Water and Water Purification Technologies. Scientific and Technical News ISSN 2218-9300

MICROPLASTICS IN NATURAL WATER:

SOURCES AND DETERMINATION
M. Litynskal

!National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Ukraine,
m.litynska-2017 @kpi.ua
DOI: https://doi.org/10.20535/2218-930032022277748

The paper is devoted for origin of microplastics in aquatic environment and possible methods of
characterization and analysis. According to US National Oceanic and Atmospheric Administration,
microplastics are synthetic organic polymer particles with a size less than 5 mm. Microplastics
pollution is a significant ecological problem in the world. A lot of surface waters are significantly
polluted by various types of microplastics. These pollutants were found in rivers, lakes, oceans,
sediments, wastewater, drinking water and bottled water. But in Ukraine microplastic problem of
surface water do not meet the interest of scientists and ecological organizations. Disintegration of
plastic waste is one of the main sources of microplastics in water. But there are a lot of other
sources of primary and secondary microplastics, including components personal care products,
industrial abrasives, abrasion from car tires, paint failure, industrial processes, textile washing, at-
sea losses, etc. Microplastics can harm ecosystems and cause many health problems for different
organisms, including problems with feeding and digestion, endocrine disruptions and changes in
cellular functions. In general, health effects and environmental impacts are dependent on the size of
the microplastic particles and chemical structure of these polymers. Thus, it is very important to
understand chemical composition, physical forms, transport in environment and fragmentation of
microplastics due to the need to predict possible exposure effects. There are a lot of methods for
characterization and analysis of microplastics, but all of them have some disadvantages.
Microplastics determination is often especially difficult for water with low microplastics content
due to very large volumes of water samples and very small mass of separated plastics.
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In general microplastics presence in

1. Introduction _ _ _ o
aquatic environment is one of the significant

According to US National Oceanic and
Atmospheric  Administration, microplastics
are synthetic organic polymer particles with a

water quality problems in XXI century,
because now these particles are present in
different rivers, lakes, oceans, sediments,

size less than 5 mm (Duis & Coors, 2016).
Microplastics have been investigated for
over 50 vyears especially in the marine
environment, but only in recent years research
has also started to focus on freshwater
environments (Scherer et al., 2020).
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soils, wastewater, drinking water and even
bottled water. For example in the surface
layer of River Danube between Vienna
(Austria) and Bratislava (Czech Republic)
mean concentration of small plastic items was
0.938 items/m? in 2010 (Duis & Coors, 2016).
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Microplastics are ubiquitous
contaminants and can harm different
ecosystems (Prata, 2018).

Microplastics occupy different areas of
the water column and benthic sediments due
to the varying density of different plastic
materials (Bergmann, 2015). Plankton-
consuming organisms are at risk of
accidentally or selectively ingesting of
microplastics with plankton due to mixing
and interruption of these suspended particles
and plankton.

Evaluating the harmful impacts of
microplastics on the ecosystem is a difficult
task as they come in a range of physical
characteristics such as size, shape, color, etc.,
as well as chemical compounds like polymer,
adhesives, and other chemicals. These factors
determine  the  fate, transport, and
bioaccumulation of microplastics in various
ecosystems (Kumar et al., 2022). In general,
health effects are dependent on the size and
type of the microplastic particles.

Microplastics with the size about
1-5 mm may compromise feeding and
digestion. Microplastics can become trapped
in an organism and cause toxic effects by
obstructing bodily pathways (Katare et al.,
2022). Very small microplastic particles may
permeate into the lipid membranes of
organisms, altering the membrane structure,
membrane protein activity, and therefore
cellular function (Bergmann, 2015).

Depending on their density,
microplastics can either float and come into
contact with pelagic organisms on the surface
of the water (low-density microplastics) or
sink to the bottom of the water and interact
with  benthic  organisms  (high-density
microplastics) (Kumar et al., 2022). Low-
density microplastics can also impede
photosynthesis of algae, mix with food
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sources, and create additional toxicity in
bodily systems (Katare et al., 2022).

Polythene and propylene, for instance,
can cause an accumulation of polycyclic
aromatic  hydrocarbons  (PAHs)  and
polychlorinated biphenyls (PCBs) within an
organism (Katare et al., 2022).

According to the some experiments
(Duis & Coors, 2016), consumption of
microplastics may provoke endocrine
disruption for freshwater fish.

So, nowadays microplastics pollution is
very important problem due to significant and
insufficiently explored environment and
health effects of these pollutants.

2. Microplastics Origin and
Presence in Aquatic Environment

Every year rivers carry 1.25-
2.41 million tons of plastic material into the
seas and oceans (Kurtela & Antolovi¢, 2019).
Urbanization and industry are among the most
significant causes of microplastics pollution
in rivers (Scherer et al., 2020). In the water
residue inside the USA there are 3.5-10°
microplastic units per 1 L, but in Mongolia
microplastic content in water is only
2.0-10* units/L (Katare et al., 2022).

Ukraine is the country with significant
urbanization, large consumption of different
synthetic polymers and not enough effective
waste sorting, so problem of microplastics
presence in surface water may become more
and more acute.

The problem of plastic waste first
appeared in the 1950s due to beginning of
massive production of plastic. Now plastic
production reached 300 million tons per year
and about 50 % of these plastic products are
single used (Kurtela & Antolovi¢, 2019).

About 15-50 % of plastic waste is
dumped into oceans. This typically occurs
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after plastic waste ends up on land or when
plastic materials are carried by wind or
flowing water and discarded into water bodies
like oceans, rivers, lakes, etc. (Katare et al.,
2022). The freshwater ecosystem receives
microplastics from the terrestrial environment
and transport the polluted water to the seas
and oceans (Katare et al., 2022). Moreover,
polluted rivers and lakes are freshwater
sources, which are used for drinking water
production.

Nowadays in the environment there are
a lot of various microplastics with differing in
size, shape, chemical composition and
specific density that originate from a variety
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of different sources (Duis & Coors, 2016).
But in general scientists can divide
microplastics into two sections. There are
primary (produced in a micro-size range) and
secondary (produced by the fragmentation of
macroplastics) microplastics (Figure 1).

Disintegration of plastic waste is one of
the main sources of microplastics in water.
But there are a lot of other sources of primary
and secondary microplastics, including
discharge after wastewater treatment, tire
wear, paint failure, industrial processes,
textile washing, at-sea losses, etc. (Duis &
Coors, 2016; Hale et al., 2020).

MICROPLASTICS

>
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| * Microplastic abrasives in personal care products and
medical products

* Industrial abrasives
'+ Drilling fluids in oil/gas explorations

| » Small particle losses in plastic production

Fig 1. Microplastics classification

Microplastics are commonly found in
freshwater, with the number concentrations
ranging widely - from 102 to 10® units/m?
(Koelmans et al., 2019).

PE and PP microplastics are the main
types of microplastics in freshwater systems
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Plastic-containing waste

Losses of plastic materials during natural disasters and
catastrophes

Abrasion from different plastic materials and car tires
Synthetic polymer paints

Lost or discarded plastic materials from different ships
and boats, aquaculturefacilities, oil and gas platforms

Synthetic polymer particles for soil improving

Release of fibers from synthetic textiles

(Zhao et al., 2022). The order of the most
commonly detected polymers globally is PE =
PP > PS > PVC > PET, which likely reflects
global plastic demand and a greater tendency
for PVC and PET to settle due to their higher
densities (Koelmans et al., 2019).
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Fibers, fragments, film, foam, and
pellets are the most frequently shapes of
microplastics (Koelmans et al., 2019; Li et al.,
2018; Yu et al., 2018). Fibers were found in
95 % water samples, fragments and films
were found in 86 % and 74 % of samples,
respectively (Kumar et al., 2022).

3. Methods of Microplastics
Characterization and Analysis

Understanding of chemical
composition, shapes and fragmentation of
microplastics is very important for risk
assessment and prediction of environmental
impact.

There are two stages to analyze
microplastics: purification and extraction as
the first step, followed by quantification and
identification as the second step. Initially,
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microplastics need to be separated from the
primary medium to enhance or
modify subsequent quantification and/or
identification (Katare et al., 2022).

There are a lot of methods for
characterization and analysis of microplastics,
but all of them have some disadvantages
(Table 1) (Hale et al., 2020; Litynska et al.,
2022). But some problems occur when using
any method of characterization and analysis
of microplastics.

All methods usually have one common
preparation stage, namely filtration of water
sample throw membrane filter. Surface waters
often contain a lot of natural organic matter,
which causes fouling of membrane filter
during filtration of large volumes of water
samples. Thus, sometimes separation of
microplastics from natural water is difficult
and very prolonged process.

Table 1. Microplastics classification (Litynska et al., 2022)

Methods

Disadvantages

Light microscopy

Method cannot provide chemical composition;
cannot differentiate synthetic polymers from sample
interferences

Fourier transform infrared
spectroscopy (FTIR)

Conventional FTIR is typically limited to targets >10
um due to diffraction limit considerations

Raman microspectroscopy

Very expensive equipment

Atomic force microscopy

Very expensive equipment

Optical photothermal infrared
spectroscopy

Very expensive equipment

Fluorescence microscopy with
usage of a lipophilic fluorescent
dye (Nile red)

A lot of biogenic materials, including chitin, also are
fluorescent

Method cannot differentiate synthetic polymers from
these biogenic materials

Pyrolysis gas
chromatography/mass
spectrometry (GC/MS)

Very expensive equipment;
method cannot determine size and shape;
destruction of samples

Nuclear magnetic resonance

Very expensive equipment;
method cannot determine size and shape;
destruction of samples
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Also microplastics determination s
especially difficult for water with low
microplastics content due to very large
volumes of water samples and very small
mass of separated microplastics (Chaudhari &
Samnani, 2023; Terzi et al.,, 2022). This
problem may be typical for many Ukrainian
natural waters due to the insignificant use of
plastic packaging materials in the USSR.
Plastic waste takes a long time to break down
into microplastics. Therefore, the plastic
waste that has accumulated over the past
decades can yet incompletely destructed into
microplastics and can be in the state of
macroplastics.

But, despite all difficulties, from an
environmental point of view, the definition of
microplastics in natural waters is very
important and necessary.

4. Conclusions

Microplastic pollution is a major
ecological issue worldwide. According to the
US National Oceanic and Atmospheric
Administration, microplastics are synthetic
polymer particles with a size of less than 5
mm. The problem of plastic waste first
emerged in the 1950s with the start of plastic
production on a massive scale. Currently,
plastic production has reached 300 million
tons per year, and approximately 50% of
these plastic products are single-use items.
The disintegration of plastic waste is a
significant source of microplastics in water,
but there are many other sources, including
the release of wastewater after treatment, tire
wear, paint failure, industrial processes,
textile washing, at-sea losses, etc.

Numerous methods exist for
characterizing and analyzing microplastics,
though each method has its disadvantages.
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However, challenges often arise when
applying any method for the characterization
and analysis of microplastics.

Typically, all methods include a
common preparation stage, which involves
filtering a water sample through a membrane
filter.

Light microscopy is the most popular
and the least expensive method of
microplastic determination, but this method
cannot provide chemical composition and
cannot differentiate synthetic polymers from
sample interferences.

Raman microspectroscopy, atomic force
microscopy, optical photothermal infrared
spectroscopy are the most precise methods,
but all of them require very expensive
equipment.

Regardless of the challenges that come
with it, defining the presence of microplastics
in natural waters is vital and essential from an
environmental standpoint.
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MIKPOIIVIACTHUK Y HPUPOAHUX BOJAX:
J/AKEPEJIA TA BUSHAUYEHHA
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Cmamms npuceéauena o0dxcepaiam NOMPANIAHHA MIKPONIACMUKY 00 6000UM MAd MONCIUBUM
Memodam xapakmepuzayii ma auanizy yux nomomanmis. 32iono Hayionanvnozo ynpaeninus
okeaHiuHux i ammocgeprux oocnioxcenv CILIA, mikponracmuk — ye YaACMUHKU CUHMEMUUHO2O
Op2aHiuHO20 NONIMeEPY DPO3IMIPOM MeHule S MM. 3abpyOHeHHs MIKPONIACMUKOM € Cepuo3HOI0
C8IMOBOI0 eKO02TUHOW Nnpobaemoro. bacamo nosepxnegux 600 € 6 3HAUHIU MIpi 3a0pyOHEeHUMU
pisHuMu euoamu mikponaacmuxy. Lli nomromaumu Oyiu 3natioeHi 6 piukax, 03epax, OKeawax,
0Cca0o8ux GIOKIAOEHHAX, CMIYHUX 600aX, NUMHILl 800i ma Oymuibo8awiu 600i. Ane 6 Yxpaiui
npobiema NpUCYmHOCmi MIKpONIACMUKY Y NOBEPXHEGUX 800aX He BUKIUKAE 3HAYHO2O iHmepecy
HAYK0B8YI6 ma eKoN02iYHUX opeaHizayil. Po3kiadants niacmuxkosux 8ioxo0ie € 0OHUM i3 OCHOBHUX
ooicepen MIKponiacmuky y 600i. Ane icHye 6azamo iHwux Oxicepen NepeuHHO20 Mma 6MOPUHHO2O
MIKPONIACMUKY, HANPUKIAO, KOMHOHEHmU 3aco0ie 0cobucmoi 2icicHu, npoMuciosi abpazusu,
YACTMUHKU 8I0 CMUPAHHA ABMOMOOINLHUX WIUH, YACMUHKU Gapbd, NPOoMUCTIO8] npoyecu, NPaHHs
mexkcmuno mowjo. Mikponaacmux modice 3a60a8amu WKOOU eKOCUCEMAM i UKIUKamu 6azamo
npobnem 3i 300p08’aAM y PIZHUX OP2aHI3MI8, 6KIIOYAIOYU NPOOIEMU 3 IHCUBNEHHAM | MPAGIeHHIM,
EeHOOKPUHHI pO31a0u Ma 3MIHU KIIMUHHUX QYHKYIU. 3a2aiom 6naue Ha 300p06’ s ma HABKOIUUHE
cepedoguuje 3a1exHCums 6i0 po3Mipy UYACMUHOK MIKPONAACMUKY Mda XIMIYHOI CMpPYKmMypu yux
nonimepis. Takum yunom, OydHce 8a3CIUBO 3HAMU XIMIYHUL CKIAO0, (popmy ma ocobausocmi miepayii
MIKDONAACMUKY 6 HABKOIUWHbOMY Cepedosulyi, OCKibKU Y IHgopmayis € nompioHow 0
NPOCHO3YBAHHS MOMCIUBUX eqhekmig enaugy. Icnye bazamo memoodié xapakmepusayii ma auanizy
MIKPONIACMUKY, dlle 8Ci GOHU Marwmb OesKi Hedoniku. Buznauenus mikponiacmuky uacmo €
0CcoONMUBO CKIAOHUM OJis1 800 3 HUZLKUM 8MICIOM MIKPONIACIUKY BHACIIOOK HE0OXIOHOCMI Oyaice
8eUKUX 00’ €MI8 NpoH 600U Mma Oyice MAN0i MAcU 8i0OKPEMIEHO20 NAACHUKY.

Kniouosi cnosa:. sooune cepedosuwje, 3a0pyOHeHHs 600U, 3A0PYOHEHHS MIKPONIACMUKOM,
NIACMUK08i 8i0X00U, YaCMUHKU MIKDONIACMUKY
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