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The object of research is a sewage well of a chemical enterprise. The chemical composition of the enterprises wastewater, which is
concentrated in the averaging unit, and the structural and elemental composition of concrete samples were determined. Upon completion
of the experiment, proposals were made regarding the further operation of the chemical enterprises treatment plant. It was found that
the suspended solids content was higher in the first sample by 4.85%, and in the fifth — by 15.29%. The dry residue content was higher
in the second sample by 20.18%, in the fourth — by 9.27%, and in the fifth — by 27.45%. The concentration of ammonium nitrogen is
higher in the fourth experiment by 52.31%. The level of ammonium ions was higher in the fourth by 43.77%, nitrite ions in the second
and third samples were higher by 16.67%, in the fourth by 383.33%, in the fifth by 983.33%. The increase in nitrate ions in the second
sample was by 58.0%, in the third by 146.0%, in the fourth by 276.0%, in the fifth by 520.0%. APAR increased in the second water sample
by 306.0%, in the third by 422.0%, in the fourth by 250.0%, in the fifth by 190.0%. The level of total iron is higher in the second group
by 2288.89%, in the third — by 970.37%, in the fourth — by 1075.92%, in the fifth — by 1459.26%. The study by the X-ray fluorescence
method showed that the CaO content was lower in the first sample by 3.27%, the second — by 2.27%, the third — by 3.01%; Fe;Oj is higher
by 20.09%, by 22.77%, by 24.11%, SiO, by 10.83%, by 2.27%, 3.01%, SO, was by 4.50%, in the second and third — by 4.05%, TiO, by
0.68%, by 12.50%, by 14.19%. X-ray diffraction analysis showed the presence of a large amount of gypsum and quartz in the concrete.

The conducted research is distinguished by the fact that chemical corrosion of the concrete treatment plant under the influence of
wastewater was established. The practical significance of the results obtained is that the destruction of the surface layer of concrete as a

result of corrosion was established. Preventive measures are proposed to prevent corrosion of the treatment plant.
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1. Introduction

Wastewater from chemical plants contains a large amount of al-
kalis, acids and detergents, which can lead to the destruction of con-
crete structures of treatment facilities. To protect concrete structures
of treatment facilities, special chemically resistant coatings (mastics)
are used, which are applied to the surface of concrete in 2—4 layers.
These protective mastics prevent chemical corrosion of concrete and
thus provide protection of concrete structures of treatment facilities for
5-10 years, depending on the aggressive environment of wastewater.
During the operation of the facility, the protective layer of mastic needs
to be updated or replaced due to its destruction, which is why there is
aneed for regular technical inspection of treatment facilities in order to
assess the condition of the protective coating.

The service life of treatment facilities is directly affected by the
temperature and composition of wastewater entering the main well
(averaging unit).

A program for the construction of treatment facilities was devel-
oped and proposed taking into account the problem of wastewater
treatment [1]. However, the result of using this model in practice for
comparison with existing ones is not yet known.

The aggressive influence of wastewater from enterprises can de-
stroy concrete treatment and sewage structures. In case of improper

technical operation, destruction may occur, this leads to the seepage of
wastewater into the ground and aquatic bioresources.

In the work [2], the problem of decentralized treatment and reuse
of wastewater was investigated. Field studies of urban and agricultural
treatment facilities were conducted and recommendations were pro-
posed. However, as for each specific research object, the list of preven-
tive measures may differ radically.

The conducted research showed that wastewater in large cities
contains a significant amount of pollutants, and among them are not
only heavy metals [3] and halogens [4] but also antibiotic resistance
genes [5] and microorganisms [6].

In the works [7, 8] it was shown that one of the reasons for the de-
struction of concrete structures due to the action of high-temperature
organic oil was its biochemical corrosion due to the action of micro-
organisms. The conducted research of samples of the material of the
structures of the buildings allowed to identify the causes and degree
of destruction, to prove the reasons for the decrease in the strength of
concrete, but no effective protection was proposed.

As shown in [9], microbial corrosion is one of the important prob-
lems of the destruction of concrete structures. In [10], the results of
studies of the influence of microorganisms and the absorption of sul-
fides on the concrete of sewage structures inoculated with wastewater
are presented.
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A standardized test has been developed and proposed for use
for the development of building materials operated in sewage condi-
tions [11]. However, the research requires further testing in the condi-
tions of different enterprises and the service life.

There are many studies that propose methods for improving the
strength characteristics of concrete for the operation of concrete struc-
tures in aggressive environments [12]. But no study suggests restoring
the protective layer of a chemically resistant coating (mastic) in existing
concrete structures of treatment plants.

The considered works presented various construction structures
of buildings and structures affected by corrosion, but none of them
considered the influence of the chemical composition of wastewater on
the elemental composition and structure of concrete.

The relevance of the work is to study the influence of wastewater
on the concrete of the construction of a treatment plant. For this, an as-
sessment of the technical condition of the well structure will be carried
out for suitability for normal operation.

The object of research was a sewage well of a chemical enterprise.

The aim of research was to assess the technical condition of the well
in order to provide recommendations for its further operation.

To achieve the aim and conduct relevant studies, the following
objectives were solved:

- to determine the chemical composition of the wastewater of the

enterprise, which is concentrated in the averaging unit;

- toinvestigate the structural composition of the averaging unit con-

crete samples by X-ray diffraction;

- todetermine the elemental composition of the concrete samples

of the monolithic reinforced concrete of the well;

- todevelop technical recommendations for the further operation

of the structure.

2. Materials and Methods

2.1. Determination of the chemical composition of wastewater
concentrated in the averaging unit

Technical inspection of the building structures of the tank (averag-
ing unit) was carried out on the territory of a chemical enterprise in the
Sumy region (Ukraine). The tank structure is made of monolithic rein-
forced concrete and consists of two parts: upper and lower (Fig. 1). The
inner surfaces are waterproofed with 3 layers (HYDROZIT type "BS").
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Fig. 1. Scheme of zones for applying protective mastic
in a well (averaging units)

Laboratory studies of water were conducted at the Department of
Building Structures and in the Research Laboratory of POLYMERASE
Chain Diagnostics of Sumy National Agrarian University (Ukraine).
Water samples were taken every ten days and compared with design data.
Analysis of pollutants in wastewater was carried out using colorimetric,

fluorimetric, gravimetric, potentiometric and titrimetric methods. The
pH indicator was determined by the potentiometric method [13].

2.2. Research of the structural composition of samples of con-
crete of the mediator by X-ray diffraction

The research was conducted in the laboratory of the Department of
Radiation Biophysics of the Institute of Applied Physics of the NAAS of
Ukraine (Sumy, Ukraine). The PANalytical CubiX® X-ray diffractometer
(Netherlands) was used. The shooting was carried out in the range
from 200 to 800, where 20 is the Bragg angle. For the research, concrete
samples were crushed to a size of 15-20 pm and placed in a sample
holder. Bragg-Brentano X-ray focusing was used for the tests [14].

2.3. Determination of the elemental composition of concrete
samples of monolithic reinforced concrete of the well

The research was carried out using an X-ray fluorescence analyzer
(XRF) ProSpector 3 (Elvateh, Kyiv, Ukraine). The method is based on
the registration of specific X-ray radiation of atoms of the test substance,
which occurs when the sample is irradiated. The XRF analytical unit
was fixed at a distance of 1.5 mm from the sample with an exposure of
30-60 s. Measuring the intensity of specific radiation of atoms makes
it possible to calculate the concentration of the corresponding sub-
stance [15].

The Fisher-Student method was used for statistical analysis of the
results obtained [16].

2.4. Development of technical recommendations for further
operation of the structure

Assessment of the integrity of the protective layer of waterproofing
was carried out on the surface of the concrete tank of the averaging
unit. The results of studies of the chemical composition of the enter-
prise’s wastewater, the structural and elemental composition of concrete
samples of the treatment plant were also taken into account. Based on
the results of the assessment of the technical condition of the structure,
recommendations were given for preventing concrete corrosion.

3. Results and Discussion

3.1. Research on the chemical composition of the enterprise’s
wastewater, which is concentrated in the averaging unit

In order to clarify the causes of concrete corrosion, the provided
data on the composition of wastewater were analyzed, and laboratory
determinations of the hydrogen index of damaged concrete were car-
ried out (Fig. 2).

It was found that the level of suspended solids in the second sample
exceeded the design standards by 4.85%, in the fifth - by 15.29%. The
dry residue, where determined, was higher than the norm in the second
sample by 20.18%, in the fourth — by 9.27% and in the fifth — by 27.45%,
compared to the design standard.

In the second, fourth and fifth samples there were more insoluble
and dry substances. Studies [17] prove that a high concentration of toxic
substances complicates water purification.

The concentration of ammonium nitrogen is higher in the fourth
experiment by 52.31%, and in the fifth due to high turbidity it is not
determined at all. The content of total ammonium nitrogen is an indica-
tor of the total load on the aquatic environment. It shows pollution by
feces or organic waste.

The content of ammonium ions is higher in the fourth sample by
43.77% and in the fifth sample is not determined due to high turbidity,
compared to the design standard.

According to the design standards, nitrite and nitrate ions are not
determined in water, however, a sufficiently high amount was observed
in all experimental samples, therefore all others were compared with the
first experimental sample.
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Fig. 2. Results of the study of the chemical composition of wastewater

Thus, the content of nitrite ions in the second and third samples
was higher — by 16.67%, in the fourth — by 383.33%, in the fifth - by
983.33%, compared to the first experimental sample. The presence of
nitrites in the water is a consequence of intermediate nitrification, in-
dicating decay and active rotting, which is very toxic. The progressive
increase in nitrate ions in the second sample by 58.0%, in the third - by
146.0%, in the fourth — by 276.0%, in the fifth — by 520.0%, compared
to the first sample. The final product of nitrification is nitrate, the in-
creased level of which in water is a sign of long-term pollution, miner-
alization which can penetrate into groundwater.

The content of phosphate ions in all experimental water samples
was lower than the design norm. The content of synthetic surfactants
(SSA) increased in the second water sample by 306.0%, in the third - by
422.0%, in the fourth — by 250.0%, in the fifth - by 190.0%, compared to
the norm. The problem of untreated wastewater with a high content of
suspended solids worsens the quality of water in reservoirs [18].

The concentrations of components in the wastewater of the enter-
prise that can be aggressive towards concrete and metal, namely ions
CI™ and SOj do not exceed the design values, and are not significant.
Wastewater in terms of pH and the presence of ions Cl” and SO3 within
the regulatory parameters in all test samples.

COD (chemical oxygen demand) and BOD; (biochemical oxygen
demand for 5 days) were reduced, compared to the design norm. The
increased level of BOD; shows the degree of water contamination by
organic impurities. At the same time, wastewater, judging by the COD
indicator, contains a significant amount of organic substances, which is
several times higher than their presence in household wastewater [19].

The content of total iron exceeded the design indicators in the
second group by 2288.89%, in the third — by 970.37%, in the fourth - by
1075.92%, in the fifth — by 1459.26%.

According to the design data, the water should not contain copper,
zinc and chromium. However, in the first experimental indicator, copper
was detected, and in the second its content increased by 6.97%. Zinc was
contained in the first water sample and increased in the second by 68.25%.
Total chromium was detected in the first water sample in a small amount,
but in the second sample it increased by 1077.78%. Studies of concrete
destruction in an aggressive environment have shown similar results [20].

The most favorable temperature range for the development of
this type of chemical aggression is 12-30°C, especially above 16°C.
The amount of hydrogen sulfide formed reaches a maximum at
a wastewater pH of about 7.7 (the average pH value of the enterprise’s
wastewater is 7.5) and drops sharply when the pH exceeds 8.

3.2. Research results of the structural composition of concrete
samples by X-ray diffraction

During a visual inspection of the upper part of the tank, no defects
or damage to the concrete were detected.

During a visual inspection of the lower part of the tank, the presence
of hydrogen sulfide in the gaseous medium was detected. Destruction of
the surface layer of concrete, due to its corrosion, on surfaces above the
average level of wastewater in the tank. The concrete in the indicated
areas is a grayish-white mass that is easily removed by hand to a depth of
up to 20 mm (concrete has zero strength). The presence of condensate
and mucus on the surface of the concrete was recorded. The concrete is
in a waterlogged state. There is corrosion damage to the metal ladder for
access to the tank in the area above the middle of the wastewater in the
tank. The thickness of the corrosion products is up to 5 mm.

Photos of damage to the concrete structures are presented in Fig. 3, 4.

Fig. 3. Destruction of the surface (protective) layer of monolithic
concrete of the wall

Detachment of the coating waterproofing.
Concrete samples from the sewer well were also obtained (Fig. 4).

G
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Fig. 4. Microscopic image of a concrete sample from the sewer, which
has a pink color, indicating the presence of iron oxide (Fe,O3)

Concrete samples were examined using an X-ray fluorescence
analyzer Fig. 5. As a result of the studies, it was found that the sample
contains gypsum (CaSOy - 2H,0) and quartz (SiO,), which confirms

the studies conducted using an X-ray fluorescence analyzer (Table 1).
Corrosion, as confirmed by studies [21], is induced by sulfates, leading
to the formation of gypsum. Researchers [22] also note that concrete
used in sewage systems is exposed to an aggressive environment. Sulfate
enters the concrete and reacts with calcium ions, forming an expansion
product of gypsum, and the constant accumulation of gypsum causes
cracking and destruction of concrete [23]. The effects of chemical ex-
posure were observed throughout the study, as a result of which there
was chemical corrosion of monolithic reinforced concrete of a sewage
well of a chemical enterprise.

To reduce the impact of wastewater on concrete, a number of mea-
sures were introduced that reduced the concentration of toxic substanc-
es in water, and accordingly, chemically induced corrosion of concrete.

3.3. Determination of the elemental concrete composition
The sample with the least damage was taken as the control sam-
ple (Table 1).
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Fig. 5. Results of the study of a concrete sample using an X-ray diffractometer

Elemental analysis of concrete samples of the averaging unit, M £ m, n =5

Table 1

Indicators (%) Control Sample 1 Sample 2 Sample 3
Cao 78.00 £ 0.57 75.45 + 0.63 76.23 +0.60 75.65 + 0.67
Fe,05 8.96+0.34 10.76 £ 0.35 11.00 £ 0.31 11.12 £ 0.44
SiO, 6.00+0.14 5.35+0.12 5.25+0.13 525%0.14
TiO, 2.96 + 0.64 2.94 1 0.62 3.33+0.75 3.38+0.72
SO, 222+ 0.04 2.32+0.05 2.31£0.05 2.31 £0.05
K,O 0.84+0.75 1.00 £ 0.84 0.84 +0.67 0.86+0.83
V5,05 0.44 + 0.36 0.35+0.32 0.41 £ 0.34 0.45 +0.39
SrO 0.34 £ 0.02 0.40 £ 0.03 0.40 £0.03 0.40 £0.03
ALO; 0.23 +£0.09 0.37 £ 0.09 0.34 £ 0.09 0.34 £ 0.09
CuO 0 0.24 £+ 0.06 0.26 £ 0.04 0.26 £ 0.04
MgO 0.10 £0.09 0.13£0.34 0 0
Nb,Os 0.08 £ 0.03 0 0.11 +0.04 0.11 £ 0.04
Cr0;5 0 0.13+0.15 0 0
PbO 0.04 £ 0.03 0.30 £ 0.10 0.06 +0.03 0.06 + 0.03
P,0s 0 0.06 £ 0.03 0.05 £ 0.03 0.05 £ 0.03
ZnO 0.05 £ 0.02 0 0.05 £ 0.02 0.05
Au 0.03 +£0.02 0 0 0
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As a result of the conducted studies, it was found that the CaO
content was lower in sample 1 by 3.27%, sample 2 by 2.27%, sample 3
by 3.01%, compared to the control. The content of calcium oxide shows
the level of concrete destruction in the selected samples.

Studies [24, 25] confirm that increased corrosion of concrete con-
tributes to a decrease in carbon.

Iron oxide (Fe,O3) was released by 20.09%, 22.77%, 24.11% more,
respectively. The averaging unit is built of reinforced concrete, there-
fore, with a high degree of concrete corrosion, oxidation of the iron
frame and the formation of iron oxide occur.

In concrete samples, silicon dioxide (SiO,) was found to be more in
the first sample by 10.83%, the second by 2.27%, and the third by 3.01%,
compared to the control. The content of silicon dioxide shows the de-
struction of concrete into its constituent components, in particular sand.

The content of sulfur dioxide (SO,) was higher in the first sample
by 4.50%, in the second and third by 4.05%.

The presence of TiO, in concrete samples indicates its presence in waste-
water and its content in concrete directly depends on the degree of destruc-
tion and penetration of the samples. Depending on the degree of penetra-
tion, titanium dioxide was contained more in the first sample by 0.68%, in
the second by 12.50%, and in the third by 14.19%, compared to the control.

Similar studies by scientists prove the correlation dependence of the cor-
rosion resistance of concrete on the degree of wastewater treatment [26, 27].

The samples also contained other elements, but in an amount of
less than one percent, so they were not taken into account.

3.4. Technical recommendations for further operation of the
structure

According to the results of the experiments, it was established that
during the operation of the structure (averaging unit), corrosion dam-
age to concrete occurred at a level above average in the lower tank. The
damage detected in the concrete of the tank affects the durability and
operability of the structure. The technical condition of the tank accord-
ing to qualitative indicators (averaging unit) is generally classified as
satisfactory. At the same time, the technical condition of the concrete
of the lower part of the tank, above the average level of wastewater in it,
is classified as unsuitable for normal operation.

Preventive measures to prevent corrosion of the concrete of the
lower part of the tank are:

- periodic removal of sediment by mechanical or hydraulic methods;

- ensuring natural ventilation of the space above the surface of the

wastewater;

- reducing the temperature of the wastewater;

- saturation of wastewater with oxygen (air);

- introduction of reagents, such as chlorine, nitrates, hydrogen per-

oxide, into the wastewater;

— alkalization of wastewater, for example, Ca(OH),.

The practical significance of the results obtained is that the impact
of wastewater from a chemical enterprise on the concrete structure
(mediator) has been established and measures for protection against
corrosion in the future have been proposed.

The limitation of research is that the surveys were conducted
within one facility.

The impact of martial law is that the research facility is currently
operated under critical restrictions in the supply of water and electric-
ity, which directly affect the security situation of the normal operation
of the enterprise.

The prospect of further research lies in the implementation of the
proposed measures to reduce corrosion of the research object.

4. Conclusions

1. As a research result of the chemical composition of the enter-
prise’s wastewater, it was established that the suspended solids content

was higher than the norm in the first sample by 4.85%, and in the fifth -
by 15.29%. The content of dry residue was higher in the second sample
by 20.18%, in the fourth — by 9.27% and in the fifth - by 27.45%. The
concentration of ammonium nitrogen exceeded the permissible level in
the fourth experiment by 52.31%. The content of ammonium ions ex-
ceeded the norm in the fourth by 43.77%, nitrite ions in the second and
third samples — by 16.67%, in the fourth — by 383.33%, in the fifth — by
983.33%. The increase in nitrate ions in the second sample was 58.0%,
in the third — 146.0%, in the fourth — 276.0%, in the fifth — 520.0%. The
active surfactants increased in the second water sample by 306.0%, in
the third — 422.0%, in the fourth — 250.0%, in the fifth — 190.0%. The
content of total iron in the second group increased by 2288.89%, in
the third — 970.37%, in the fourth — 1075.92%, in the fifth — 1459.26%.

2. The study of the structural composition of concrete samples by
X-ray diffraction showed that the main composition of concrete was
gypsum (CaSO, - 2H,0) and quartz (SiO,), which indicates chemical
corrosion.

3. The study of the elemental composition of concrete showed
that the CaO content was lower in the first sample by 3.27%, the sec-
ond by 2.27%, and the third by 3.01%. The Fe,O5 content was higher
by 20.09%, 22.77%, and 24.11%. The presence of SiO, was 10.83%,
227%, and 3.01%, and SO, was 4.50%, in the second and third by
4.05%. Compared with the control, the TiO; content was higher by
0.68%, 12.50%, and 14.19%, respectively.

4. Asaresult of the experiment, damage was found in the concrete
of the well (mediator), which affects the durability and operability of the
structure. Based on the data obtained, technical recommendations were
developed for the further operation of the structure. It was proposed to
periodically remove sediment by mechanical or hydraulic methods and
ensure natural ventilation. It was also recommended to reduce the tem-
perature of wastewater and saturate it with oxygen (air). It was proposed
to introduce reagents into wastewater, such as chlorine, nitrates, hydrogen
peroxide and alkalization of wastewater, for example, Ca(OH),.

Conflict of interest

The authors declare that they have no conflict of interest regarding
this research, including financial, personal, authorship or other nature,
which could affect the research and its results presented in this article.

Financing

This work was funded by the project "Research into the spread of
infectious disease pathogens and antibiotic-resistant microorganisms
in frontline areas’ (No. 0126U000393).

Data availability

The manuscript has no associated data.

Use of artificial intelligence

The authors confirm that they did not use artificial intelligence
technologies when creating the current work.

Authors’ contributions

Liudmyla Tsyhanenko: Investigation, Validation, Writing - original
draft; Oksana Shkromada: Conceptualization, Methodology, Formal
analysis, Supervision, Writing — original draft, Writing — review and
editing; Dmytro Volkov: Validation, Investigation, Writing — original
draft; Oleksandr Chekan: Validation, Investigation, Writing — original
draft; Valerii Lutskovskyi: Conceptualization, Methodology, Writing —
original draft.

s

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — No. 1/3(87), 2026



ISSN-L 2664-9969; E-ISSN 2706-5448

CHEMICAL ENGINEERING:
ECOLOGY AND ENVIRONMENTAL TECHNOLOGY )

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Chen, X, Xu, Z., Yao, L., Ma, N. (2018). Processing Technology Selection for
Municipal Sewage Treatment Based on a Multi-Objective Decision Model
under Uncertainty. International Journal of Environmental Research and Pub-
lic Health, 15 (3), 448. https://doi.org/10.3390/ijerph15030448

. Brooks, B.W,, Callahan, T, Stanley, ]. K., Holodak, J., Stroski, K. M., Cox, A. H. et

al. (2025). Identifying Priority Research Questions for Decentralized Wastewa-
ter. Environmental Science & Technology, 60 (1),49-63. https://doi.org/10.1021/
acs.est.5c02138

. Xu, M., Zhang, K., Wang, Y., Zhang, B., Mao, K., Zhang, H. (2022). Health

Risk Assessments and Microbial Community Analyses of Groundwater from
a Heavy Metal-Contaminated Site in Hezhou City, Southwest China. Inter-
national Journal of Environmental Research and Public Health, 20 (1), 604.
https://doi.org/10.3390/ijerph20010604

. Wang, J., Liu, A, Zheng, M., Li, Y., Shi, L., Cao, S. et al. (2025). Prevalence of

Polyhalogenated Carbazole in an Anthropogenically Impacted Soil Ground-
water System. Environment & Health, 3 (6), 636-647. https://doi.org/10.1021/
envhealth.4c00263

. Drane, K., Sheehan, M., Whelan, A., Ariel, E., Kinobe, R. (2024). The Role

of Wastewater Treatment Plants in Dissemination of Antibiotic Resistance:
Source, Measurement, Removal and Risk Assessment. Antibiotics, 13 (7), 668.
https://doi.org/10.3390/antibiotics 13070668

. Wang, S., Yang, S., Quispe, E., Yang, H., Sanfiorenzo, C., Rogers, S. W. et al.

(2021). Removal of Antibiotic Resistant Bacteria and Genes by UV-Assisted
Electrochemical Oxidation on Degenerative TiO, Nanotube Arrays. ACS ESeT
Engineering, 1 (3),612-622. https://doi.org/10.1021/acsestengg.1c00011

. Tsyhanenko, L., Volkov, D., Shkromada, O., Tsyhanenko, H., Lutskovskyi, V.,

Shpota, V. et al. (2025). Influence of vegetable fats on concrete of agricultural
structures. Technology Audit and Production Reserves, 2 (3 (82)), 6-11. https://
doi.org/10.15587/2706-5448.2025.325094

. Shkromada, O., Tsyhanenko, L., Ivchenko, V., Tsyhanenko, H., Fotina, T., Ber-

ezovskyi, A. etal. (2025). The structure and properties features of concrete during
exploitation under conditions of organic oil influence. Journal of Chemistry and
Technologies, 33 (2), 449-457. https://doi.org/10.15421/jchemtechv33i2.322601

. Jiang, G., Zhou, M., Chiu, T. H., Sun, X., Keller, ], Bond, P. L. (2016). Waste-

water-Enhanced Microbial Corrosion of Concrete Sewers. Environmental Sci-
ence & Technology, 50 (15), 8084-8092. https://doi.org/10.1021/acs.est.6b02093
Gerengi, H., Kaya, E., Solomon, M. M., Snape, M., Koerdt, A. (2024). Advances
in the Mitigation of Microbiologically Influenced Concrete Corrosion: A Snap-
shot. Materials, 17 (23), 5846. https://doi.org/10.3390/mal17235846
Aboulela, A,, Peyre Lavigne, M., Buvignier, A., Fourré, M., Schiettekatte, M.,
Pons, T. et al. (2021). Laboratory Test to Evaluate the Resistance of Cementi-
tious Materials to Biodeterioration in Sewer Network Conditions. Materials,
14 (3), 686. https://doi.org/10.3390/ma14030686

Fan, W, Zhuge, Y., Ma, X., Chow, C. W. K., Gorjian, N,, Oh, J-A. et al. (2020).
Durability of Fibre-Reinforced Calcium Aluminate Cement (CAC)-Ground
Granulated Blast Furnace Slag (GGBFS) Blended Mortar after Sulfuric Acid
Attack. Materials, 13 (17), 3822. https://doi.org/10.3390/mal3173822

DSTU ENISO 5667-1:2022 Yakist vody. Vidbyrannia prob. Chastyna 1. Nastanovy
shchodo rozroblennia prohram i metodiv vidbyrannia prob (EN 1SO 5667-1:2022,
IDT; ISO 5667-1:2020, IDT) (20220). DP "UkrNDN'T'. Available at: https://
onlinebudstandart.com/ua/catalog/doc-page. html?id_doc=109217

Calvin, J.],, Kaufman, T. M., Sedlak, A. B., Crook, M. E, Alivisatos, A. P. (2021).
Observation of ordered organic capping ligands on semiconducting quantum
dots via powder X-ray diffraction. Nature Communications, 12 (1). https://doi.
org/10.1038/541467-021-22947-x

Steinegger, A., Wolfbeis, O. S., Borisov, S. M. (2020). Optical Sensing and Im-
aging of pH Values: Spectroscopies, Materials, and Applications. Chemical Re-
views, 120 (22), 12357-12489. https://doi.org/10.1021/acs.chemrev.0c00451
Fisher, R. A. (1948). Questions and answers #14. The American Statistician,
2(5),30-31 https ://doi.org/ 10.1080/00031305.1948.10483405

Kato, S., Kansha, Y. (2024). Comprehensive review of industrial wastewater
treatment techniques. Environmental Science and Pollution Research, 31 (39),
51064-51097. https://doi.org/10.1007/511356-024-34584-0

18. Belinawati, R. A. P, Soesilo, T. E. B,, Asteria, D., Harmain, R. (2018). Sus-
tainability: Citarum River, government role on the face of SDGs (water and
sanitation). E3S Web of Conferences, 52, 00038. https://doi.org/10.1051/e3s-
conf/20185200038

19. Pratiwi, D, Sumiarsa, D, Oktavia, D,, Sunardi, S. (2023). Water Quality Influences
Self-Purification in the Cihawuk and Majalaya Segments Upstream of the Cita-
rum River, West Java, Indonesia. Water; 15 (16), 2998. https://doi.org/10.3390/
w15162998

20. Stomka-Stupik, B., Podwérny, J., Grynkiewicz-Bylina, B., Salamak, M., Bar-
toszek, B., Drzyzga, W. et al. (2021). Concrete Examination of 100-Year-Old
Bridge Structure above the Ktodnica River Flowing through the Agglomera-
tion of Upper Silesia in Gliwice: A Case Study. Materials, 14 (4), 981. https://
doi.org/10.3390/ma14040981

21. Luo,Z.Yu,H,Ma, H,, Tan, Y., Wu, C,, Sun, . etal. (2025). Corrosion Products
and Microstructural Evolution of Ordinary Portland Cement and High-Per-
formance Concrete After Eight Years of Field Exposure in Qarhan Salt Lake.
Materials, 18 (8), 1769. https://doi.org/10.3390/ma18081769

22. Zhang, C, Li, ], Yu, M., Lu, Y., Liu, S. (2024). Mechanism and Performance
Control Methods of Sulfate Attack on Concrete: A Review. Materials, 17 (19),
4836. https://doi.org/10.3390/mal7194836

23. Sun,D., Huang, C., Cao,Z., Wu, K., Zhang, L. (2021). Reliability assessment of
concrete under external sulfate attack. Case Studies in Construction Materials,
15,¢00690. https://doi.org/10.1016/j.cscm.2021.00690

24. Sopov, V., Danchenko, ], Latorez, E. (2019). Assess the Effectiveness of protec-
tive Concrete coatings of microbiological sulfuric acid Aggression. E3S Web of
Conferences, 97,02022. https://doi.org/10.1051/e3sconf/20199702022

25. Merachtsaki, D., Tsardaka, E.-C., Tsampali, E., Simeonidis, K., Anastasiou, E.,
Yiannoulakis, H. et al. (2020). Study of Corrosion Protection of Concrete in
Sewage Systems with Magnesium Hydroxide Coatings. 4th EWaS Interna-
tional Conference: Valuing the Water, Carbon, Ecological Footprints of Human
Activities, 27. https://doi.org/10.3390/environsciproc2020002027

26. Jiang, G., Li, X,, Song, Y;; Jiang, G. (Ed.) (2023). Concrete Sewer Systems
and Wastewater Processes Related to Concrete Corrosion. Microbiologi-
cally Influenced Corrosion of Concrete Sewers. Cham: Springer, 3-20. https://
doi.org/10.1007/978-3-031-29941-4_1

27. Gutarowska, B., Kotynia, R., Bieliiski, D., Anyszka, R., Wreczycki, ., Piotrows-
ka, M. et al. (2019). New Sulfur Organic Polymer-Concrete Composites Con-
taining Waste Materials: Mechanical Characteristics and Resistance to Biocor-
rosion. Materials, 12 (16), 2602. https://doi.org/10.3390/ma12162602

Liudmyla Tsyhanenko, PhD in Technical Sciences, Associate Professor, Depart-
ment of Building Structures, Sumy National Agrarian University, Sumy, Ukraine,
ORCID: https://orcid.org/0000-0002-6628-3635

P Oksana Shkromada, Doctor of Veterinary Sciences, Professor, Polymerase
Chain Diagnostics Research Laboratory, Sumy National Agrarian University,
Sumy, Ukraine, e-mail: Oksana.Shkromada@snau.edu.ua, ORCID: https://orcid.
0rg/0000-0003-1751-7009

Dmytro Volkov, Senior Lecturer, Department of Building Structures, Sumy National
Agrarian University, Sumy, Ukraine, ORCID: https://orcid.org/0009-0008-9263-4102
Oleksandr Chekan, Doctor of Veterinary Sciences, Professor, Department of Ob-
stetrics and Surgery, Polymerase Chain Diagnostics Research Laboratory, Sumy
National Agrarian University, Sumy, Ukraine, ORCID: https://orcid.org/0000-
0002-5676-1947

Valerii Lutskovskyi, PhD in Technical Sciences, Department of Building Structures,
Sumy National Agrarian University, Sumy, Ukraine, ORCID: https://orcid.org/0000-
0003-0230-1029

DA Corresponding author

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — No. 1/3(87), 2026

15 —)



