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SUMMARY

This article examines wastewater treatment and disposal in Ukraine's coastal recreational zones,
which face increasing anthropogenic pressure and resource limitations. The study analyzes various
treatment methods, including soil filtration and irrigation with perennial grasses, using a resort area in
the Kherson region as an example.

Tourism and inefficient treatment facilities contribute to coastal water pollution, leading to
eutrophication and ecosystem degradation. The research highlights the risks of using undiluted
wastewater due to its high mineralization and biogenic content. Experimental studies show that
diluting wastewater in a 1:2 ratio optimizes irrigation, reducing soil salinization risks. Soil filtration
effectively decreases organic pollution, lowering biogenic element concentrations to acceptable levels
for discharge into water bodies.

The study also evaluates wastewater irrigation’s impact on alfalfa, revealing a 10-20% yield increase.
It also shows an increase in the number of cuts and improved feed quality. Treated and diluted
wastewater does not cause nitrate accumulation, ensuring plant biological safety.

The proposed comprehensive approach, combining soil filtration, bioplateaus, and wastewater
dilution, enhances water resource efficiency, prevents soil contamination, and optimizes water use in
Ukraine’s coastal regions. This research provides valuable insights for sustainable water resource
management and improving environmental safety in coastal areas.
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Introduction

The coastal recreational zone of the Azov-Black Sea region of Ukraine is a wide strip of coastline
approximately 3,000 km long. However, due to the temporary occupation of the Autonomous
Republic of Crimea, as well as parts of the Donetsk, Zaporizhzhia, Kherson, and Mykolaiv regions,
the coastline suitable for recreation has significantly decreased. Currently, it is limited to the
territories of the Odesa and part of the Mykolaiv regions, where the number of vacationers has
considerably increased. The growing demand for centralized and local water supply, especially during
the summer resort season, leads to an annual increase in wastewater volumes. It is expected that after
the de-occupation of these territories and the end of the war, the tourist flow will recover and increase,
necessitating a comprehensive approach to water resource management and wastewater disposal.
However, the existing treatment facilities, constructed several decades ago, operate inefficiently and
struggle to handle the growing load. This results in the discharge of insufficiently treated wastewater
into coastal waterways and sea bays, causing significant environmental pollution. In particular, an
analysis of the coastal infrastructure of the Odesa region for 2023 indicates that 102.7 million m?* of
wastewater was discharged into surface water bodies (145.3 million m? in 2021), of which 2.8 million
m?® were insufficiently treated (4.1 million m*® in 2021) and 10.7 million m* were untreated (27.4
million m® in 2021) [Department of Ecology of Odesa Regional State Administration, 2024].
Exceeding the Black Sea's self-purification capacity contributes to eutrophication, frequent algal
blooms, and degradation of the marine ecosystem [Bashtovenko & Vovk, 2021; Kurepin, 2021;
Ministry of Environmental Protection, 2021]. Even with modern technologies, wastewater retains
high concentrations of biogenic elements, as well as elevated mineralization levels. Their entry into
open water bodies stimulates cyanobacteria development, disrupts the oxygen balance, and negatively
affects aquatic ecosystems. Therefore, the development and implementation of effective methods for
wastewater treatment and disposal in the coastal recreational areas of Ukraine is an urgent task to
ensure environmental safety and the sustainable development of the tourism industry.

Method and/or Theory

The research was conducted in the Kherson region, which belongs to the southern Steppe zone and is
characterized by high aridity and extreme temperatures, especially in coastal areas.
Research methods included: analysis of long-term climatic, hydrogeological, and reclamation data;
the water-salt balance method for predicting changes in the hydrogeological regime of the soil;
lysimetric studies; bacteriological soil analysis; assessment of perennial grass crop quality.
The subject of study was the wastewater generated in the Zaliznyi Port resort area, which had
undergone preliminary treatment and disinfection at the «FElion» facilities. After treatment, the
wastewater contained an increased concentration of toxic chloride, magnesium, and sodium ions with
total mineralization reaching up to 2 g/L.
The field experiment aimed to determine the degree of purification during filtration through the soil
profile and irrigation of perennial grasses with wastewater of varying quality:
o undiluted wastewater after treatment at «Elion», with mineralization up to 2 g/L;
o wastewater diluted with fresh water in a 1:1 ratio, with mineralization up to 1.2 g/L;
o wastewater diluted with fresh water in a 1:2 ratio, with mineralization up to 0.8 g/L.
The suitability of water for perennial grass irrigation was assessed using generally accepted methods,
based on which the average indicators of water suitability categories for irrigation were calculated:
¢ undiluted wastewater and water diluted in a 1:1 ratio — third category (conditionally suitable).
Water use is possible with the addition of calcium ameliorants, which will increase the calcium
content to 34-50 mg-eq/L and neutralize high alkalinity. The weighted average water quality
index is 2-4;
o freshwater and wastewater diluted in a 1:2 ratio — second category (suitable for irrigation).
e Additional reclamation measures are required on saline soils. The weighted average water
quality index is 1-2.
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The results of chemical analyses of the irrigation water extract are shown in Table 1.

Table 1 Results of Chemical Analyses of Water Extract of Irrigation Water.

Indicators IndicaFor Values ; - ;
Wastewater Freshwater | Diluted at 1:1 ratio | Diluted at 1:2 ratio
COo5~ 0,23/0,014 - 0,13/0,007 4,8/0,029
HCOZ 6,57/0,4 4,6/0,28 6,17/0,34 4,8/0,29
cl-, 13,9/0,49 1,5/0,05 8,17/0,29 4,64/0,16
50;~ mg —eq/L 4,08/0,2 3,32/0,16 3,41/0,17 1,91/0,09
Ca®* g/L 5,51/0,11 4,0/0,08 4,67/0,09 4,0/0,08
Mg?* 6,0/0,007 3,4/0,04 5,5/0,07 3,2/0,04
Na* 12,9/0,3 1,93/0,04 7,4/0,17 4,0/0,09
K* 0,37/0,02 0,09/0,004 0,31/0,012 0,15/0,01
DS, g/L 1,6 0,67 1,19 0,76
pH 8,1 7,9 7,8 8,0
NO,, mg/L 2,54 0,42 0,49 1,5
P,0;, mg/L 5,7 0,13 2,8 11,9
K,0,mg/L 21,4 9,3 5,7 15,6
Results

Based on the research conducted and the chemical analysis of irrigation water, the following results

were obtained:

o the discharge of undiluted wastewater into open water bodies is hazardous due to the high
BOD:s level (720 mg O2/L, while the standard is 10 mg O/L), high mineralization, and a
significant concentration of biogenic substances, which causes eutrophication and reduces the
self-purification capacity of water bodies;

e pre-treated wastewater is unsuitable for irrigation without prior dilution due to the risk of soil
salinization and alkalization;

e dilution in a 1:1 ratio does not significantly change the qualitative composition and chemical
parameters of this water;

e dilution in a 1:2 ratio ensures a reduction in mineralization to a level suitable for irrigation. This
also reduces the concentration of toxic salts and minimizes the risk of soil degradation.

Effective utilization and further treatment of wastewater in coastal recreational areas require careful
assessment of both qualitative and quantitative water parameters, treatment levels, sanitary
regulations, and the hydrogeological and reclamation characteristics of the region [Marine
Environmental Strategy, 2021].
Considering these factors, a series of technological solutions have been developed to optimize the
system of wastewater treatment and disposal system:
e dilution of wastewater with fresh water to a mineralization level of <1 g/L to prevent soil

salinization;

e accumulation of wastewater throughout the year, followed by its use for irrigation during the

vegetation period;

o creation of buffer zones for emergency reception and biological treatment of wastewater;

e cultivation of plants with high water consumption and the ability to absorb nitrogen,
phosphorus, and potassium on wastewater utilization fields;

e prevention of groundwater contamination;

e ensuring complete wastewater utilization and monitoring the sanitary and reclamation condition

of the territory;
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e use of low-productive lands for filtration fields;

e universal (block-modular) technology for adaptation to various hydrogeological and
reclamation conditions, as well as wastewater pre-treatment systems.

Based on the analysis of the main requirements for wastewater utilization technology and system
design, an improved approach has been proposed, incorporating the following principles and
technological solutions:

1.On fields unsuitable for agricultural production due to poor ecological and reclamation
conditions or low soil fertility, bioplateaus are created for biological wastewater treatment.
Aquatic vegetation and microflora facilitate the decomposition, transformation, and
accumulation of organic matter, mineral compounds, suspended solids, heavy metal ions, and
bacterial contamination.

2. During the vegetation period, wastewater diluted with fresh water to a safe concentration is
used for irrigating technical and forage crops.

3. During non-irrigation periods, excess wastewater is directed to the bioplateau, where it is
consumed by marsh and reed vegetation and undergoes filtration. The treated filtrate is then
collected through a collector-drainage network and either used for irrigation or discharged into
natural water bodies.

4. During the autumn-winter period, wastewater is accumulated and stored on the bioplateau.

To determine the purification efficiency of undiluted wastewater during its filtration through the soil,
an experimental lysimeter site was established (Fig. 1). The conducted studies allowed to determine
the chemical composition of treated (filtered) wastewater under various conditions:

o with constant soil flooding;

¢ with periodic soil flooding.

0,1 m

= 1

— /

0,4 m

0,6 m

Figure 1 Schematic diagram of the lysimeter: 1 - lysimeter, 2 — wastewater tank, 3 — wastewater
supply, 4 - wastewater flow path, 5 — funnels for filtrate selection.

The design of the lysimeters enabled periodic sampling of the filtrate from depths of 0.4 m and 0.6 m.
At the initial stage, the total mineralization of the filtrate was 60-80% higher than that of the initial
water. However, over time, an equilibrium was established, preventing further salt accumulation (final
mineralization: 1.74 g/L). A slight increase in filtrate toxicity was associated with the presence of
COs? ions; however, this factor is not critical, as the treated water is planned to be discharged into the
Black Sea, where the carbonate concentration is significantly higher.

The level of organic pollution in the filtrate decreased by 100-140 times, indicating the high
efficiency of the treatment process. Analysis of nitrogen compounds also confirmed a significant
reduction in their concentration. The concentration of suspended solids and dry residue in the filtrate
remained within acceptable levels. However, the filtration process can lead to increased alkalinity due
to soda accumulation, which may elevate water toxicity. To neutralize this effect, it is recommended
to apply soil protection measures, such as gypsum, sulfuric acid, or ferrous sulfate.

The results highlight the effectiveness of soil filtration as a wastewater treatment method, while also
underscoring the need for continuous monitoring to ensure environmental safety.
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The research findings indicate that irrigation of alfalfa with wastewater of various concentrations,
including pre-treated wastewater, prevents secondary soil salinization under conditions of shallow
groundwater occurrence. The best results were observed when irrigating with wastewater diluted in a
1:2 ratio, as it did not cause salinization, alkalization, or increased soil toxicity.

To assess the impact of wastewater on microbial soil contamination, an analysis of pathogenic
microorganisms was conducted. The results showed that after alfalfa irrigation, the level of
pathogenic microflora temporarily increased on the fifth day, but by the tenth day, the indicators
returned to their initial level. This suggests the soil's ability to self-purify and indicates no long-term
microbial contamination.

The study also examined the impact of wastewater irrigation on alfalfa yield and nutritional value.
Irrigation with wastewater resulted in a 10-20% increase in yield, along with an increase in the
number of harvests from 2-3 to 45 per season. The highest nutrient content (protein, fiber, calcium,
carotene) was observed when irrigating with wastewater diluted in a 1:2 ratio. Chemical analysis of
plants confirmed that irrigation did not lead to nitrate accumulation above permissible levels, thus
proving that diluted wastewater is safe for growing forage crops.

Conclusions

1. Wastewater treatment in Ukraine's coastal recreational areas remains a critical challenge due to
increasing tourist flows and outdated infrastructure. The discharge of insufficiently treated
wastewater into coastal ecosystems leads to eutrophication and environmental degradation.

2. The research results confirm that wastewater can be used for irrigation only after appropriate
post-treatment and dilution with fresh water. The optimal dilution ratio is 1:2, which reduces
mineralization to a safe level and minimizes the risk of soil salinization.

3. Soil filtration has proven effective in reducing organic and mineral pollutants in wastewater.
However, continuous water quality monitoring is necessary to ensure environmental safety.

4.The use of treated and diluted wastewater for irrigation in coastal agricultural areas is an
environmentally safe and economically viable strategy. This approach enhances effective water
resource management and boosts agricultural productivity..
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