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Abstract
This study investigates the impact of pipeline corrosion on drinking water quality, with a focus on secondary
contamination caused by metal ion release and biofilm formation. The technical condition of water supply systems
was assessed using metallographic and elemental analyses, while the presence of corrosion products was examined
through spectroscopic. The results confirm that corrosion of pipelines contributes to the accumulation of iron oxides
and the formation of microbial biofilms, leading to deterioration in water quality. It has been established that damage
to protective coatings on steel pipes accelerates oxidation, increasing the risk of microbiological contamination.
Additionally, disruptions in water supply schedules contribute to water stagnation, further intensifying
contamination risks. Furthermore, the release of heavy metal ions from corroded pipelines poses potential long-term
health risks for consumers. To mitigate these issues, a water purification system is proposed at the consumer supply
stage, integrating multi-stage filtration, sorption technologies, and disinfection methods. This approach enhances the
removal of corrosion byproducts and microbiological contaminants, ensuring safer drinking water. The study
highlights the necessity of corrosion control strategies, regular pipeline maintenance, and systematic monitoring to
reduce contamination risks and improve water supply quality and public health safety.
Keywords: water supply; pipeline corrosion; secondary contamination; iron oxides; drinking water; microbiological safety;
filtration; disinfection.
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AHoTaniga

Y nboMy AociifKeHHI BUBYA€EThCS BIIJIMB KOPO3ii TPy60ONPOBOAIB HA AAIKiCTh MUTHOI BOJM 3 aKIIeHTOM HAa BTOPDUHHE
3a6pyAHeHHs, CIpUYUHEHe BHJi/IeHHSIM iOHIB MeTa/iB Ta yTBOpeHHAM G6iomIiBoK. TeXHiYHMHA cTaH cuUcTeM
BOAONOCTAa4YaHHA OLiHIOBaBCA 3a AONOMOrol MeTajlorpagiyHoro Ta eJeMeHTHOTO aHaJi3y, a NPOAYKTH Koposii
AOCIIAKyBa/IMCA MeTOJaMHU cHeKTpockomii. Pe3yabTaTH mnigTBepAUW M, IO KOpPO3id TPyGONpPOBOJIB CHpUSIE
HaKONUW4YEeHHI0 OKCUJIB 3aj1i3a Ta $OpPMYyBaHHI0 MiKpOGHMX 6i0IIIBOK, 110 NPU3BOJMTh A0 NOTiplIeHHS AKOCTi BOAH.
BcTaHOBJIEHO, 10 MOMKOAKEHHA 3aXMCHUX MOKPUTTIB Ha CTa/leBUX TPy6ax NPUCKOPIOE OKUCHEHHs, NiABUILYIOYH
pu3uK MikpoGiosioriuHoro 3a6pyaHeHHsa. Kpim Toro, mopymeHHsa rpadikiB mojadi Bogu cnpuUyYMHAE 3acTiil y
TPpyGONpOBOAAX, IO NMOCWIKE PHU3UKH 3a6pyaHeHHd. Jo TOro », BHBiJIbHEeHi BaXKKi MeTa/iM 3 KOpPOAOBAaHHUX
TPYGONPOBOAIB MOXKYTh CTAHOBUTHU JOBrOCTPOKOBY 3arpo3y 3J0POB’I0 CIOKMBaYiB. /I BUpilleHHs IMX Npo6JieM
3aNpoONOHOBAHA CHCTEMA OYHUINEHHSA BOJAM Ha eTami mojadi cHoXKuBayaM, fIKa BKJII0Ya€ 6araTocTyneHeBy
dinbTpanio, cop6uiiini TexHosorii Ta MeToAM 3He3apakeHHs. Takuil migxij cnpuse epeKTHBHOMY BHUJA/IEHHIO
NpoAyKTIiB Kopo3ii Ta Mikpo6GiosioriyHux 3a6pysHeHb, 3aGe3neuyylouyd NiJBUIEeHY G6e3nmeKy HNUTHOI BOJH.
JocaigykeHHA MiJKpecal0€ HeOOXiJHICTb KOHTPOJIIO KOPO3ifiHUX mpoueciB, peryjasgpHOro TeXHI4YHOro
06CJYyroByBaHHsA TPyGONpOBOJIB Ta CHUCTEMAaTHYHOIO0 MOHITOPHMHIY, 06 3MEHIIUTH PHU3UKU 3a6pyAHeHHA i
NMOKPAUIUTHU AKiCTh BOJONOCTAa4YaHHA Ta 6e31eKy 3/,0pOB’sl HaceJIeHHS.
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Introduction

The vast majority of Ukraine's population
consumes water from centralized water supply
systems: 99.1 % of cities, 89.8 % of urban-type
settlements, and 30.1 % of rural settlements
(according to the National Report on Drinking
Water Quality and the State of Drinking Water
Supply in Ukraine in 2018). At the same time, only
69% of the population has access to centralized
water supply systems, while 47.8 % have access to
centralized wastewater disposal systems.

The total length of water supply networks
(excluding Donetsk and Luhansk regions)
amounts to 102,759 thousand kilometers,
including 34,216 thousand kilometers, or 33.3 %,
classified as obsolete and emergency pipelines [3].

The quality of drinking water from centralized
water supply systems does not meet established
standards in many settlements across the regions.
The deterioration of drinking water quality is
primarily associated with the condition of water
supply networks, particularly internal building
pipelines, which are about 80% worn out, as well
as numerous unauthorized connections of new
construction projects to the water supply
network [1; 2].

Water contamination by corrosion products
and other toxic elements is one of the major
environmental issues affecting modern water
supply systems. At the same time, the significant
deterioration of pipelines, particularly internal
building networks, creates conditions that
intensify corrosion processes, potentially leading
to additional drinking water contamination [3;4].
In Ukraine, approximately 40% of water supply
networks have reached a critical level of wear, and
around 35% of drinking water treatment facilities
require modernization, directly impacting water
quality and public health [5].

Corrosion processes occurring in both metal
pipeline components and nickel-coated surfaces
result in water contamination with metal ions and
corrosion products, negatively affecting the
hygienic properties of water. Corrosion not only
degrades the mechanical properties of pipes but is
also a primary cause of secondary water
contamination by corrosion byproducts such as
metal ions, oxides, and hydroxides. These
substances can enter drinking water, posing a
health risk to consumers [6; 7].

Furthermore, corrosion damage and the
formation of rough surfaces inside pipes create a
favorable environment for biofilm development,
which can harbor pathogenic microorganisms.
Biofilms in water supply pipes can serve as a

source of infections, such as Legionella and other
harmful bacteria, posing a serious bacteriological
threat [8].

Research on corrosion processes and their
impact on water contamination is not only a
scientific necessity but also crucial for developing
effective water purification methods, improving
water supply systems, and reducing public health
risks [9]. The issue of corrosion and water
contamination remains highly relevant in the
context of modern water supply infrastructure, as
existing anti-corrosion methods do not always
yield the desired results, and the search for new
water treatment technologies requires ongoing
attention and research.

Analysis of Recent Studies and Publications.
Recent research in the field of metal corrosion and
its impact on water quality highlights the
importance of monitoring the processes occurring
in water supply pipelines. As noted by the authors
[7], steel corrosion in various environments
significantly affects the mechanical properties of
metals [10] and contributes to the accumulation of
corrosion products in water. Therefore, water
contamination can pose a serious health risk to
consumers, especially if corrosion leads to the
formation of hazardous compounds, such as iron
ions.

Fig. 1 illustrates the mechanism of secondary
contamination of tap water due to corrosion
processes. The corrosion of metal pipelines occurs
through the anodic oxidation of iron
(Fe—»Fe2++2e”) and the cathodic reduction of
dissolved oxygen (0,+2H,0+4e">40H7). The
corrosion products formed as a result of these
reactions include iron hydroxides Fe(OH)a,
Fe(OH)s;, and other compounds that either
precipitate in water or form deposits on the inner
walls of the pipes. As a result of these processes,
water becomes contaminated with corrosion
product particles, and favorable conditions for
microbial growth are created, potentially leading
to microbiological contamination.

The quality of water in supply systems depends
on a complex set of factors that determine its
physicochemical and microbiological
composition. As shown in Fig. 2, malfunctions in
the water supply system, particularly power
supply failures and disruptions in the water
distribution schedule, lead to changes in
consumption patterns, the formation of stagnant
zones, and, consequently, increased water
contamination. Corrosion processes occurring in
both centralized and in-building pipelines result
in water contamination with corrosion



643

Journal of Chemistry and Technologies, 2025, 33(3), 641-649

byproducts and contribute to the development of
biofilms containing pathogenic microorganisms
[11; 12]. This, in turn, deteriorates water quality
by altering its color, odor, and taste, while also
increasing  turbidity due to  sediment
accumulation and microbiological pollution. As a
result, consumers may be exposed to hazardous
chemical and biological factors, increasing health

Electrochemical and microbiological corrosion

risks and necessitating additional water
purification measures, such as filtration,
disinfection, or the wuse of bottled water.

Therefore, pipeline corrosion and water supply
disruptions are key factors that directly affect
water quality and pose potential health threats to
the population.

Intensification of corrosion processes at pipe
joints and shut-off fittings, especially between
different materials or alloys
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Fig. 1. The process of secondary water contamination in water supply systems

The study [13] examined the corrosion
potential of water in the Iranian city of Rafsanjan,
revealing a high level of corrosion in urban water
pipelines due to the elevated content of iron and
chloride ions in the water. This confirms the
existence of a correlation between the chemical
composition of water and the intensity of
corrosion processes. The authors note that
corrosion processes not only affect the physical
properties of pipes but also cause the dissolution
of heavy metals in water, increasing the risk of
diseases such as lead and cadmium poisoning.

Currently, [14] considers the use of coatings to
improve the corrosion resistance of steel pipes.
However, it highlights that even high-quality
coatings cannot fully protect against the effects of
aggressive chemical compounds present in water,
especially under conditions of temperature and
humidity fluctuations. This fact confirms the
necessity of continuous monitoring of water
supply networks to detect corrosion products at
early stages.

Additionally, detecting pathogenic
microorganisms that accumulate on rough pipe
surfaces due to corrosion processes is crucial. As
researchers [15] point out, microcracks and pores
on metal surfaces serve as ideal sites for the
development of biofilms, which may contain
dangerous bacteria such as Legionella, posing a
serious health threat to water consumers.

Previous research has addressed the issue of
pipeline corrosion and its effect on material
durability. However, insufficient attention has
been given to its consequences for water quality,
particularly  secondary  contamination by
corrosion products and the microbiological risks
arising from biofilm formation in damaged areas.
Despite the existence of scientific studies focusing
on specific aspects of corrosion processes in water
supply systems, the comprehensive impact of
these processes on changes in the chemical and
microbiological composition of water under
disrupted water supply conditions remains
insufficiently explored [16; 17].
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In particular, there is a lack of systematic
research on the interrelation between corrosion-
induced pipeline degradation, the accumulation of
corrosion products, and biofilm formation, which
may contain pathogenic microorganisms [18].
Identifying this relationship is crucial for
developing effective methods of water quality
control and minimizing the negative impact of
corrosion processes in water supply systems,
which is the primary objective of this study.

This study comprehensively examines the
impact of corrosion processes on water quality in
pipeline systems, with a focus on secondary
contamination by corrosion products and
microbiological risks arising from biofilm
formation in damaged pipeline sections. Unlike
previous research, which primarily focused on
corrosion mechanisms and material degradation,
this study establishes the relationship between
pipeline coating integrity disruption, the
accumulation of corrosion products in water, and
conditions that promote the proliferation of
pathogenic microorganisms [19;20]. A key
distinction of the proposed approach is its
consideration of dynamic changes in water supply,
which enhances water purification efficiency and
minimizes the negative effects of corrosion
processes in distribution networks.

The aim of this study is to comprehensively
assess the impact of the technical condition of
water supply systems on drinking water quality,
with a focus on corrosion processes that cause
secondary contamination. Special attention is
given to the experimental detection of corrosion
products in water after water supply
interruptions and their impact on microbiological
safety. The obtained results provide a basis for
developing recommendations to improve water
supply quality and reduce the risks of secondary
water contamination in distribution networks.

Experimental

Elemental analysis of the samples was
conducted using the optical emission method on a
Spectro device, which provides accurate data on
the elemental composition of the surface layer.
This information is essential for further
assessment of material properties, including
potential factors influencing corrosion behavior.

Metallographic studies were carried out using
a ZESS AIXO Ver.1 metallographic microscope,
enabling a detailed examination of the
microstructure of the samples after corrosion
testing and the identification of defects or damage.

Microscopic analysis, performed using the XS-
3330 LED MICROmed microscope, included the
study of iron complex sediment in water formed
due to disruptions in the water supply schedule, as
well as corrosion changes on the surface of the
nickel coating and faucet elements after two years
of operation.

Results and discussion

Based on the conducted research, it has been
established that the significant wear of pipeline
systems leads to the intensified development of
corrosion processes. One of the key targets of
corrosion damage is water treatment station
equipment (Fig. 3a), particularly storage and
transportation reservoirs, pipelines, and pumping
systems. The corrosion of this equipment occurs
due to prolonged contact with water containing
aggressive ions, such as chlorides, sulfates, and
dissolved  oxygen  [21;22]. Additionally,
temperature fluctuations and mechanical impact
from hydrodynamic loads accelerate the surface
degradation of metals. As a result, rust deposits
form, serving as a source of secondary water
contamination.
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Fig. 3. Examples of corrosion during water transportation: (a) corrosion of equipment at a water treatment station;
(b) corrosion of faucets in centralized water supply; (c) corrosion of faucets in centralized water supply

Shut-off valves and faucets used in centralized
water supply systems are among the most
vulnerable elements to corrosion damage.
Corrosion in these components has a mixed
nature: in addition to general electrochemical
metal degradation, localized pitting corrosion
occurs due to the uneven distribution of stresses
at connection points (Fig. 3b, c). The presence of
corrosion products in the sealing areas leads to a
loss of joint tightness, increasing the likelihood of
leaks and requiring regular maintenance [23].
Additionally, metal oxide deposits on the internal
surfaces of the fittings create conditions for
microbiological contamination of water.

Metal pipes and faucets with a protective nickel
coating exhibit reduced corrosion resistance
during long-term operation. Specifically, the

results of metallographic analysis confirm that
after two years of use, the nickel coating
undergoes degradation at bending points and
areas of mechanical stress (Fig. 4a). This is due to
the formation of microcracks in mechanically
deformed areas, which become active anodic
zones for the corrosion process. Under these
conditions, the base material, which is low-carbon
steel, begins to oxidize actively, leading to the
further degradation of the surface layer (Fig. 4b, c)
and the release of metal ions into the water. This
phenomenon creates additional risks of drinking
water contamination with nickel and iron ions,
which may have toxic effects on human health if
maximum  permissible concentrations are
exceeded.

Fig. 4. Corrosion changes in the nickel coating and faucet elements after 2 years of operation: (a) surface of the nickel
coating applied to steel 10; (b) cross-section of the faucet body showing corrosion damage; (c) aerator mesh at the
water outlet affected by corrosion.

Elemental analysis demonstrated that the
faucet material is made of low-carbon steel with a
nickel coating (Table 1) approximately 7 pm thick.
Corrosion damage is primarily observed at

bending points, where technological deformation
occurs, likely leading to the destruction of the
protective coating (Fig. 5).
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Table 1
Elemental composition of the water tap (%)
Tabauys 1
EJieMeHTHMII CKJIaZ, BOAONPOBigHOTr0 KpaHy (%)
Sample C Mn Cr Ni S P Material
Tap 0.11 0.15 - - 0.021 0.031 Steel 10
Coating - - 3.67 96.33 - - Ni

During the study, an analysis of changes in the
chemical composition of water in the pipeline
system was conducted under different operating
conditions: normal operation mode and after
water supply shutdown and restoration. Water
samples were collected at control points before

the water supply was interrupted and after it was
restored. The research results showed a
significant increase in the concentration of
corrosion products, particularly iron ions, as well
as an increase in water turbidity in the first hours
after the supply was resumed.

Fig. 5. Partially damaged coating (x500)

Before the shutdown, the physicochemical
properties of the water remained stable: the pH
level ranged from 7.2 to 7.5, and the Fe?*
concentration did not exceed 0.1 mg/L. In terms of
organoleptic characteristics, the total suspended
solids content ranged from 2 to 5 mg/L.

After the shutdown and restoration of water
supply, a sharp increase in the concentration of
corrosion products was observed. The following
changes were recorded:

1) The concentration of Fe2* ions increased to
0.7-1.2 mg/L, exceeding the upper threshold of
the recommended range for total iron (0.2-1.0
mg/L) as defined by DSanPiN 2.2.4-171-10, which
regulates hygienic requirements for drinking
water intended for human consumption.

Water turbidity more than doubled (from 0.7-
1.1 mg/L to 2.5-3.2 mg/L).

Presence of brown sediment after settling
water samples, confirming the formation of iron
hydroxides Fe(OH); and Fe(OH)s.

Detection of small fragments of corrosion
deposits in water samples, indicating the shedding
of oxide films from the inner surface of pipelines.

Analysis also showed that 4-6 hours after
water supply restoration, the concentration of
corrosion products gradually decreases; however,
during the first 1-2 hours, it remains elevated.
This confirms that at the moment of system
restart, a massive washout of corrosion products
accumulated in stagnant zones of the pipeline
occurs.

The obtained results indicate that periodic
interruptions in water supply can significantly
affect drinking water quality, increasing the risks
of secondary contamination and deteriorating its
organoleptic properties. Additionally, sediment
deposits can serve as a medium for the
development of biofilms containing pathogenic
microorganisms, including Legionella species,
which pose serious health risks.
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Fig. 6. Examples of water quality deterioration due to water supply disruptions: (a) sediment after water
shutdown (after settling 3 liters of water, Kharkiv, 10.07.2024); (b) photograph of collected sediment; (c) iron
complex sediment under a microscope

Corrosion processes in metal pipelines develop
according to the anodic-cathodic mechanism. At
the sites of anodic oxidation, iron, as known [24],
dissolves with the formation of Fe?* ions, which
enter the solution:

Fe — Fe2+ + 2e-

At the same time, in the cathodic areas,
dissolved oxygen is reduced with the formation of
hydroxide ions:

0, + 2H;0 + 4e- > 40H-

The further interaction of iron ions with the
products of the cathodic reaction leads to the
formation  of insoluble  oxide-hydroxide
complexes, which deposit on pipe surfaces and
contribute to drinking water contamination.
These processes are particularly intense under
uneven water flow distribution, which promotes
the formation of stagnant zones and localized
depassivation of the metal surface.

Corrosion processes in pipeline systems not
only alter the chemical composition of drinking
water but may also contribute to microbiological
risks under certain operational conditions.
Degradation of protective coatings and the
formation of surface irregularities on the inner
pipe walls facilitate the accumulation of organic
and inorganic deposits, which may act as
substrates for microbial adhesion and growth.
Although  biofilm  formation was  not
experimentally confirmed in the present study,
this assumption is supported by previous research
indicating that stagnation zones, uneven flow
conditions, and deteriorated surfaces can promote
biofilm development in distribution networks
[17].

In well-regulated centralized water supply
systems, microbial contamination is effectively
controlled through chlorination. According to
DSanPiN 2.2.4-171-10, the residual free chlorine

concentration in drinking water must be
maintained within the range of 0.3-0.5 mg/L to
ensure microbiological safety throughout the
distribution process. Residual chlorine serves as a
critical barrier, preventing bacterial regrowth in
transit.

The ultraviolet (UV) disinfection unit
integrated into the proposed purification system
is intended as an additional safeguard in cases
where residual chlorine levels are insufficient or
absent, such as during emergency supply
interruptions or in decentralized water sources.
While not a substitute for chlorination in
municipal systems, UV treatment enhances the
microbiological protection of the system under
variable or uncontrolled operating conditions,
contributing to its flexibility and reliability.

The proposed water purification system is an
autonomous device that combines multi-stage
filtration, ozonation, and ultraviolet disinfection
for the effective removal of corrosion products
and microbiological contamination. The system's
design is optimized for operation in emergency
situations, making it particularly effective for use
in regions with unstable water supply.

Main components of the device:

1) Inlet water supply unit, ensuring a steady
flow of raw water to the first purification stage.

2) Filtration module, consisting of a multi-layer
filtration system that removes mechanical
impurities and corrosion products.

3) Storage tank for purified water, which
prevents recontamination and maintains a
continuous purification process.

4) Ozonator, responsible for the oxidation of
dissolved metals, the breakdown of organic
contaminants, and partial disinfection, serving as
a chemical-free pretreatment stage.
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5) Ultraviolet disinfection unit, operating at a
wavelength of 220 nm and an intensity of 16
mW/cm?, provides an immediate and highly
effective inactivation of pathogenic
microorganisms, including those potentially
resistant to chemical oxidants.

The combination of ozonation and UV
treatment ensures a multi-barrier disinfection
approach. This integration enhances overall
system reliability and safety, especially in
decentralized or emergency water supply
conditions, where residual disinfectant levels may
be insufficient or absent. Moreover, the sequential
application of ozone followed by UV disinfection
maximizes the removal of both chemical and
biological contaminants from the treated water.

6) Circulation and process control system,
enabling automated water recirculation to
enhance purification efficiency.

The compact modular design allows for easy
integration into various water supply systems,
while the use of energy-efficient components
minimizes electricity consumption. A detailed
analysis of the system's structural features, as well
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