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BIOTECHNOLOGY OF GROUNDWATER PURIFICATION FOR WATER SUPPLY SYSTEMS

INTRODUCTION

Water is the foundation of life and development of 
modern technogenic society. The existence and devel-
opment of agricultural production and rural settlements 
are impossible without this extremely valuable natural 
resource. The provision of consumers with a suffi cient 
amount of water is obligatorily related to the need for 
strict compliance with the norms regarding its quality, 
which is especially urgent in the times of war (Drech-
sel et al, 2023; Kravchenko et al, 2022; 2023; National 
Report, 2022).

The situation with centralized water supply in Ukrai-
nian rural areas is usually much worse than in the cit-
ies. For instance, according to the data in the National 
Report on the quality of drinking water and the state 
of water for consumption in Ukraine (National Report, 
2022), in 2021, the share of the  drinking water samp-
les, taken from the sources of centralized water supply, 
which did not meet the standard by sanitary-chemical 
and microbiological indices, was 18.2 and 5.1 % (in 
2020, 16.8 and 4.7 %), respectively, for community 
water pipes, while for rural water pipes, these indices 
were almost twice higher – 28.9 and 11.9 % (in 2020, 
26.9 and 13.8 %), respectively. Among the total num-
ber of studied rural water pipes, the share of the ones, 
whose results of laboratory water analyses did not meet 
the norms, was 38.3 %.

In the Rivne region, the situation is no better; in 2023, 
the specialists of the state enterprise Rivne OTsKPKh 
of the Ministry of Health (the Rivne Regional Center 
for Control and Prevention of Diseases of the Minis-
try of Health of Ukraine) studied 1,443 samples of the 
well water to defi ne their sanitary and chemical indices, 
and 841 samples – to study the microbiological indi-
ces. The results of this study demonstrated that 34.3 %
of samples did not meet the sanitary and chemical 
standards due to the excessive content of different sub-
stances, including nitrates, ammonium, total iron, and 
total hardness, and 25.2 % of samples had microbio-
logical deviations (https://rv.cdc.gov.ua/articles/yakist
vody-tsentralizovanogo-ta-detsentralizovanogo-vodo-
postachannya-za-2023-rik). 

The reasons for this phenomenon are complicated, 
but one of the critical components is the need to apply 
effective modern technologies for groundwater deiron-
ing (Khomutetska et al, 2023).

The primary water consumers in rural areas are the 
communal sector, animal farms, and the enterprises of 
agroindustrial complex; water is also used for vegeta-

bles, gardens, and vineyards. It should be noted that 
the enterprises of the agroindustrial complex mainly 
use drinking water for their technological purposes, 
water after special preparation and stabilization treat-
ment – for cooling systems, and water, kept in special 
fi re tanks, which requires treatment with special disin-
fectants to prevent the development of bacteria – for 
fi refi ghting systems (Khomutetska et al, 2023).

At present, about 30 % of all the drinking water in 
Ukraine is collected from underground wells. In case 
of agricultural water supply, this fi gure goes up to 
90 %. However, only 26 % of the rural population uses 
the services of centralized water supply (National Re-
port, 2005). All other consumers use local wells for 
their drinking purposes; usually, these are pit wells, and 
the water in most of them is in an unsatisfactory state 
due to the pollution of water-bearing horizons (Nation-
al Report, 2005; National Report, 2022).

The main kinds of industrial pollution of groundwa-
ters are insuffi ciently purifi ed runoffs and infi ltration 
waters from waste ponds and slurry slumps. Among 
the most dangerous elements of technogenic pollu-
tion of natural waters are heavy metal ions, including 
hexavalent chromium compounds. Usually, Cr6+, which 
has toxic properties, is present in groundwaters in the 
form of hydrogen chromate ion (HCrO4) or chromate 
anion (CrO4

2). The reduction of these components to 
the safe form of Cr3+ under neutral pH values in natural 
conditions is very complicated. Chromium (IV) con-
tributes to gastric and duodenal ulcers, and its carci-
nogenic and mutagenic effects have also been proven. 
The MAC of Cr6+ in drinking water is 0.05 mg/cdm; 
the limiting indicators of harmfulness are sanitary and 
toxicological.

The agricultural pollution of groundwater is related 
to removing poisonous chemicals and mineral fertiliz-
ers (nitrogen, phosphorus, and potassium-based) from 
the soil with rain or irrigation waters, and the nitrogen 
compounds are of particular relevance here. The sourc-
es of nitrogen compounds may also be the sewage wa-
ters of animal complexes, poultry farms, and household 
runoffs. When nitrogen compounds penetrate the soil, 
the ammonium nitrogen NH4+ gets oxidized, at fi rst to 
nitrites, then to nitrates. Due to their high solubility and 
absence of hydrochemical barriers, nitrates are the most 
common pollutants of groundwaters in rural areas.

In the areas, fertilized with peat and swamped, the 
decrease in the level of groundwater occurs along with 
the decomposition of organic matter in the layers, 
which promotes the increase in the content of nitrogen-
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tact load granules due to the formation of the active 
catalytic surface out of cells and matrix structures and 
in the interporiferous space (Fig. 4). The process takes 
place due to the adhesion of bacteria with the negative 

charge on the primary catalytic fi lm. The duration of 
“charging” depends on the water quality parameters: 
pH values, hydrocarbon alkalinity, the concentration 
of Fe(II) ions, and the presence of ferrobacteria. The 

Fig. 3. The change in water quality parameters during the fi ltration cycle of 48 h from May 14 till May 16, 2012, after wash-
ing the bioreactor and fi lter No. 3: 1 – Fetotal in the initial water; 2 – Fetotal after the bioreactor; 3 – Fetotal after the fi lter; 4 – per-
manganate oxidizability after the fi lter; 5 – content of NH4+ cations after the fi lter. (Source: our own results)

Fig. 4. The electronic image of the matrix structures of Gallionella from the interporiferous space of the contact load, × 6,000. 
(Source: our own results)
















