recycling requirements but also entail
restrictions on plastic manufacturing and extended producer responsibility (EPR).
Given the possible outcomes of all forms of plastic waste, effective strategies must
be devised to holistically address the challenges posed by plastic waste management
(Seay & Ternes, 2022).

Nearly half a decade ago, the United Nations (UN) highlighted, in its study “Legal
Limits on Single-Use Plastics and Microplastics: A Global Review of National Laws
and Regulations” published on December 5, 2018, that out of the 192 countries
examined, 127 have passed laws governing plastic bags, most often limiting their
use in free retail distribution. It also reported that out of the 192 countries, 27 countries
had imposed a strict ban on SUPs, an effort that reduces the leakage of SUPs, such
as plastic water bottles and polythene carry bags into different ecosystems. In the
same, it was reported that 63 nations had introduced extended producer responsibility
measures, while 29 had imposed various taxes on SUPs (UNEP, 2018a). Some of the
recent policies, amendments, and rules imposed by the international organizations,
European Union (EU) and United Nations Environment Program (UNEP), have been
briefly discussed. This is also followed by a brief discussion on some of the actions
and policies adopted by the Indian government to eliminate plastics.
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4.1 The European Union

When it comes to sustainability and circularity, the EU has been setting the pace.
The restriction procedure was initiated by REACH (acronym of the EU chemical
regulation), when the European Commission urged the European Chemical Agency
(ECHA) to draft a restriction dossier on MPs in November 2017 (European Commis-
sion, 2017; European Union, 2007). European nations have placed an efficient plastic
waste management system (Jambeck et al., 2015). During the period of 2012-2014,
these efforts enabled significant improvement in plastic recycling, raising the recy-
cling rate from 34.7 t0 39.5% (Lam et al., 2018). Additionally, the European Commis-
sion simultaneously unveiled a new project to lower the unintended MP discharge
into the environment along with the European Green Deal (European Commission,
2015). It seeks to:

e Prevent the unintended release of MPs, implement labeling, standardization, certi-
fication, and regulatory measures, as well as strategies to increase the capture of
MPs at all pertinent points in a product’s lifecycle.

e Develop and standardize measurement techniques for accidentally released
MPs, particularly from tires and textiles, and offer standardized details on the
concentrations of MPs in seawater.

e Address the information gaps about the danger and prevalence of MPs in the air,
food, and water supplies.

More recently, the Circular Economy Action Plan was adopted by the EU on
March 11, 2020. It covers textiles, electronics, construction, buildings, vehicles,
packaging, batteries, plastics, food, water, and nutrients. This approach primarily
targets MPs, especially those that are inadvertently emitted from tires and fabrics.
One of the major objectives of this plan is to conduct a risk assessment associated
with the generation and release of MPs into the environment, as well as explore
alternatives such as bio-based plastics (Seay & Ternes, 2022).

4.2 United Nations Environment Programme

In 2010, the Global Partnership on Waste Management (GPWM) under the United
Nations Environment Programme (UNEP) established a platform for collaboration
with international and non-governmental entities for effective waste management.
This initiative is considered a viable approach to address plastic pollution in the
marine environment through coordinated efforts and alternative strategies. To combat
marine plastic pollution, UNEP has played a significant part in synchronizing initia-
tives within the UN. Collaborating with the Joint Group of Experts on Scientific
Aspects of Marine Environmental Protection (GESAMP) and various UN agencies,
UNERP actively combats plastic pollution (Kershaw etal., 2019). As a part of its efforts
to achieve Sustainable Development Goals (SDG) Indicator 14.1.1b, UNEP actively
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works for the development of sub-indicators to report marine plastics. GESAMP
has proposed potential sub-indicators, which include regulating and reporting beach
litter, water column plastics, MPs, floating and seabed plastic, and ingestion of plas-
tics (Walker, 2021). Another effort to reduce pollution and create a cleaner environ-
ment is Sustainable Materials Management (UNEP, 2018b). Moreover, to limit the
amount of plastic in the environment, a secondary market for recycled materials can
also be established (Thushari & Senevirathna, 2020).

In a recent report, titled “For people and planet,” the UNEP has developed a
new strategy (Medium Term Strategy 2022-2025) which is designed to address
critical global challenges, including climate change, loss in biodiversity, and pollution
of various forms, during the period from 2022 to 2025 (UNEP, 2022a). In its 5th
session, the United Nations Environment Assembly (UNEA) recognized that plastic
pollution includes MPs, and thereby adopted the resolution “End Plastic Pollution”
on March 2nd,2022 (UNEP, 2022b). It affirmed the necessity of creating globally
strong cooperative and coordinated governance for eliminating the long-term plastic
life cycle and avoiding further plastic-derived detriment towards all ecosystems.

4.3 Indian Government

India has demonstrated a strong determination to combat the environmental pollu-
tion stemming from SUP waste. As a proactive participant, at the 4th UNEA, India
spearheaded the development of a resolution concerning the growing SUP pollu-
tion. This highlights India’s3 recognition of the urgent necessity for the international
community to prioritize and address the multifaceted challenges posed by SUP waste.
A recent amendment (Plastic Waste Management (Amendment) Rules, 2021) was
drafted in August 2021 and published in view of the growing MP contamination
(MOEFCC, 2021). These rules include:

() SUPs such as PS and expanded polystyrene, as well as products like plastic
sticks of earbuds, balloon sticks, flags, cups and plates, cutlery like forks,
spoons, straws and knives, trays, wrapping or packing films around candy boxes,
invitation cards, and cigarette packets, as well as plastic or PVC banners smaller
than 100 microns, are prohibited from July 1st,2022.

(II) To reduce the littering of lightweight plastic carry bags, the thickness of plastic
carry bags has been adjusted from 50 to 75 p with effect from September 30,
2021. It was further adjusted to 100 and 20 p with effect from December 31,
2022. As aresult of the increased thickness, such plastic carriers can be reused.

In alignment with the 2016 Plastic Waste Management Rules, specific provisions
have been placed to manage plastic packaging waste in an environmentally sustain-
able manner. While certain SUP items are subject to phase-out measures, plastic
packaging waste that falls outside this scope must be collected and handled in an
ecologically responsible manner. The management of such plastic wastes has been
included under the EPR of the manufacturer, trader, and product owner. Furthermore,
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the Swachh Bharat Mission is also working towards creating improvements in the
waste management infrastructure. The Indian Government also emphasizes on the
importance of education and awareness among children and the youth who essen-
tially shape the future of our planet. The India Plastic Challenge—Hackathon 2021
is a targeted event designed for Higher Educational Institutions and startups that
have received recognition under the Startup India Initiative. Its goal is to emphasize
and promote innovations to develop alternatives to SUPs and determine adoptable
measures and solutions to plastic waste management.

For efficiently abolishing SUPs and the successful execution of Plastic Waste
Management Rules, 2016, various Indian states and UTs have been instructed to
form a Special Task Force. Various actions have been adopted for improving the
application of various Plastic Waste Management Rules. For instance, Kerala is
one of the Indian states, which has embarked on its mission to develop a plastic-
free environment (Joshi & Ahmed, 2016). As a part of the project “Zero-waste
Kovalam,” a “Plastic-free” campaign has been launched at the Kovalam beach by
Kerala tourism. People are encouraged to use plastic alternatives like cloth and paper
bags. Additionally, plants for recycling plastic wastes to oil have also been set up.

However, despite the global recognition and emphasis on plastic waste manage-
ment and the adoption of improved recycling and mitigation approaches, recent
scientific studies reveal that a substantial portion of environmental plastic is still
derived by MPs shed from plastics. Capturing these MPs is neither envisaged nor
achievable under current strategies (NASEM, 2022). Thus, mitigating MPs shed into
our ecosystems needs to be further regulated by imposing more specific legislation
regarding the manufacture and usage of primary and secondary sources of MPs.

5 Key Recap Points

This chapter serves as a stepping stone in advancing our knowledge and awareness
of MPs, providing a solid foundation for future research aimed at mitigating MPs.
The following are the key points highlighted in this exploration of the intricate world
of MPs:

e The widespread distribution of MPs can be attributed to both intentional and
unintentional generation of MPs. Transportation of MPs is influenced by various
factors, such as river water flow, ocean currents, soil infiltration, and wind speed
and direction.

e MPs can leave a significant imprint on diverse aquatic and terrestrial ecosystems,
posing risks to organisms across all levels of the food chain.

e Human health faces potential risks due to inhalation, ingestion, and chem-
ical contamination of MPs, demanding in-depth investigations to develop a
comprehensive understanding.
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e Highly precise and accurate analytical techniques are essential for microplastic
detection, often requiring a combination of multiple methods to enhance research
efforts.

e Effective mitigation of MPs must begin with sound plastic waste management.
Furthermore, strengthening existing policies and regulations associated with
plastic pollution, with a primary focus on MP pollution, is imperative to emphasize
its urgency.

6 Conclusion

This chapter provides insights into the fundamental facets of microplastic pollution,
emphasizing its global significance and multifaceted influence on both the environ-
ment and human health. In-depth analysis of sources, detection methodologies, and
robust regulatory frameworks play a crucial role in achieving effective MP miti-
gation. A holistic approach, involving collaborative efforts between policymakers,
scientists, industries, and the public is essential for achieving fruitful advancements.
Adopting sustainable practices, adopting the 3Rs (reduce, reuse, and recycle), and
promoting innovations for the removal of MPs from different systems are vital steps
in combatting MP pollution.
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CHAPTER 10

TION OF CLAY IN CONSTRUCTION

APPLICA
INDUSTRY
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Abstract

Clay is a finely-grained natural stone or soil material, for example, stone
and wood. It has been used for construction and development for thousands
ofyears. It is made of at least one earth mineral (like kaolinites or smectites),
now and again with little amounts of quartz, metal oxides, and natural
matter. Clay is shaped gradually because of enduring and disintegration of
focks containing the mineral gathering known as feldspar. Clay is one of the
Odest structure materials utilized for construction. The capacity of this
Zeoitl;’ag;:teria‘l to ha-rden u.nc{er specific cir.cumstances makes il‘
Various i :0 involve 1t‘f(.)r d‘1ﬂcren.t pur;?oscs in the devglopment 01"
the olqeg bcu‘l::f& the de#lmng ingredient of loam 18 clafv. which is one of
Oeuring geoll i,rlg maler_wls (?n Earth among other antiquated, n‘orma-lly
%00d, Aboyt ;’(E:: mf‘ltenals, for cxample, slong :-and nalurgl fnalenals like
\\’ell-developed 'o_m ‘hf‘ total popul‘atlon_. lll'adxtlonal socnel}es, and eve‘n

nations live or work in buildings made up of clay. Clay 1s
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STUDY OF CONDUCTING POLYMER PEDOT: PSS AND ITS OPTICAL AND

ELECTRICAL PROPERTIES

Arvind singh!, Gayatri Shishodiya 2, Vishal Goswami® and Neelam Pahwa**
!Department of Physics. G. N. Khalsa College.
University of Mumbai, NP Marg, Mumbai 400019, Maharashtra, India
‘Department of Physics, Zakir Husain Delhi College,
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*Corresponding author E-mail: peelamzhc@gmail.com

Abstract:

This chapter briefly describes the theoretical background pertinent o
Poly(3.4ethylenedioxythiophene): poly (styrene sulfonic acid) (PEDOT: PSS) conducting
polymer. It begins with the theoretical fundamentals of polymers. conducting polymer. PEDOT:
PSS and proceeds with PEDOT: PSS polymer thin films. This chapter also discusses influence of
the molecular structure on electrical property of PEDOT: PSS with understanding of HOMO and
LUMO. The chapter further claborates optical properties of PEDOT: PSS by discussing its
spectroscopic properties and also describes the prospective of thin films for electrical application.
Keywords: PEDOT:PSS. conductivity, polymer. molecular structure and optical propertics.
Iatroduction:

Polymers are a large class of materials consisting of many small molecules (callf:d
monomers) which are linked together to form long chains. Lengths of these chains ir\ ::ummcmfnl
mlymers may vary from 1000 to 10,000 units. Humans have used the versatility of polymers for
“nturies in the form of oils, tars, resins. and gums. Because of their large size. polymers are
classified as macromolecules. Cellulose is an example of a polymeric material which must be
*ubstantially modified before processing with the usual methods used l'ut_ .plnﬂ'u:s. l\-cl'}- kf:‘.\
Plastics such as polyethylene and poly(vinyl chloride) have ml"'“'."-’ ""*"'"‘"‘“' “".“'-'"f'»‘ "‘“t
Paper, metal, glass, wood and copper for o wide variety of applications. Some plastics, such as
ke S onnaatane: avoc e S5 e 51 13 MNOIMEES 18 called poly merization.

The process of formation of polymers from Fespective e ical bond the” opens up 1o

Monomers generally ! ave a parent compound with & double chemica » 2 ipci- pl
form 5 single bond during the polymerization reaction that torms the polymers. For example.
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Chapter-7

Violence, Gender and Memory:
Remembrance through 'Imaginary History'

Manashi Misra

Immediately post India’s independence, Assam’s relationship
with the Central Government was marked with bitter contestations
over rehabilitation of refugees, economic assistance, and
mmigration (Misra 2017,12). As pointed out by Historian Yasmin
Saikia (2004), the politics of geography combined with the lack of
clarity about its “political and cultural position’ in the newly emerged
tation-state led to the ‘frontier mentality’ about this region and its
people (p 9). In addition, the disparity of development and a sense
of deprivation vis-a-vis the rest of India translated to increasing
m“ fesentment that found expression in a number of mass

in the decades following independence. Soon, some

o s Ofthe population lost their confidence in non-violent protest
- Move, ‘ents, thereby choosing the path of mililanc'\'-imitzﬁ:ng
BENLS in the neighbouring states of Nagaland and 'f\'hlmpl_lr
__ ,9-11), This led to the rise of separatist militancy In
form of the United Liberation Front of Assam
o he assertion of the Assamese identity “"““gh, 8
_ On of 3 perceived golden past became the focal pnn?i.

‘Movey ents; which as one scholar points out o always
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IND|A’S CONNECTIVITY WITH
EURASIA

NSTC and India-Iran-Afghanistan-Central
Asia Transport and Transit Corridor

catikrushna Mahanta

Introduction

The Eurasian region holds economic and strategic significance for India.
Although India has established friendly relations with the post-Soviet coun-
tries after their independence, it has not been able to use the opportunity to
develop vibrant economic cooperation with these states. The former Soviet
Union was India’s major trade partner. However, India’s trade with the 15
post-Soviet countries has varied from about 1.53 per cent to 2.16 per cent
in the last eight years ending 2021-2022 (see Table 13.1). Connectivity has
been one of the major hurdles in enhancing trade ties with Eurasia.

There is a renewed Indian interest to develop ties with the region. For
example, India’s Connect Central Asia Policy (2012) reflects her interest to
reengage the CARs. The policy emphasizes the need for greater connectivity
with the region. Prime Minister Narendra Modi’s visit to all five CARs and
Rt_lssian city of Ufa for the Shanghai Cooperation Organisation (SCO) sum-
mitin July 2015 indicates India’s interest in strengthening cooperation with

Urasia. India’s joining in the SCO in July 2017 as a full member provides
i?j:)i with a common platform to share with four.CARs (ex'cept Tu.rkr}r:eni-
Stratea'nd two of tl}enr s.lgmﬁcar.lt neighbours Russia and. China. India gs a

8ic partnership with Russia and Kazakhstan, two important members
*fthe EAEU.
Siafnwd;:cshh?res a.h’istorical relationship and .strategic PﬂljmffIShi'P w(llt’l;ti:isl;
2017). q 15 Ind1a§ largest trafimg partner in the Eurasnar;l.regl((j)nits ]
Potentia] Oﬁever, till now Indla-_Russna trade ha_s not ac w:v;:(es la‘ce "
) uro. e trade between Ipdla and the Eurasne}n region ta k[l) .
Pean route or East Asian route. Lack of direct access to the region
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‘THO LA, DING TA cggf POEY
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INTRODUCTION

Tun thlenga Mizote khawvela hun sawi hlawh leh
pawimawh ber chu kum 1966 -1986 chhunga “Mizo National
Movement” chanchin hi a ni. Kan hnam pasaltha Mizo National
Front(MNF) hruaitute rilruah phei chuan, Mizote zalenna leh chanvo
| diktak sualchhuahna hun pawimawh tak a nih avangin, “Rambuai
lbi” tia sawi mai pawh hian he hun pawimawhna leh hlutna hia
| tinepzawk hialin a hriat a; “Mizo National Movement” tih hian he
bun nihna dik tak hi a phawkchhuak ber zawk a ni. MNF te thiltum
, Ev"'fliﬂohllahthlﬂkterorehmpak]utlumaiaa\mnte,Kristlans.aklﬂﬁlﬂ
h“mhimtlatlehMizohnamtihmasawnlehchawisantehlam(

iana & Zosangliana,2017).

__ Minthahtu i hah lote enkawina busish swri, an ik
Pathinbe o te'n ro minrelsak a Fa tak dinhmun neilo tactu! tho
A" ntimah s India chuan kan danglamna hmanginminerhrang
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Dark Lanes of the City (An Anthology)

Aditi Sharma

My Poetic Inspiration:

'Delhi Nights' seeks to present an image of a woman who lives on the roadeis.
in the capital city and lurks in the darkness while fighting the men that ry
street in the dark. The poem seeks to display the fear that is present inaw,
bereft of a feeling of belongingness because she has no home; no safe havi
begins with her claiming that she has been “in your shoes” which apprises
reader that the woman might have had a home before arriving at the fact
she was not born on the streets, However, she has grown accustomed to‘i'
accustomed to the shadows of the dark and all the monstrosities the ig X
shrouds within. The poem is inspired by the many homeless women who aj

strangers to the recurrent violence, that is present in the streets of the capital
city- rape, loot, and murder, and dodge it to live another day.
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Abstract

Clay is a finely-grained natural stone or soil material, for example, stone
and wood. It has been used for construction and development for thousands
ofyears. It is made of at least one earth mineral (like kaolinites or smectites),
now and again with little amounts of quartz, metal oxides, and natural
matter. Clay is shaped gradually because of enduring and disintegration of
focks containing the mineral gathering known as feldspar. Clay is one of the
Odest structure materials utilized for construction. The capacity of this
Zeoitl;’ag;:teria‘l to ha-rden u.nc{er specific cir.cumstances makes il‘
Various i :0 involve 1t‘f(.)r d‘1ﬂcren.t pur;?oscs in the devglopment 01"
the olqeg bcu‘l::f& the de#lmng ingredient of loam 18 clafv. which is one of
Oeuring geoll i,rlg maler_wls (?n Earth among other antiquated, n‘orma-lly
%00d, Aboyt ;’(E:: mf‘ltenals, for cxample, slong :-and nalurgl fnalenals like
\\’ell-developed 'o_m ‘hf‘ total popul‘atlon_. lll'adxtlonal socnel}es, and eve‘n

nations live or work in buildings made up of clay. Clay 1s
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Abstract:

This chapter briefly describes the theoretical background pertinent o
Poly(3.4ethylenedioxythiophene): poly (styrene sulfonic acid) (PEDOT: PSS) conducting
polymer. It begins with the theoretical fundamentals of polymers. conducting polymer. PEDOT:
PSS and proceeds with PEDOT: PSS polymer thin films. This chapter also discusses influence of
the molecular structure on electrical property of PEDOT: PSS with understanding of HOMO and
LUMO. The chapter further claborates optical properties of PEDOT: PSS by discussing its
spectroscopic properties and also describes the prospective of thin films for electrical application.
Keywords: PEDOT:PSS. conductivity, polymer. molecular structure and optical propertics.
Iatroduction:

Polymers are a large class of materials consisting of many small molecules (callf:d
monomers) which are linked together to form long chains. Lengths of these chains ir\ ::ummcmfnl
mlymers may vary from 1000 to 10,000 units. Humans have used the versatility of polymers for
“nturies in the form of oils, tars, resins. and gums. Because of their large size. polymers are
classified as macromolecules. Cellulose is an example of a polymeric material which must be
*ubstantially modified before processing with the usual methods used l'ut_ .plnﬂ'u:s. l\-cl'}- kf:‘.\
Plastics such as polyethylene and poly(vinyl chloride) have ml"'“'."-’ ""*"'"‘"‘“' “".“'-'"f'»‘ "‘“t
Paper, metal, glass, wood and copper for o wide variety of applications. Some plastics, such as
ke S onnaatane: avoc e S5 e 51 13 MNOIMEES 18 called poly merization.

The process of formation of polymers from Fespective e ical bond the” opens up 1o

Monomers generally ! ave a parent compound with & double chemica » 2 ipci- pl
form 5 single bond during the polymerization reaction that torms the polymers. For example.

77
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Chapter-7

Violence, Gender and Memory:
Remembrance through 'Imaginary History'

Manashi Misra

Immediately post India’s independence, Assam’s relationship
with the Central Government was marked with bitter contestations
over rehabilitation of refugees, economic assistance, and
mmigration (Misra 2017,12). As pointed out by Historian Yasmin
Saikia (2004), the politics of geography combined with the lack of
clarity about its “political and cultural position’ in the newly emerged
tation-state led to the ‘frontier mentality’ about this region and its
people (p 9). In addition, the disparity of development and a sense
of deprivation vis-a-vis the rest of India translated to increasing
m“ fesentment that found expression in a number of mass

in the decades following independence. Soon, some

o s Ofthe population lost their confidence in non-violent protest
- Move, ‘ents, thereby choosing the path of mililanc'\'-imitzﬁ:ng
BENLS in the neighbouring states of Nagaland and 'f\'hlmpl_lr
__ ,9-11), This led to the rise of separatist militancy In
form of the United Liberation Front of Assam
o he assertion of the Assamese identity “"““gh, 8
_ On of 3 perceived golden past became the focal pnn?i.

‘Movey ents; which as one scholar points out o always
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IND|A’S CONNECTIVITY WITH
EURASIA

NSTC and India-Iran-Afghanistan-Central
Asia Transport and Transit Corridor

catikrushna Mahanta

Introduction

The Eurasian region holds economic and strategic significance for India.
Although India has established friendly relations with the post-Soviet coun-
tries after their independence, it has not been able to use the opportunity to
develop vibrant economic cooperation with these states. The former Soviet
Union was India’s major trade partner. However, India’s trade with the 15
post-Soviet countries has varied from about 1.53 per cent to 2.16 per cent
in the last eight years ending 2021-2022 (see Table 13.1). Connectivity has
been one of the major hurdles in enhancing trade ties with Eurasia.

There is a renewed Indian interest to develop ties with the region. For
example, India’s Connect Central Asia Policy (2012) reflects her interest to
reengage the CARs. The policy emphasizes the need for greater connectivity
with the region. Prime Minister Narendra Modi’s visit to all five CARs and
Rt_lssian city of Ufa for the Shanghai Cooperation Organisation (SCO) sum-
mitin July 2015 indicates India’s interest in strengthening cooperation with

Urasia. India’s joining in the SCO in July 2017 as a full member provides
i?j:)i with a common platform to share with four.CARs (ex'cept Tu.rkr}r:eni-
Stratea'nd two of tl}enr s.lgmﬁcar.lt neighbours Russia and. China. India gs a

8ic partnership with Russia and Kazakhstan, two important members
*fthe EAEU.
Siafnwd;:cshh?res a.h’istorical relationship and .strategic PﬂljmffIShi'P w(llt’l;ti:isl;
2017). q 15 Ind1a§ largest trafimg partner in the Eurasnar;l.regl((j)nits ]
Potentia] Oﬁever, till now Indla-_Russna trade ha_s not ac w:v;:(es la‘ce "
) uro. e trade between Ipdla and the Eurasne}n region ta k[l) .
Pean route or East Asian route. Lack of direct access to the region

DOI: 10.4324/9781003 171560-16
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REATMENT OF TRAUMZ 0

‘THO LA, DING TA cggf POEY

Grace L““"'“Vngaihi

Asst Profy
DepﬂmmuofPsyc}::E
St Xavier's Colleg

INTRODUCTION

Tun thlenga Mizote khawvela hun sawi hlawh leh
pawimawh ber chu kum 1966 -1986 chhunga “Mizo National
Movement” chanchin hi a ni. Kan hnam pasaltha Mizo National
Front(MNF) hruaitute rilruah phei chuan, Mizote zalenna leh chanvo
| diktak sualchhuahna hun pawimawh tak a nih avangin, “Rambuai
lbi” tia sawi mai pawh hian he hun pawimawhna leh hlutna hia
| tinepzawk hialin a hriat a; “Mizo National Movement” tih hian he
bun nihna dik tak hi a phawkchhuak ber zawk a ni. MNF te thiltum
, Ev"'fliﬂohllahthlﬂkterorehmpak]utlumaiaa\mnte,Kristlans.aklﬂﬁlﬂ
h“mhimtlatlehMizohnamtihmasawnlehchawisantehlam(

iana & Zosangliana,2017).

__ Minthahtu i hah lote enkawina busish swri, an ik
Pathinbe o te'n ro minrelsak a Fa tak dinhmun neilo tactu! tho
A" ntimah s India chuan kan danglamna hmanginminerhrang

279
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Dark Lanes of the City (An Anthology)

Aditi Sharma

My Poetic Inspiration:

'Delhi Nights' seeks to present an image of a woman who lives on the roadeis.
in the capital city and lurks in the darkness while fighting the men that ry
street in the dark. The poem seeks to display the fear that is present inaw,
bereft of a feeling of belongingness because she has no home; no safe havi
begins with her claiming that she has been “in your shoes” which apprises
reader that the woman might have had a home before arriving at the fact
she was not born on the streets, However, she has grown accustomed to‘i'
accustomed to the shadows of the dark and all the monstrosities the ig X
shrouds within. The poem is inspired by the many homeless women who aj

strangers to the recurrent violence, that is present in the streets of the capital
city- rape, loot, and murder, and dodge it to live another day.
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Paradigm Shift in Reliance on e-Resources by the Users of Academic
Libraries during Pre and Post COVID-19 Pandemic: A Study

Imran Khan*

ABSTRACT

During the COVID-19 pandemic, the importance of e-resources grew phenomenally. Though the
e-resources had already started making their presence felt among the library users, the impact made
by the pandemic due to closure of physical libraries and non availability of any printed material, gave
impetus to the electronic resources. A number of e-resources were made available free and mostly
educational institutions had shifted from physical to virtual. Users’ preferences have been seen to be
more for e-resources and digital libraries during this critical situation. The paper highlights different
advantages felt by the users in using the e-resources, and the shift in trend from print to electronic
media. This paper analyses and presents the status of electronic resources, facilities, and services
provided by the libraries before and after the COVID-19 pandemic.

Keywords: Academic Libraries, e-Resources, Electronic Resources, COVID-19 and Libraries, Digital

Libraries, Remote Access, Electronic Media.
Introduction

The COVID-19 pandemic has completely
changed the way and the scenario the world
used to live and work. The pandemic forced the
governments worldwide to place their countries
under full or partial lockdown to contain the
spread of the deadly virus. The immediate and
emergency announcement of the closure of
the entire activities by the governments world
over was a knee-jerk reaction because nobody
was mentally prepared for this but because
of the known and unknown severeness of the
virus, nobody wanted to take any risk with the
lives of the people. The other reason for this
reaction and announcements of closure of all
the activities was that the governments world
over wanted to prepare themselves to combat
the virus and also were watchful of how the
others are reacting and facing the pandemic.

However, these closures and lockdowns came
with severe economic and social consequences.
In India especially, the response to the lockdown
by the labourers of exodus from the metros
towards their villages was much publicised,
where many lives were lost as people started
off on-foot for their native places as they were
unaware of their livelihood and jobs. The
impact of the pandemic on the economies is
known to all. At the same time the impact on
the workplace, jobs and education sector has
been immense.

While the educational institutions had been
impacted so greatly, the libraries, whether as
part of educational institutions or otherwise,
have faced the same impact. The closure of
libraries of the educational institutions had
directly impacted the educational system
whereas the public libraries, special libraries

* Librarian, Zakir Husain Delhi College (Day), University of Delhi, New Delhi-110002, E-mail: ikhan@zh.du.ac.in
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Dr. Imran Khan

Librarian
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STRUCTURE

2.1  Learning Objectives

2.2 Introduction

2.3 Areas of Information Literacy
2.3.1 Stages of Information Literacy
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2.8 References
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2.1 LEARNING OBJECTIVES

After going through the contents of this lesson, the students are expected to:
e Get an understanding of the key areas of Information Literacy.
e Learn about the significance of the areas of Information Literacy.

e Understand and Learn about the application of these areas for the benefit of the
institutions and the society.
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4.1 LEARNING OBJECTIVES

After reading this lesson, the learners are expected to:

e Identify the different types of Information Institutions.

e Learn about the Significance of these institutions.

e Learn about the roles of these institutions in the dissemination of information and
Information Literacy to the individuals, groups, and other institutions.

4.2 INTRODUCTION

The learners may have acquired adequate understanding of the definition, concept, need,
aims, areas, standards, and models of information literacy after carefully studying the
preceding three lessons. The present lesson has been prepared and organized with a view to
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2.1 LEARNING OBJECTIVES

After reading this lesson, the learners are expected to:

Understand Social Science as a subject and its global significance.
Learn about the types of Social Scientists.

Learn about the Prominent Social Scientists along with their significant contributions

in their respective fields of expertise.
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Abstract: The growth of technical education is directly related to the economic stability of any
country. Every industry has a significant demand for skilled workers, and using ICT-based or digital
technology job seekers to get desirable positions at both the national and international levels of
industrial and academic organizations. The present paper discuss that it is crucial for our technical
education to regularly assess the curriculum and subject matter of the technical programs to make
sure they are current and effectively meeting the nation’s technological needs at par with worldwide
standards.

Keywords: e-resources, Library Services, ICT, Academics, Libraries” Goals.
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DESIGN AND DEVELOPMENT OF USER-CENTRED SERVICES
AT MIRZA MEHMOOD BEG LIBRARY, ZAKIR HUSAIN DELHI
COLLEGE (UNIVERSITY OF DELHI), NEW DELHI:

A STUDY

Imran Khan
Librarian, Zakir Husain Delhi College (Day). (University of Delhi), New Delhi

Abstract: In the higher education sector, libraries serve as centres of learning and play a crucial
role in education, learning, teaching, and research. User-centred systems and services are primarily
designed to offer their users the highest quality services to enhance their capacity for learning. The
services that libraries provide vary depending on the kinds of institutions and the subjects/courses
that are taught there. In order to provide user-centred library services, the Mirza Mehmood Beg
Library of Zakir Husain Delhi College (Day) has adopted new techniques and technology. This study
aims to highlight these new trends and innovations. This paper also makes an effort to examine and
assess the process of designing user-centred services.

Keywords: Academic Libraries, User Centred Services, User Based Services, Library Automation,
Smart Library, Emerging Technologies in Libraries, User Centric Services.
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