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Abstract

Introduction: Fresh water suitable for water supply has been depleted due to production activities. Thus, closed water
supply cycles are required at civil infrastructure facilities. The quality of water must meet the requirements on its use for
various purposes. It is common knowledge that water is essential in providing adequate health and sanitary conditions
for the public. Therefore, issues of water treatment remain in the focus of researchers. Water disinfection is one of the
mandatory methods used in water purification and treatment. Currently, chlorination is still the main technology for water
disinfection. However, it is responsible for toxic, carcinogenic, and other types of negative effects on the human body. In
this paper, we consider the use of oligodynamic solutions as a new, rapidly-developing direction in water treatment. In the
course of our study, we addressed a method of swimming pool water disinfection using units of oligodynamic synthesis
and examined the results of treated water quality analyses. Methods: The study was based on the statistical analysis of
water quality indicators in pools with water treated with silver and copper ions. The analysis made it possible to determine
the hygienic safety and reliability of products. To assess hygienic safety and reliability, we analyzed the composition
and properties of the product (oligodynamic solution) as well as the composition and concentration of impurities in pool
water and determined if the disinfecting properties of water are preserved and proper levels of copper and silver ions
(not exceeding MAC) in pool water are maintained. Results: The paper provides a rationale for procedures to analyze
and determine the safety and reliability of small-scale units producing disinfection solutions to ensure optimal swimming
conditions in swimming pools. Discussion: The obtained results indicate that it is expedient to apply oligodynamic water
treatment to ensure the hygienic safety and reliability of swimming pools. The technology suggested fully meets the
requirements of sanitary regulations on water quality.
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Introduction

Our health and longevity depend on our lifestyle.
That is why a healthy lifestyle is gaining more and
more followers and is promoted at the state level.
These circumstances determine trends in the
construction and reconstruction of such health
and leisure facilities as gyms, stadiums, swimming
pools, etc. In their design, particular attention should
be paid to the choice of water treatment method
and technology. The choice of water purification
technology and water purification systems depends
on the sanitary and hygienic requirements on
swimming pool water, the size of the pumping and
filtering unit, the volume of the pool basin, the quality
of feed water, technical and economic indicators, and
other parameters.

Traditional methods of water disinfection with
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chlorine and its derivatives have particular negative
effects, e.g., sensitizing and carcinogenic effects.
Besides, such water may irritate the mucous
membranes of the eyes and the respiratory tract and
pose a toxic hazard in emergencies (overdose). The
chemical transformation of substances contained in
the water is of particular relevance since it results
in the formation of organic halogen compounds
dangerous to human health (Carter and Joll, 2017,
Firuzi et al., 2020; Liu et al., 2020; Wyczarska-Kokot
et al., 2020; Zhang et al., 2022). In new regulatory
documents, significant changes have affected
chlorine and chlorination by-products. Unfortunately,
these changes are due to the disappointing statistics
of mass poisoning in swimming pools. In the prior
regulatory document, combined chlorine was not
even included in the sanitary inspection program
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and was mentioned only when referring to the unit
on standby. The maximum allowable concentration of
residual chlorine has been reduced by 10 times and
is equal to 0.2 mg/l (Sanitary Rules SP 2.1.3678-20
(Chief Public Health Officer of the Russian Federation
(2020))). The maximum allowable concentration of
chloroform has been changed as well, from 0.1 to
0.06 mg/l (Sanitary Rules and Regulations SanPiN
1.2.3685-21 (Chief Public Health Officer of the
Russian Federation (2021))).

These new regulations are aimed at improving the
safety of swimming pool water (both microbiological
and toxicological) due to the use of chlorine-
containing agents. Measures taken to gain a
more comprehensive understanding of the water
safety issue and risk management associated with
the use of chlorine comply with the global trends
creating a comfortable and safe environment. New
regulations require all process participants to make
informed decisions during swimming pool design and
construction and ensure strict compliance with the
maintenance mode during swimming pool operation.

Considering the above, it is required to turn
attention to alternative methods of water disinfection
to improve hygienic reliability and reduce the number
of emergencies in swimming pools, caused by the
negative effects of agents used in water disinfection.

In recent decades, new methods of industrial
water disinfection by enriching it with metal ions were
found. Among those methods, silver and copper
electrolysis became the most popular. Those new
technologies significantly improved the procedure
of pool water treatment and provided particular
advantages in terms of hygiene. For instance, silver-
copper (oligodynamic) solutions form insoluble
compounds with amines and carbamides —
substances released by humans into water. The
resulting solid sediments can be easily removed from
the basin. Proper technological conditions aimed
at maintaining the sub-threshold concentrations
of these ions in the basin at a constant level can
ensure a long-term disinfection effect, and that —
in contrast to chlorine and oxidants — is without
any chloramines, chloroforms, peroxides, and
other derivative compounds prone to chemical
transformations and causing negative effects for
humans.

The method of water disinfection with silver and
copper ions as well as the ions of other metals in
the form of oligodynamic solutions (Adelshin and
Leonteva, 2011; Allen et al., 2021; Karataev, 2009;
Krasovsky et al., 2021) is based on the fact that
very low concentrations (below the MAC level) of
the positive ions of metals and other substances
with high electric potential have an adverse effect on
microorganisms. Pure silver and copper ions, which
are not bound in salts and with other substances,
have the ability to disinfect water. Their bactericidal
effect manifests in the amounts significantly lower

than the adverse effect and/or the sensation
threshold (in terms of turbidity, odor, and water color
index). What silver and copper ions have in common
in their adverse effect on biological objects is their
influence on the concentration of SH groups.

Oligodynamic solutions are aqueous solutions
with antimicrobial characteristics due to low
concentrations of the ions of mercury, silver, copper,
iron, lead, zinc, bismuth, gold, aluminum, and other
metals (Voznaya, 1967). This characteristic depends
on the availability of the cations of metals with high
electric potential (Ag++, Hg++, C++) as well as
some non-metallic ions that can inactivate enzymes
whose active groups are located on the surface of
microbiological substrates (bacteria, cells).

During water treatment with oligodynamic
solutions, water is enriched with silver and
copper ions to sub-threshold values (bactericidal
concentrations), which brings its composition closer
to the natural one. The concentration of other
constituents depends on feed drinking (tap) water.

The advantages of the method involving the use
of oligodynamic solutions (as compared with water
chlorination and other methods of water disinfection)
should be evaluated not only by economic indicators
but also by physicochemical and biological
characteristics. It is those characteristics that ensure
a hygienic advantage.

To collect and analyze data when evaluating water
treatment method effectiveness, we considered AE-1
units for the synthesis of oligodynamic solutions, by
AQUA-EFFECT Research and Innovation Enterprise
(Units for the synthesis of oligodynamic solutions.
Specifications TU 361469-001-30917173-2015
(AQUA-EFFECT Research and Innovation Enterprise
(2015a))). Their operation is based on electrolysis
using silver and copper electrodes. Water is treated
automatically depending on the mode set. The
following metals with an oligodynamic effect are
used: silver in accordance with the requirements
of State Standard GOST 25474-2015; copper in
accordance with the requirements of State Standard
GOST 767-2020. The unit provides the following rate
of metal ion formation: silver — up to 3 g/h; copper —
up to 2 g/h. The rated water consumption per unit is
1-5 md/h. The equipment is powered by a single-
phase general-purpose network.

Based on the established procedure of water
treatment, the water flow in the AE-1 unit is divided
into two unequal parts. A small part of water (about
20 I/min) goes to an electrolysis reactor, where it is
enriched with metal ions. Then it is transferred back
to the main flow and goes to the filters.

Despite the apparent advantages of water
enrichment with silver and copper, scientific and
technical sources contain no objective research data
on the safety and reliability assurance necessary
to provide required water quality indicators. The
Rospotrebnadzor (Federal Service for Surveillance
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on Consumer Rights Protection and Human
Wellbeing) has not yet established requirements
on swimming pools using methods of oligodynamic
water treatment.

Materials and methods

We aimed to evaluate the efficiency of AE-1
units for the synthesis of oligodynamic solutions,
used for swimming pool water disinfection. The
efficiency, hygienic safety and reliability of AE1
units for oligodynamic synthesis and their products
correspond to the ability of equipment in pools to
maintain constant sanitary characteristics of water in
the basin during the entire operation period in terms
of microbiological, organoleptic as well as sanitary
and chemical indicators.

To reach the goal, we analyzed studies performed
by accredited laboratories for the following six
facilities (Izhevsk, Lesnaya Nov, Mitino, Sportivny
Park, Chuvashia, and Raduga). In total, we
processed 445 laboratory water analysis reports,
including 154 sanitary and bacteriological analysis
reports, 148 organoleptic indicator analysis reports,
and 143 silver and copper ion chemical concentration
analysis reports.

Water quality indicators were analyzed in
accordance with the requirements of the following
regulatory documents: State Standard GOST R
51232-98 (Technical Committee for Standardization,
1998), Sanitary Rules SP 1.1.1058-01 (Chief Public
Health Officer of the Russian Federation, 2001)

and SP 2.1.3678-20 (Chief Public Health Officer of
the Russian Federation, 2020), and Sanitary Rules
and Regulations SanPiN 1.2.3685-21 (Chief Public
Health Officer of the Russian Federation, 2021).

To evaluate the hygienic reliability of the units,
hygienic and technical information blocks were
formed. The hygienic information block includes data
on the comparison of the laboratory analysis results
with hygienic standards. The technical information
block includes technical parameters characterizing
the performance of the units.

The initial data (properties of water treated, used
as dependent variables) were as follows:

* microbiological: total coliforms per 100 ml,

etc.

» organoleptic: turbidity, color, odor.

* sanitary and chemical: silver (Ag) and copper

(Cu) ion concentration.

The results of laboratory analyses according
to Sanitary Rules SP 2.1.3678-20, Sanitary Rules
and Regulations SanPiN 1.2.3685-21, and State
Standard GOST R 51232-98 shall not exceed
regulatory values. Any case when such regulatory
values are exceeded can and should be considered
an emergency (especially in terms of microbiological
indicators), which gives “code red” to hygienic
reliability.

Table 1 shows some regulatory values for water
quality in swimming pools during water treatment
using AE-1 units.

Table 1. Hygienic regulatory values for water quality

(deper:gccel:\i;i/t:;ables) Regulatory value | Regulatory document

1. Sanitary water indicators

1.1. Total coliforms per 100 ml of water NMT 1

1.2. Thermotolerant coliforms per 100 ml of water 0

1.3. Coliphages per 100 ml of water 0

1.4. Staphylococcus aureus per 100 ml of water 0

1.5. Enteric pathogens 0

1.6. Pseudomonas aeruginosa per 100 ml of water 0 Sanitary Rules SP
2.1.3678-20

1.7. Giardia intestinalis cysts per 50 | of water 0

1.8. Eggs and larvae of helminths per 50 | of water 0

2. Organoleptic water indicators

2.1. Turbidity, mg/I NMT 2.0

2.2. Water color index, color degrees NMT 20

2.3. Odor, points NMT 3

3. Metal ions Sanitary Rules and

3.1. Silver, mg/I| NMT 0.05 Regulations SanPiN

3.2. Copper, mg/I NMT 1.0 1.2.3685-21
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External influences on the quality of treated
water were determined by particular technical
characteristics (used as dependent variables):

*  Unit service life (days)

*  Pool volume, m3

*  Water consumption, m%h

e Circulation flow, m?

«  Water change, m®h

* Pool attendance (people/day)

* Average swimming time per swimmer

(person/hour)

» Electrode replacement time

*  Number and diameter of filters

Based on the statistical analysis of the laboratory
studies on water quality in six pools over five years, it
was established that the following three criteria of the
hygienic safety and reliability of AE-1 units shall be
distinguished: microbiological, organoleptic, and ionic.

At the first stage of work, the size of a random
sample was determined based on the data on
nine pools for 230 months of their operation. The
calculations were performed by the standard formula
for the size of a random sample with three types of
error (5%, 10%, and 15%), confidence level: 95%.

Results and discussion

The system used to evaluate the hygienic safety
and reliability of synthesis products (pool water) and
AE-1 units is based on microbiological, organoleptic,
and ionic criteria.

The microbiological criterion is a qualitative
indicator of the reliability of products and operating
AE-1 units; there shall be no positive results in the
detection of pathogenic and conditionally indicative
microflora as well as the detection of surface
contamination with the eggs of certain helminths.
The criterion also determines the epidemiological
significance of water treated.

The study of a random sample of 154
microbiological analysis reports for six pools
over five years did not reveal a single positive
result.

Table 2 lists the basic sanitary indicators
of pool water (microbiological studies),
determined by the applicable regulations
(Sanitary Rules SP 2.1.3678-20, Sanitary Rules
and Regulations SanPiN 1.2.3685-21). We
performed laboratory water quality control by these
criteria.

Table 2. Basic indicators of microbiological water safety in pools

Indicator
(dependent variables)

Regulatory value

. Total coliforms per 100 ml of water

. Thermotolerant coliforms per 100 ml of water

. Coliphages per 100 ml of water

. Staphylococcus aureus per 100 ml of water

. Enteric pathogens

. Pseudomonas aeruginosa per 100 ml of water

. Giardia intestinalis cysts per 50 | of water

0 N[O O |~ (WN [~

. Eggs and larvae of helminths per 50 | of water

o |O | |©o |o | o |o

All the microbiological analysis reports drawn up
over five years show only negative results. Other
methods of water disinfection cannot ensure such a
result since there is always a possibility of microbial
contamination (Cherkasova, 2007; Karataev, 2009;
Krasovsky et al., 2020, 2021; Tul'skaya, 2012). That
can be explained by the equipment configuration
and the specifics of the process. If bacteriological
studies show no positive results, therefore, no
statistical analysis can be conducted for the system
used to evaluate the hygienic reliability of AE-1 units.
Thus, to develop the system, we will consider an
alternative: “positive results—no positive results”.
That can be explained by the specific duration of the
bactericidal effect of silver ions and the fact that, in
terms of composition, oligodynamic solutions bring
water close to the category of drinking water while
maintaining disinfection properties. The analysis of

data makes it possible to define the microbiological
criterion of the safety and reliability of AE-1 units
as “a qualitative indicator indicating the absence
of harmful microflora in pool water” during the
guaranteed service life (5 years (Sanitary Rules SP
2.1.3678-20)). The criterion is aimed at diagnosing
the potential danger of infection transmission (taking
epidemic control measures). Thus, the first criterion
of the hygienic safety and reliability of AE-1 units
is no positive results of microbiological studies. In
case any indicative microorganisms are detected in
water of pools equipped with AE-1 units, that should
be considered an emergency requiring immediate
response: from a detailed inspection of the units to
water draining and disinfection of the basin and other.

The existing system for the hygienic evaluation
of microbiological indicators of pool water in
view of using electrolysis technologies for water
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treatment needs to be improved: the list of indicative
microorganisms as well as methods of sampling for
sanitary and bacteriological studies shall be defined
more accurately (to the point of automating the
identification of prioritized microorganisms).

The hygienic evaluation of organoleptic
characteristics of water refers to turbidity, water
color index, odor and other impurities. This evaluation

is subjective since the ability to distinguish and
evaluate odors depends on various external causes
(air motion, other microclimatic conditions, etc.).

Table 3 and Fig. 1 show the summary indicators
of descriptive statistics for the organoleptic factor.
The sets of data cover an interval of 468 days and
include the results of analyses performed with the
use of new spectrophotometers.

Table 3. Statistics for organoleptic water characteristics

Indicator Interval Turbidity Water color index Odor
name (days) (mgl/l) (color degrees) (points)
1 2 3 4 5
Regulatory value = NMT 2 2.0 NMT = 20 NMT 23
Mean = 467.8 0.511 2.446 0.568
Error of the mean (set of data) = 75.5 0.132 0.260 0.130
Variance = 193,377.5 0.592 2.302 0.577
Standard deviation = 439.8 0.769 1.517 0.759
Mode No. = 9 01 24 0
Median = 378 0.325 2.2 0
Maximum = 1454 1.7 7.3 2
Minimum = 1 01 0.3 0
Amplitude = 1453 1.6 7 2

20
18
16
14
12
10

Turbidity (mg/l)

o N B~ OO

Water color index

Odor (points)

(color degrees)

B Regulatory value

M Actual value

Fig. 1. Summary indicators of descriptive statistics for the organoleptic factor
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The mean values of turbidity, water color index,
and odor do not exceed the regulatory values.
The monotonicity of the series also manifests in
scattering indicators, shifts in the median as well
as in modal values, showing the most frequently
encountered number in a set of values analyzed.

Based on Table 3, we established the relationship
between changes in the organoleptic water
characteristics and service life.

The calculations showed the following:

« the relationship between turbidity and the
service life of AE-1 units is inverse (the longer
the service life, the less turbidity) and weak:
Rxy = —0.287 units (correlation) and
Dt = 8.2% (explained variance). (Rxy is the
correlation coefficient showing relationships
between the variables analyzed, Dt is the
correlation coefficient characterizing the
value of “linkage” between the variables in
percent (Aivazyan et al., 1989; Forster and
Roénz, 1983).

« the relationship between the water
color index and the service life of AE-1
units is inverse (the longer the service
life, the lower the water color index),
not significant (almost no relationship):
Rxy = -0.041 units (correlation) and
Dt = 0.2% (explained variance).

The described algorithm to evaluate relationships
between organoleptic indicators and service life can
be used to measure the hygienic reliability of AE-1
units in other cases.

When the regulatory values indicated are
exceeded, this means that, based on subjective
evaluation, water is not suitable for swimming or
may point to water disinfection procedure violation
or AE-1 unit malfunctions. In this case, it is required
to perform a detailed inspection of the units and a
search for causes behind the overall and specific
(microbial) contamination of the pool.

Organoleptic water indicators are semi-
quantitative (mainly subjective) and, therefore, cannot
always be used in statistical studies. Oligodynamic
water disinfection requires the improvement of
methods used to determine corresponding indicators
and minimization of subjectivity as far as the
procedure and analysis results are concerned.

Over five years, the pools studied did not show
any signs of substandard water quality in the basin
(elevated turbidity and water color index, odor).

The third reliability criterion, the ionic criterion,
is the most complex one. Its distinctive feature is
that there are no directions regarding the frequency
of control over silver and copper concentrations in
water in the applicable sanitary regulations. Besides,
the residual amounts of these substances in the
analyzed laboratory control materials never exceed
the specified MACs (they are always 15—20% lower).

The disinfection characteristics (the ionic

quality criterion) of AE-1 units are determined
by the technology of obtaining and using silver
and copper ions. This disinfection procedure is a
new special technology. It might be that silver and
copper concentrations in water will serve as the most
relevant sign of safety and reliability.

The procedure implies water enrichment with
silver and copper ions. When bactericidal ions enter
the water, most of them bind to the microflora, and
the rest of them remain in the solution. The latter
can persist in water for a long time and should
be classified as those “in the form of residual
(background) concentrations”.

Table 4 shows statistics of changes in silver
and copper concentrations in the collected water
samples, where the total number of sampling days
is equal to 68,740.

According to the analysis of the reports, the
mean background concentrations do not exceed
the MAC levels (Sanitary Rules and Regulations
SanPiN 1.2.3685-21):

» silver: 0.024 = 0.03 mg/l with a regulatory

value of NMT 0.05 mg/I;

» copper: 0.221 = 0.014 mg/l with a regulatory
value of NMT 1.0 mg/I.

Therefore, the most frequent modal values are
as follows: for the first series of 647 days, silver —
0.011 mg/l and copper — 0.22 mg/l. The amplitude
of the series in absolute values is as follows: silver —
0.22 mg/l, copper — 0.92 mg/I (at the MAC levels of
NMT 0.05 and 1.0 mg/l, respectively).

Based on the studied set of analyses, the
most significant mean residual (background)
concentrations are as follows (mg/l):

* silver — 0.0005 (minimum), 0.024 (mean),

0.224 (maximum);

» copper — 0.001 (minimum), 0.221 (mean),
0.92 (maximum).

The relevance of the ionic criterion is determined

by the following:

» silver and copper ions are responsible for
the main function of oligodynamic solutions,
which is disinfection (bactericidal effect);

» the persistence and/or the residual amount of
ions ensure the antimicrobial characteristics
of water;

* ion concentration control means the
evaluation of the antimicrobial characteristics
of water in the pool basin and, therefore,
requires monitoring.

However, despite the comprehensive statistical
data, Table 4 does not give a full picture for the
hygienic evaluation of variations in ion concentrations.
Therefore, we will try to analyze relationships
between the obtained concentration series and the
number of unit operation days (sampling days) as
well as the corresponding relationships for silver
and copper concentrations. In fact, we need to
resolve the following question: Is there a relationship
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Table 4. Statistics of changes in residual concentrations of silver and copper by sampling days

Indicator Sampling Silver Copper
name days ions ions
Total operation days 68,740 2.593 24.035
Mean (background concentration) 630.6 0.024 0.221
Error of the mean 33.8 0.003 0.014
Variance 124,441.0 0.001 0.022
Standard deviation 352.8 0.035 0.147
Mode No. = 220 0.009 017
Median = 647 0.011 0.22
Maximum 1464 0.224 0.92
Minimum 1 0.0005 0.001
Amplitude 1463 0.2235 0.919

between the service life (equipment wear) and silver
and copper concentrations in solutions?

The calculations of the sampling days / ion
concentration correlation coefficients (a sample
with n = 143) showed the following: silver ions —
Rxy = —0.103 units (Dt = 1%), copper ions —
Rxy =-0.109 units (Dt = 1%).

The obtained values indicate that there is
almost no correlation between the service life and
concentrations. Despite the problematic relationship
with this indicator, an inverse correlation is observed:
the greater the consumption of silver, the lower
the consumption of copper (and vice versa). This
circumstance requires further research.

In 143 samples of water from pools equipped
with AE-1 units, the MAC levels were not exceeded.
The dynamics of changes in residual (background)
ion concentrations in the case under consideration
may be the result of periodic procedures performed
during electrode replacement. No rigid correlations
between ion concentrations and the service life
were established in the analyzed statistical material.
Besides, considering the similarity of dynamics
with regard to organoleptic indicators and metal
concentrations, we can assume that they depend
on the load, i.e., the number of visitors per day
(sampling day). This circumstance can serve as
a reference point when determining the sampling
term. However, given the results of studies on metal
concentrations and organoleptic evaluations, it is
possible to recommend sampling for residual ion
concentrations at a frequency of once per month
(approval from local Rospotrebnadzor (Federal
Service for Surveillance on Consumer Rights
Protection and Human Wellbeing) authorities is
mandatory).

The analysis of ion concentration dynamics
makes it possible to select silver and copper ion
concentrations as the third criterion of the hygienic
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reliability of equipment. The obtained statistics for
the mean metal concentrations can be used as a
temporary hygienic reference point.

The obtained mean metal concentrations in
the samples analyzed (Table 4) can serve as
temporary reference regulatory values, which can
be used to evaluate the hygienic safety and reliability
of the products of AE-1 units for the synthesis of
oligodynamic solutions.

The method used to calculate the composite
index for the relationships in the set of “regulatory
value — actual value” pairs with different dimensions
has such an advantage as the possibility to take
into account both cases when regulatory values are
exceeded and cases when sub-threshold values are
observed (Aivazyan et al., 1989; Foérster and Rénz,
1983).

This characteristic is determined by the reduction
of arrays of heterogeneous information in relation to
the corresponding standards in a weighted Euclidean
space. For instance, the “regulatory value — actual
value” pairs are measured in dB, Ix, mg/l, etc. Using a
computational procedure, they can be combined into
a single numerical estimate showing how an entire
set of indicators differs from the regulatory values:
= 1.0 — the array includes cases when regulatory
values are exceeded < 1.0 — sub-threshold values
prevail in the array (Aivazyan et al., 1989; Gnedenko
et al., 1965).

In Table 5, along with the absolute mean
(background) values of turbidity and water color
index (line 2), composite estimates are shown
(line 3). It can be seen that the composite indices
of turbidity and water color index and the total index
(0.490 £ 0.1, 0.137 £ 0.04, and 0.344 £ 0.02) are less
than 1.0 relative units.

Therefore, the regulatory values of turbidity and
water color index are not exceeded, and no such
cases are expected. If relevant data are available,
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the same calculations can be performed for other
organoleptic characteristics.

As for odor, the composite index was not
calculated due to the highly monotonous series, all
the more so as no cases when regulatory values are
exceeded were observed.

Table 6 presents the actual and composite
estimates for the concentration of residual ions in
water. It can be seen that regulatory values in terms
of the mean values and composite estimates were
not exceeded (0.917 + 0.014 for silver and 0.137 %
0.04 for copper, respectively).

The total composite estimates for all four reliability
characteristics (two organoleptic and two ionic) are
shown in Table 7. The total composite estimate
calculated for a sample of 594 reports is equal to
0.904 units, which indicates that there were no cases
when regulatory values were exceeded in the analyzed
set of 594 “regulatory value — actual value” pairs.

The method used to obtain composite estimates
confirms the conclusions previously made, indicating
no cases when regulatory values were exceeded in
terms of organoleptic and ionic criteria. The values of
the composite indices show that such cases cannot
be possibly observed.

Conclusions

The paper addressed procedures to analyze and

determine the safety and reliability of small-scale
units producing disinfection solutions to ensure
optimal swimming conditions in swimming pools.

We studied AE-1 units for the synthesis of
oligodynamic solutions, used for water disinfection
in swimming pools of any type. Their operation is
based on silver and copper electrolysis, since the
ions of these metals have a bactericidal effect. As
compared with other units (UV, ozone, and other
oxidation systems) and methods of water treatment
(chlorination), the units under consideration have a
number of advantages: for instance, they form solid
copper-coagulated compounds (that can be easily
removed from water) with amines introduced into
the pool basin by swimmers; there are no chemical
transformations of disinfection agents as in the case
of chlorination, etc.

We performed the statistical analysis of five-year
laboratory studies on the water in six pools equipped
with synthesis units, which showed that the criteria of
hygienic reliability are as follows:

* microbiological criterion (qualitative), which
requires that there shall be no positive results
in the detection of indicative microflora during
the entire period of operation;

« organoleptic criterion (turbidity, water
color index, and odor), which requires that

Table 5. Composite estimates for hygienic characteristics of organoleptic indicators

Indicator Turbidity Water color index Total index
1 2 3 4
Regulatory value NMT = 2.0 mg/I NMZ;}?&ZOW X
Absolute value 0.404 + 0.1 2.4 +£0.02 X
Composite index 0.490 £ 0.1 0.137 £ 0.04 0.344 +0.02

Table 6. Composite estimates for background silver and copper concentrations

. Concentration
Indicator -
Silver Copper
1 2 3
Maximum allowable concentration, mg/I 0.05 1.0
Absolute value 0.21+£0.01 0.73 £ 0.01
Composite index 0.92 +0.01 014 £0.04

Table 7. Total composite estimates for background indicators of organoleptic characteristics and mean

silver and copper concentrations

e MEE T Turbidity Wa_ter ey Silver Copper Total
name index
1 2 3 5 6
Absolute value 0.4+0.1 2.4+0.02 0.21 £ 0.01 0.73 £0.01 X
Composite index 0.5+0.1 0.14 £0.04 0.92 +0.01 0.14 £0.04 0.904
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regulatory values shall not be exceeded
during the entire life cycle of the facility;

« sanitary and chemical (ionic) criterion, which
requires that silver and copper concentrations
shall not exceed the MAC levels during the
entire period of AE-1 unit operation.

The hygienic safety of the units is determined by
zero cases when regulatory values are exceeded.
For instance, the analysis of 143 reports over five
years showed the following mean concentrations
(Table 6, at the following MAC levels: silver —
NMT = 0.05 mg/l in terms of the sanitary and toxic
index, copper — NMT = 1.0 mg/l in terms of the
organoleptic index):

* silver — 0.0005 (minimum), 0.024 (mean), 0.224
(maximum);
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» copper — 0.001 (minimum), 0.221 (mean), 0.92
(maximum).

The indicated mean ion concentrations
based on the statistics of laboratory analyses
can be considered temporary reference points
that can be used for water quality control in
the pool basin.

The results of the statistical analysis of laboratory
control indicators in a random sample of reports
with the use of six AE-1 units for the synthesis
of oligodynamic solutions over five years and
calculations of ion intake from pool water indicate
their sufficient efficiency as well as hygienic safety
and reliability in terms of requirements of Articles 18,
19, and 24 of Federal Law No. 52-FZ dated March 30,
1999 (State Duma of the Russian Federation, 1999).
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AHHOTauunA

CokpalleHue npurogHom Ans uenen BoaocHabxeHns NpecHon Boabl, CBA3aHHOE B NePBY0 o4epeib C NPON3BOACTBEHHON
OeATenbHOCTbL, 00ycnaBnuBaeT HEOBXOAMMOCTb MCMOMb30BaHMA 3aMKHYThIX LMKNOB BogoobecneyeHns o6bekToB
rpaxgaHckow nHpacTpykTypbl. [py 9TOM ka4ecTBO BOAbl A4OIIKHO COOTBETCTBOBATL TPEOOBaHMAM K €€ NCMONb30BaHNI0
Ans pa3nuyHbix yenen. ObwenssBecTHa ponb BoAbl B obecneyeHnm 300pOBbs HACENEHUsT U CO34aHUN CaHUTaPHbIX
YCIOBUN €ro xu3HegeaTensHocTu. [loaToMmy Bonpocam nccrnegoBaHusi MeTogoB BO4ONOATOTOBKY yaensieTcst 6onbLioe
BHUMaHue. lNMpouecc obessapaxmnBaHus Bogbl OTHOCUTCHA K 00si3aTenbHbIM MeTOA4aM, NMPUMEHSAEMbIM B OYMCTKE U
BogonoarotoBke. OCHOBHON NpPUMeEHAEMON TexHonormen ana obessapaxumBaHnsa BoAbl NPOAoIKaeT OCTaBaTbCs
XNOpUPOBaHME HECMOTPS Ha TO, YTO ABNSETCSA MPUUNHON TOKCUYECKOTO, KaHLEPOreHHOro 1 Apyrnx BUAOB HEraTUBHOIO
BO3ENCTBNA HA OpraHM3M 4yenoseka. Vicnonb3oBaHMe onurogMHaMmyecKknx pacTBOpoB — OAHO U3 HOBbIX Y aKTUBHO
pa3BUBaOLLNXCS HanpaBlieHU B cMcTeMax BOAOMNOAroToBku. B ctaTtbe paccmoTpeH meton obessapaxuBaHus
BOAbl NraBaTerbHbIX 6aCCENHOB C NCNOMb30BaHMEM YCTAHOBOK ONMUroAMHaMUYECKOro CUHTE3a, a TakxXe nNpoBeaeHo
uccnegoBaHne pel3ynbTaTOB aHanu3a nokasaTtenen kadyectesa obpabotaHHon Boabl. Metoabl: NccnegosaHus
6asnpyloTca Ha MeTogax CTaTUCTUYECKOro aHanmnaa nokasatenen kadectsa Boabl 6accenHoB ¢ 06paboTkon noHamm
cepebpa u Mmeaun, KOTOpbI NO3BONSIET OXapakTepu3oBaTb NMrMeHn4Yeckyto 6e30MacHOCTb U HA4EXHOCTb NPOAYKL MM
Ansi 300poBbs nonb3oBaTenen. [MrmeHndyeckas HagéxHocTb U 6e30NacHOCTb OLLEHNBAETCA COCTAaBOM M CBOMCTBaAMU
npou3BOAMMOro nNpoAaykTa (onuroguHaMmMyecknini pacTeop), COCTaBOM 1 COAEpXaHneM npumecen B Boge B 6accenHe,
coxpaHeHueM obessapakmBaroLLnX CBOUCTB BOAbl U UCKITHOYEHMEM CUTYyaLMA MOBbILLEHHbIX YPOBHEN MOHOB Meaun
n cepebpa (npesbiweHne MNMAOK) B Boge 6accenHa. Pe3ynbTaThkl: B pabote 060CcHOBaHbI MeToan4eckne npuémbl
aHanusa v NporHo3a COOTBETCTBYHOLLEN HAaAEXHOCTU U 6e3onacHOCTN ManorabapuTHbIX YCTAaHOBOK, MPOU3BOASLLNX
Ae3nHduuupyrome pacteopbl Ana obecneyeHns onTUManbHbIX YCNOBUIA 3aHATUIM NnaBaHMeM Monb3oBaTenemn
6accenHoB. O6cyxpeHue: MNonyyeHHble pe3dynbTaTel 060CHOBLIBAT LENecoobpa3HOCTb MCNOMNb30BaHUSA
onurognHamu4deckom o6paboTku Boabl Ans obecnevyeHnsi TMrMeHNYECKOM HaAeXHOCTN 1 6e3onacHOCTY NnaBaTenbHbIX
6accenHoB. Npegnaraemas TeXHONOrMsA NONHOCTLIO obecnevmBaeT TpeboBaHNSA CaHUTAPHbIX PErMaMeHTOB MO KavyecTBy
BOAbI.

KnioueBble cnoBa

[NokasaTenu kayecTBa BOAbl, ofiMmrognHamMmnyeckmne pacTtBopbl, yCTaHOBKM ONTMroguHaMn4ecKkoro CMHTes3a, ruirmeHn4yeckas
6e30nacHOCTb N HAAEXHOCTb.
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