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Abstract

The production of plastics in the context of global warming contributes to water pollution by microplastic particles.
Consequently, a shift towards sustainable practices in the field of plastic production is crucial. This paper aims to address
the main concerns related to plastic and microplastic pollution and to identify environmentally sustainable strategies
applied in the production sector. A particular focus is placed on biodegradable, eco-friendly materials as alternatives to
conventional plastics, with an emphasis on their environmental impact. For example, food waste has emerged as a
promising alternative for plastic packaging production, offering a sustainable solution, valorization of by-products, and
mitigating environmental impacts. The paper also focuses on the potential of using waste to create biodegradable
materials, highlighting the importance of a zero-waste approach to enhance the economic value of by-products, while
promoting a cleaner environment and waste management presented in environmental contexts. Through its comparative
analysis, this study contributes to a deeper understanding of waste management and supports the advancement of a
sustainable circular economy.
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INTRODUCTION with production projected to rise from 464 Mt in
2020 to 884 Mt by 2050 (Dokl et al., 2024).
Conventional plastics made from petroleum Equally concerning is that approximately 79%
have a significant impact on the environment, of plastic waste ends up either in landfills or the
contributing to water pollution, global warming, = natural environment, while only 9% is recycled
resource depletion, and the spread of  and 12% is incinerated (Kumar M. et al., 2024;
microplastics. This makes the search for durable Wojnowska-Baryta et al.,, 2022). Plastics
and sustainable alternatives increasingly critical derived from fossil fuels (crude oil, gas, and
(Mutmainna et al., 2025; Saleem et al., 2023). coal) are a substantial environmental threat, not
Alarmingly, plastic pollution is now ubiquitous  only due to their long lifespan but also because
- plastic particles have been discovered in the they emit greenhouse gases, contributing to
deep sea, rainwater, and even in the human global temperature rise (Nicholson et al., 2021;
placenta and bloodstream (Stoett et al., 2024). Sharma et al., 2023).
Although the stability of conventional plastics is Microplastics (MPs), defined as plastic particles
often cited as an advantage (Xuyang et al., smaller than 5 mm, are formed through the
2025), it also becomes a major drawback due to gradual degradation of larger plastic items,
their persistence and accumulation in the typically triggered by ultraviolet (UV) radiation
environment. (Lee et al., 2025; Niu et al., 2024; Xuyang et al.,
Globally, the average plastic consumption per 2025). Microplastics are a complex pollutant,
person is 20.9 kg per year (Khan et al., 2025), ubiquitous in freshwater, with negative effects
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that can affect the function and health of the
entire ecosystem (Garfansa et al., 2025). MP can
enter rivers through sources such as atmospheric
deposition, surface runoff, in-stream activities,
and wastewater discharge (Graham et al., 2024).
Also, river receive MP from direct dumping of
garbage, the confluence of small streams into the
main river, effluents from the cosmetic and
textile industries and fishing activities, rivers
contribute about 80% of ocean pollution. Rivers
also discharge 1.6- 2.3 MMT of MP into the
ocean annually (Choudhary et al., 2025).
Filtration methods using materials such as sand
or activated carbon materials are applied in
municipal wastewater treatment to remove MPs.
MPs removal efficiency varies depending on
particle size, adhesion to the surface of the filter
medium, and filtration technique (Garfansa et
al.,2025). However, these techniques are largely
ineffective at removing MPs, allowing them to
continue threatening aquatic environments (Lee
etal., 2025; Niu et al., 2024).

In recent years, global attention has increasingly
focused on the circular plastic economy and
sustainable development. A truly sustainable
approach seeks to meet the needs of the present
without compromising the resources of future
generations - one of the core objectives of
of waste management and supports progress
toward a sustainable circular economy.

IMPACT OF PLASTIC POLLUTION:
ENVIRONMENTAL SIGNIFICANCE AND
HUMAN HEALTH

Plastics pose a serious threat to ecosystems,
biodiversity, and human health, while also
contributing to climate change (Schmidt et al.,
2024). Popa et al. (2015) observed that the
anthropogenic footprint on the water quality of
the Danube, was highlighted in the summer,
under the action of the human, trophic factor and
the impact of anthropogenic activities. MPs are
considered emerging pollutants of increasing
concern due to their ubiquitous presence and
toxic potential in the aquatic ecosystem (Calmuc
etal., 2022).

Water resource management is a major issue,
being a very important transporter of pollutants
(Pintilie et al., 2016), rivers contributing to
approximately 80% of plastic pollution in the
oceans, and 20% coming from marine activities
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sustainable development (Xuyang et al., 2025).
Poor plastic waste management exacerbates
environmental degradation and health hazards
while also contributing to climate change (Roy
& Chakraborty, 2024). The growing interest in
bio-based alternatives, particularly in the food
industry, reflects a shift toward sustainable,
efficient, and safer packaging systems compared
to those made from petroleum-derived polymers
(Dorofte et al., 2023). Biodegradable plastics are
now applied across various sectors, and even oil-
producing nations are supporting initiatives that
promote circularity within the plastic economy
(Fei et al., 2024; Saxena, 2025).

The aim of this study is to provide a critical
perspective on replacing petroleum-based
plastics with sustainable alternatives, while
promoting the circular economy and principles
of sustainable development. This review offers
a comprehensive synthesis of the current
literature on the environmental impacts of
plastics, as well as strategies for leveraging
natural resources and waste to produce
biodegradable materials. Emphasis is placed on
the zero-waste approach, which adds economic
value to by-products and fosters improved waste
management. Through a comparative and
critical lens, the study enhances understanding
(Kumar M. et al., 2024). MPs enter the aquatic
environment through wastewater discharges,
industrial operations, excessive vehicle use, and
human activities (Xuyang et al., 2025).
Population and distance from residential areas
influence the effects of anthropogenic activity
on MPs abundance, urban lakes being more
affected by MPs contamination than rural lakes
(Anagha et al., 2023; Pierdomenico et al., 2024).
China currently records the highest level of
surface water microplastic pollution globally,
with a concentration of 34 MP/L detected in
Lake Poyang (Tran-Nguyen et al., 2024).

In Romania, arcas near the confluence of the
Siret and Prut rivers with the Danube show
particularly high pollutant concentrations,
largely due to agricultural and industrial activity
and the absence of effective water treatment
systems (Iticescu et al., 2014). In marine
environments, plastics reduce light and oxygen
levels, diminishing biodiversity and affecting
marine life through ingestion, suffocation and
reduced mobility (Roy & Chakraborty, 2024).
Plastics facilitate the bioaccumulation of heavy
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metals in aquatic systems. Heavy metals, after
being released from microplastics, enter the
food chain, accumulating in fish and
subsequently affecting human health through
biomagnification processes (Bolea et al., 2025).
The ecotoxicological effects of MP depend on
concentration, types, degradation process,
environmental longevity and specific organisms
affected (Shi et al., 2024). The presence of MPs
has been reported in human saliva, feces, and
blood (Saleem et al., 2023). MPs contain
harmful chemicals, such as phthalates,
bisphenol A (BPA), which can disrupt hormone
regulation, interfere with reproductive health
and increase the risk of cancer, developmental
disorders, and have adverse effects on the
immune, nervous, and cardiovascular system
(Roy & Chakraborty, 2024; Schmidt et al.,
2024). MPs generate toxicity in living
organisms by disrupting the defense mechanism
against  oxidative  stress,  genotoxicity,
neurotoxicity, growth and metabolic diseases,
but they can also be vectors of transport in
aquatic ecosystems by adsorbing potentially
toxic elements (mercury, cadmium, lead and
aluminum, copper, nickel, zinc, chromium or
arsenic) on their surface (Kumar et al., 2024;
Simionov et al, 2023). Exposure and
accumulation of heavy metals in the human
body has been linked to cognitive impairment,
endocrine disruption, developmental
abnormalities, and cancer (Simfukwe et al.,
2025). As a result, bioplastics have emerged as
a promising alternative, offering the potential to
mitigate both health risks and environmental
degradation associated with conventional plastic
use (Kumar et al., 2024).

Biodegradation in soil is considered the best
option due to the microorganisms present in the
environment. Biodegradation in aquatic
environments is usually more complex and
limited due to nutrient content, temperature, pH,
microbial diversity and density, which reduce
the biodegradation capacity of bioplastics
(Negrete-Bolagay & Guerrero, 2024).
Biodegradation is a process that depends largely
on environmental conditions, such as
temperature, humidity, pH, and many other
abiotic factors. Biodegradable plastics show
mass losses of 23-100%, with higher
degradation efficiencies than petroleum- based
plastics. PLA biodegradation is complete within
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1-3 months in marine environments in Hong
Kong, but not all bioplastics degrade completely
in these marine environments. Fragmentation of
biodegradable plastics requires special attention
as it can contribute to microplastic pollution,
which is a challenge for in situ studies as the
fragments may be too small to be recovered or
further biodegraded (Cheung & Not, 2024).
Microplastics ~ generated by  incomplete
biodegradation of biodegradable plastics may
persist in environments, affect aquatic microbial
communities, plant adaptability, and animal
physiology, with their toxicity increasing upon
degradation, but knowledge of the effects of
biodegradable microplastics, in the aquatic
environment remains limited (Shi et al., 2024).

CONVENTIONAL PLASTIC

Conventional plastics, also referred to as
petroleum-based, are the most widely used form
of plastic. They exist in various physical forms -
such as fragments, foams, films, fibers,
filaments, pellets, spheres, and particles - and
come in a wide range of colors, including red,
green, blue, white, transparent, black, and
yellow (Chen et al., 2024; de Deus et al., 2024).
Depending on size, there are five distinct
categories of plastics: nanoplastics (< 0.001
mm), microplastics (0.001-5 mm), mesoplastics
(5-25 mm), macroplastics (> 25 mm) and
megaplastics (> 1 m) (de Deus et al., 2024).
Microplastics (MPs) are further classified by
origin:  primary MPs are manufactured
intentionally for industrial or domestic
applications, while secondary MPs result from
the degradation of larger plastic debris, often
due to improper waste disposal or environmental
breakdown (Acarer, 2023; Xuyang et al., 2025;
Zhuo et al., 2024).

Packaging accounts for approximately 40% of
global plastic production, with 60% of that used
specifically for food and beverage applications
(Ceballos-Santos et al., 2024). Conventional
plastics such as polyvinyl chloride (PVC),
polypropylene  (PP),  polystyrene  (PS),
polyethylene terephthalate (PET or PETE), low-
density polyethylene (LDPE) or high-density
polyethylene (HDPE) contain  additives
(stabilizers, plasticizers, foaming agents,
colorants, etc.) which, although improving the
properties of the material, are known to be
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endocrine  disruptors  and  carcinogens
(Rajvanshi et al., 2023). Additionally, many
plastics contain environmentally —harmful
compounds such as flame retardants, phthalates,
bisphenol A (BPA), and heavy metals (e.g., lead
and cadmium), which can leach into the soil,
contaminate ecosystems, and bioaccumulate in
living organisms (Martinez-Narro et al., 2024).
Conventional plastics are advantageous for
storage, use and transport, but not for disposal,
as they degrade slowly, in approximately 500
years (Martinez-Narro et al., 2024). Currently,
petroleum-based plastics are more cost-effective
than those derived from renewable sources, but
when external costs and future optimization are
taken into account, the price of fossil-based
polymers is expected to increase by 44%
compared to bio-based polymers (Jiao et al.,
2024).

In terms of environmental impact, conventional
MPs degrade slowly and thus have a lower
immediate impact on soil microorganisms;
however, this same persistence increases their
potential for long-term bioaccumulation and
toxicity in soil fauna (Fei et al., 2024). Although
petroleum-based plastics are known for their
accessibility, durability, and adaptability, their
widespread use continues to fuel the generation
of persistent environmental pollutants and the
ongoing accumulation of plastic waste (Jiao et
al., 2024).

BIOPLASTIC, AN ALTERNATIVE TO
CONVENTIONAL PLASTICS:
SUSTAINABLE STRATEGIES

Recognizing the complexity and emerging
concerns surrounding biodegradable
microplastics, it is important to understand their
impact on the environment (Shi et al., 2024).
Bioplastics are polymers derived from natural or
renewable sources that can be either
biodegradable or non-biodegradable (Kumar et
al., 2024). Importantly, bioplastics are not
exclusively based on biological sources; they
may also originate from fossil fuels. As such,
there are four main categories (Jiao et al., 2024;
Vigneswari et al., 2024):

Bio-based biodegradable;

Bio-based non-biodegradable;

Fossil-based biodegradable;

Fossil-based non-biodegradable.
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Not all bioplastics are entirely composed of
natural materials or guaranteed to be
biodegradable. Therefore, understanding their
classification is essential when evaluating their
environmental benefits. An overview of the
major classes of bioplastics is presented in
Figure 1, which summarizes their source
materials and degradation characteristics.

The four major bioplastic categories include:
Bio-based biodegradable bioplastics such as

polylactic acid (PLA),
polyhydroxyalkanoates (PHA),
polyhydroxybutyrate (PHB), and starch
blends.

Fossil-based biodegradable bioplastics such
as poly(butylene adipate-co-terephthalate)
(PBAT), polycaprolactone (PCL),
poly(butylene succinate) (PBYS),
poly(butylene succinate-co-adipate) (PBSA),
and polyvinyl alcohol (PVA).

Bio-based non-biodegradable bioplastics
including bio-based polyethylene (PE),
polyethylene furanoate (PEF),
polytrimethylene terephthalate (PTT), and
polyethylene terephthalate (PET).

Bio-based

PLA,
PHA,PHB,
Starchblends

Bio-based PE,
BEEERISIEE}

PBAT, PCL,
PBS, PBSA,
PVA

PEJER, PET;
PMMA, PVC

Fossil-based

Figure 1. Classification of plastics based on their origin
and degradability. Adapted from Shi et al. (2024) and
Vigneswari et al. (2024)

In line with current trends, the development of
eco-friendly plastics increasingly focuses on
low-cost and renewable raw materials as a
sustainable alternative to conventional petroleum-
based plastics. These bio-based materials show
great potential for application across multiple
sectors, including packaging, agriculture, and
biomedical industries (Rajvanshi et al., 2023).
Table 1 summarizes various biodegradable
alternatives to conventional plastics, outlining
their applications, key advantages, and
limitations.
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The primary advantages of bio-based polymers
stem from their renewable and low-cost sources.
However, cost feasibility is a challenge for the
commercial viability of bioplastics. For
example, the use of PHA in various applications
remains limited due to the high production costs
and the high cost of substrates for PHA
production (refined carbon origins, sugars, oils,
organic acids and fatty acids). Current studies
present methods to reduce the cost of PHA
production such as the use of renewable
substrates, the use of cheaper carbon sources
from industries (biodiesel, agriculture, dairy and
animal processing). Less expensive substrates
for PHA synthesis must be accessible, available

in sufficient quantities, stable and resistant to
microbial spoilage, and easy to store (Hadri et
al., 2025).

Bioplastics derived from biological materials—
such as starch, cellulose, vegetable oils, fats, and
microorganisms—are  generally  non-toxic,
easier to recycle, and faster to degrade than
conventional plastics. They contribute to energy
savings, reduce waste volume and landfill space
requirements, and help lower greenhouse gas
emissions, making them promising solutions
due to their abundance and biodegradability
(Khan et al., 2025; Mutmainna et al., 2025;
Vigneswari et al., 2024).

Table 1. Alternative bio-based for conventional plastics

Biodegradable

materials

Advantages

Disadvantages

Applications

References

PLA

Biocompatibility, resistance to
fragmentation and good processability,
good mechanical properties, simple and
rapid degradation mechanism, gas
barrier comparable to that of polystyrene
and low-density polyethylene (LDPE).

Low degradability in water. Can
increase oxidative stress of
organisms, cause metabolic
disorders, growth limitations;
can adsorb heavy metals; higher
gas barrier than PET. The
cytotoxicity in human cell lines
remains limited.

Packaging  materials,
tissue engineering, drug
delivery, 3D printing,
face masks.

(Burada et al., 2015;
Fei et al., 2024; Hadri
et al., 2025; Jiao et al.,
2024; Kumar S. et al.,
2024; Niu et al., 2024;
Rajvanshi et al., 2023;
Wen et al., 2025)

PBS

Crystallinity, mechanical performance
equivalent to PP/PE, good
processability, thermal stability, simple
and rapid degradation mechanism.

Requires specific conditions for
biodegradation. Weaker
mechanical and physical
properties. The cytotoxicity in
human cell lines remains limited.

Packaging  materials,
compost bags,
biomedical  materials

and hygiene products.

(Fei et al., 2024; Hadri
etal., 2025; Kaur et al.,
2025)

PCL

Elastomeric, relatively crystalline and
suitable for modification, mechanical
properties comparable to other basic
plastics.

Requires specific conditions for
biodegradation.

Mulch  films, tissue
engineering, dressings,
drug delivery.

(Fei et al., 2024; Hadri
ctal., 2025; Kaur et al.,
2025)

PBAT

High flexibility —and  toughness,
biocompatibility, good processability.

Requires specific conditions for
biodegradation. The cytotoxicity
in human cell lines remains
limited.

Mulch sheets,
packaging materials and
shopping bags.

(Fei et al, 2024,
Mutmainna et  al.,

2025; Wen et al., 2025)

PHA

Eco-friendly, biocompatible,
biodegradable, moisture and heat
resistant, good gas barrier properties,
rigid.

Requires specific conditions for
biodegradation.

bags,
drug
and

Packaging,
containers,
delivery,  pens
hygiene products.

(Mutmainna et al.,
2025; Vigneswari et
al., 2024)

PGA
(Polyglycolic acid)

Crystalline, thermal stability,
degradability and biocompatibility.

good

The cytotoxicity of new
degradable polymers in human
cell lines remains limited.

Materials  for  drug
delivery and packaging.

(Chia et al., 2020,
Hadri et al., 2025;
Mogany et al., 2024)

One of the disadvantages of biodegradable MPs
is that they can accumulate cadmium, could
support certain microbial communities or could
inhibit microbial activity, could negatively
affect plant adaptability and animal physiology,
and their toxicity may increase with their
degradation (Shi et al., 2024). In addition,
biodegradable  plastics  require  specific
conditions for their mineralization (humidity,
temperature, pH, oxygen, light and the presence
of functional microorganisms) (Rajvanshi et al.,
2023), and failure to meet the conditions turns
bioplastics into a source of pollution (Shi et al.,
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2024), with prolonged periods being required
for the biodegradation process (Fei et al., 2024).
Biodegradable MPs have a higher adsorption
capacity and exhibit greater mobility than
conventional MPs, thus they promote the
transport of contaminants, affecting ecosystems
(Fei et al., 2024). Compared to conventional
plastics, bioplastics have poorer mechanical and
barrier properties, which limits their commercial
use (Dorofte et al., 2025; Kumar et al., 2024).

Recent studies also challenge the notion that all
bioplastics are inherently biodegradable. They
emphasize limitations such as the need for



Scientific Papers. Series E. Land Reclamation, Earth Observation & Surveying, Environmental Engineering. Vol. XIV, 2025
Print ISSN 2285-6064, CD-ROM ISSN 2285-6072, Online ISSN 2393-5138, ISSN-L 2285-6064

equivalence in production volumes relative to
conventional plastics and the requirement of
specific conditions for effective degradation.
Nevertheless, microbial degradation
technologies offer promising, environmentally
friendly avenues for managing bioplastic waste
sustainably (Roy & Chakraborty, 2024).

WASTE MANAGEMENT AND FOOD
PACKAGING INNOVATION FOR
SUSTAINABILITY

Urbanization has led to a significant increase in
food waste generation from various sources. In
this context, biomaterials derived from food
waste have emerged as promising alternatives
for plastic production due to their
biodegradability, biocompatibility, bio-stability,
and biofunctionality. Adopting a zero-waste
approach enhances both the sustainability and
the economic value of these by-products, while
contributing to a cleaner environment through
more effective food waste management
(Mutmainna et al., 2025).

One such example is vegetable starch, a
biodegradable biopolymer presents in various
food waste streams, which can be processed into
functional, environmentally friendly bioplastics
such as PLA (Hadri et al., 2025; Li & Chen,
2024; Mutmainna et al., 2025). Similarly, whey
proteins, a by-product of the cheese
manufacturing industry, are being utilized to
develop biodegradable packaging materials.
Their low cost, high biodegradability,
flexibility, and neutral taste and aroma make
them ideal for food applications (Dorofte et al.,
2025).

Waste from the meat and poultry processing
industry (bones, blood, eggshells, skin, tendons,
etc.) is used to produce polymers such as
collagen, chitin, PHA and gelatin, and waste
generated from dairy processing, grain
processing and fruit and vegetable processing
industries are also widely used for PHA
production (Rajvanshi et al., 2023). Also, food
waste from agriculture, fruits, vegetables and
plant by-products (banana peels, pineapple
peels, avocado seeds and durian seeds) offer a
sustainable solution to reduce plastic pollution
(Mutmainna et al., 2025). Other industrial by-
products such as glycerol, cellulosic materials,
molasses and waste oil are also used as
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alternative raw materials for
production (Rajvanshi et al., 2023).
The research trajectory is moving towards new
biodegradable and sustainable food packaging
solutions as alternatives to conventional
packaging, which can provide safe and quality
food, so mixing essential oils with bioplastics,
alternative to chemical preservatives, is a
growing trend for creating antimicrobial films to
conventional plastic used as packaging in the
food industry (Dorofte et al., 2024; Kumar et al.,
2024). Whey films functionalized with essential
oils have high potential for use on various foods
due to their antimicrobial and antioxidant
activities (Lanciu Dorofte et al., 2023).
Microbial polymers such as yeast and fungal
biomass, exopolymers such as kefiran from kefir
culture, bacterial cellulose, gellan and levan, are
capable of forming films, being used as
packaging materials (Bleoanca et al., 2025).
Despite their benefits, bioplastics derived from
plant waste often exhibit inferior mechanical
properties compared to conventional plastics.
However, these limitations can be mitigated
through innovative enhancements, such as the
incorporation of materials like chitosan,
polyvinyl alcohol (PVA), nanoparticles, or the
application of ultrasound treatments, which
significantly improve the structural and
functional ~ performance  of  bioplastics
(Mutmainna et al., 2025).

bioplastic

CIRCULAR ECONOMY,
SUSTAINABILITY AND PLASTIC
POLLUTION MANAGEMENT
STRATEGIES

Plastic waste management is one of the
imperative components of the circular economy
concept. This model seeks to transform the
traditional ~ linear  plastic  economy
characterized by a '"take, make, dispose"
approach - into a more sustainable system by
eliminating unnecessary plastic use, fostering
innovation, and promoting material
recirculation. This transformation aims to
reduce plastic leakage into the environment
while enhancing long-term  sustainability
(Mehta et al., 2025).

The efficiency of the circular economy is
supported by the integration of recyclable
materials and the transition to a circular
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economy is a central pillar of European
sustainable development to achieve successful
European goals (Georgescu et al., 2025).
Among its key objectives is tackling plastic
pollution by promoting recycling and reducing
waste generation (Buruiana et al., 2023).

The linear economy model is one in which
products are manufactured, used and disposed of
as waste, but the circular approach emphasizes
the importance of closing the loop by recycling
and reusing at every stage, to create a
sustainable system that maximizes resource
efficiency and minimizes environmental
pollution (Saxena, 2025).

Currently, mechanical recycling is still the main
plastic recycling process in Europe (Hsu et al.,
2022). Although waste-to-energy processes
(pyrolysis and gasification) convert plastic
waste into fuels or chemicals, promoting a
circular economy, the disadvantage is that they
generate carbon, a solid residue often deposited
(Khan et al., 2025). Compared to conventional
plastics, bioplastics can be completely degraded
under controlled conditions, reducing CO2
emissions. Recycling helps conserve resources,
reduce energy consumption and minimize the
carbon footprint associated with plastic
production (Fayshal, 2024).

However, several barriers hinder the widespread
adoption of recycling and circular strategies.
These include techno-economic challenges such
as the high cost and reduced quality of recycled
plastics, as well as legislative, social, and
cultural obstacles (Xuyang et al., 2025). An
emerging solution is the biodegradation of
plastics using microorganisms isolated from
landfills, which can break down plastics into
carbon dioxide, water, and biomass in an
environmentally friendly manner (Hsu et al.,
2022; Roy & Chakraborty, 2024).

Although  recycling  recovers  valuable
petrochemicals, recycled plastics have
disadvantages, such as significant emissions that
could be produced during transportation, lower
quality compared to new products, and energy
consumption. By using bioplastics, reducing the
use of unnecessary packaging, and adopting
environmentally friendly materials, the negative
environmental impact caused by plastics can be
effectively mitigated (Jiao et al., 2024).
Circular approach measures such as using
reusable products, transforming plastic waste
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into value-added products to improve socio-
economic conditions, or adopting a "zero waste"
lifestyle contribute to the transition towards
adopting sustainable practices, which is a
complex but necessary one (Bertolazzi et al.,
2024; Kaplan Sarisaltik et al., 2025; Roy &
Chakraborty, 2024).

CONCLUSIONS

Plastic and microplastic pollution in the aquatic
environment are one of the most urgent global
challenges, as it represents an undeniable threat
to marine ecosystems and human health. This
study presents an overview of the use of
sustainable bioplastics over conventional
plastics, with the aim of reducing the total
consumption of fossil-based plastics and their
waste, minimizing the devastating impact on the
environment and mitigating the harmful effects
of microplastic pollution.

Implementing sustainable strategies for the use
and disposal of synthetic polymers is essential,
as these materials are major contributors to
environmental contamination through the
continuous release of microplastics. While bio-
based materials offer a promising solution -
being more sustainable, durable, and aligned
with the zero-waste approach - their widespread
adoption still faces significant hurdles.
Addressing the challenges related to the
properties of bioplastics, their costs and their
biodegradability are essential for their
widespread adoption.

This review highlights both the advantages and
limitations of conventional plastics and bio-
based alternatives. Future research and
innovation in the field of bioplastic
development, biodegradation technologies, and
circular economy practices will be critical for
improving bioplastics’ market performance and
environmental impact. These efforts will play a
pivotal role in tackling the global plastic
pollution crisis and in advancing the broader
goals of sustainability and circular economy
adoption. Based on this review work, the
following ideas for future work are
recommended: exploring the development of
biodegradable plastic formulations with better
degradation efficiency in various environments,
streamlining the production costs of bio-based
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materials, and improving waste management
systems.

ACKNOWLEDGEMENTS

This research was supported by the project
"Integrated research and sustainable solutions to
protect and restore Lower Danube Basin and
coastal Black Sea ecosystems" (ResPonSE),
contract no. 760010/30.12.2022.

REFERENCES

Acarer, S. (2023). Microplastics in wastewater treatment
plants: Sources, properties, removal efficiency,
removal mechanisms, and interactions with pollutants.
Water Science and Technology, 87(3), 685-710.
https://doi.org/10.2166/wst.2023.022

Anagha, P. L., Viji, N. V., Devika, D., & Ramasamy, E.
V. (2023). Distribution and abundance of
microplastics in the water column of Vembanad Lake—
A Ramsar site in Kerala, India. Marine Pollution
Bulletin, 194, 115433.
https://doi.org/10.1016/j.marpolbul.2023.115433

Bertolazzi, S., Cuttitta, A., & Pipitone, V. (2024).
Addressing marine plastic pollution: A systematic
literature review. Current Opinion in Environmental
Sustainability, 68, 101428.
https://doi.org/10.1016/j.cosust.2024.101428

Bleoanca, 1., Turturica, M., Aprodu, 1., Stan, F., Fetecau,
C., & Borda, D. (2025). Influence of Glycerol and
Tween on Yeast Films Functionalized with Cinnamon
and Lavender Essential Oils. Coatings, 15(2), Article
2. https://doi.org/10.3390/coatings 15020118

Bolea, E., Brunetti, L. S., Abad-Alvaro, 1., Cellini, E.,
Ruffolo, S. A., La Russa, M. F., & Laborda, F. (2025).
Release of heavy metals during in vitro fish
gastrointestinal digestion from microplastics collected
at Calabrian coasts. Marine Pollution Bulletin, 217,
118080.
https://doi.org/10.1016/j.marpolbul.2025.118080

Burada, A, Topa, C.M., Georgescu, L. P., Teodorof, L,
Nastase, C., Seceleanu-Odor, D. & Iticescu, C. (2015).
Heavy Metals Environment Accumulation in Somova
- Parches Aquatic Complex from the Danube Delta
Area; Revista de chimie, 66(1), 48-54.

Buruiana, D. L., Georgescu, P. L., Carp, G. B., &
Ghisman, V. (2023). Recycling micro polypropylene
in modified hot asphalt mixture. Scientific Reports,
13(1), 3639. https://doi.org/10.1038/s41598-023-
30857-9

Célmuc, V. A., Maxim, A., Simionov, I. A., Antache, A.,
Apetrei, C., Georgescu, P. L. & Iticescu C. (2022).
Identification and characterization of plastic particles
found in the lower Danube River. Scientific Papers.
Series E. Land Reclamation, Earth Observation
Surveying, Environmental Engineering, 11, Print
ISSN 2285-6064, 332-337.

Ceballos-Santos, S., de Sousa, D. B., Garcia, P. G., Laso,
J., Margallo, M., & Aldaco, R. (2024). Exploring the

166

environmental impacts of plastic packaging: A

comprehensive life cycle analysis for seafood
distribution crates. The Science of the Total
Environment, 951, 175452.

https://doi.org/10.1016/j.scitotenv.2024.175452

Chen, L., Zhou, S., Zhang, Q., Su, B., Yin, Q., & Zou, M.
(2024). Global occurrence characteristics, drivers, and
environmental risk assessment of microplastics in
lakes: A meta-analysis. Environmental Pollution, 344,
123321.
https://doi.org/10.1016/j.envpol.2024.123321

Cheung, C. K. H., & Not, C. (2024). Degradation
efficiency of biodegradable plastics in subtropical
open-air and marine environments: Implications for
plastic pollution. Science of The Total Environment,
938, 173397.
https://doi.org/10.1016/j.scitotenv.2024.173397

Chia, W. Y., Ying Tang, D. Y., Khoo, K. S., Kay Lup, A.
N., & Chew, K. W. (2020). Nature’s fight against
plastic pollution: Algae for plastic biodegradation and
bioplastics production. Environmental Science and
Ecotechnology, 4, 100065.
https://doi.org/10.1016/j.ese.2020.100065

Choudhary, A., George, L., Mandal, A., Biswas, A.,
Ganie, Z. A., & Darbha, G. K. (2025). Assessment of
microplastics and associated ecological risk in the
longest river (Godavari) of peninsular India: A
comprehensive source-to-sink analysis in water,
sediment and fish. Marine Pollution Bulletin, 212,
117560.
https://doi.org/10.1016/j.marpolbul.2025.117560

de Deus, B. C. T., Costa, T. C., Altomari, L. N., Brovini,
E. M., de Brito, P. S. D., & Cardoso, S. J. (2024).
Coastal plastic pollution: A global perspective. Marine
Pollution Bulletin, 203, 116478.
https://doi.org/10.1016/j.marpolbul.2024.116478

Dokl, M., Copot, A., Krajne, D., Fan, Y. V., Vujanovi¢,
A., Aviso, K. B., Tan, R. R., Kravanja, Z., & Cucek,
L. (2024). Global projections of plastic use, end-of-life
fate and potential changes in consumption, reduction,
recycling and replacement with bioplastics to 2050.
Sustainable Production and Consumption, 51, 498—
518. https://doi.org/10.1016/j.spc.2024.09.025

Dorofte, A. L., Bleoanca, 1., Bucur, F. 1., Mustatea, G.,
Borda, D., Stan, F., & Fetecau, C. (2025).
Biocomposite Active Whey Protein Films with Thyme
Reinforced by Electrospun Polylactic Acid Fiber Mat.
Foods  (Basel, Switzerland), 14(1), 119.
https://doi.org/10.3390/foods14010119

Dorofte, A. L., Dima, C., Bleoanca, 1., Aprodu, I., Alexe,
P., Kharazmi, M. S., Jafari, S. M., Dima, S., & Borda,
D. (2024). Mechanism of B—cyclodextrin - thyme
nanocomplex formation and release: In silico
behavior, structural and functional properties.
Carbohydrate Polymer Technologies and
Applications, 7, 100422.
https://doi.org/10.1016/j.carpta.2024.100422

Fayshal, M. A. (2024). Current practices of plastic waste
management, environmental impacts, and potential
alternatives for reducing pollution and improving
management. Heliyon, 10(23), e40838.
https://doi.org/10.1016/j.heliyon.2024.40838



Scientific Papers. Series E. Land Reclamation, Earth Observation & Surveying, Environmental Engineering. Vol. XIV, 2025
Print ISSN 2285-6064, CD-ROM ISSN 2285-6072, Online ISSN 2393-5138, ISSN-L 2285-6064

Fei, J., Bai, X., Jiang, C., Yin, X., & Ni, B.-J. (2024). A
state-of-the-art review of environmental behavior and
potential risks of biodegradable microplastics in soil

ecosystems:  Comparison  with  conventional
microplastics. The Science of the Total Environment,
954, 176342.

https://doi.org/10.1016/j.scitotenv.2024.176342

Garfansa, M. P., Zalizar, L., Husen, S., Triwanto, J.,
Iswahyudi, 1., Bakhtiar, A., Lasaksi, P., &
Ekalaturrahmah, Y. A. C. (2025). Addition of biochar
based-activated carbon into sand filtration columns to
improved removal efficiency microplastic from water.
Bioresource Technology Reports, 30, 102099.
https://doi.org/10.1016/j.biteb.2025.102099

Georgescu, L. P., Barbuta Misu, N., Antohi, V. M.,
Fortea, C., & Zlati, M. L. (2025). Approaches and
perspectives on the transition to the circular economy
in the European Union. Frontiers in Environmental
Science, 13.
https://doi.org/10.3389/fenvs.2025.1533776

Graham, P. M., Pattinson, N. B., Bakir, A., McGoran, A.
R., & Nel, H. A. (2024). Determination of
microplastics in sediment, water, and fish across the
Orange-Senqu River basin. Water Research, 266,
122394.

Hadri, S. H., Tareen, N., Hassan, A., Naseer, M., Ali, K.,
& Javed, H. (2025). Alternatives to conventional
plastics:  Polyhydroxyalkanoates  (PHA) from
microbial sources and recent approaches — A review.
Process Safety and Environmental Protection, 195,
106809. https://doi.org/10.1016/j.psep.2025.106809

Hsu, W.-T., Domenech, T., & McDowall, W. (2022).
Closing the loop on plastics in Europe: The role of
data, information and knowledge. Sustainable
Production and  Consumption, 33, 942-951.
https://doi.org/10.1016/j.spc.2022.08.019

Jiao, H., Ali, S. S., Alsharbaty, M. H. M., Elsamahy, T.,
Abdelkarim, E., Schagerl, M., Al-Tohamy, R., & Sun,
J. (2024). A critical review on plastic waste life cycle
assessment and management: Challenges, research
gaps, and future perspectives. Ecotoxicology and
Environmental Safety, 271, 115942.
https://doi.org/10.1016/j.ecoenv.2024.115942

Kaplan Sarisaltik, A., Gulden, T., & Boks, C. (2025). A
visual scoping review of plastic consumption in
everyday life. Cleaner and Responsible Consumption,
16, 100248.
https://doi.org/10.1016/j.clrc.2024.100248

Kaur, S., Okoffo, E. D., Thomas, K. V., & Rauert, C.
(2025). Unearthing the hidden plastic in garden
compost. Science of The Total Environment, 973,
179153.
https://doi.org/10.1016/j.scitotenv.2025.179153

Khan, N., Sudhakar, K., & Mamat, R. (2025).
Biodegradable plastics from marine biomass: A
solution to marine plastic pollution. Journal of
Hazardous Materials  Advances, 17, 100559.
https://doi.org/10.1016/j.hazadv.2024.100559

Kumar, M., Bhujbal, S. K., Kohli, K., Prajapati, R.,
Sharma, B. K., Sawarkar, A. D., Abhishek, K., Bolan,
S., Ghosh, P., Kirkham, M. B., Padhye, L. P., Pandey,
A., Vithanage, M., & Bolan, N. (2024). A review on
value-addition to plastic waste towards achieving a

167

circular economy. Science of The Total Environment,
921, 171106.
https://doi.org/10.1016/j.scitotenv.2024.171106

Kumar, S., Dubey, N., Kumar, V., Choi, 1., Jeon, J., &
Kim, M. (2024). Combating micro/nano plastic
pollution with bioplastic: Sustainable food packaging,
challenges, and future perspectives. Environmental
Pollution, 363, 125077.
https://doi.org/10.1016/j.envpol.2024.125077

Iticescu, C., Georgescu, L., Topa M. C., Murariu, G.
(2014). Monitoring the Danube water quality near the
Galati city. Journal of Environmental Protection and
Ecology. 15. 30-38.

Lanciu Dorofte, A., Dima, C., Ceoromila, A., Botezatu,
A., Dinica, R., Bleoanca, 1., & Borda, D. (2023).
Controlled Release of B-CD-Encapsulated Thyme
Essential Oil from Whey Protein Edible Packaging.
Coatings, 13(3), Article 3.
https://doi.org/10.3390/coatings 13030508

Lee, S. H., Han, S.-J., & Wee, J.-H. (2025). A mini review
of recent advances in environmentally friendly
microplastic removal technologies in water systems.
Journal of Contaminant Hydrology, 269, 104485.
https://doi.org/10.1016/j.jconhyd.2024.104485

Li, Z., & Chen, Y. (2024). Behavioral effects of polylactic
acid microplastics on the tadpoles of Pelophylax
nigromaculatus. Ecotoxicology and Environmental
Safety, 285, 117146.
https://doi.org/10.1016/j.ecoenv.2024.117146

Martinez-Narro, G., Hassan, S., & Phan, A. N. (2024).
Chemical recycling of plastic waste for sustainable
polymer manufacturing — A critical review. Journal of
Environmental Chemical Engineering, 12(2), 112323.
https://doi.org/10.1016/j.jece.2024.112323

Mehta, J., Dilbaghi, N., Deep, A., Hai, F. 1., Hassan, A.
A., Kaushik, A., & Kumar, S. (2025). Plastic waste
upcycling into carbon nanomaterials in circular
economy: Synthesis, applications, and environmental
aspects. Carbon, 234, 119969.
https://doi.org/10.1016/j.carbon.2024.119969

Mogany, T., Bhola, V., & Bux, F. (2024). Algal-based
bioplastics: Global trends in applied research,
technologies, and commercialization. Environmental
Science and Pollution Research, 31(26), 38022—
38044. https://doi.org/10.1007/s11356-024-33644-9

Mutmainna, 1., Gareso, P. L., Suryani, S., & Tahir, D.
(2025). Can agriculture and food waste be a solution
to reduce environmental impact of plastic pollution?
Zero-waste  approach  for  sustainable clean
environment. Bioresource Technology, 420, 132130.
https://doi.org/10.1016/j.biortech.2025.132130

Negrete-Bolagay, D., & Guerrero, V. H. (2024).
Opportunities and Challenges in the Application of
Bioplastics: ~ Perspectives ~ from  Formulation,
Processing, and Performance. Polymers, 16(18),
Article 18. https://doi.org/10.3390/polym16182561

Nicholson, S. R., Rorrer, N. A., Carpenter, A. C., &
Beckham, G. T. (2021). Manufacturing energy and
greenhouse gas emissions associated with plastics
consumption. Joule, 5(3), 673-686.
https://doi.org/10.1016/j.joule.2020.12.027

Niu, Z., Curto, M., Le Gall, M., Demeyer, E., Asselman,
J., Janssen, C. R., Dhakal, H. N., Davies, P., Catarino,



Scientific Papers. Series E. Land Reclamation, Earth Observation & Surveying, Environmental Engineering. Vol. XIV, 2025
Print ISSN 2285-6064, CD-ROM ISSN 2285-6072, Online ISSN 2393-5138, ISSN-L 2285-6064

A. 1, & Everaert, G. (2024). Accelerated
fragmentation of two thermoplastics (polylactic acid
and polypropylene) into microplastics after UV
radiation and seawater immersion. Ecotoxicology and
Environmental Safety, 271, 115981.
https://doi.org/10.1016/j.ecoenv.2024.115981

Pierdomenico, M., Morgana, S., & Chiocci, F. L. (2024).
First report of microplastics in water and sediments of
the alkaline Bagno dell’Acqua Lake (Pantelleria
Island, southern Italy). Environmental Pollution
(Barking, Essex: 1987), 362, 124962.
https://doi.org/10.1016/j.envpol.2024.124962

Pintilie, V., Ene, A., Georgescu, L., Moraru, L., Iticescu,
C. (2016). Measurements of gross alpha and beta
activity in drinking water from Galati region,
Romania. Romanian Reports in Physics, 68, 1208—
1220.

Popa, P., Murariu, G., Mihaela, T., Georgescu, L.,
Iticescu, C. (2015). Multivariate statistical analyses of
water quality of Danube river at Galati, Romania.
Environmental engineering and management journal,
10.30638/eem;j.2018.124.

Rajvanshi, J., Sogani, M., Kumar, A., Arora, S., Syed, Z.,
Sonu, K., Gupta, N. S., & Kalra, A. (2023). Perceiving
biobased plastics as an alternative and innovative
solution to combat plastic pollution for a circular
economy. Science of The Total Environment, 874,
162441.
https://doi.org/10.1016/j.scitotenv.2023.162441

Roy, A., & Chakraborty, S. (2024). A comprehensive
review on sustainable approach for microbial
degradation of plastic and it’s challenges. Sustainable
Chemistry for the Environment, 7, 100153.
https://doi.org/10.1016/j.scenv.2024.100153

Saleem, J., Tahir, F., Baig, M. Z. K., Al-Ansari, T., &
McKay, G. (2023). Assessing the environmental
footprint of recycled plastic pellets: A life-cycle
assessment perspective. Environmental Technology &
Innovation, 32, 103289.
https://doi.org/10.1016/j.eti.2023.103289

Saxena, S. (2025). Pyrolysis and beyond: Sustainable
valorization of plastic waste. Applications in Energy
and Combustion Science, 21, 100311.
https://doi.org/10.1016/j.jaecs.2024.100311

Schmidt, C., Kiihnel, D., Materi¢, D., Stubenrauch, J.,
Schubert, K., Luo, A., Wendt-Potthoff, K., & Jahnke,
A. (2024). A multidisciplinary perspective on the role
of plastic pollution in the triple planetary crisis.
Environment International, 193, 109059.
https://doi.org/10.1016/j.envint.2024.109059

Sharma, S., Sharma, V., & Chatterjee, S. (2023).
Contribution of plastic and microplastic to global
climate change and their conjoining impacts on the
environment - A review. Science of The Total
Environment, 875, 162627.
https://doi.org/10.1016/j.scitotenv.2023.162627

Shi, C., Zhang, Y., Shao, Y., Ray, S. S., Wang, B., Zhao,
Z., Yu, B., Zhang, X., Li, W., Ding, J., Liu, Z., &
Zhang, H. (2024). A review on the occurrence,
detection methods, and ecotoxicity of biodegradable

168

microplastics in the aquatic environment: New cause
for concern. 7rAC Trends in Analytical Chemistry,
178, 117832.
https://doi.org/10.1016/j.trac.2024.117832

Simfukwe, K., Jere, W. W. L., & Msukwa, A. V. (2025).
Heavy metal contamination in riverine fish from the
Lilongwe River, Malawi: Implications for human
health  risk.  Environmental — Pollution  and
Management, 2, 163-171.
https://doi.org/10.1016/j.epm.2025.06.003

Simionov, I.-A., Calmuc, M., Iticescu, C., Calmuc, V.,
Georgescu, P.-L., Faggio, C., & Petrea, $.-M. (2023).
Human health risk assessment of potentially toxic
elements and microplastics accumulation in products
from the Danube River Basin fish market.
Environmental Toxicology and Pharmacology, 104,
104307. https://doi.org/10.1016/j.etap.2023.104307

Stoett, P., Scrich, V. M., Elliff, C. I., Andrade, M. M., de
M. Grilli, N., & Turra, A. (2024). Global plastic
pollution, sustainable development, and plastic justice.
World Development, 184, 106756.
https://doi.org/10.1016/j.worlddev.2024.106756

Tran-Nguyen, Q. A., Le, T. M., Nguyen, H. N. Y.,
Nguyen, Q. T., & Trinh-Dang, M. (2024).
Microplastics in the surface water of urban lakes in
central Vietnam: Pollution level, characteristics, and
ecological risk assessment. Case Studies in Chemical
and  Environmental  Engineering, 9, 100622.
https://doi.org/10.1016/j.cscee.2024.100622

Vigneswari, S., Kee, S. H., Hazwan, M. H., Ganeson, K.,
Tamilselvan, K., Bhubalan, K., Amirul, A.-A., &
Ramakrishna, S. (2024). Turning agricultural waste
streams into biodegradable plastic: A step forward into
adopting sustainable carbon neutrality. Journal of
Environmental Chemical Engineering, 12(2), 112135.
https://doi.org/10.1016/j.jece.2024.112135

Wen, L., Hu, Q., Lv, Y., Ding, W, Yin, T., Mao, H., &
Wang, T. (2025). Environmental release behavior, cell
toxicity and intracellular distribution of novel
biodegradable plastic materials. Environmental
Pollution, 367, 125554,
https://doi.org/10.1016/j.envpol.2024.125554

Wojnowska-Baryta, 1., Bernat, K., & Zaborowska, M.
(2022). Plastic Waste Degradation in Landfill
Conditions: The Problem with Microplastics, and
Their Direct and Indirect Environmental Effects.
International Journal of Environmental Research and
Public Health, 19(20), 13223.
https://doi.org/10.3390/ijerph192013223

Xuyang, W., Khalil, K., Zhuo, T., Keyan, C., Nazir, M. Y.
M., Agma, W. S., & Hong, N. Q. (2025). Addressing
the plastisphere: Sustainable approaches to combat
plastic pollution. Science of The Total Environment,
959, 178105.
https://doi.org/10.1016/j.scitotenv.2024.17810°5

Zhuo, M., Chen, Z., Liu, X., Wei, W., Shen, Y., & Ni, B.-
J. (2024). A broad horizon for sustainable catalytic
oxidation of microplastics. Environmental Pollution,
340, 122835.
https://doi.org/10.1016/j.envpol.2023.122835.





