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The article addresses the problem of surface water contamination by microplastics caused
by the intensive use of polymeric materials and their accumulation in the natural environment.
It is shown that microplastic particles can persist in water bodies for long periods, adsorb and
transport toxic impurities, and negatively affect aquatic ecosystems and drinking water quality,
creating additional risks for centralized and local water supply systems and necessitating the
improvement of modern water treatment technologies.

Modern approaches to the purification of surface waters from fine-dispersed polymer particles
are analyzed, and the limitations of conventional water treatment methods are identified, as they
do not ensure stable microplastic removal across a wide particle-size range and under variable
source water quality conditions. The feasibility of applying membrane technologies, particularly
ultrafiltration, as an effective barrier purification method capable of providing selective
separation of the flow and stable treated water quality is substantiated.

A conceptual technological scheme for multistage surface water treatment has been
developed, including mechanical pretreatment, reagent conditioning, an ultrafiltration membrane
unit, sorption polishing, and ultraviolet disinfection. The main technological parameters of the
treatment process determining productivity, hydraulic stability, and operational reliability of
the membrane system were evaluated. It is shown that the application of ultrafiltration ensures
removal of more than 95% of microplastics, reduction of treated water turbidity to values
below 0.1 NTU, and specific energy consumption within 0.10-0.22 kWh/m? of permeate. It was
established that combining membrane separation with preliminary reagent treatment reduces
membrane loading, decreases fouling intensity, and improves operational stability.

1t is concluded that membrane technologies are advisable for use in surface water treatment
schemes and can be applied in the modernization of existing water treatment plants as well as in
the development of modular local water purification units providing predictably stable permeate
quality.

Key words: microplastics, surface waters, membrane technologies, ultrafiltration, water
treatment, drinking water quality, membrane processes, barrier treatment, water supply.

Kosanenxo P. 1O. Yavmpaginempauis ak 6ap’epruii memoo udaneHns MiKpoOnaacmuKy
3 noeepxnesux 600

Y cmammi pozensinymo npobremy 3a6pyoHeHHs NOBEPXHEBUX 600 MIKDONAACMUKOM, WO
3YMO61eHA IHMEHCUBHUM BUKOPUCTIAHHAM NOLIMEPHUX MAMEPIANi6 ma iX HAaKONUYEeHHAM Y Npu-
pooHomy cepedosuwyi. TToxkazano, wo MIKPORAACMUKOBL YACMUHKU 30aMHI mpusauil uac 3oepi-
2amucs y 600HUX 00 €kmax, aocopoysamu ma nepeHoCUumy MoKCU4Hi OOMIUKU, a4 MAKOXHC Head-
MUBHO BNAUBATNU HA 60OHT eKOCUCTEMU | SIKICMb NUMHOT 800U, WO CMBOPIOE 00OAMKOBI PUUKU
01 cucmem YyeHmpanizoeaHo2o ma JOKAIbHO20 6000NOCMAYAHHA | 00YMOBNI0E HeOOXIOHICMb
YOOCKOHANLEHHSL CYYACHUX MEXHON02IT 6000NI020MOBKU.

Ipoananizoeano cyyacHi nioxoou 00 OHYUWEHHS NOBEPXHEBUX 800 6I0 OPIOHOOUCNEPCHUX
NONIMEPHUX HYACTNUHOK MA 6CMAHOBLEHO 0OMEeNCeHHs MPAOUYIUHUX MemoOdié 80000UULYCHHS,
sKi He 3a0e3neuyoms CmabilbHO20 BUNYYEHH MIKPONIAACMUKY Y WUPOKOMY OianazoHi posmi-
I8 HacmuHOK ma 3a 3MiHHOI siKocmi 8UXionol 600u. OOTPYHMOBAHO OOYIILHICMb 3ACMOCY8ANHS
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MeMOPAHHUX MeXHONO02IU, 30Kpema yiompagitempayii, K epekmusHoco 6ap’epro2o memooy
ouuWents, 30amHo20 3a0e3neyy8amu celeKmughe po30iieHHs G00H020 NOMOKY ma cmadiibhy
SAKICMb OHUUeHOT 800U

Y pobomi pospobneno npunyunogy mexmonoeiuny cxemy 0a2amocmynene8oeo OYuuyeHHs
NOBEPXHEBOT 600U, WO BKIIOUAE MeXaHiuHe NONePeoHE OYUUeHHs, pedzeHmHy O0OpOOKY, Ylb-
mpaginempayivinutl Memopannull 6110k, copoyiiine 00ouUWeHHs. ma Yibmpagionemose 3He3a-
padicents. Bukonano oyinio8anHs OCHOBHUX MEXHONO2IUHUX NAPAMEMPIE8 Npoyecy O4ulyeHns,
WO BUBHAUAIOMb NPOOYKMUBHICTb, 2IOPAGIIUHY CMADLIbHICMb MA eKCHIYAMAayiiuHy HAOIHICMb
MemOpanHoi cucmemu, i NOKA3AHO, WO 3ACOCY8ANHA YIbmpadinbmpayil 3a6e3neuye UoaIeHHs
nOHAO0 95 % MIKPONAACMUKY, 3HUICEHHSL MYMHOCTI oYuLyenoi 600u 0o 3navenv menuwe 0,1 NTU
ma numomi enepeosumpamu 8 medxcax 0,10-0,22 kBm-200/m> nepmeamy. Bcmanoeéneno, wjo
NOCOHAHMS MEMOPAHHO20 PO30LNEHHsL 3 NONEPEOHbOIO PEa2eHMHOI0 0OPOOKOIO 3MEHWLYE HABAH-
MAdCEHHs Ha MeMOPAHU, 3HUNCYE IHMEHCUBHICMb (Dayniney ma niosuwye cmaobinbHicms pobomu
YCMAaHOBKU.

3pobaeno 6ucro6ok npo 0oyinbHiCIb BUKOPUCTIAHHS MEMOPAHHUX MEXHONO02IU Y CXeMAax o4u-
WJeHHSl NOBEPXHEBUX 600, A MAKONC NPO MOICIUBICMb IX 3ACMOCY8AHHS Ni0 Yac MoOepHizayii
icHylouux cmaunyit 6000Ni020MOBKU MA CIMBOPEHHS MOOYILHUX YCIMAHOBOK JIOKANLHO20 60000-
YUWeHHS 3 NPOCHO308AHO CIMADITLHOIO AKICMIO nepmeamy.

Knrwowuoei cnosa: mixponiacmuk, nosepxmuesi 600U, MeMOpanHi mexHonozii, yiompaginempa-
Yist, 6000NI020MOBKA, OYUUeHHST 800U, AKICIb 800U, MEMOPAHHI npoyecu, 6ap epue ouulyeHHs,
6000N0CMAYAHHS.

Introduction. Surface water contamination by microplastics is one of the most press-
ing environmental problems of modern times, caused by the intensive use of polymeric
materials and their long-term persistence in the natural environment [1,2]. Microplastic
particles can accumulate in water bodies, adsorb and transport toxic substances, and
negatively affect aquatic ecosystems and drinking water quality [1]. In this regard, their
removal from natural water sources has become an important task for ensuring environ-
mental safety and the reliability of water supply systems.

Particular concern is associated with the entry of microplastics into centralized water
supply sources, since conventional water treatment methods do not ensure sufficient
removal of fine-dispersed polymer particles, especially across a wide particle-size range
[3]. This necessitates the improvement of existing technological approaches and the
search for effective solutions for removing microplastics from surface waters.

One of the promising approaches to improving water purification efficiency is the
application of membrane technologies, particularly ultrafiltration, which makes it possi-
ble to create a reliable barrier for suspended particles, colloidal impurities, and microor-
ganisms [4]. Membrane processes provide selective flow separation and can be used as
a key stage in modern multistage water treatment schemes.

Therefore, investigating the potential application of membrane systems and devel-
oping technological schemes for surface water treatment using ultrafiltration, as well
as evaluating their technological efficiency and operational parameters in microplastic
removal, is of considerable relevance.

Analysis of Recent Research and Publications. In recent years, the problem of
microplastic contamination of aquatic ecosystems has attracted considerable attention
from researchers due to its persistence in the natural environment and its potential impact
on environmental safety and public health [2,5]. Studies indicate that microplastics are
widely distributed in surface waters, and their concentration in water supply sources
may reach thousands of particles per liter [6,7], which confirms the need to improve
water treatment technologies.

Scientific publications report that conventional water treatment methods (coagula-
tion, sedimentation, sand filtration) do not ensure complete removal of fine-dispersed
polymer particles, especially in the micro- and nanoscale ranges [8,9]. Therefore,
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modern barrier treatment methods are being actively investigated, among which mem-
brane technologies occupy a leading position [4].

Studies devoted to the application of membrane processes have shown that micro-
filtration, ultrafiltration, and membrane bioreactors can provide very high microplastic
removal efficiency, which in some cases reaches 99—100% [4,10]. Research also con-
firms that the size of most microplastic particles exceeds the pore size of ultrafiltration
membranes, making this method effective for their retention [3,4].

Individual experimental studies demonstrate that membrane installations are capable
of ensuring effective purification of natural and river waters from microplastics while
simultaneously reducing turbidity and suspended solids [11,12]. At the same time,
researchers note a number of technological challenges, in particular the possibility of
membrane fouling and an increase in transmembrane pressure due to the accumulation
of microplastic particles in the feed water [4,10].

Recent studies also consider new composite and modified membranes capable of
increasing selectivity and reducing fouling effects, which opens prospects for the wide
application of membrane technologies in water supply systems and local water purifi-
cation [4].

Thus, the analysis of scientific sources indicates the high efficiency of membrane
technologies in removing microplastics from water and confirms the feasibility of fur-
ther research into their application in surface water treatment schemes.

The aim of this study is to provide a scientific justification for the application of
membrane technologies for the removal of microplastics from surface waters and to
evaluate their technological efficiency within modern water treatment systems.

Materials and Methods. The study materials included data on the current state of
surface water contamination by microplastics, hydrochemical parameters of natural
water supply sources, as well as analytical and calculation materials obtained during
the qualification study devoted to substantiating membrane water treatment technology.

The study considered a water treatment process scheme involving multistage puri-
fication of surface water using mechanical pretreatment, coagulation treatment, and an
ultrafiltration membrane unit. Hollow-fiber ultrafiltration membranes were investigated
as the primary barrier for microplastic removal, capable of retaining suspended and
colloidal particles through selective flow separation.

The methodological framework of the study included analytical, comparative, and
engineering calculation methods. The analytical method was applied to summarize sci-
entific sources concerning the distribution of microplastics in the aquatic environment
and modern methods for their removal. Comparative analysis was used to evaluate the
efficiency of membrane technologies in comparison with conventional water treatment
methods.

Engineering calculation methods were used to determine the key parameters of the
ultrafiltration process, including hydraulic loading, membrane module productivity,
membrane surface area, and specific energy consumption of the installation. Treatment
efficiency was evaluated based on indicators such as turbidity reduction, suspended sol-
ids concentration, and the estimated content of microplastic particles in the permeate.

The obtained results were generalized taking into account regulatory requirements
for drinking water quality and current technological recommendations for the operation
of membrane water treatment systems [4].

Results. As a result of the conducted study, a technological scheme for surface water
purification from microplastics using membrane ultrafiltration was developed, pro-
viding multistage removal of suspended and colloidal impurities and forming a stable
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barrier effect for fine-dispersed polymer particles. The conceptual scheme of the treat-
ment unit is shown in Fig. 1.

&
FT,
3
7
-l 10 12
5 AR RN
Y g~ SPS S T N | Ter T Jawr o » -
G o] — i g
12 5 i g i
‘ Cencaatrate
Pa draae

dsewer)

Fig. 1. Conceptual technological scheme of the surface water treatment unit using
ultrafiltration: 1 — feed pump; 2 — mechanical filter; 3 — dosing pump; 4 — reagent tank;
5 — static mixer; 6 — contact tubular reactor; 7 — ultrafiltration unit; 8 — permeate buffer

tank; 9 — sorption column; 10 — ultraviolet reactor; 11 — clean water tank / supply,

12 — clean water supply pump

The technological process involves pumping raw water into the mechanical pretreat-
ment system, where coarse particles are removed in a mechanical filter. The application
of the pretreatment stage makes it possible to reduce the load on subsequent elements
of the technological scheme and to ensure more stable hydraulic operating conditions
of the membrane equipment. To increase the efficiency of subsequent membrane sepa-
ration, reagent dosing from the reagent tank is provided using a dosing pump, followed
by mixing in a static mixer and a contact tubular reactor, which ensures enlargement
of suspended particles, partial aggregation of colloids, and improves the conditions for
their retention on the membrane surface.

The main element of the technological scheme is the ultrafiltration unit, in which
barrier flow separation occurs with the formation of permeate and concentrate. The
membrane process ensures retention of microplastic particles, colloids, microorganisms,
and suspended solids due to membrane pore selectivity, formation of a dynamic filtra-
tion layer, and the pressure difference across the membrane surface [4]. The efficiency
of the ultrafiltration unit is determined by the quality of preliminary water preparation,
hydraulic loading, filtration regime, and the degree of membrane fouling [4]. The con-
centrate is discharged into the drainage system, while the purified water is accumulated
in the permeate buffer tank, which allows stabilization of the hydraulic supply regime to
subsequent treatment stages.

To ensure stable treated water quality, the scheme includes additional polishing
in a sorption column, where residual organic impurities and coagulation products are
removed, as well as disinfection in an ultraviolet reactor. After that, the water enters
the clean water tank and is supplied to the water distribution system by a supply pump,
ensuring the required operational parameters of the system.
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The calculated operating parameters of the ultrafiltration unit indicate that the
application of membrane technology makes it possible to ensure effective removal of
fine-dispersed impurities and microplastic particles from surface waters. The calculated
parameters of the technological scheme show that ultrafiltration can provide removal of
more than 95% of microplastics, reduction of treated water turbidity to values below 0.1
NTU, and specific energy consumption within 0.10-0.22 kWh/m? of permeate. These
indicators meet modern requirements for the efficiency of membrane water treatment
systems and confirm the technical feasibility of using ultrafiltration as the main barrier
treatment stage. The obtained results are consistent with previous studies reporting high
efficiency of ultrafiltration for microplastic removal [4].

The use of preliminary coagulation treatment and a multistage purification scheme
reduces membrane loading, improves the operational stability of the installation,
decreases the rate of transmembrane pressure growth, and increases the duration
between cleaning cycles. The proposed technological scheme can be applied during
the reconstruction of existing water treatment plants as well as for the development of
modular surface water treatment units in centralized and local water supply systems.

Conclusions. The analysis of modern scientific studies has shown that microplastics
are a widespread contaminant of surface waters, while conventional water treatment
technologies do not ensure sufficient removal efficiency, which substantiates the need
for barrier purification methods.

In this study, a conceptual technological scheme for surface water treatment was
scientifically substantiated and developed, combining mechanical pretreatment, reagent
conditioning, an ultrafiltration membrane unit, sorption polishing, and ultraviolet dis-
infection, ensuring comprehensive removal of suspended and colloidal impurities and
forming an effective barrier for microplastic retention.

The obtained calculated parameters confirm that the application of ultrafiltration ensures
removal of more than 95% of microplastics, reduction of treated water turbidity to values
below 0.1 NTU, and specific energy consumption within 0.10-0.22 kWh/m? of permeate.

It was established that the use of preliminary coagulation treatment and a multistage
purification scheme reduces the load on membrane elements, improves the operational
reliability of the installation, and increases the duration of its continuous operation.

The proposed technological solution can be applied during the modernization of
existing water treatment plants as well as in the development of modular surface water
treatment units for centralized and local water supply systems.
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