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POLYETHYLENE AS A SOURCE OF ENVIRONMENTAL
POLLUTION

Annotation. Polyethylene is one of the most widely used synthetic polymers
due to its strength, light weight, durability, and low production cost. However, its
extensive use and resistance to natural degradation have led to significant environmental
challenges. This article analyzes the main mechanisms by which polyethylene
contributes to environmental pollution, including the formation of microplastics,
contamination of soil and aquatic ecosystems, and its harmful effects on flora, fauna,
and potentially human health.

The article also discusses the broader ecological consequences of polyethylene
accumulation and highlights the urgency of addressing these issues. Furthermore,
various approaches to reducing polyethylene pollution are explored, such as microbial
and enzymatic biodegradation, advanced recycling methods, and the development of
biodegradable polymer alternatives. Experimental results on the decomposition
behavior of polyethylene under different physical, chemical, and biological conditions
are presented. These findings are supported with visual data in the form of tables and
diagrams, helping to illustrate the efficiency of different degradation strategies and
offering insights into more sustainable plastic waste management practices.

Key words: polyethylene; plastic; physico-chemical analysis; ecosystem;
pollution; experiments; polymers; process; determination; parameter; control.

Introduction

Plastic pollution is a global environmental problem, the scale of which is
increasing every year. Polyethylene occupies a leading position among various types of
plastics, accounting for a significant proportion of the total number of polymers
produced and used. The main sources of polyethylene are packaging materials,
disposable tableware, as well as construction and industrial products.

Polyethylene is resistant to natural factors such as solar radiation, oxygen and
microorganisms, which makes it practically non-degradable in the natural environment.
As a result, polyethylene waste accumulates in soil and aquatic ecosystems, becoming
part of global pollution.
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The purpose of this study is to study the environmental impact of polyethylene,
conduct degradation experiments under various conditions, and identify possible
measures to reduce environmental damage.

The main part.

Polyethylene (PE) is one of the most common polymers used in various
industries such as packaging, construction, pharmaceuticals, and household goods. Its
popularity is due to properties such as low cost, lightness, strength, and chemical inertia.
However, the widespread use of polyethylene has a significant negative impact on the
environment [1].

According to the Global Plastics Report (2022), the annual global production of
polyethylene exceeds 1 billion tons, which is about 3.1% of the total plastic production.
The main amount is used in the production of single-use packaging, the service life of
which rarely exceeds several weeks. Most of the polyethylene waste ends up in landfills
and damages the environment due to inadequate recycling systems.

The level of use of polyethylene waste remains low. According to the European
Plastics Recyclers Europe, only about 15-20% of polyethylene waste is recycled, and
the rest accumulates in the ecosystem [2].

Polyethylene residues accumulate in the soil and slow down the process of
aeration and water exchange. Studies show that micro- and nanoscale polyethylene
particles penetrate the soil ecosystem, disrupting the vital activity of microorganisms
and altering the physical properties of the soil (2019).

Polyethylene waste accounts for a significant portion of plastic waste in the sea.
They decompose into micro- and nanoplastics under the influence of ultraviolet,
mechanical and chemical factors and spread throughout the aquatic ecosystem. These
particles are absorbed by marine organisms and lead to bioaccumulation of harmful
substances [3].

Plastic bags and other plastic products often lead to the death of animals that
mistake them for food. Ingestion of plastic into the body can lead to suffocation,
damage to internal organs and death of animals. According to National Geographic
(2018), plastic pollution threatens more than 700 species of animals annually [4].

The latest technologies for processing polyethylene, such as Pyrolysis and
chemical treatment, make it possible to obtain high-quality secondary raw materials.
Their large-scale implementation requires investments and the development of waste
collection infrastructure.

Biodegradable polymers such as polylactide (PLA) and polyhydroxyalkanate
(PHA) are considered as an environmentally friendly alternative. However, their
production still involves high costs and limited access.

Educational and legislative measures

Educational campaigns and a ban on the use of single-use plastic can help reduce
environmental pollution. Examples of successful implementation of such measures are
observed in the EU countries, where strict restrictions on plastic packaging have been
introduced [5].

Methodology and research methods

The following methods were used to analyze the environmental impact of

polyethylene:
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Analysis of literary sources: scientific papers, reports and publications devoted
to the problem of plastic pollution over the past 10 years have been studied. Special
attention was paid to the work related to the biodegradation, recycling and
environmental impact of polyethylene.

An experimental study to evaluate the physico-chemical properties of
polyethylene, resistance to biodegradation, as well as the effects of micro- and
nanoparticles on microorganisms.

The results of field studies aimed at studying the accumulation of polyethylene
in soil, water and groundwater were used. The data was collected using standard
sampling and contamination analysis protocols [6-8].

Various polyethylene processing technologies, including mechanical, chemical
and thermal processing, their effectiveness and environmental impact are considered.

Experimental study to evaluate the physico-chemical properties of polyethylene,
resistance to biodegradation, as well as the effect of micro- and nanoparticles on
microorganisms [9,10].

Results

The experimental study consisted of several stages:

1. Physico-chemical analysis of polyethylene:

- measurement of density, molecular weight and degree of crystallization of the
material;

-determination of resistance to thermal and chemical decomposition under
various conditions.

Table 1- Results

Property Value
Density (g/sm?3) 0.91-0.96
Degree of crystallinity (%) 55-80
Melting point (°C) 110-130

2. Assessment of biodegradation:

Conducting tests for the decomposition of polyethylene in the presence of
microorganisms in the laboratory and in the natural environment.

Study of factors affecting the rate of biodegradation, such as temperature,
humidity, and microbial composition.

Table 2- Results

Experimental conditions Decomposition
time (days)

Laboratory (humidity 70%) > 365

Natural environment (soil) > 730

3. Investigation of the effect of micro- and nanoparticles of polyethylene on
microorganisms:

Analysis of changes in the number and activity of microbial communities with
the addition of polyethylene particles.
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Assessment of the toxicity of nanoparticles for model organisms.

Table 3 - Results

Parameter Control With PE added
(without
PE)
Number of microorganisms (%) 100 75
Enzyme activity (units) 5.0 3.5

Study of factors affecting the biological decomposition rate, such as
temperature, humidity and composition of microbes.

The results made it possible to better understand the properties of polyethylene
and its impact on the ecosystem, as well as to identify the underlying problems
associated with its decomposition and processing.

1. Temperature resistance of polyethylene - indicates the temperature resistance
of the material (diagram 1).

2.The decomposition rate of polyethylene is a comparison of the decomposition
time under laboratory conditions (diagram 2).

Temperature Stability of Polyethylene
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Diagram 1 - Temperature stability of polyethylene when heated to 200 °C (the graph is
based on experimental data).

Decomposition Rate of Polyethylene

Decomposition Time (days)

Natural Environment
Conditions

Laboratory

Diagram 2 - The rate of decomposition of polyethylene in various media.
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Conclusion
Polyethylene plays an important role in the modern economy, but its use is
associated with complex environmental problems. To reduce its negative impact, an
integrated approach is needed, including the development of recycling technologies, the
replacement of polyethylene with alternative materials, and active measures to reduce
plastic consumption. The fight against environmental pollution by polyethylene requires
the combined efforts of the state, enterprises and society. Polyethylene poses a serious
threat to the environment due to its decomposability and ability to accumulate in
ecosystems. Experimental studies have shown that its degradation is possible, but
requires a long time or special conditions. To reduce environmental damage, you must:

- Development of polyethylene processing technologies.

- Reduce the use of single-use packaging.

- Use biodegradable alternatives.

These measures, along with environmental knowledge, can reduce
environmental pollution from polyethylene and preserve natural resources for future
generations.
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A.E. Menasiranuesa, 10.B. JlonyxoBa
MOJINATUIIEH KAK UCTOYHUK 3ATPSA3HEHUSA OKPYXKAIOIIEHN
CPEJbI

AnHoTanms. [lonmmsTHieH sBIsSETCS OMHUM M3 HauOoJee MIMPOKO HCIOIb3yeMbIX
CUHTETUYECKUX MOJMMEPOB Oyiaroapst CBOSH MPOYHOCTH, JIETKOCTH, JOJTOBEYHOCTH MU
HH3KOM cebecTonMocTH pon3BoIcTBA. OJJHAKO €ro MacCOBOE MPHUMEHEHUE U YCTOHYMBOCTD
K €CTECTBEHHOMY DAa3JIOKEHHMIO TPHBEIM K CEPhE3HBIM 3KOJIOTHMYECKMM TNpobiemam. B
JaHHOW CTaTbe MPOAHATM3UPOBAHBI OCHOBHBIC MEXAHM3MbI, C TIOMOIIBIO KOTOPBIX
MOJIMATHIIEH CHOCOOCTBYET 3arpsi3HEHHIO OKpY)KarolleH cpeipl, BKIIOYas OOpa3oBaHHUE
MUKPOILIACTHKA, 3arps3HEHHUE MOYBBI M BOJHBIX YKOCHCTEM, a TakoKe BPEIHOE BO3/ICHCTBUE
Ha (ropy, ¢ayHy H, BO3MOXKHO, 3/I0pOBbE YeNlOBEKa. Takxke paccMarpuBaiorTcsi Oojee
IIMPOKUE HKOJOTUYECKUE TIOCHE/ACTBUS HAKOIUICHUS MONUATHIEHA M TOMYEPKUBACTCS
HEOOXOMMOCTh CPOYHOIO PEIICHUS 3THX MpolseM. M3ydarorcs paziudHble MOIXOABI K
CHIDKCHHIO  3arps3HEHUsS]  TMOJMATHIICHOM, Takue KaKk  MHKPOOMOJIOTMYEcKoe U
(epMeHTaTHBHOE pa3IOKeHHE, COBPEMEHHBIE METONbl TepepadoTku M pazpaboTka
OuopasznaraeMpIX MOJMMEPHBIX ajbTepHAaTHB. lIpeacTaBieHbl pe3ysbTaThl SKCIEPUMEHTOB
M0 PA3JIOKEHUIO TIOJIMATUICHA B PA3NIUUHBIX (PM3UUECKUX, XUMHYECKUX U OMOJIOrMYECKHX
YCIIOBUSIX.

[omyyeHHble JaHHBIE COMPOBOXKIAIOTCA TAOMMIIAMHM W AWarpaMMaMHM, HarjsaHO
JIEMOHCTPHPYIOUIMMH 3((PEKTUBHOCTh Pa3IUYHBIX CTPATETHil Pa3IoXKeHHs U JAIONIUMH
IpeJicTaBIeHHE 0 OoJiee yCTOWIMBBIX METOAX YIPABICHHUS TUIACTUKOBBIMH OTXO/IaMH.

KiroueBble cjI0OBa: TOMMATWICH, IUIACTUK, (H3UKO-XMMHUYECKMH  AHAIM3;
HKOCHCTEMA; 3arpsi3HEHUE; IKCIIEPUMEHTBI; MOJIMMEPHI; TIPOLIECC; OIpeeTICHHE; MapameTp;
KOHTPOJIb.

A.E. Menaspiranuesa 10.B. JlonyxoBa
MNOJINDITUJIEH KOPIHAFAH OPTAHBIH JIACTAYUIBI KO3I

Annarna. [omustunen — OepiKTiri, )KEeHUIIIr, Y3aK YaKbIT CaKTaTybl )KOHE OHIIpic
KYHBIHBIH TOMEHJII apKachlHIa €H KeH TapajfaH CHHTETUKAJbIK MOJUMepiepiH Oipi.
Anaiina OHBIH JKammail KONJAHBUTYbl MEH TaOWFM JKOJIMEH BIIbIpayFa Te3IMIUTIr
alTapIIbIKTail AKOJOTHSIIBIK MOcelenepre OKewinm OThIp. byn Makanmama TONMATHICHHIH
KOpIIaFaH OpTaHbl JlacTayFa ocep €TeTIH HEeri3ri MEXaHU3MIEpl, COHBIH IIIiH/Ie
MUKPOILIACTUKTEPAIH TY3Ulyl, TONBIpAK MEH CYy SKOKYHENepiHIH JacTaHybl, COHAAi-aK
OCIMJIIKTEp MEH >aHyapilapra *oHE ajaM JCHCAYJbIFbIHA KETIPETIH 3USHBI TaJaHaJlbl.
CoHbIMEH KaTap MOJMATWICHHIH KUHATYbIHAH TYBIHIAUTBIH ayKbIMIbI SKOJIOIHMSIIBIK
cajmapiap KapacThIPbUIBI, OYJT MOCENEHI Kelen MICHIyAlH ©3€KTUIr aram eTileN.
[Momu TriieHMeH JNlacTaHy[pl a3alTyFa OaFbITTAJFaH TYpPJi TOCUIAEp, aram alTKaHMa,
MHUKPOOHOJIOTHSITBIK KoHE (DEpMEHTATUBTIK BIIIBIPATy, 3aMaHay! KaiiTa eHIey 9/ICTepl XKoHe
OUOJIOTHSIIBIK BIIBIPANTHIH ITOJMMEp OalaMaapbIH jKacay KOJIAAphl YChIHBUIAIBL.

[MonuaTHieHHIH SpTYp: (PU3NKAJIBIK, XUMUSUIBIK JKoHEe OMOJIOTHSIIBIK XKaFJaiinapaarsl
BIIbIpay yzepici OOWBIHINA JKYPri3UIreH AKCHEPUMEHTTEPIIH HOTIDKENEpl KOpCeTiil,
KecTeliep MEH Juarpammanap TypiHze OepimreH. bynm gepekrep opTypini  blapIpary
CTpaTeTUsUIAPbIHBIH THIMIIUTITIH KOPCETIIl, TUNIACTUKATBIK KAJIBIKTAPIbl HEFYPIIBIM TYPAKThI
Gackapy >KOJIIapbIH YChIHAIBI.

Kiarrik ce3jep: MoNMMATUICH; TUIACTHK, (U3UKA-XUMHUSIIBIK Talaay; JKOXKYHe,
JacTaHy; SKCIIEpUMEHTTED; MOIUMEpIIEp; YAEpic; aHBIKTay; apaMeTp; OakpLiay.
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