
ZASTITA MATERIJALA X (2024) broj X

P. Agarwal et al. Recent Advances in Research from Plastic Materials to Microplastics

Recent Advances in Research from Plastic Materials 
to Microplastics

ABSTRACT 
Plastics have become ubiquitous in our lives. Due to the ever-increasing population, rapid urbaniza-
tion, and industrial advancement, the use of plastics has increased manifold. These plastic materials 
often disintegrate into microplastics (MPs) which are less than 5mm in size. MPs mostly enter aquat-
ic habitats through improper waste management, illegal dumping, and unavoidable and unintentional 
discharges that take place during construction, manufacturing, farming, domestic consumption, and 
recreational activities. This review centers on exploring the origin, occurrence, and possible adverse 
effects of MPs on human well-being. Of the 485 literature reviewed for the study between 2014-
2023, 105 were found to be related to the MPs which were spread over 10 themes. The maximum 
number of papers were on sources of MPs, followed by MPs in freshwater ecosystems and waste 
management. The least number of literature was from the themes, transport of MPs and MPs in the 
soil environment. The literature was published mostly in China, India, Europe, and the Americas. 
Other countries like Australia, Latin America, Africa, and the Middle East contribute very little. The 
literature scan reveals that only 9% of all the generated plastic waste material is recycled, 12% is 
burned, and 79% of plastic litter is dumped in landfills and oceans. The dumped plastic settles and 
pollutes a variety of environmental matrices. MPs are intentionally manufactured to be added to 
personal care products that are washed down the drains through sewage or industrial wastewater. 
These MPs vary in density and colour, subject to the polymer type, and are present in varying sizes 
and concentrations in aquatic environments. The characterization of MPs originating from different 
types of polymer materials, in the reviewed literature, was performed based on the data obtained 
from Scanning Electron Microscopy Energy Dispersive Spectroscopy (SEM-EDS), Attenuated Total 
Reflection Fourier Transform Infra-Red spectroscopy (ATR-FTIR), Raman spectroscopy, and Atomic 
Force Microscopy (AFM). MPs have the potential to absorb harmful hydrophobic pollutants from the 
surroundings resulting in an indirect transfer of contaminants into the food web. Such MPs enter 
and affect humans, causing problems with the reproductive system, body weight, sex ratio, and live 
births. MPs pose a serious threat to organisms when ingested since they can obstruct the diges-
tive tract, leading to oxidative and pathological stress, slowing down growth, and interfering with 
reproduction. Apart from the above, a comprehensive analysis of MP pollution, as well as its effect 
on human beings and the environment, has been discussed in terms of source identification and 
abundance. Also, has been discussed is a detailed review of the existing waste material recycled 
into new materials or reused without alteration or degradation to produce new energy sources. In the 
end, integrated strategies have been proposed to prevent the input of plastic waste material into the 
environment, by source control, improved plastic waste management, and techniques for degrada-
tion and conversion of MPs.
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1. INTRODUCTION

Plastics are an important part of human daily life 
activities. They are flexible, lightweight, portable, and 
easy to transport and hence are omnipresent in our 
daily lives. Plastic materials have made significant 
contributions to food packaging, drug delivery, pro-
tection against infectious illness, roads, and pave-
ments [1]. The increase in global plastic production is 
evident, with the output reaching 390 million tons in 
2021 but is estimated to double in the next 20 years 
[2]. Only 9% of the produced plastic waste material 
is recycled, 12% is incinerated, and 79% of plastic 
litter is dumped in landfills and oceans. The dumped 
plastic settles and pollutes a variety of environmental 
matrices [3]. According to the United Nations Envi-
ronment Programme, an estimated 9-14 million tons 
of plastic waste material found its way to the aquatic 
environment in 2016 which is expected to increase 
and may reach between 23 and 37 million tons per 
year by 2040 unless corrective actions are taken [4]. 
This is due to improper management, illegal dump-
ing, and unavoidable and unintentional discharges 
of plastic waste causing severe ecological problems 
[5]. It is almost impossible to remove plastic from the 
environment, as the burning of plastics causes air 
pollution by emitting nitrogen oxides, dioxins, and 
dioxin-related chemicals into the atmosphere [6]. 
Once in the environment, plastic undergoes me-
chanical (erosion, abrasion), chemical (photo-oxi-
dation, temperature), and biological (degradation by 
micro-organisms) actions [7]. All these degradation 
processes lead to their breakdown into microplastics 
(MPs) [8]. 

The term “microplastics’ was introduced in 2004 
by Richard Thompson [9]. The International Organ-
ization for Standardization (2020) has Technical 
Committee 61 (ISO/TC 61) focused on plastics and 
a Sub-committee 14 (SC 14) that deals with envi-
ronmental aspect and defines MPs as solid plastic 
particles of a specific size range (1 μm to 1000 μm) 
[10]. Recently, researchers defined MPs as particles 
that are less than 5 mm in size [8]. MPs have been 
recognized as emerging pollutants (EPs) with poten-
tially detrimental effects on river health and freshwa-
ter ecosystems. Harmful chemicals, including phtha-
lates or polybrominated diphenyl ethers, have been 
found in MPs [11]. MPs are ubiquitous and have 
been detected in different sizes, concentrations, and 
chemical compositions in diverse environments, in-
cluding marine environments [12] rivers and lakes 
[13], air [14], and soil [15].

There are various routes through which MPs en-
ter freshwater environments [16]. These pathways 
highlight the pervasive nature of MP pollution and the 
diverse sources contributing to its presence in rivers 
and other water bodies. It includes run-off from vari-
ous sources based on land, such as sewage sludge, 
agricultural plastic, garbage, road marking paint, 
tyre-wear debris, household dust, and artificial turf 
[17]. It is also released through wastewater such as 
washing synthetic clothes [18]; cosmetic microbeads 
[16]; and fragments of sanitary pads and wet wipes 
when flushed down the toilet. Sadia et al. [19] listed 
different types of MPs detected in wastewater treat-
ment plants (WWTPs) viz., polypropylene (PP), pol-
yethylene (PE), polycarbonate (PC), polyurethane 
(PU), polystyrene (PS), polyethylene terephthalate 
(PET), polyester (PES), and polyvinyl chloride (PVC). 
These MPs originate every day, enter WWTPs pri-
marily through domestic wastewater, and make it 
a challenge to effectively capture and completely 
remove them due to their small size. The effluents 
from WWTP are transported from land via rivers to 
the oceans, contributing to MP pollution in marine 
ecosystems [20]. It is estimated that the global input 
of plastic debris being carried by rivers into the sea 
ranges between 0.41 to 4 x 106 t/y [21]. The aquatic 
organisms ingest these MPs which can lead to var-
ious health issues, including internal blockages and 
damage to the gastrointestinal tract in fish, resulting 
in decreased appetite and mortality. These MPs have 
the potential to contaminate the sources of drinking 
water, migrate up the food chain, and emit toxic com-
pounds that may be hazardous to human health and 
cause cancer. Furthermore, exposure to MPs can 
cause oxidative stress, metabolic dysfunction, immu-
nological responses, neurotoxicity, and impacts on 
developing and reproductive systems [22].

Due to the rising level of demand for plastic prod-
ucts, there is an increase in production rates, which 
poses a significant challenge in the fight against MP 
pollution. As plastic production continues to grow, 
likely, MPs pollution will also increase, unless signifi-
cant measures are taken to address its sources and 
impacts. Therefore, policies and laws are required to 
be implemented for plastic use, management, and 
disposal. Governments around the world have taken 
steps to address this issue by implementing meas-
ures to curb the usage of disposable plastic products 
in India [23], cosmetic products containing plastic 
microbeads in the U.K., U.S. and Canada, plastic 
bags in India, Australia, Bangladesh, Rwanda, South 
Africa and China [24], and non-biodegradable table-
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ware in France [25]. Besides banning and limiting 
the use of plastics, Sweden has initiated the concept 
of home garbage collection and attained zero waste 
and sustainable energy by recycling 99% of house-
hold waste [26]. These regulations and bans are 
significant steps toward reducing the environmental 
impact of plastic pollution [25]. It will not only reduce 
the use of plastics but may also lead to the devel-
opment of an alternative eco-friendly material to en-
courage a shift towards more sustainable practices. 
Considering the severity of the effects of MPs on hu-
mans, the environment, land, and aquatic animals, 
this study is a comprehensive review to assess the 
present state of the art about the characterization of 
MPs, the origin and abundance of MPs in rivers and 
identify toxicological effects on the environment and 
the human health. Additionally, it aims to identify the 
awareness gaps and take note of policy initiatives to 
minimize MPs in rivers and their management. 

2. SCIENTOMETRIC ANALYSIS

2.1 Literature Search

For a better understanding of subject areas of 
interest related to MPs, the published papers were 
analyzed from 2004, when the term microplastics 
was first introduced by Thompson et al., [9] in 2004 to 
2023. As per the Google Scholar database, the num-
ber of articles published on MPs vis-à-vis year is as,

2004-2008: 1520
2009-2013: 2880
2014-2018: 14,300 and 
2019-2023: 31,500
Since most of the articles were published after 

2014, this paper focuses on the articles for the peri-
od between 2014 and 2023.

The online databases used to search for the pa-
pers were, Web of Science (https://www.webofsci-
ence.com/), Scopus (https://www.scopus.com/), 
and Science Direct (http://www.sciencedirect.com). 
“Microplastics”, “aquatic environment”, “rivers”, “en-
vironmental impacts”, “human health” and “manage-
ment” are the search keywords used resulting in 485 
articles. After eliminating irrelevant literature and 
then removing duplication of literature in databases, 
105 articles, related to the topic, were selected for 
the study. The selected articles were classified ac-
cording to the publication year, publication area, and 
the characterization techniques used in the study.

2.2 Overview of selected literature

The literature obtained from keyword search is 
shown in Table 1 as the initial number of articles in-
dexed in different databases. After filtering the arti-
cles related to the title and removing the duplicates, 
the final number of articles viz., 105 were finalized 
for study.

Table 1. Literature search results

 
 

  

https://www.webofscience.com/
https://www.webofscience.com/
https://www.scopus.com/
http://www.sciencedirect.com/
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The selected literature was classified into 10 
themes viz., plastic waste and its additives, MPs 
pollution and its challenges, sources, and transport 
of MPs, MPs in soil environment, freshwater ecosys-
tem, and aquatic system, toxicity of MPs in environ-

ment, impacts on human health, waste management 
and removal/treatment of plastics and MPs as de-
picted in Figure 1, where the numbers in parenthe-
ses are the number of articles found under the re-
spective class, out of the total 105.

 

 

 

 

 
  Figure 1. Themes of literature review

The year-wise distribution of the articles (Fig-
ure 2) shows an increase in the number of publica-
tions with each passing year since 2014, however, 
in the initial years, till 2016 the numbers were very 
less. Since 2017, the numbers started increasing 
and most of the publications came out after 2018, 
which peaked at 21 in 2021 and since then it has 

decreased to 19 in 2023. The changing trend in the 
number of publications shows that MP distribution 
has become a highly researched topic, attracting a 
significant number of academic research. The num-
ber of publications slightly dropped in 2022, as the 
focus is more on developing more innovative and ef-
ficient methods for controlling MPs.

 

 

 
 

 

Figure 2. Number of papers published over the last 10 years
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  Figure 4. Summary of the characterization of MPs with the analytical methods

 
  

Figure 3. Publications’ country distribution

The spatial spread of the publications revealed 
that most of the research was carried out in coun-
tries such as China, India, the UK, and North Ameri-
ca, as depicted in Figure 3. Latin American, African, 

and Middle Eastern countries conducted very limited 
studies. The least number of publications (only one) 
is from Turkey, Finland, Sri Lanka, and Brazil.

The main characterization factors of the MPs 
were also studied and five factors were considered, 
viz., Size, Shape, Colour, Surface, and polymetric 

composition (Figure 4). Further, how these factors 
were determined using which methodology(ies) were 
also studied. 



P. Agarwal et al. Recent Advances in Research from Plastic Materials to Microplastics

ZASTITA MATERIJALA X (2024) broj X

The current research on the characterization 
techniques of MPs includes ATR-FTIR, SEM-EDS, 
Raman spectroscopy, and AFM (Table S1).

To summarise, this paper is an attempt to present 
an up-to-date assessment of recent and advanced 
research about microplastics, their origin and occur-
rence, identification and removal methods, and pro-
poses integrated strategies to prevent the input of 
plastic waste material into the environment, by source 
control, improved plastic waste management and 
techniques for degradation and conversion of MPs.

3. ORIGIN OF MPS

The origin of MPs in aquatic systems is multifac-
eted, with various sources contributing to their pres-
ence. MPs are found to exhibit a broad range of char-
acteristics, including variations in size (> 1 μm to <5 
mm) [8], shape (fibers, films, foams, and fragments) 
[15], colour (blue, white, green, black, brown, pink, 
and grey) [27], chemical composition (varying with the 
type of polymer) [28], and specific density (ranging 
from 0.89 g/cm3 to 1.58 g/cm3) [29]. These differences 
are the result of its diverse sources and processes. 
MPs are commonly categorized as primary and sec-
ondary sources. Primary MPs are designed for com-
mercial use to be added intentionally to personal care 
products such as cleansers, shampoos, toothpaste, 
and cosmetics. Although primary MPs constitute just 
a fraction of the total MPs discovered (from 1μm to 
5mm) [30], sewage and wastewater are recognized 
as significant sources of MP pollution because these 
can easily pass through the filtration units and end up 
in aquatic environments [19]. Secondary MPs origi-
nate after large plastics breakdown on exposure to 
UV radiation, thermal degradation, biodegradation, 
hydrolysis, and mechanical abrasion [30]. Various 
materials, such as plastic shopping bags, containers, 
sewage and industrial waste, textiles, fishing gear, 
and tyres, might act as secondary pollutants.

The land-based point source of MPs is the direct 
inflow of wastewater effluents from coastal cities into 
the nearby coastal waters. In past studies, MPs have 
been detected in drinking groundwater [31], bottled 
water [32], and commercial food-grade sea salt [33]. 
Table S2 in supplementary information enumerates 
the different sources with their concentration such as 
PCPs, textiles, food packaging containers, etc that 
discharge MPs into the environment.

Among the various sources of MP pollution, a 
significant contribution is from textiles and single-use 
plastics. Fabrics made of polymers like nylon, polyes-

ter, and acrylic shed millions of microfibers with every 
wash. The composition of the textile, cleaning condi-
tions, and detergent types all influence the release of 
these microfibers [18]. A study in Sweden provides 
insights into the staggering volume of MPs released 
from household laundry (8–950 tonnes of MP pro-
duction per year) [34]. In a study [35], the quantities 
of fiber fragments released were 137,951 (65% poly-
ester/35% cotton) and 728,789 (100% polyacrylonitrile 
(PAN)) while washing 6 kg of clothing. Direct washing 
of clothes in rivers, especially in underdeveloped and 
developing countries is another practice that directly 
introduces MPs into aquatic ecosystems [36]. Apart 
from textiles and single-use plastics, food packaging, 
straws, and cups are other significant contributors to 
plastic pollution. Plastic-coated paper cups, which con-
tain polymers like PE, PP, and PS on the inside of the 
cup, can release 675-5984, 781-4951, and 838-5215 
MPs/L respectively into beverages [37], consumed by 
humans. These MPs have harmful effects on human 
beings and after passing through the wastewater treat-
ment plant (WWTP), end up in rivers and oceans.

4. OCCURRENCE OF MPS

Microplastic pollution varies significantly based on 
geographical locations. Different regions experience 
varying levels of pollution. Its distribution, quantity, 
and movement are influenced by complex factors in-
cluding human activities (such as plastic usage and 
disposal), population density (which correlates with 
plastic consumption and waste generation), meteor-
ological conditions (dispersion of plastic), and hydro-
logical processes (which influence movement within 
water bodies) [38]. Studies conducted globally [39,40, 
41], highlight the existence of MPs in riverine envi-
ronments worldwide. MPs can enter rivers through 
surface runoff from roads and urban areas, wind dis-
persal, atmospheric deposition, and WWTP effluents 
[13]. Rivers are sources of MPs as it is consumed by 
the biota that inhabits river systems and wastewater 
sinks for untreated water discharged from the industry 
[39]. The sources of MPs have been identified by Hor-
ton et al. [42] in the river Thames basin (UK), which 
includes MPs from markings on the road surface from 
sewage and discharged input.

MPs of different sizes (50 µm to 5 mm) have 
been reported in rivers globally viz., the Ergene, 
Turkey [40]; Karnafull, Bangladesh [43]; Ganga, In-
dia [44]; Haihe, China [13]; Lawaye, Philippines [45] 
among many others. Table 2 lists the rivers across 
the diverse regions with the data on the concentra-
tion and particle size of the MPs.
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Table 2. Abundance of MPs in rivers around the world 

  
For instance, the Ergene River in Turkey ex-

hibits seasonal concentrations varying from (4.65 ± 
2.06 ) x 103 in May to (6.90 ± 5.16) x 103 MPs/m3 

in September, with particles exceeding 45 μm [40]. 
The Ganga River in India reported a concentration 
between 0.38 and 0.684 MPs/m3, with particle siz-
es ranging from 2.5 to 5 mm [44]. Other rivers in In-
dia including Netravathi, Kosasthalaiyar, Adyar, and 
Multhirappuzhayar also present varying concentra-
tions and particle sizes [39, 41, 48]. The MP con-
centration of rivers from different countries including 
Bangladesh, Thailand, China, Malaysia, Philippines, 
and South Korea [13, 43, 45, 46, 47, 50] have vary-
ing concentrations with different sizes.

In South Korea, MPs abundance in the Nakdong 
River shows seasonal variations, with higher quanti-
ties observed during the rainy season (210 to 15,560 
items/m3) as compared to the dry season (260 to 
1410 items/m3). This variation may be influenced 
by factors such as increased surface runoff during 
heavy rainfall, carrying more MPs into the river [51]. 
Lebreton et al. [52] reported that 1.05 × 105 tons of 
plastic waste materials are dumped into the Indi-
an Ocean annually by the Ganges in India, one of 
the rivers that carry millions of tons of plastic waste 
to the seas. According to Napper et al. [53], the 

Ganges, along with the Brahmaputra and Meghna 
(GBM), release up to 1–3 billion MPs into the Indian 
Ocean daily. These inputs have severe implications 
for marine ecosystems and organisms, emphasiz-
ing the urgency of addressing plastic pollution at its 
source.

5. MPS EXPOSURE ROUTES AND THEIR EF-
FECTS ON THE ENVIRONMENT AND HUMAN

MPs have hydrophobic surfaces with a high sur-
face area-to-volume ratio to adsorb organic chemi-
cals from the surrounding environment thus increas-
ing the toxicity [54]. The toxicity is influenced by 
factors such as size, shape, weathering process, sur-
face charge, adsorption, etc. [55]. The type and con-
centrations of additives contained in plastics are the 
crucial factors, some of which may be toxic. When 
these plastics break down into MPs, their additives 
are released into the environment and subsequent-
ly absorbed and accumulated by living organisms. 
Phthalate plasticizers, bisphenol A (BPA), brominat-
ed flame retardants, triclosan, nonylphenol, and or-
ganotin chemicals are among the additives in plastics 
[56]. Therefore, interactions between MP and phyto-
plankton, zooplankton, and algae disrupt the marine 
carbon cycle and have an impact on carbon fixation, 
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which in turn affects climate change and global warm-
ing [57]. MPs pose a potential threat to human health 
due to their common existence in the environment. It 
has also been reported that these compounds may 
accumulate in humans because of biological pro-
cesses. The risk of human exposure increases with 

the movement of MPs. According to Cimmino et al. 
[58], BPA inhibits thyroid hormone, reduces pancreat-
ic beta cell function, and worsens obesity and cardio-
vascular issues. Also, the usage of phthalates, a dif-
ferent addition, has been linked to cancer, abnormal 
sexual behavior, and birth defects [59]. 

 

  Figure 5. Pathways of human exposure to MPs

Humans are exposed to MPs through different 
routes: the ingestion of water or food, the inhalation 
of both indoor and outdoor air, and dermal contact 
through personal care products, clothing, and ob-
jects like cell phone cases (Figure 5). MPs are read-
ily ingested by a variety of marine organisms, enter-
ing the food chain at its lowest levels. When these 
contaminated organisms, in the form of seafood, are 
consumed by humans, the MPs are transferred to 
the human body. These MPs affect humans causing 
problems with the reproductive system, body weight, 
sex ratio, and live births [60]. Common takeaway 
food containers are typically made of polypropylene 
(PP), polystyrene (PS), polyethylene (PE), and pol-
yethylene terephthalate (PET) which become MPs 
contaminated on exposure to plastic products and 
goods that leach BPA [61]. A person who eats in 
takeaway containers 4–7 times a week consumes 
12-203 pieces of MPs [62].

MPs act as vectors for pollutants in the environ-
ment, harmful diseases, and chemical parasites. 
MPs remain suspended in the atmosphere because 
of their small size and low density, making them in-
halable. This ability of MPs to enter the respiratory 
system raises concerns about their potential health 

effects on human beings [63]. When MPs are in-
haled, they can potentially damage the human lungs 
and the gastrointestinal tract (GIT) followed by en-
docytosis [64]. Once MPs are inhaled, these parti-
cles can interact in various ways with the pulmonary 
epithelium, through active cellular uptake, direct cel-
lular penetration, or diffusion. In Paris, MP contam-
ination is not only limited to outdoor air (5.4 fibers/
m3) but also to indoor air (0.9 fibers/m3) [65]. The 
average concentration of MPs reported in Shanghai 
is 1.42 particles/m3 in the outdoor air within the size 
range of 23 to 5000 μm [66]. According to Tursi et 
al. [67] the main sources of MPs in the air, both in-
doors and outdoors, include landfills, synthetic tex-
tiles, building materials, waste, and the degradation 
processes of plastic. 

The application of cosmetics such as face 
creams or facial cleansers to the skin, increases the 
exposure risk of MPs. This damage causes local-
ized inflammation and cytotoxicity which harm the 
skin [68]. The MPs are also transferred to human 
hands during the use of protective mobile phone 
cases (PMPCs) [69]. Table 3 indicates plastic com-
ponents and their associated health and environ-
mental effects. 
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Table 3. Health effects associated with the type of plastic polymer
 

 

  It has also been reported in Table 3 that there 
are varying health and environmental effects for dif-
ferent polymers. For instance, exposure to PETE 
may result in necrosis and pulmonary complications, 
in addition to its involvement in the generation of 
ozone [70]. The utilization of PVC carries the po-
tential of inducing liver injury and central nervous 
system impacts, while simultaneously contributing 
to the degradation of air and water quality [71]. PC 
and LDPE instigate a range of health issues and the 
emission of greenhouse gases [72,73]. Furthermore, 
HDPE can irritate the eyes and respiratory tract, and 
it undergoes autoxidation leading to the production 
of benzoic acid [74].

6. MANAGEMENT OF MPS

Although plastics have become ubiquitous in our 
lives, to minimize the effect of MPs on our health, 
a sustainable approach to the production and con-
sumption of plastic products is highly desirable to 
protect the environment, human health, and the 
global economy. The marine pollution reduces the 
economic opportunities by damaging the marine 
industries (fishing and tourism) which will ultimate-
ly result in income loss among the fishermen [75]. 
Effective management strategies could involve a 
combination of research, policy-making, public en-
gagement, and international collaboration. Authors 

recommend government reduce the problem of MPs 
through environmental awareness campaigns to 
educate localities [76]. The fundamental strategies 
to address MP pollution should concentrate on (i) 
source control, through the implementation and en-
forcement of laws and regulations, and (ii) remedia-
tion and clean up, including removing MPs that are 
already present in water bodies [77].

6.1 MPs control at source

Controlling the sources of MP pollution is cru-
cial in mitigating its impact on the environment. This 
can be achieved through the regulations that restrict 
the amount, and use of MPs, particularly in person-
al care and cosmetic products, thus, reducing the 
amount of MPs entering the aquatic environment. 
Additionally, the efforts to reduce disposable plas-
tic materials by prohibiting water bottles, shopping 
bags, straws, and cutlery [78]. The Ministry of En-
vironment, Forests, and Climate Change in India 
has made significant efforts to lessen the pollution 
caused by disposable plastic waste materials. Items 
prohibited under the Plastic Waste Management 
(Amendment) Rules, 2021 include stirrers, earbuds 
with plastic sticks, balloons with plastic sticks, plastic 
flags, candy sticks, ice-cream sticks, and decorative 
polystyrene (Thermocol) [79]. The strategies recom-
mended for consumers, producers, and government 
to control MPs at source are mentioned in Table 4.
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Table 4. Control strategies for MPs at the source 

 

 

  

Clothes are one of the main causes of MP pol-
lution in the world. Polyester or other types of MPs 
are undoubtedly present in the majority of clothing. 
These articles of clothing contain MP fiber that is re-
leased into the water while washing. The release of 
MPs can be reduced by adding a filter to washing 
machines which can trap these fibers [80]. Another 
way to reduce MPs is the use of public transit or 
carpooling which shall reduce tyre wear and, con-
sequently, the release of MPs from degraded rubber 
[81]. It is advisable to avoid the use of products that 
contain MP beads including toothpaste and face 
washes by checking the ingredients label (It should 
be made mandatory for the producers to indicate 
the amount of MPs present/added to the product). 
These beads can get through filtration systems, 
travel long distances, and even get into the water 
supply. Choosing to avoid single-use plastics such 
as straws, glasses, plates, and takeaway contain-
ers can have a significant positive impact on re-
ducing the plastic waste entering the environment 
hence reducing the production and release of MPs. 
Further, initiatives such as promoting the use of bi-
odegradable alternatives, implementing recycling 
programs, raising public awareness about plastic 
pollution, encouraging businesses to adopt sustain-
able practices, and supporting research into inno-
vative solutions are some of the other solutions that 

when implemented may result in less production of 
MPs and its release in the environment.

6.2 Remediation and clean-up 

The removal of MPs that are already present in 
water bodies is essential to prevent further contamina-
tion and minimize their impact on aquatic life. Authors 
have suggested that governments need to improve 
garbage collection systems and enhance recycling 
rates to prevent waste from leaking into the ecosys-
tem between the trash can and the landfill. Additional-
ly, strategies and initiatives to encourage businesses 
and users to promote the Refuse-Reduce-Reuse-Re-
pair-Recycle circular economy would lessen the flow 
of MPs that end up in the environment [82]. There is a 
need for innovative technologies such as robotic devic-
es to clean up MPs in aquatic environments. Moreover, 
designing and employing drones or autonomous vehi-
cles equipped with sensors to find and remove MPs. 
The removal of MPs becomes challenging due to their 
small size and potential for increased ecological toxic-
ity. Therefore, plastics can be collected and recycled 
into new materials, mixed with other materials, and 
reused by incorporating them into specific products or 
processes without alteration or degradation to produce 
new energy sources [83]. Table 5 provides details of 
different recycling practices for plastic waste into valua-
ble products across different countries [84-88].
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Table 5. Plastic waste into useful products

 

 

 

 

 

India modifies bitumen production by adding up to 
12% PET waste to achieve stronger binding between 
binder and aggregate for sustainable infrastructure pro-
duction [84]. In China, PET is used for electrocatalytic 
upcycling, demonstrating the strategy for plastic waste 
management [85]. In Egypt, the addition of 12% PET 
waste material to asphalt binder upgraded the pave-
ment service life by 2.81 times and saved around 20% 
of asphalt layer thickness [88]. The innovative use of 
PET and EPS in Italy for creating bio-matrix open-cell 
material capable of acting as an acoustic and thermal 
insulator signifies a sustainable and eco-friendly ap-
proach to recycling marine MP waste [86]. 

In another study, MP waste found in the ocean 
and soil is used as a source of liquid fuel. Here, Ni–
Pd/TNPs nanocatalyst catalyst is designed for two 
specific reactions: catalytic cracking of MPs-phe-
nol and steam reforming. These reactions result in 
the generation of valuable liquid products such as 
trimethyl-(2-trimethylsilylphenyl)silane, cyclohex-
ane-1,3-dione, 2-allylaminomethylene-5,5-dimethyl-, 
bis(2-ethylhexyl)phthalate (BEHP), etc. and hydro-
gen fuel. It indicates the potential for converting MP 
pollution into value-added fuels and reducing threats 
to marine life. This approach promotes the manage-
ment of MP waste through the use of sustainable 
materials in various industries [89]. 

7. CONCLUSIONS

MPs are abundant, ubiquitous, and persistent. 
These tiny plastic particles, often invisible to the na-
ked eye, have permeated various ecosystems, from 

the depths of oceans to the air we breathe. MPs 
represent a global environmental challenge with 
far-reaching implications. Comprehending the ori-
gins, occurrence, and health effects of MPs is vital 
for addressing this complex issue. The management 
of MPs is not only an environmental imperative but 
also a concern for public health and long-term sus-
tainability. As the global community continues to ad-
dress the sources, occurrence, and health effects of 
MPs, a multi-faceted approach involving research, 
regulation, education, and innovation is essential to 
mitigate this growing threat to our planet. It is also 
important to raise awareness of the impacts of MP 
and plastic waste mismanagement on the environ-
ment. Strict policies are required at local, national, 
regional, and international levels to reduce the use 
and consumption of plastics.
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IZVOD

NEDAVNI NAPREDAK U ISTRAŽIVANJU OD PLASTIČNIH  
MATERIJALA DO MIKROPLASTIKE
Plastika je postala sve prisutnija u našim životima. Zbog sve većeg broja stanovnika, brze urbanizaci-
je i industrijskog napretka, upotreba plastike se višestruko povećala. Ovi plastični materijali se često 
raspadaju u mikroplastiku (MP) koja je manja od 5 mm. Mikroplastika uglavnom ulazi u vodena sta-
ništa nepravilnim upravljanjem otpadom, nelegalnim odlaganjem i neizbežnim i nenamernim ispušta-
njima koja se dešavaju tokom izgradnje, proizvodnje, poljoprivrede, potrošnje i rekreativnih aktivnosti. 
Ovaj pregled se fokusira na istraživanje porekla, pojave i mogućih štetnih efekata mikroplastike na 
ljudsko blagostanje. Od 485 literature pregledane za studiju između 2014-2023, utvrđeno je da je 105 
povezano sa mikroplastikom koji su bili raspoređeni na 10 tema. Najveći broj radova bio je o izvorima 
MP, zatim o mikroplastici iz slatkovodnih ekosistema i upravljanja otpadom. Najmanje literature je bilo 
iz tematike transporta mikroplastike i mikroplastike u zemljištu. Literatura je objavljena uglavnom u 
Kini, Indiji, Evropi i Americi. Druge zemlje poput Australije, Latinske Amerike, Afrike i Bliskog istoka 
doprinose vrlo malo. Skeniranje literature otkriva da se samo 9% celokupnog proizvedenog plastič-
nog otpada reciklira, 12% se spaljuje, a 79% plastičnog otpada se baca na deponije i okeane. Bačena 
plastika se taloži i zagađuje različite matrice životne sredine. MP su namerno proizvedeni da se do-
daju proizvodima za ličnu negu koji se ispiru u kanalizaciju kroz kanalizacijske ili industrijske otpadne 
vode. Ovi MP se razlikuju po gustini i boji, zavisno od vrste polimera, i prisutni su u različitim veličina-
ma i koncentracijama u vodenim sredinama. Karakterizacija MPs koji potiču od različitih tipova poli-
mernih materijala, u recenziranoj literaturi, izvršena je na osnovu podataka dobijenih iz Skenirajuće 
elektronske mikroskopije, Energi Dispersive Spectroscopi (SEM-EDS), Attenuated Total Reflection, 
Fourier Transform Infra-Red spektroskopije (ATR-FTIR). ), Ramanova spektroskopija i mikroskopija 
atomske sile (AFM). Mikroplastike imaju potencijal da apsorbuju štetne hidrofobne zagađivače iz 
okoline što dovodi do indirektnog prenosa zagađivača u mrežu hrane. Takvi MP ulaze i utiču na ljude, 
uzrokujući probleme sa reproduktivnim sistemom, telesnom težinom, odnosom polova i živorođenim. 
MP predstavljaju ozbiljnu pretnju organizmima kada se progutaju jer mogu da opstruiraju digestivni 
trakt, što dovodi do oksidativnog i patološkog stresa, usporavanja rasta i ometanja reprodukcije. Po-
red navedenog, razmatrana je i sveobuhvatna analiza zagađenja MP, kao i njegovog uticaja na ljude 
i životnu sredinu u smislu identifikacije izvora i rasprostranjenosti. Takođe, razmatran je detaljan pre-
gled postojećeg otpadnog materijala koji se reciklira u nove materijale ili se ponovo koristi bez izmena 
ili degradacije za proizvodnju novih izvora energije. Na kraju, predložene su integrisane strategije za 
sprečavanje unošenja plastičnog otpadnog materijala u životnu sredinu, kontrolom izvora, poboljša-
nim upravljanjem plastičnim otpadom i tehnikama za degradaciju i konverziju MP.
Ključne reči: mikroplastika; deponija; uticaji na zdravlje; vodena sredina; menadžment; ekološki
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