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Abstract: The rapid urbanisation of the settlements of the Odessa agglomeration has
negatively affected the quality of the drinking water that is transported to consumers. The
purpose of this study was to determine the most effective measures to provide settlements
with quality drinking water. In order to achieve this goal, possible options for measures
were considered, and an assessment and comparative analysis of the potential of the
proposed options were executed. The most effective measures were evaluated on two
criteria: compliance with the principles of sustainable development and whether the
measures were effective, reliable and comfortable for consumers when implemented.
The factors that influenced the decision-making were the situation and conditions of the
implementation of the measures, laboratory tests of the source water and laboratory
tests of the water after the treatment process and consumer awareness of participation.
The findings demonstrated that a measure was effective if it met the stated criteria. The
results of the study are planned to be used as reference material in the elaboration of an
integrated plan for the development of settlements, for decision-making in the organisation
of recreation and health-related areas and for other resource planning activities.

Keywords: quality drinking water, settlements, variants for provision, sustainable
development, consumer reliability and comfort

1. INTRODUCTION

The rapid urbanisation of settlements has negative consequences for the
environment. Unfortunately, it primarily affects the quality of drinking water that is
transported to the settlements. In Ukraine, the quality of drinking water transported
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to settlements is regulated by the laws DSanPiN 2.2.4-171-10 (“Hygienic
requirements for drinking water intended for human consumption”) and DSTU
7525:2014 (“Drinking water: Requirements and methods of quality control”).!2
This paper is devoted to the study of measures that can provide the settlements of
the Odessa agglomeration with quality drinking water while complying with the
requirements of DSanPiN 2.2.4-171-10 and DSTU 7525:2014.

The quality of drinking water in settlements is primarily determined by
the quality of water at the source which are regularly affected by anthropogenic
pollution. The main reasons for this type of pollution are as follows:

1. Discharge of untreated or insufficiently treated household and industrial
wastewater directly into natural sources through the sewage systems of
settlements.

2. Penetration of water from open areas of settlements and agricultural fields
into natural sources in the course of the surface flow.

3. Soil erosion in the water intake area.

The main source of drinking water for the Odessa agglomeration
(Figure 1a) is the Dniester River [Figure 1b(i)], which annually receives 0.8 km?
to 1.5 km’ of untreated and insufficiently treated wastewater from the territory of
Ukraine and Moldova.’ Water intake is carried out in the area of Belyaevka village,
at a distance of 21 km upstream, from the influx of the river into the Dniester estuary
[Figure 1b(ii)]. Water conditioning of the untreated (river) water to indicators
that meet the requirements of DSanPiN 2.2.4-171-10 and DSTU 7525:2014 is
performed at the head treatment plant, the Dniester Water Purification Station
[Figure 1b(iii)], which is located near the village of Belyaevka [Figure 1b(iv)].
At the water purification station (WPS), various water treatment technologies,
such as coagulation, sedimentation, filtration and chlorination are applied. Some
water conditioning technologies are unsafe. In particular, chlorination not only
deteriorates the organoleptic properties of water due to residual amounts of the
reagent but also causes the appearance of new toxic substances—products of
chemical reactions between the active chlorine and organic impurities.

Currently, the Dniester Water Purification Station cleans and supplies
to consumers on average 400 km?to 550 km? of water per day, which meets the
requirements of DSanPiN 2.2.4-171-10 and DSTU 7525:2014.° The water is
transported to the settlements of the Odessa agglomeration by a system of water
pipelines with diameters of 700 mm—1400 mm and a total length of about 600
km. The disinfection, accumulation and distribution of water in the settlements is
provided by a centralised utility and drinking water supply system (CWSS), which
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includes clean water tanks (CWTs), pumping stations (PSs), water distribution
networks (WDNs), and others. As a result of prolonged transportation of water
through the main pipelines and the unsatisfactory technical condition of the water
distribution networks in the settlements, secondary pollution of drinking water
occurs due to corroded and leaky water pipes.

1

Figure 1: The household water supply of the Odessa agglomeration: (a) Schematic map
of the Odessa agglomeration location.® (b) Source of water supply and other
significant objects: (i) Dniester River, (ii) Dniester estuary, (iii) Dniester Water
Treatment Plant and (iv) Belyaevka settlement.

In order to improve the provision of quality drinking water to the
settlements, the emphasis has traditionally been on improving the WPS and
CWSS, which almost always ends at a stage of “discussion and decision-making”
without fulfilment of the latter. Since the late 1980s, domestic and commercial
water treatment facilities (WTFs) and drinking water supply systems (DWSs) in
residential buildings were produced and developed in Ukraine, and the production
of packaged drinking water was also carried out.*® A subjective positive
assessment of these proposed measures as ways to solve the problems of provision
of the settlements with quality drinking water was observed during sociological
surveys of consumers and specialists in the water supply field. Unfortunately, there
has been a massive flow of low-quality products to the consumer market over the
past decade. As a result, proficient advertising companies, multiple publications
in periodicals and online media accompanying the entry of such products on the
market and represent a certain degree of risk to the health of consumers in the
future. For example, a comparative analysis of the results of laboratory studies
of drinking water that goes through the process of treatment (as carried out by
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Tserkovna under the leadership of Grabowski)® testified that the domestic water
treatment facilities (reverse osmosis system) do not provide water that undergoes
a water treatment process that achieves an optimal content of mineral components;
in other words, the mineral composition does not correspond to the physiological
adequacy needed for drinking water (DSanPiN 2.2.4-171-10).! The long-term
consumption of water with an imbalance of its main mineral components can
be one of the negative factors that affects the health of consumers. The mineral
composition of drinking water is not only an indicator of its quality but also an
important factor in the development of the health of consumers.®” Corresponding
indicators for comparison are given in Table 1, and a detailed history of the study
of water after the water treatment process is discussed in the cited reference.®

Table 1: Indicators of physiological usefulness of drinking water mineral composition.

Indicator name  Unit of measurement  Standard Indicators after water treatment process

Hardness mmol/dm? 1.5-7.0 0.05
Magnesium mg/dm? 10-80 0.4
Alkalinity mmol/dm? 0.5-6.5 0.25

Measures aimed at the provision of settlements with quality drinking water
have been considered by a variety of researchers, such as Solodovnik,* Grabowsky
et al.,’> Tserkovna,’ Bartram et al.,* Amrose et al.,’ Sty§ and Stec,' Gorbanev
et al.'' and Kumari et al.'? Unfortunately, in these studies, the authors did not
consider the potential of measures as to compliance with the principles of sustainable
development and the efficiency, reliability and comfort for consumers.*%#'2

In addition, when choosing a measure option, it is important whether
the implementation is planned at the pre-design stage, will be implemented in an
already existing residential building and/or a complex of residential buildings/
groups or will be carried out in an already formed territory.

In consideration of the above material, the purpose of this study was to
determine measures that would effectively provide the settlements of the Odessa
agglomeration with quality drinking water while taking into account the specificity
of situations and territories where the planned implementation was to occur.
Achievement of this goal required the implementation of the following tasks:
identify measure options, assess the measures for compliance with the principles
of sustainable development and study the features that make the implementation
of a particular option the most or least effective, reliable and comfortable for
consumers.
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The results of the study will be required as reference material in the
elaboration of an integrated plan for the development of settlements, for decision-
making in the organisation of recreation and health-related areas and for other
resource planning activities.

2. METHODS

Having reviewed the results of studies presented in the works by Grabowsky
et al.,’ Tserkovna,® Safranov et al.,” Bartram et al.,> Amrose et al.,” Sty$ and Stec,'’
Gorbanev et al.,!' Kumari et al.,'? Stevi¢-Gojkov,"® Rak and Pietrucha-Urbanik,'
Delpla et al.," Bain et al.,'® Parshukov et al.,!” Hariani et al.,'® Klamt et al.,'” Ahsan
and Imteaz,”® Vinod Kumar and Baskaran®' and Kayumov et al.,?? the methodology
was developed, which was based on the methods that were considered and applied
by the cited researchers.

In order to clarify the main task and the correct formulation of the definition
of “measures to provide settlements with quality drinking water”, a comparative
analysis of existing regulatory documents were performed.' 2

3. FINDINGS AND NOVELTY

Searching for innovative solutions made it possible to highlight issues that had not
been considered earlier:

1. The potential of measures with regard to compliance with the principles of
sustainable development.

2. The efficiency, reliability and comfort of the measures for consumers.

The specificity of situations or territories where the measures were to be
implemented to provide settlements with quality drinking water.

The author has developed and proposed a methodology that will allow
factors that subsequently affect the implementation and development of the
measure to be taken into account.

The assessment of potential includes an analysis of a variety of solutions
that will increase the effectiveness of a measure and its reliability and comfort
over the long term. The assessment also includes how the measure will contribute
to lower implementation costs, which are extremely important in providing a
rationale regarding the use of available resources and compliance with modern
principles of sustainable development.
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4. RESULTS

The measures to provide settlements with quality water are a complex set of
technical solutions. The results of which are aimed at the implementation of the
main task: the reliable and comfortable provision of consumers of the settlements
with quality drinking water.'>?> The water quality must comply with the
requirements of DSanPiN 2.2.4-171-10 and DSTU 7525:2014, and the optimal
content of mineral components in the water shall correspond to the physiological
adequacy of drinking water.’

Consolidation of complex technical solutions into a whole (measure) is
quite challenging. The source water quality and the situation in the territory where
the measure is to be implemented are crucial in the decision-making process.
These two factors ultimately determine the financial (economic) component of the
planned measure. One of the significant financial components is the selection of
the technical equipment for the implementation of the measures.* ¢!

Consider the main recommended measures to provide the settlements of
the Odessa agglomeration with quality drinking water:

1. Reconstruction of the head treatment facilities at the Dniester Water
Purification Station and CWSS (Figure 2a).

Provision of bottled water (Figure 2b).
Installation of water sales points (Figure 2c¢).
Installation of purified water machines (Figure 2d).

Increase in the promotion of domestic WTFs (Figure 2¢).

AN O

Installation of DWSs in residential buildings and/or a complex of
residential buildings/groups (Figure 2f).

We make a comparative analysis of the potential of the proposed variants
while taking into account the specificity of situations or territories where the
measures are expected to be implemented to provide settlements with quality
drinking water.

According to previous studies, the potential of a measure such as the
reconstruction of head treatment facilities was assessed as low.*® The main
disadvantage of this considered option is that according to observations, a
consumer needs 3 L to 5 L of drinking water per day, and the Dniester Water
Purification Station transports 550 km? of drinking water per day to the settlements
of the Odessa agglomeration. The amount of water supply needed per individual
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was determined by the established standard of drinking water consumption,
which regulates the amount of drinking water necessary to meet the drinking,
physiological, sanitary and hygienic and domestic needs of one consumer during
the day in a particular settlement with normal operation of the centralised utility and
drinking water supply systems and in case of their failure. The current maximum
specific average (over a year) daily consumption rate of drinking water in Ukraine
is 285 L/day per inhabitant (DBN B.2.5-74:2013, as shown in Table 1), which
significantly exceeds the amount required of individuals. The studies conducted
by Safranov et al.” and Guseva® demonstrated that the water treatment process
technologies provided by the Dniester Water Purification Station are adequate and
most appropriate in the prevailing circumstances.>’ Consequently, the option of
reconstruction of the head treatment facilities will not be further considered, and
the process of updating and modernisation of the centralised utility and drinking
water supply system should be considered a normal ongoing need.

Figure 2: Examples of measures to provide the settlements with quality drinking water:
(a) Dniester Water Purification Station, (b) bottled water, (c) water sales points,
(d) purified water machines, (¢) domestic water treatment plants and (f) drinking
water supply systems in residential buildings and/or a complex of residential
buildings.

The measure to provide the settlements with bottled water also has a
low potential for implementation, as it has a number of major deficiencies.> %
This is primarily caused by the additional costs of producing plastic containers
for transportation and storage as well as the costs for sale, transportation and
distribution of the bottled water in settlements. Bottled water distribution by in
road transport will increase greenhouse gas emissions into the atmospheric air.
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In addition, there is a significant expenditure of human resources for the delivery
of water to the consumer in the course of the implementation of the measure.
Unfortunately, previous studies did not consider the environmental component of
options for providing settlements with quality drinking water.**

Having calculated and compared the operating costs of the considered
options, Grabowsky et al.’> came to the conclusion that the provision of bottled
water as an option was not economically viable because the cost of the measure
was high and the implementation was not rational. Tserkovna® assessed measures
by criteria such as sanitary, reliability and comfort for consumers. In her study,
the bottled water supply option received the highest rating in terms of sanitary and
reliability but was the lowest in terms of comfort.

In analysing the presented material, it can be affirmed that the potential of
the provision of bottled water measure is low, because it does not meet modern
principles of sustainable development (environmental, economic and social) and
requires significant human resources for implementation.

We paid attention to the measures that were maximally adapted to the
implementation on the territory of settlements of the Odessa agglomeration and
were consistent with modern principles of sustainable development.'?!420-22

The analysis of the technical equipment installed in water sales points,
purified water machines and main devices (cores) of drinking water supply systems
in residential buildings demonstrated that the equipment used is identical and in
fact constitutes a commercial water treatment facility.%!020-22

Water treatment facilities for domestic and commercial purposes are
modular systems with equipment compositions based on modern principles of
sustainable development—efficiency, environmental friendliness and social
need—that take into account the marketing of the equipment and its operational
experience.?* 2> Modular design makes it possible to individually select water
treatment facility equipment for water sales points, purified water machines and
drinking water supply systems in residential buildings based on a laboratory study
of the source (tap) water for the residential building and/or a complex of residential
buildings/groups of buildings. A domestic water treatment facility also allows one
to select equipment for each apartment individually.® The main task of domestic
and commercial water treatment facilities is the conditioning of the tap water, that
is, bringing the quality of tap water up to the requirements of standards, such as
DSanPiN 2.2.4-171-10 and DSTU 7525:2014.'



Journal of Engineering Science, Vol. 17(2), 31-45, 2021 39

The prerequisites that should be considered when choosing variants of
domestic and commercial water treatment facilities are energy efficiency, relevance
(use of innovative components), a proper degree of automation and independence,
reliability, comfort, technical feasibility and appropriateness (taking into account
the full cycle of operation of the engineering systems and all associated costs) and
ergonomics,®!220-22

The assessment of the potential of measures to provide settlements with
quality water is based on a methodology for the analysis of the life cycle cost of
water supply systems.?? In general, an assessment of the potential of a measure can
be described by the following equation:

MP = CC + OC (1)

where MP is the cost of the measure potential, CC are the initial capital costs (CC)
and OC are the annual operating costs.

The initial CC are defined as follows:

CC=PE+ PA+EIl+ PC 2)
where PE are costs for the purchase of equipment, P4 are costs for the purchase
of associated accessories, £/ are costs for equipment installation and PC is the
purchase of commissioning.

The OC are defined as follows:

oC=CW+CE+SM+ PP+ CL+DC 3)
where CW is the cost of (tap) water, CE is the cost of electricity that supports
the operation of the measure, SM is the cost of service or sanitary-engineering
maintenance, PP is the cost of replacement of quick-wearing parts, CL are the costs
of liquidation and disposal and DC are the depreciation charges. The depreciation
is calculated according to the following formula:

DC = CC/T “4)

where CC is the initial capital costs (Eq. 2) and 7 is the design life.
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Analysis of the studies made it possible to highlight the specificity of the
situations that make one or another measure option the most or least effective,
reliable and comfortable. The result of the measure potential study is presented in
Figure 3.

Assessment criteria:

Complies with principles of sustainable Is effective, reliable and comfortable for
development: environmental, economic and consumers in the course of

social implementation

Assessment result:

Reconstruction

«Dniester» WPS Ensures the compliance of

water with standards

and CWSS
Provision of Doesn’t comply with principles of sustainable development
bottled water Requires significant human resources for the implementation

Installation of .. L
Servicing and participation of
water sales R
. consumers is compulsory
points

Automated, participation of:
purified water consumers, service provider is
machines compulsory

Requires participation of
Installation WTF consumers, servicing -
recommended
Installation Automated, participation of
DWS service provider is compulsory
Introduction into

Pre-project . . Introduction Into
plr;as.el: residential house/ Comments

- existing territo:
complex of houses s Y

Installation of

Measure Options

Situation

Figure 3: Study of the measures’ potentials: for compliance with the principles of
sustainable development; for efficiency, reliability and the comfort of
consumers.

5. DISCUSSION

An analytical study was conducted to determine options of measures to provide
quality drinking water to consumers in the settlements of the Odessa agglomeration.
The assessment and comparative analysis of the potential for each of the proposed
options was made taking into account the specificity of the situations or territories
where the measures were expected to be implemented. This made it possible to
highlight the most effective options.

The most effective measures were assessed based on two criteria:
compliance with the principles of sustainable development and the efficiency,
reliability and comfort of the consumers.

A number of factors were identified that influenced the decision-making.
The situation or conditions of implementation of the measures (such as automation
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or servicing required, participation of consumers, service provider, etc.) were
examined for each. Laboratory tests of the source water and of the water after
the treatment process were the grounds for the selection of technical equipment
that ensured the correct implementation of a measure. Lastly, whether consumer
awareness of participation increased the effectiveness of a measure in the course
of implementation and operation was considered.

It is also worth noting that in recreation areas and historical and cultural
centres of the settlements, one of the most comfortable measures to provide the
population with quality drinking water is the installation of purified water machines
and water sales points. Water sales are planned to be carried out with consumer’s
containers and proposed containers of various volumes. For the integrated inclusion
of the measures in the surrounding space of the settlements, attention should be
paid to the external design. The organisation of measures in the proposed way and
in the proposed zones will increase the comfort of the open areas of the settlements
that are intended for walking, group activities and passive recreation; these areas
also allow social communication with the consumers. Implementation of these
measure options will be the most effective and the most in-demand during hot, dry
weather conditions.

In view of the above, measures to provide quality drinking water to
consumers should be taken into consideration when designing an integrated
development plan for the settlements of the Odessa agglomeration. It should
contain specific parameters for the development of the recreation zones and
areas for health improvement purposes (impact), and it is necessary to plan the
resource support for the implementation of the intended measures for portions of
the settlement territories.

The considered measure options to provide quality drinking water to the
consumers in the settlements should be implemented and can successfully coexist,
complimenting each other. In addition, following the described material, empirical
research has confirmed the interconnection between awareness and consumer trust.
The research methodology can be applied to other agglomerations with similar
resource provisions.

One limitation of this study is that it focused on providing good options for
consumers but did not address the reduction of existing poor options. Unfortunately,
in the context of this issue, how to reduce the mass flow of low-quality products
on the market has not been studied. This remains a challenge to the health of
consumers and a waste of their resources.
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6. CONCLUSION

Having reviewed options for providing the settlements of the Odessa agglomeration
with quality drinking water, the following conclusions were made: a measure
is effective if it complies with the principles of sustainable development
(environmental, economic and social) and, in the course of implementation, if it is
effective, reliable and comfortable for consumers.

The results of the study will be used as reference material in the elaboration
of an integrated plan for the development of settlements, for decision-making in
the organisation of recreation and health-related areas and for resource planning
activities.
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