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The article highlights the urgent problem of reducing the eutrophication of surface water
bodies under the conditions of increasing biogenic loading and intensification of anthropogenic
impact on water resources. The features of water quality formation in reservoirs and coastal
water areas are considered, and the key factors that cause the accumulation of nitrogen and
phosphorus compounds, the development of “algal blooms”, deterioration of transparency and
oxygen regime are identified. Attention is focused on the limitations of traditional technological
methods of combating eutrophication, which require significant financial costs and do not always
ensure a long-term environmental effect, which determines the feasibility of introducing nature-
based and bio-engineering solutions.

Special attention is paid to gabion-based bio-platforms as a local bio-engineering structure
that combines the functions of bank protection and a natural bio-filter. The structural features
of gabion blocks with crushed stone filling, the filtration-sorption soil layer and emergent
aquatic vegetation are considered, which ensure mechanical filtration, sorption and biochemical
transformation of nitrogen and phosphorus compounds. The principle of operation of the
bio-platform, the role of biofilms and the root zone in reducing the concentration of biogenic
components, as well as the possibilities of integrating such structures into the coastal zones of
reservoirs and recreational water bodies are analysed.

The paper presents the results of analytical and comparative assessment of the efficiency of
gabion-based bio-platforms as a nature-based technology for reducing biogenic loading. It has
been established that the use of such bio-engineering structures contributes to the improvement of
water quality, stabilization of coastal ecosystems, reduction of the risk of eutrophication processes
and at the same time is characterized by relatively low operational costs. It is concluded that
gabion-based bio-platforms are expedient to be implemented in the water management practice
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of Ukraine as an effective and durable solution for local purification of surface waters and
increasing the ecological stability of water bodies.

Key words: bio-platform, gabion structures, eutrophication, nutrients, bio-engineering
structures, nature-based technologies, water quality, coastal zone, filtration, phytoremediation.

Kosanenko P. IO. 3acmocysanns oOionnamo Ha 2a0ioHHIll OCHOGI 0711 3MEHUIEHH:
esmpodghikayii nosepxnesux 6000UM

Y cmammi euceimneno axmyanvhy npobiemy 3smenuienHs esmpoghikayii noeepxuesux
60001M 6 YMOBAX 3pOCMANHs OI02eHH020 HABAHMAICCHHSA MA IHMeHCUDIKayii anmpono2enno2o
6naU8y Ha 600HI pecypcu. Pozenamymo ocobnueocmi opmysanus akocmi 600U y 8000CX08U-
wax i npubepesiCcHux aKeamopiax, GUSHAYEHO KII0YO0GI YUHHUKU, WO 3YMOBIIOI0Mb HAKONUYEHHS]
cnonyk azomy ma ¢ghocghopy, po3euUmox «yeiminHa 00Uy, NOSIPUIEHHS NPO30POCHT MA KUCHe-
6020 pexcumy. AKYeHmMoBaHO HA OOMeNCEeHHAX MPAOUYIIHUX MEXHOLEHHUX Memooie OOpombOU
3 eempodixayicio, K NOMpPedYIoMb 3HAUHUX QIHAHCOBUX BUMPAM MA He 3A8xcOU 3a0e3neyy-
10Mb 00820MPUBANUT €KOIO2IUHUL eheKm, o 00YMOBII0E OOYLTbHICID 8NPOBAONCEHHS NPUPO-
000PIEHMOBAHUX MA OIOIHIHCEHEPHUX PIULEHD.

Ocobausy yeacy npudineno Oionnamo Ha 2aOIOHHIL OCHOGI 5K OioindceHepHill chopyoi
JIOKANLHOL 01, W0 NOEOHY€E PyHKYII bepe2oyKpinients ma npupoono2o biogitempa. Pozensnymo
KOHCMPYKMUGHI 0cobaueocmi 2abionHux O10Ki6 i3 webeHesuUM 3anosHIoeadeM, Qitompayii-
HO-COPOYIIIHO20 [PYHMOBO20 Wapy ma U0l 600HOT pOCIUHHOCHI, 5K 3a0e3neuyonb MexaHiuHy
@irempayiro, copbyiro ma Oioximiuny mpancghopmayiro cnonyk azomy i ocgopy. Ilpoananizo-
6aHO NpuHyUn pobomu Oioniamo, poib OIONIIBOK [ KOPEHe8ol 30HU ) 3MEHUEHHT KOHYenmpayii
6I02eHHUX KOMNOHEHMIB, d MAKONC MONCIUBOCHT IHmMe2payii maxkux cnopyo y npubepexcui 30Hu
6000CX08ULY | PEKPEayitiHUX B0OOUIM.

YV pobomi nagedeno pezynomamu ananimuunoi ma nopieHAIbHOI OYIHKU epeKmueHoCmi
bioniamo Ha 2abiOHHIU OCHOGI SIK NPUPOOOOPIEHMOBAHOL MEXHONOII 3MEeHUeHHS OI02eHH020
Hasanmaoicennst. Bcmanogneno, wo 3acmocyganns 010iHiCEHEPHUX CROPYO YbO2O MUNY CHPUSE
NOKPAWeHHI0 AKOCmi 800U, cmadinizayii npubepelcHux ekocucmem, 3MEHUEHHIO PUSUKIE PO3-
BUMKY €8MPOQIKAYIUHUX NPOYECi8 I 60OHOUAC XAPAKMEPUIYEMBCSA GIOHOCHO HEBETUKUMU eKC-
NAYAMAYitHUMU 8UMPAmMami. 3pooieHo 8UCHOBOK NPO OOYLIbHICb 8NPOBAONCEHHS DIONIAMO
Ha 2a6IOHHIT OCHOBI Y 800020CN00APCHKY NPAKMUKY YKpainu K eghekmusno2o ma 008208iUHO20
piuerts 015t TOKAIbHO20 OYUWEeHHS NOBEPXHEBUX 800 [ NIOBUWEHHS eKON02IUHOI CMIUIKOCMI 600-
HUX 00’ exmia.

Knrwwuosi cnosa: dionnamo, eabionni koncmpykyii, eempogixayis, Oiocenti enemenmu, 6io-
iHJICeHepHI cnopyou, NpUpoO00OPIEHMOBAHT MEXHON02IT, AKICMb 600U, NPUOEPENCHA 30HA, (ilb-
mpayis, GimoouunjeHHs.

Introduction. Eutrophication of surface water bodies is one of the most pressing
environmental problems, especially in Ukraine, where a significant part of the popula-
tion is supplied with water from open sources [1, 2]. Excessive inputs of nitrogen and
phosphorus compounds cause intensive development of phytoplankton, deterioration of
water transparency, depletion of dissolved oxygen, and degradation of aquatic ecosys-
tems. In the reservoirs of the Dnipro River basin, the phenomenon of “algal blooms”
occurs on a regular basis, which complicates the treatment of water for domestic and
drinking purposes [1].

The main sources of biogenic elements include agricultural runoff, municipal and
industrial wastewater. Traditional technogenic methods of combating eutrophication are
costly, energy-intensive and usually provide only short-term effect [2]. Therefore, increas-
ing attention worldwide is being paid to nature-based water treatment technologies.

One of the promising solutions is the use of bio-platforms (bioplateaus) and gabion
structures, which combine the functions of biofiltration and bank protection. Their inte-
grated application makes it possible to reduce biogenic load, improve water quality
and enhance the ecological stability of aquatic ecosystems. In this regard, the scientific
justification of the design of a gabion-based bio-platform and the assessment of the
effectiveness of its application for reducing eutrophication of surface water bodies are
highly relevant.
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Analysis of recent research and publications. The problem of eutrophication of
surface water bodies and the influx of biogenic elements into aquatic ecosystems is
widely covered in the works of Ukrainian and foreign researchers [2—4]. Scientific pub-
lications provide a detailed analysis of natural and anthropogenic factors influencing
biogenic load formation, as well as the role of agricultural runoff, municipal and indus-
trial wastewater, and atmospheric deposition in transforming the trophic status of rivers
and reservoirs [3, 4]. Considerable attention is paid to the mechanisms of phytoplankton
structure transformation, development of “algal blooms”, depletion of dissolved oxy-
gen, and degradation of aquatic communities under conditions of increased concentra-
tions of nitrogen and phosphorus compounds [1, 5].

A number of studies have shown that traditional approaches to combating eutrophi-
cation—such as chemical precipitation of phosphates, advanced reagent-based wastewater
treatment, dredging works, and bank stabilization using massive concrete structures—
generally provide only short-term effects and require significant capital and operational
expenditures [2, 6]. Against this background, nature-based technologies are rapidly devel-
oping. These are based on the application of phytoremediation, constructed or restored
wetlands, riparian buffer zones, infiltration systems, etc. It has been demonstrated that
such systems are capable of effectively reducing concentrations of nitrogen and phos-
phorus compounds, BOD and suspended solids due to the combined action of filtration,
sorption and microbiological transformation processes [7, §].

A separate line of research focuses on floating and shoreline bio-platforms, which
are considered as bio-engineering facilities intended for polishing of surface runoff,
stormwater and drainage waters, as well as for local renaturalization of degraded shore-
line areas [7, 9]. It has been shown that the root zone of macrophytes and the filtration—
sorption substrate ensure intensive removal of nitrogen and phosphorus compounds,
development of biofilms, and stabilization of oxygen conditions in the littoral zone. At
the same time, in most studies bio-platforms are considered mainly from an ecological
perspective—as elements of natural purification—whereas the issues of their engineering
design, structural reliability and long-term durability are insufficiently addressed.

Gabion structures are traditionally used as bank-protection and anti-erosion systems,
as well as elements for regulating channel processes. Modern studies confirm their advan-
tages over rigid concrete stabilisation works, including higher crack resistance, permea-
bility, self-compaction capacity and the formation of coastal biotopes within the stone fill
[10]. In research dedicated to infiltration and combined water-intake systems, gabions are
considered as an efficient medium for biofilm development and preliminary water purifica-
tion during filtration through a gravel-crushed stone backfill layer [10].

However, the analysis of the available literature shows that the issues of integrated
application of bio-platforms and gabion structures as a unified bio-engineering system
for protecting water bodies from biogenic pollution remain insufficiently investigated.
Most publications consider either phytoremediation systems or gabion bank-protection
structures separately, without developing integrated schemes that would simultaneously
perform functions of biofiltration, sediment accumulation, shoreline stabilization and
landscape rehabilitation. The engineering and technological design principles of such
systems, the assessment of their long-term effectiveness in reservoirs with different
hydrological regimes, as well as generalized techno-economic comparison with tradi-
tional eutrophication-control methods remain poorly covered.

Therefore, there is a scientific and practical need for further research aimed at
substantiating the design of gabion-based bio-platforms, assessing their impact on
reducing biogenic load, and determining the economic feasibility of introducing such
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bio-engineering systems into water-management practice in Ukraine. The present study
is devoted to addressing this research gap.

The purpose of the research is to substantiate and evaluate the performance of a gabi-
on-based bioplateau as a bio-engineering system intended to mitigate eutrophication of
surface waters through the reduction of biogenic load and improvement of water quality.

Materials and methods of research. The materials of the study included data on the
current state of surface water bodies in Ukraine, in particular the reservoirs of the Dnipro
River basin, the level of biogenic load and manifestations of eutrophication, as well as ana-
lytical and calculation materials obtained during the author’s qualification research devoted
to the engineering and technological justification of bio-engineering measures aimed at
reducing the inflow of nitrogen and phosphorus compounds into water bodies.

The study considered a structural scheme of a gabion-based bioplateau, which com-
bines a gabion block filled with stone or crushed-stone material, a filtration — sorption soil
layer and emergent aquatic vegetation. The gabion structure performs the functions of
bank protection, stabilization of hydrodynamic conditions and creates a porous medium
for filtration and development of biofilms. The filtration — sorption layer and the plant
root zone ensure biochemical transformation and removal of nitrogen and phosphorus
compounds, degradation of organic pollutants and deposition of suspended solids. The
operating principle of the bioplateau involves slow filtration of water through the gabion
structure followed by treatment within the plant root zone [11, 12].

The methodological basis of the research includes analytical, comparative and gen-
eralized engineering — calculation methods.

The analytical method was applied to summarize scientific sources regarding the
mechanisms of eutrophication, biofiltration processes and the principles of operation of
bioplateaus and gabion structures. Comparative analysis made it possible to compare
the efficiency of bio-engineering systems with traditional technological approaches to
eutrophication control according to environmental and economic criteria.

To assess the environmental efficiency of the bioplateau, the following water-quality
indicators were considered: concentrations of nitrogen and phosphorus compounds, sus-
pended solids content, indicators of organic pollution (BOD, COD), water transparency
and the oxygen regime in the littoral zone. The assessment was carried out on the basis of
generalized experimental data on the performance of bioplateaus and constructed wetlands
presented in the scientific literature, as well as analytical calculations and modelling results
obtained within the framework of the qualification research.

Special attention was paid to the techno-economic assessment of the application
of gabion-based bioplateaus. For this purpose, generalized cost indicators for materi-
als (gabion structures, vegetation, soil filling), construction and installation works and
operational expenses were used. The economic efficiency was compared with alterna-
tive methods of reducing eutrophication (traditional hydraulic structures, reagent tech-
nologies, dredging, etc.) according to the indicators of initial capital investment, operat-
ing costs and duration of effect.

The study also took into account socio-ecological aspects of introducing bio-engi-
neering facilities, in particular their influence on the recreational attractiveness of water
bodies, the state of littoral ecosystems, landscape integration and environmental safety.
The synthesis of results made it possible to develop a comprehensive assessment of the
feasibility of using gabion-based bioplateaus as a nature-based technology for protect-
ing water bodies from eutrophication.

Results of the research. As a result of the conducted research, a structural scheme of
a gabion-based bioplateau was developed, which combines engineering and ecological




ISSN 2786-4588 (Print), ISSN 2786-4596 (Online) | 309
I

functions and is intended for local reduction of the biogenic load on surface water bodies.
The scheme envisages the use of a gabion block filled with gravel — crushed stone mate-
rial, a filtration — sorption soil layer and emergent aquatic vegetation with a well-devel-
oped root system. The structural model of the bioplateau is presented in Fig. 1.

Fig. 1. Structural scheme of a gabion-based bioplateau: 1 — gabion block; 2 — geotextile or
separation layer; 3 — filtration—sorption soil layer; 4 — emergent aquatic vegetation,
5 —incoming water flow; 6 — outgoing treated water flow.

The structure operates on the principle of slow filtration of water through a porous
medium. At the first stage, the gabion block performs the function of a mechanical filter,
retaining a part of suspended solids and promoting the formation of biofilms on the sur-
face of the crushed-stone filling. Further filtration through the soil layer and the plant root
zone ensures biosorption, nitrification—denitrification processes and biochemical trans-
formation of nitrogen and phosphorus compounds, which contributes to the reduction of
the biogenic load in the littoral zone of the water body [13, 14].

The obtained analytical and comparative assessment results indicate that a gabi-
on-based bioplateau can ensure a decrease in the concentrations of nitrogen and phos-
phorus compounds as well as suspended solids in surface water due to the combined
action of mechanical filtration, sorption and biological transformation [13]. At the same
time, the gabion structure acts as a reliable load-bearing and protective framework, which
increases the durability of the facility compared with traditional soil— or wood-based bio-
plateau platforms. An additional advantage is the resistance of gabions to deformation,
erosion processes and ice loads, as well as their ability to integrate into the natural land-
scape without significant disturbance of the hydrological regime.

Particular attention was paid to assessing the ecological effect of applying biopla-
teaus in the littoral zone of reservoirs. It was established that the implementation of such
a bio-engineering facility contributes to:

— reducing the inflow of biogenic elements into the water column, which in turn
restrains the development of eutrophication processes;

— improving water transparency and the oxygen regime in the littoral zone;

— forming stable biotopes, which increases the ecological resilience of aquatic eco-
systems;

— restoring the recreational and landscape attractiveness of shoreline areas.
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Within the framework of a generalized techno-economic assessment, it was determined
that the cost of construction and operation of a gabion-based bioplateau is significantly lower
compared with traditional technological methods (reagent phosphorus removal, large-scale
hydraulic reconstruction or dredging). In addition, the ecological effect of the bioplateau is
preserved over a long period under conditions of minimal technical maintenance, which
increases the overall economic feasibility of the proposed solution.

Thus, the results of the conducted research confirm the prospects of using gabi-
on-based bioplateaus as a nature-based bio-engineering technology for reducing
eutrophication in surface water bodies and allow recommending such systems for fur-
ther practical implementation in the water-management sector of Ukraine.

Conclusions. The conducted research has confirmed the effectiveness of using a
gabion-based bioplateau as a locally acting bio-engineering structure for reducing the
biogenic load on surface water bodies. The combination of a gabion structure with a
filtration—sorption soil layer and emergent aquatic vegetation ensures mechanical filtra-
tion, sorption and biochemical transformation of nitrogen and phosphorus compounds,
which contributes to the improvement of water quality in the littoral zone.

The analytical assessment of the bioplateau performance has shown that the use of
gabion structures increases the reliability and durability of the facility, ensures stable
operation under conditions of water-level fluctuations and reduces the risk of shoreline
destruction. The application of bioplateaus contributes to improving water transparency,
stabilizing the oxygen regime and forming natural biotopes, which positively affects the
ecological state of aquatic ecosystems.

The obtained results indicate the feasibility of introducing gabion-based bioplateaus
into the water-management practice of Ukraine as a nature-based technology for miti-
gating eutrophication. The use of such bio-engineering structures ensures environmental
efficiency at relatively low operational costs and may be recommended for application in
the littoral zones of reservoirs and recreational water bodies.
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