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Abstract — Plastic waste has become one of the most serious environmental challenges due to its extensive use, resistance
to natural degradation, and continuous accumulation in terrestrial and aquatic ecosystems. Conventional methods of
plastic waste management, such as landfilling and incineration, often result in secondary environmental pollution and
significant economic costs. Therefore, the development of environmentally friendly and sustainable approaches to plastic
degradation has attracted increasing scientific interest. This study investigates the biodegradation of plastic waste using
selected microorganisms capable of decomposing synthetic polymers under controlled laboratory conditions. The
research focuses on identifying microbial strains with high degradation potential and evaluating their effectiveness in
altering the physical and chemical structure of plastic materials. Experimental procedures included the preparation of
plastic samples, cultivation of microorganisms under optimized conditions, incubation over a specified period, and
assessment of biodegradation through weight loss measurements, surface morphology observations, and structural
analysis. The obtained results demonstrated that certain bacterial and fungal species were able to initiate the degradation
process by forming biofilms on the plastic surface and secreting extracellular enzymes that promoted polymer breakdown.
The biodegradation efficiency depended on several factors, including the type of plastic, incubation time, temperature,
humidity, and microbial activity. Although complete degradation was not achieved during the experimental period,
significant structural changes and measurable reductions in plastic mass were observed, confirming the potential of
microorganisms for accelerating plastic decomposition. The findings highlight the importance of microbial biotechnology
as a promising and environmentally sustainable alternative for plastic waste management.
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Anoamna — InacTUK KaJABIKTapbl KEHIHEH KOJIAaHBUTYBI, TAOMFH JKaFiaiiia eTe 0asty bIIABIPaybl )KoHE KYPJIBIK IIEH Cy
9KOXKYHeIepiHe Y3/iKci3 )KUHATYBI CaJlIapblHaH Ka3ipri Ke3/eTi €H 03eKTi 3KOJIOTHSJIBIK MaceseIepIiH OipiHe aifHan bl
[TnacTuk KannelKTapbelH OacKapylblH ASCTYPIl TACLIAEpi, MbIcajbl, IOJUTOHAApFa KeMy HEMece epTey, KopliaraH
OpTaHBIH EKIHIII PETTIK JIACTAHYBIHA OKEJNII, eJIeyJi SKOHOMHUKAIIBIK IIBIFRIHAAPABI Tajnan erei. OckiFaH O0alIaHbICThI
IUTACTHKT] BIABIPATYABIH SKOJOTHSUIBIK KAayilCi3 JKOHE TYpPaKTHl 9MIICTEPiH 93ipiey FBUIBIMU KayBIMAACTBHIKTHIH €peKIIe
KBI3BIFYIIBUIBIFBIH TYABIPYZAA. Byl 3epTTey CHHTETHKANBIK MONMMEpJiepAl OakpUIaHATBHIH 3epTXAHAIBIK JKardaiga
BIIBIPaTa ajaThlH MHKPOOPTAHU3MAEPIiH KOMeriMeH IIIACTHK KaJIBIKTapbIHBIH OMOAErpafallisChlH 3epTTeyre
apHaiFaH. 3epTTeyIiH HEeri3ri MakcaThl — IUTACTHKTI BIABIPATy KabOijieTi KOoFapsl MHKPOOPTaHU3MAEP/Ii aHBIKTay JKOHE
OJIApIBIH TOJMUMEPIIiK MaTepHaAapAblH (U3UKANBIK XKOHE XHMISUIBIK KYPBUIBIMBIH €3TepTy THIMIUIriH Oaramay.
DOKcneprMeHT OapbIChIHAA IUIACTHK YJITUIEpiH NaiblHIay, MHKPOOPTaHM3MIEP/i OHTalIaHIBIPbUIFaH JKarqaiiapia
ecipy, Oenriii 0ip yakbIT apajbIFbIHIa MHKYOAISIIAY JKOHE OHOIerpajaliis 1opeKeciH yIriiepiiH MaccachlHbIH 63repyi,
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0eTKi MOPQOJIOTHACHI MEH KYPBUIBIMJIBIK ©3repiCTepiH Talaay apKbUIbl Oarayiay )Kypri3iami. 3epTTey HOTHKenepi Kehnoip
OakTepusIap MEH CaHBIPAYKYJIAKTApIBbIH IUIACTHK OeTiHae OMOKaOBIKIIA TY3iIl, MOJMMEp Ti30EKTepiH BIIbIpaTaThIH
KacymaaaH ThIC (hepMeHTTep 06Ty apKbUIBI INTACTHKTIH BIABIPAY MPOIIECiH OacTail anaThIHBIH KopceTTi. buonmerpanarms
THIMAUIIT TIACTHUKTIH TYpiHe, MHKYOanns y3aKTBIFBIHA, TEMIIEpaTypaFa, bUTFAIIBUIBIKKA JKOHE MUKPOOPTAaHIM3MIEPIiH
OeJceHaiTiTiHe Toyenai 00Ibl. DKCIEPUMEHT Ke3eHiH e TUTACTUKTIH TOJBIK BIABIpaybIHa KOJI )KeTKi31IMETeHIMEH, OHBIH
KYpBUIBIMBIHIA €JIeYJIi ©3repicTep MEH MAacCachlHBIH aWTapibIKTail a3alobl  OalKanmbl. bynm  HOTIKenep
MHUKpPOOPTaHM3M/Ep/l TUIACTUK KaJJbIKTAPBIHBIH BIIBIPAYBIH JKEASNACTYAIH THIMAI Kypaibl peTiHIe nainananyra
OOJIaTBIHBIH JIAJIEIICH Il )KOHE MUKPOOUOIOTHSITBIK TEXHOIOTHSIIAPIbIH TIACTUK KaJIJIBIKTapBbIH SKOJIOTUSUIBIK TYPFbIIaH
KayiIici3 0acKapyAblH epCIeKTHBANBI OAFBITHl EKEHIH KOPCETE .

Tyiiin co30ep — IlnacTukanblK KanabpIKTap, OMoaerpajanis, MUKpOOpPraHu3Maep, KopIllaraH opTa, SKOJIOTHsI.
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Annomayus — ITnacTUKOBBIE OTXO/IBI CTAJIN OHOM M3 HanOOJIee CePhE3HBIX SKOJIOTMIECKUX POOJIEeM COBPEMEHHOCTH
BCJEACTBHE HX IIMPOKOTO HCIOJIb30BAHUS, yCTOMYUBOCTH K €CTECTBEHHOMY Pa3I0KEHUIO U MOCTOSIHHOTO HAKOIUICHUS
B HAa3eMHBIX M BOJHBIX 3KOCHCTeMax. TpaJuIMOHHBIE METOIbI OOpalIeHHUs C IUIACTHKOBBIMH OTXOAAMH, TaKHE Kak
3aXOpPOHEHHE Ha MOJIMTOHAX U CIKUTAHUE, HEPEIKO MPUBOIAT K BTOPHUYHOMY 3arpsA3HEHUIO OKPYKAIOIIEH cpenbl U
TpeOYIOT 3HAYMTENIbHBIX SKOHOMHYECKHUX 3aTpaT. B cBs3u ¢ 3THM pa3paboTka SKOJOrMYeCKH Oe30MaCHBIX U YCTOHYMBBIX
METOJIOB Pa3JIoKEHHMs IJIACTHKA BBI3bIBACT BCE OONBIIMI Hay4dHbIH MHTepec. Hacrosimiee mcciepoBaHue MOCBSIICHO
N3y4YCHUIO OMOAErpajallii IJIACTHKOBBIX OTXO/IOB C HCIIOJIb30BAaHHEM OTOOPAaHHBIX MHKpPOOPIaHH3MOB, CIOCOOHBIX
pasniaraTb CHHTETHYECKHE IOJIMMEPHI B KOHTPOJUPYEMBIX JIA0OpaTOpHBIX YCioBHsX. OCHOBHOE BHUMAaHHUE YJIEICHO
BBISIBJICHUIO MHKPOOPI'aHM3MOB C BBICOKMM IIOTEHIMAIOM JECTPYKLUUH IUIACTHKA U OlleHKe MX 3((PEKTHBHOCTH B
HM3MEHEHUH (PU3NYECKUX M XUMHUYECKUX CBOMCTB MOJMMEPHBIX MaTepHasioB. DKCIIEPIMEHTAIbHAs METOIMKA BKIFOYaIa
MOJTOTOBKY IIIACTHKOBBIX 00pa3loB, KyJIbTUBHPOBAHHE MHKPOOPTaHM3MOB B ONTHMH3WPOBAHHBIX YCIOBHSIX,
MHKYOAIMi0o B TEYEHWE 3aJaHHOTO IEpHOJia BPEMEHM M OLEHKY CTEIeHH OWMoJerpajalii MO0 HM3MEHEHHIO MacChl
00pasIoB, ncciaeJ0BaHUI0 MOP(HOIOTHN NOBEPXHOCTH M aHAIN3Y CTPYKTYPHBIX M3MeHeHHH. [lonmyueHHbIe pe3ynbTaThl
MIOKa3aJIM, YTO HEKOTOPBIE BU/BI OAKTEpHid U IpUOOB CIIOCOOHBI MHUIIMUPOBATH MPOIIECC PA3I0KEHHS IUIACTHKA 33 CHET
00pazoBaHyst OMOIJICHOK HA €r0 IIOBEPXHOCTH U BBIAECTICHHUS BHEKIETOYHBIX ()EPMEHTOB, CIIOCOOCTBYIOIINX Pa3pyLICHHIO
MOJMMEPHBIX neneld. P GeKTUBHOCTh OMoJerpaialiiy 3aBUCENa OT THUIA IUIACTHKA, MPOJIODKUTEIEHOCTH HHKYOany,
TEeMIepaTyphl, BIAXHOCTH M aKTUBHOCTH MHKpPOOPraHM3MOB. HecMOTpsa Ha TO YTO MOJHOE pa3lio’KeHHE IUIaCTHKA B
TEUeHHEe IKCIIEPUMEHTAJIBHOTO MEepHOJa JAOCTUTHYTO He ObLIo, ObUIM 3a()MKCHPOBAaHBI 3HAYMTEIBbHBIE CTPYKTYPHBIE
N3MEHEHHS U 3aMETHOE YMEHBIIEHHE MacChl O0pa3IoB, YTO MOATBEP)KIAAET BBICOKHII IOTEHIMAT MCIOJIH30BAHUSA
MHUKPOOPTaHU3MOB ISl YCKOPEHHUS IPOLIECCOB pA3J0XKEHUS IUIACTUKOBBIX OTXO0JO0B. IlosyueHHbBIE pe3ysbTaThl
MOTYEPKUBAIOT BaKHOCTh MPUMEHEHHS MHUKPOOMOJIOTHYECKHUX TEXHOJOTHH KaK INEPCIeKTUBHOTO M IKOJOTHYECKH
0€3011acHOT0 HAINPABJICHHS B CHCTEME YIPABIICHUS MIIIACTHKOBBIMH OTXOJIaMH.

Knrouegvie cn06a — TIaCTUKOBBIE OTXOABI, OMOAErpaiais, MUKPOOPTaHU3MBI, OKPYKaIOIIas cpe/ia, IKOJIOTHS.

MAIN PROVISION an environmentally friendly approach to plastic waste

This study demonstrates the potential of selected
microorganisms to biodegrade plastic waste under
controlled conditions. The research identifies
microorganisms capable of altering the structure of
plastic and evaluates their effectiveness in
accelerating the biodegradation process. The obtained
results confirm that microbial activity can
significantly  enhance plastic  decomposition,
highlighting the potential of biological treatment as

management. The findings provide a scientific basis

for the further development of sustainable
biotechnological methods for reducing plastic
pollution.

INTRODUCTION
Plastic waste is one of the most pressing
environmental challenges of the modern world. Every
year, millions of tons of plastic are produced, yet a
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significant proportion is not recycled and instead
accumulates in the environment [1,2]. The natural
degradation of plastic may take hundreds of years,
causing severe negative impacts on soil and aquatic
ecosystems. In recent years, scientists have been
investigating the potential of using microorganisms to
biologically degrade plastic waste. This approach is
considered an environmentally friendly and
economically sustainable solution. The present study
examines the potential of plastic-degrading
microorganisms and explores strategies to enhance
their degradation efficiency [3].

Plastic is a synthetic polymeric material that is
widely used in everyday life due to its durability,
versatility, and low production cost. However, these
advantages also contribute to its persistence in the
environment. According to the World Economic
Forum, by 2050 the total mass of plastic in the oceans
could exceed the total biomass of fish. Such a
scenario would seriously disrupt ecosystem balance
and threaten biodiversity. The degradation of plastics
into microplastics is even more concerning because
these particles can enter the food chain through water
and soil, posing potential risks to both wildlife and
human health [4,5].

At present, the primary methods of plastic waste
management include recycling, incineration, and
landfilling. However, each of these approaches has
significant limitations. Recycling is often expensive
and energy-intensive, while incineration releases
harmful gases into the atmosphere. Landfilled plastic
waste reduces soil quality and may contaminate
groundwater. Consequently, researchers are actively
seeking alternative and more sustainable methods for
plastic disposal. The application of microorganisms
represents one of the most promising solutions in this
field.

Microorganisms — including bacteria, fungi, and
other microscopic organisms — play an essential role
in the natural decomposition of organic matter.
Recent studies have demonstrated that certain
microorganisms are also capable of degrading
synthetic polymers. For example, the bacterium
*|deonella sakaiensis* has been shown to degrade
polyethylene terephthalate (PET) into simpler
chemical compounds. This discovery highlights the
potential of biotechnological approaches for
managing plastic waste.  Nevertheless, the
degradation efficiency of such microorganisms and
their feasibility for large-scale applications remain
insufficiently understood [6].

The objective of this study was to identify
microorganisms capable of degrading widely used
plastics, particularly polyethylene (PE) and
polypropylene (PP), and to evaluate their degradation

efficiency. In addition, the study aimed to determine
the optimal conditions for accelerating the
biodegradation process and to assess the
environmental implications of this approach. The
findings are expected to contribute to reducing plastic
pollution and promoting sustainable development.

Plastic biodegradation refers to the process by
which microorganisms convert plastic materials into
simpler compounds, such as carbon dioxide, water,
and biomass. The efficiency of this process depends
on the chemical structure of the plastic, the type of
microorganisms involved, and the surrounding
environmental conditions. Many plastics, especially
polyolefins, exhibit high resistance to biodegradation
due to their hydrophobic nature and highly crystalline
structure. Therefore, enhancing the enzymatic
activity of microorganisms and improving their
interaction with plastic surfaces remain important
research challenges [7].

In addition to investigating the role of
microorganisms in plastic degradation, this study also
considered their environmental safety. For instance,
genetically modified microorganisms may exhibit
higher degradation efficiency; however, their
potential impact on natural ecosystems must be
carefully evaluated. Furthermore, it is essential to
ensure that the products generated during
biodegradation are environmentally benign and do
not pose additional ecological risks.

The methods employed and the results obtained
in this study may serve as a scientific basis for
developing innovative strategies for plastic waste
management. The application of microorganisms has
the potential not only to mitigate environmental
pollution but also to advance the field of
biotechnology. The study compares the effects of
microorganisms on different types of plastics and
proposes approaches for improving biodegradation
efficiency. This work may provide the foundation for
future large-scale projects aimed at reducing plastic
pollution and promoting environmentally sustainable
waste management.

Research gap. Despite extensive research on
plastic pollution and waste management, limited
studies have focused on the comparative evaluation
of microorganisms capable of biodegrading plastic
waste under controlled laboratory conditions. Most
existing approaches emphasize physical and chemical
recycling methods, while the biodegradation potential
of microorganisms and the factors influencing their
efficiency remain insufficiently investigated.
Therefore, there is a need to identify effective plastic-
degrading microorganisms and assess their ability to
accelerate plastic decomposition. This study
addresses this gap by investigating the biodegradation
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of plastic waste using selected microorganisms and
evaluating their effectiveness as an environmentally
friendly alternative for plastic waste management.

Novelty statement. The novelty of this study lies
in the comparative evaluation of the biodegradation
potential of selected microorganisms for plastic waste
under controlled conditions. Unlike conventional
waste management approaches that primarily rely on
physical or chemical treatment, this research
demonstrates the ability of microorganisms to alter
the structure of plastic and accelerate its degradation.
The findings provide new experimental evidence on
the effectiveness of microbial biodegradation and
contribute to the development of sustainable and
environmentally friendly technologies for plastic
waste management.

METODOLOGY

The study was conducted under laboratory
conditions. Initially, soil and waste samples were
collected and analyzed to identify microorganisms
capable of degrading plastics. The experiments
focused on two of the most widely used plastic types:
polyethylene (PE) and polypropylene (PP). To
monitor the growth and metabolic activity of the
microorganisms, experimental parameters such as
temperature  (25-35°C), humidity, and nutrient
medium were carefully controlled. The extent of
plastic degradation was evaluated by measuring
weight loss and by examining surface morphological
changes using electron microscopy. The experimental
period lasted 12 weeks.

The primary objective of the study was to
investigate the biological degradation of plastics and
to evaluate the efficiency of microorganisms involved
in this process. Laboratory conditions enabled the
simulation of natural environments while ensuring
precise control of experimental parameters, thereby
improving the reliability and reproducibility of the

Table 1 — Experimental parameters

results. The research was carried out in several stages:
sample collection, isolation and identification of
plastic-degrading microorganisms, establishment of
experimental conditions, monitoring of plastic
biodegradation, and analysis of the obtained results.

Sample collection
l
Isolation of microorganisms
l
Preparation of the experimental environment
l

Incubation

l

Decomposition assessment

For research, microorganisms were taken from
different ecological environments. Soil samples were
collected from areas contaminated due to plastic
waste, in particular from landfills and industrial areas.
These areas were chosen due to the fact that there may
be microorganisms adapted to decompose plastic. In
addition, samples were also taken from waste water
and composted organic materials. In total, 50
different samples were collected, and they were
delivered to the laboratory in sterile containers.

Polyethylene (PE) and polypropylene (PP) were
chosen as plastic materials because these polymers
are the types of plastic that are most used in everyday
life and accumulate the most in the environment.
Polyethylene is the most common material in
packaging and bags, while polypropylene is used in
containers and building materials. For the study,
plastic samples were cut into small pieces measuring
2x2 CM, and their initial weight was measured using
high-precision analytical scales. The plastic parts
were pre-sterilized and cleaned of external microbial
contamination.

Parameters Experimental group 1 Experimental group 2 Control group
Temperature (°C) 25 35 30
Humidity (%) 60 80 70
Nutrient medium Glucose + peptone Mineral salts -

Classical microbiological methods were used to
isolate microorganisms from the collected samples.
Soil and residual samples were injected into saline
(0.9% NaCl) and treated using the serial dilution
method. After that, the samples were grafted onto an
agar culture medium (LB Agar and PDA) and
incubated at 28°C for 48-72 hours. As a result, the
colonies that grew up were grouped by morphological
features.

Molecular biology techniques such as 16S rRNA
gene sequencing and its region analysis were used to
identify microorganisms. These methods made it
possible to accurately determine the types of bacteria
and fungi. The study turned out to be dominated by
microorganisms such as Pseudomonas aeruginosa,
Bacillus subtilis, Aspergillus niger and Penicillium
chrysogenum. The ability of these species to
decompose plastic has also been confirmed in
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previous studies, so they were chosen as the main
objects of study in the experiment.

Table 2 — Table of identification of microorganisms

Microorganism Group Identification method

Pseudomonas aeruginosa Bacteria 16S rRNA sequencing
Aspergillus niger Mushroom Analysis of ITS area
Bacillus subtilis Bacteria 16S rRNA sequencing

To assess the activity of microorganisms in the
decomposition of plastic, special incubation chambers
were used. In the experimental environment,
parameters such as temperature, humidity and nutrient
content were carefully adjusted. The temperature range
was chosen between 25-35°C, because the optimal
growth temperature of most of these microorganisms
is located within this limit. Humidity levels were kept
between 60-80%, which was important to support
microbial activity.

A mixture of glucose, peptone and mineral salts
was used as a nutrient medium. This ensured the
growth of microorganisms and stimulated their
metabolic processes aimed at breaking down plastic.
The experimental groups were placed in a culture
medium with pieces of plastic, and the control groups
were prepared without microorganisms or plastic. This
made it possible to conduct a comparative analysis and
determine the direct effect of microorganisms on
plastic.

Fig. 1 — Environment for growing microorganisms in the laboratory

The experimental period lasted 12 weeks, which
was considered sufficient to evaluate the effects of
microorganisms on plastic degradation. The
experiment was monitored weekly, and both the
physical and chemical changes in the plastic samples
were recorded. To ensure statistical reliability, each
experimental condition was performed in triplicate.

Two primary methods were employed to evaluate
the degree of plastic biodegradation: the weight loss
method and scanning electron microscopy (SEM). The
weight loss method provided a quantitative assessment
of plastic degradation. At the beginning and the end of
the experiment, the plastic specimens were dried and
weighed using an analytical balance with an accuracy
of 0.001 g. The percentage of weight loss was then
calculated to determine the extent of degradation.

Scanning electron microscopy (SEM) was used to
investigate microscopic changes in the surface
morphology of the plastic samples. This technique
enabled the observation of surface cracks, erosion, and
biofilm formation resulting from microbial activity.
Prior to SEM analysis, the plastic samples were
thoroughly cleaned, coated with a thin layer of gold,
and scanned at a magnification of 10,000x. The
obtained images provided valuable insights into the
mechanisms of microbial degradation and the
enzymatic activity involved in the biodegradation
process.

In addition, Fourier-transform infrared
spectroscopy (FTIR) was employed to identify
changes in the chemical composition of the plastics.
This technique was used to detect alterations in the
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functional groups of the polymer structure, particularly
the formation of carbonyl (C=0) groups. An increase
in carbonyl group intensity was considered an
indicator of oxidative degradation, which may result
from the metabolic activity of microorganisms.

Several experimental groups were established
during the study. The first group contained only
bacterial strains (Pseudomonas aeruginosa and
Bacillus subtilis), while the second group consisted of
fungal species (Aspergillus niger and Penicillium
chrysogenum). The third group included a consortium
of both bacteria and fungi, allowing the evaluation of
their potential synergistic effects on plastic
biodegradation. Control groups were prepared either
without microorganisms or without plastic substrates
to eliminate the influence of external factors.

Additional experimental groups were established
to investigate the effects of temperature and humidity.
In one set of experiments, the incubation temperature
was maintained at 25°C, whereas in another it was
increased to 35°C. Similarly, relative humidity was
adjusted to 60% and 80% in separate treatments. The
influence of these environmental factors on microbial
activity and the rate of plastic degradation was
analyzed in detail.

Throughout the experiment, data were collected
systematically and presented in tables and graphs. The
weight of the plastic samples was measured weekly,
and their surface morphology was examined. The
experimental results were statistically analyzed using
analysis of variance (ANOVA), which allowed the
assessment of the effects of microorganism type,
temperature, and humidity on the biodegradation
process.

Although the 12-week experimental period was
considered sufficient to evaluate the initial effects of
microorganisms on plastic degradation, the findings
indicated that longer-term studies are necessary to
better understand the complete biodegradation process.
The results provided important insights into the

mechanisms of plastic degradation and the role of
microorganisms, thereby establishing a scientific basis
for future research.

In conclusion, the methodology employed in this
study enabled a comprehensive investigation of plastic
biodegradation. The controlled laboratory conditions
allowed an accurate assessment of microbial
degradation efficiency and facilitated the identification
of factors that enhance biodegradation performance.
The findings of this study provide valuable guidance
for future research aimed at developing sustainable
biological strategies for plastic waste management.

RESULTS AND DISCUSSION

According to the results of the study, it was found
that microorganisms such as Pseudomonas aeruginosa
and Aspergillus niger can change the surface structure
of plastic and reduce its weight. Polyethylene samples
lost an average of 5-7% of weight in 12 weeks, while
in polypropylene this figure was 3-4%. Electron
microscopy confirmed the appearance of microcracks
and erosion on the surface of plastic under the
influence of microorganisms. The activity of
microorganisms was highest if the temperature was
30°C and the humidity was 70%. These results show
that microorganisms can play an important role in
breaking down plastic, although it has been observed
that the process is still slow.

The main goal of the study was to assess the
potential of microorganisms in the biodegradation of
plastic waste and identify factors affecting their
effectiveness. The data obtained during the experiment
made it possible to comprehensively analyze the
influence of microorganisms on the chemical and
physical structure of plastic. The results of the study
were discussed in several main areas: the effectiveness
of microorganisms by type, structural changes in
plastic, the influence of environmental factors and the
General Dynamics of the process.

Fig. 2 — Plastic weight loss
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Among the microorganisms used in the study, the
bacterium Pseudomonas aeruginosa and the fungus
Aspergillus  niger  showed  special  results.
Pseudomonas aeruginosa is a gram-negative bacterium
known for its metabolic activity and the ability to break
down complex organic compounds. In the course of

the study, this bacterium showed high efficiency in
breaking down polyethylene, reducing its weight by an
average of up to 7%. This result may be due to the
ability of the bacterium to secrete enzymes such as
lipases and oxidases, which can break down the
molecular bonds of polymers.

Fig.3 — Dynamics of decomposition over time

The fungus Aspergillus niger also proved to be
able to change the structure of plastic, but its effect was
slightly lower — 5% weight loss was observed in
polyethylene, and 3% in polypropylene. The
effectiveness of fungi is explained by their mechanical
effect on the surface of the plastic through the structure
of the mycelium and the release of enzymes such as
cellulase and lignase. These enzymes break down the
surface layer of polymers, paving the way for further
biodegradation.

In addition, a consortium of bacteria and fungi
was also tested in the study. In the groups in which the
consortium was used, the weight of polyethylene was
reduced by 6.5%, and the weight of polypropylene-by
4%. This can be the result of the synergistic effect of
microorganisms, that is, bacteria and fungi
complement each other's activity. For example, if
bacteria have weakened the structure of plastic in
advance, then fungi are involved in its further
decomposition. This result suggests that consortia may
be more effective at decomposing plastic in the future.
In addition to the weight loss method, electron

microscopy (SEM) and Fourier Transform Infrared
Spectroscopy (FTIR) were used to assess the degree of
plastic decay. The results of electron microscopy
revealed that microcracks, erosion and a layer of
biofilm formed on the surface of the plastic under the
influence of microorganisms. In polyethylene samples,
the average length of microcracks was 10-15 microns,
while in polypropylene this figure ranged from 5-10
microns. This difference is explained by the high
crystal structure of polypropylene and the difficulty of
microorganisms affecting it.

The FTIR analysis confirmed changes in the
chemical composition of the plastic. During the study,
the concentration of carbonyl Groups (C=0) in
polyethylene increased at a wavelength of 1710 cm™1,
which was considered as a sign of oxidative
decomposition of the polymer. In polypropylene, such
changes were less noticeable, but the appearance of
hydroxyl groups (OH) in the 3400 cm™1 zone was
revealed. These results show that microorganisms
began to break down the molecular bonds of plastic
and turn it into simple compounds.
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Fig. 4 — Graph of FTIR Spectra

Weight loss data also revealed changes depending
on the type of plastic. The weight loss of polyethylene
by 5-7% may be associated with its low-density
structure and the easy penetration of microorganisms
into it. And the weight loss of polypropylene by 3-4%
was lower due to its high mechanical strength and
chemical stability. These results prove that the
chemical composition and physical properties of
plastic directly affect the biodegradation process.

In the course of the study, the influence of
temperature and humidity on the activity of
microorganisms was studied in detail. Pseudomonas
aeruginosa and Aspergillus niger showed the highest
efficiency if the temperature was 30°C and the
humidity was 70%. In this case, the weight of
polyethylene is reduced to 7.2%, and the weight of

Table 3 — Influence of temperature and humidity

polypropylene is reduced to 4.1%. When the
temperature dropped by 25°C or increased by 35°C,
the decomposition rate dropped to 4-5%
(polyethylene) and 2-3% (polypropylene),
respectively. This indicates that the enzymatic activity
of microorganisms depends on temperature.

The effect of humidity was also important. When
the humidity was lower than 60%, the growth and
activity of microorganisms slowed down, and when it
was higher than 80%, the growth of fungi prevailed
over bacteria. Optimal humidity (70%) created
favorable conditions for microorganisms to create
biofilm and effectively interact with the plastic surface.
These data confirm the important role of
environmental factors in regulating the biodegradation
process.

The situation Polyethylene (%) Polypropylene (%)
25°C, 60% humidity 4.5 2.8
30°C, 70% humidity 7.2 4.1
35°C, 80% humidity 5.0 3.0

Although the 12-week study period is enough to
assess the effect of microorganisms on plastic, it has
been observed that the process is still slow. In
polyethylene, the first signs of Decay were observed
from the 3rd week, while in polypropylene this process
became obvious only after the 5th week. It's time the
difference may be due to the structural complexity of
the plastic and the adaptation of microorganisms to it.

The results showed not that microorganisms are
capable of completely breaking down plastic, but only
that they can start the process. For example, the weight

loss of polyethylene by 7% means that only a small
part of its molecular weight is broken down. In
polypropylene, this process is e en slower because its
molecular chains are denser and stronger. These
limitations indicate that the enzyme systems of
microorganisms are not fully adapted to the synthetic
nature of plastic. In addition, the metabolic products of
microorganisms were also analyzed during the study.
By gas chromatography, the release of carbon dioxide
(CO2) was measured, which confirms the presence of
biodegradation. However, the amount of CO. was
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small, which meant that instead of full mineralization
of the plastic, only half-decomposition took place. This
result suggests that microorganisms used plastic as an
energy source but did not have the ability to completely
decompose it.

While the results of this study prove the

potential of microorganisms in decomposing plastic,
they have shown that further research is needed to
improve their effectiveness. For example, enhancing
the enzymatic activity of microorganisms through
genetic modification or developing an optimal nutrient
medium can speed up the process. In addition, the use
of consortia is considered as a promising direction to
improve the efficiency of biodegradation.
In conclusion, the results of the study confirmed that
microorganisms are able to change the surface
structure of plastic and reduce its weight. The
differences in the degree of decomposition of
polyethylene and polypropylene, the influence of
environmental factors and the slow dynamics of the
process determined the direction of future research in
this area. This data can serve as the basis for the
development of environmentally friendly methods for
managing plastic waste.

CONCLUSION

This study demonstrated the potential of
microorganisms for the biological degradation of
plastic waste. However, further research is required to
improve their  degradation efficiency. The
biodegradation process could be accelerated through
genetic modification of microorganisms or by
optimizing environmental conditions for microbial
growth and enzymatic activity. Such approaches have
the potential to reduce plastic pollution and contribute
to environmental protection in the future. The
findings of this study may serve as a foundation for
the development of innovative environmental
technologies.

The results revealed that microorganisms such as
Pseudomonas aeruginosa and Aspergillus niger are
capable of degrading common plastics, including
polyethylene (PE) and polypropylene (PP). These
findings demonstrate the feasibility of using
biological approaches to mitigate the accumulation of
plastic waste in the environment. Nevertheless, the
observed weight loss after 12 weeks—approximately
5-7% for polyethylene and 3-4% for polypropylene
indicates that the biodegradation process remains
relatively slow and requires further optimization
before  large-scale  practical implementation.
Therefore, the major findings and their significance
are discussed from several perspectives.

First, the study confirmed the ability of
microorganisms to alter the surface morphology of
plastics and initiate partial degradation. Scanning
electron microscopy and chemical analyses

demonstrated the formation of microcracks and
molecular-level structural modifications in the
polymer surfaces. These changes are primarily
attributed to microbial enzymatic activity. However,
the capacity of microorganisms to achieve complete
mineralization of synthetic polymers remains limited.
Compared with the degradation of natural organic
matter, the biodegradation of synthetic plastics is
considerably more complex due to their highly stable
chemical structures.

Second, the results highlighted the critical role of
environmental factors in the biodegradation process.
Although optimal conditions of approximately 30°C
and 70% relative humidity significantly enhanced
microbial activity, maintaining these conditions on an
industrial or  environmental scale presents
considerable challenges. In natural ecosystems,
fluctuations in temperature and humidity, together
with regional climatic differences, may substantially
influence microbial performance. Consequently,
future studies should focus on adapting
biodegradation technologies to variable
environmental conditions.

Third, the study identified several promising
strategies for improving microbial degradation
efficiency. Genetic modification represents one
potential approach for accelerating plastic
biodegradation. For example, genetic engineering
techniques could be employed to increase the
production of plastic-degrading enzymes, including
lipases and oxidases. In addition, the use of microbial
consortia offers another promising strategy. The
combined application of bacterial and fungal species
produced synergistic effects during the experiments,
suggesting that complementary enzymatic systems
enhance the overall biodegradation process.

The practical significance of this research is
substantial.  Plastic  pollution is a global
environmental challenge, and the development of
sustainable treatment technologies is of paramount
importance. Compared with conventional waste
management methods such as recycling and
incineration, microbial biodegradation offers several
advantages. It requires lower energy input, does not
generate toxic gaseous emissions, and relies on
naturally occurring biological processes, thereby
minimizing environmental impacts. Nevertheless,
comprehensive evaluations of the economic
feasibility, technical scalability, and operational
efficiency of this technology are necessary before its
widespread implementation.

Several limitations of the present study should
also be acknowledged. Although the 12-week
experimental period was sufficient to evaluate the
initial effects of microorganisms on plastic
degradation, considerably longer observation periods
are required to fully wunderstand long-term
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biodegradation processes. Complete mineralization
of plastics into carbon dioxide and water may require
several hundred days or even years. Furthermore,
because the experiments were conducted under
controlled laboratory conditions, the results may
differ from those obtained in natural environments. In
field conditions, microbial activity may be influenced
by competition with indigenous microorganisms,
limited nutrient availability, and changing climatic
conditions, all of which could reduce degradation
efficiency.

Future research should therefore focus on
several key areas. First, the genetic potential of
plastic-degrading  microorganisms  should  be
investigated in greater depth to enhance their
biodegradation capabilities. The development of
microbial strains specifically adapted to degrade
particular types of plastics may substantially improve
degradation rates. Second, field-scale experiments
should be conducted to evaluate the practical
applicability of these microorganisms under natural
environmental conditions. Third, the environmental
safety of microbial biodegradation products should be
carefully assessed to ensure that intermediate
metabolites do not pose ecological or toxicological
risks.

The findings of this study provide a valuable
scientific  basis for the development of
environmentally sustainable technologies. As plastic
pollution continues to represent one of the world's
most  pressing environmental problems, the
application of biotechnology offers significant
opportunities to support sustainable development. For
example, microorganisms could be utilized for the
biological treatment of plastic waste in landfills or
incorporated into integrated waste management
systems  designed  specifically  for  plastic
biodegradation. Such technologies have the potential
not only to reduce environmental pollution but also to
provide economically viable waste management
solutions.

Furthermore, this research may contribute to the
advancement of the bioeconomy. The compounds
generated during plastic biodegradation, such as
organic acids, may be recovered and utilized as

feedstocks for the production of new materials or
renewable energy sources. This approach supports the
development of a circular economy by promoting
resource recovery and improving the sustainability of
waste management practices.

In conclusion, this study demonstrated the
significant potential of microorganisms for the
biodegradation of plastic waste and established a
scientific foundation for future research in this field.
Although the biodegradation process remains
relatively slow and requires further optimization, the
obtained results highlight promising opportunities for
developing environmentally friendly technologies to
reduce plastic pollution. By exploiting the genetic

potential of microorganisms, optimizing
environmental conditions, and validating the
technology under natural conditions, microbial

biodegradation may become an effective and
sustainable strategy for environmental protection.
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