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ABSTRACT

Introduction. Growing progress in scientific research into the impact of water pollution on public water supplies has necessitated continuous improvement in the
methodology for developing standard values for new in fluencing factors and water use conditions, an assessment of which is the subject of this publication.
Materials and Methods. The study’s materials included publications and the results of own research on the hygienic regulation of chemicals in water bodies used
for domestic and drinking water, the hygienic aspects of seawater desalination and the preparation of drinking water, as well as regulatory and methodological
documents in the field of water hygiene.

Results. The article presents such main scientific achievements in the field of drinking water hygiene as development of coefficients of species-specific differences
in laboratory animal health parameters during extrapolation of experimental data to humans, modern histomorphological, biochemical, and genetic methods and
various functional loads on experimental animal bodies during toxicological studies, additional criteria for assessing drinking water quality, a six-stage scheme
for standardizing essential elements, new biophysical indicators of drinking water quality, hygienic requirements for local systems of additional purification and
disinfection of drinking water. Innovative proposals for the scientific substantiation of hygienic requirements for water with a limited purpose of use — domestic
and domestic — are outlined, as well as an algorithm for taking into account the proportional contribution of uncertainty factors of its chemical composition in the
hygienic assessment of the chemical safety of drinking water quality.

Limitations. The study is limited to the characteristics of water used for domestic and drinking water and domestic water use.

Conclusion. An analysis of the achievements of scientific research on the hygienic standardization of drinking water quality demonstrated its high effectiveness and
determined the feasibility of further promising research in this area outlined in the article.

Keywords: hygienic standards, limiting quality criteria, iindividual quality indicators; complex quality indicators; group quality indicators; domestic and drinking
water and domestic water; uncertainty factors
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PE3IOME

Beeoenue. I[Ipoepecc 6 uzyueHuu 6AusHUSL Ha 300p0o8be 3a2psA3HeHUll 600bl, NPeOHA3HaA4eHHOU 013 8000N0Ab308AHUS HACEACHUS, Onpedenun Heo0X00UMOoCmy
CO8EPUIEHCMBOBAHUS MeM00A02UU PA3PAOOMKU HOPMAMUBHBIX 8CAUHUH NO HOBIM 8030elicMEYIOUWUM AKMOPAM U YCA0BUAM 8000N0Ab308AHUS.
Mamepuanast u memodst. Mamepuaramu uccaedoganus cmanu nRyOGAUKAUUY U Pe3YAbMambl COOCMBEHHbIX UCCAe008AHUI 8 00AACMU 2ULUEHUHECK020 HOPMU-
POBAHUS XUMUHECKUX 8eU4eCmE 8 800€ 800HbIX 006eKMO08 X03AUCMEEHHO-NUMbEE020 U KYAbMYPHO-0bIM06020 8000N0Ab308AHUS, ORPECHEHUs MOPCKOL 800bl
U NPU2OMOBAeHUs 800bl NUMbEBO2O KAYeCMEd, a MaKice HOpMamueHo-memoouueckue 0OKyMeHmbl 8 cepe eucueHbl 6000n0Nb306AHUS.

Pesyavmameot. [lokazansl 0cHoGHble HAYYHBIE OOCIUICEHUS 8 UUeHe NUMbEE020 B000N0Ab308ANUSA: PA3PAOOMKA KOIPPUUUEHMO6 GUAOBLIX PA3AUMUL HO-
Kazameneil cCOCMOsHUS OP2AHU3MA AAOOPAMOPHBIX HCUBOMHBIX NPU IKCMPANOAAUUU IKCHEPUMEHMANbHbIX OAHHBIX HA 4€106€Kd; COBPEMEHHBIX UCIOMOD-
honoeuueckux, OUOXUMUYECKUX, 2eHeMUHECKUX MeMOOUK U (DYHKYUOHAAbHBIX HAZPY30K HA OP2AHUM IKCHEPUMEHMAALHBIX HCUBOMHBIX 8 MOKCUKOA02UYe-
CKUX UCCAe008aHUAX, DONOAHUMENbHBIX KPUMEPUEs Ka1ecmea nUmbegoll 600bl; WeCMUIMAanHol cxembl HOPMUPOBAHUS ICCEHUYUANbHBIX JNEMEHMO8; HOBbIX
Ouopuzuueckux nokazamenell Ka4ecmea NUMvegoil 600bl; 2UUeHUMECKUX Mpeb0B8aHULl K CUCMEMAM NOKAAbHbIX CPeOCmE 000HUCIMKU U 00e33apaicueaHust
numoesvix 600. O603HaUeHbI NPEONONCEHUS. NO HAYHHOMY 000CHOBAHUIO 2UCUEHUMEeCKUX MPef08aHUIl K 8600¢ 02DAHUYEHHO20 UCNONb308AHUS (X035UCMEeH-
HO-0bIM06020 HAZHAYEHUS), A MAKNCEe AN20PUMM YHEMA 0048020 8KAAOA (haKmMopos HeOnpeoeséHHOCIU XUMUYECK020 COCMABA 8 2USUCHUMECKYIO OUCHKY
Xumuueckoii 6e36peOHOCMU Ka4ecmea numse6oi 600bl.

Oczpanuvenus uccaedosanus. Hccredosanus oepanuyersl XapaKkmepucmukoil 600bl, UCHOAb3YEeMOIU 8 X03SUCMBEHHO-NUMbEBbIX U XO3AUCHEEHHO-0bIM08bIX YesiX.
Saxarouenue. Ananuz 0ocmudiceHull HAYUHbIX UCCAC008AHUI NO 2UCUEHUECKOMY HOPMUPOBAHUIO KA4eCmea NUmMbegoil 600bl NOKA3AA UX BbICOKYIO 3ghpekmus-
HOCMb U Npedonpedesun 4eaecoodpasHocms 0003HAHEHHbIX 8 Cambe 0AAbHEelIUX NePCReKMUBHBIX UCCAC008AHUL 8 OGHHOM HANPAGACHUU.

Karouesnvie caosa: eucuenuveckue HOpmamuebsl, ﬂumumupymwuﬁ Kpumepuli Kauecmea, eeduHUYHble noKazamenu Kauecmea, KOMN/AEKCHble nokKasamenu
Kavecmea, epynnoevle nokasamenu ka4ecmed, XO035HCMBEHHO-NUMbesas eoda; X035licmeeHH0-0b1mo8as 8000,‘ d)aicmopbt Heonpe()e/lé'ﬁﬂocmu
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Four main criteria are currently recognized for assessing
drinking water quality: favorable aesthetic (organoleptic)
properties, chemical harmlessness, radiation safety, and epidemic
safety'. For the latter three criteria, scientific research is primarily
focused on determining and standardizing integral (complex)
indicators, and then, if necessary, specific chemical or biological
contaminants [6]. Thus, for the radiation safety criterion, gross
a-activity and gross [-activity were prioritized, followed by
the specific radioisotope composition. For the epidemic safety
criterion, this primarily involves sanitary indicator bacteria of

Introduction

The creation of centralized water supply systems for populated
areas necessitated the scientific substantiation of quality standards
for water used for domestic and drinking purposes. The first such
state standards were established in 1933 in the USA. In 1937,
hygienic standards for drinking water were established in the
USSR, initially based on five indicators — one bacteriological
and four organoleptic (odor, taste, color, turbidity) [1]. The
standardization of drinking water quality developed rapidly

in many countries. The number of monitored water quality
indicators increased, and internationally, the standardization
of drinking water quality reached the level of the World Health
Organization (WHO), first in the form of international standards
(1958) 2], and then, considering the differences in the scientific-
technological development of states and regional characteristics
of water sources, as international recommendations (from 1972 to
the present) [3—5].

the coliform group, followed by pathogens of specific infections
(dysentery, typhoid fever, cholera, salmonellosis, etc.). For the
chemical harmlessness criterion, the main indicators became total

' Article 19 of Federal Law No. 52-FZ of March 30, 1999 (as
amended on December 26, 2024) “On the Sanitary and Epidemiological
Welfare of the Population” (with amendments and additions, effective
from September 1, 2025).
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salt content (mineralization), pH, oxygen content, biochemical
oxygen demand (BOD) and chemical oxygen demand (COD),
total organic carbon content, the ratio of nitrogen-containing
radicals (NHs, NO2, and NOs), total content of petroleum
products and surfactants, followed by salt components (Ca,
Mg, Na, K, chlorides, sulfates, carbonates, bicarbonates,
phosphates, etc.) and hundreds of specific chemical substances
(hereinafter — CS). For the scientific substantiation of permissible
levels of these CS in drinking water, a scheme and algorithm
for hygienic standardization’ were organized in our country
with the participation of A.N. Sysin and S.N. Cherkinsky,
which were subsequently further developed®. At the same time,
determining threshold levels for potential adverse effects of CS
on public health requires specialized toxicological studies using
at least two species of experimental animals under acute (single
administration), subacute (daily administration for 30—45 days),
and chronic (repeated administration for three to six months)
sanitary-toxicological investigations. The goal is to establish a
quantitative "dose — time — effect” relationship for each CS and
determine its maximum no-effect concentration for the organism
of warm-blooded animals.

However, over the last 50—60 vyears, a significant
intensification of research in the field of hygienic
standardization of CS in drinking water has become necessary.
The main reasons are:

+ a sharp increase in the number of new CS (during the period
1957—1985 the US Chemical Abstracts Service Registry (CAS
Registry*) registered an average of 300 thousand CS per year,
from 1965 to 2015 — 2.5 million per year, and in the last three
years — 10 million CS per year);

a high level of contamination of water sources, especially
surface sources, gradually being turned into something akin
to sewage ditches, with various CS (according to data from
the Ministry of Natural Resources of Russia’, in 2020 cases
of significant pollution were noted in Russia's largest rivers:
925 — Volga, 792 — Ob, 141 — Yenisei, 125 — Amur, and
121 — Dnieper);

a significant expansion of the analytical capabilities of modern
identification chromatographic-mass spectrometric (up to 100
thousand or more CS) and other chemical analyses allows for
the detection of hundreds and even thousands of CS in surface
water sources, and tens and hundreds of CS in the water
from these sources after treatment at centralized water supply
stations in populated areas.

As a result of these studies, the system of sanitary-
epidemiological supervision over safe conditions of water use
for the country's population has now received scientifically
substantiated maximum permissible levels (MPLs) in water for
1369 CS and tentative permissible levels (TPLs) in water for 446
CS, as well as standards for the content in water of three rocket fuel
components, eight explosive substances, seven toxic substances,

2 Methodological Guidelines for the Development and Scientific
Substantiation of Maximum Permissible Concentrations of Harmful Sub-
stances in Water Bodies (approved by the Ministry of Health of the USSR
on April 15, 1975, No. 1296-75).

* Methodological Guidelines. MU 2.1.5.720—98. “Substantiation
of Hygienic Standards for Chemical Substances in Water Bodies Used for
Domestic Drinking and Recreational Purposes” (approved by the Chief
State Sanitary Physician of the Russian Federation on October 15, 1998).

4 CAS REGISTRY; https://www.cas.org/cas-data/cas-registry
(accessed: November 26, 2025).

5 Ministry of Natural Resources names the most polluted rivers
in Russia; https://ria.ru/20210910/reki-1749474987.html  (accessed:
November 23, 2025).
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and one organophosphorus compound (OPC)®’. Thus, the
sanitary-epidemiological legislation of the Russian Federation
includes hygienic standards for 1834 CS in various types of water.

Materials and Methods

The objects of the study were water quality indicators and
methods for assessing its harmlessness, safety, and favorable
properties for domestic drinking and household water use. The
research materials included publications and results of the authors'
own research in the field of hygienic standardization of chemical
substances in water bodies used for drinking and recreational
purposes, hygienic aspects of seawater desalination, and the
production of drinking water quality water, as well as normative
and methodological documents in the field of water use hygiene.
Research methods: collection and analysis of information, expert
assessment of materials.

Results

Based on experimental studies, significant differences in the
toxic manifestations of a number of CS on the species sensitivity
of experimental animals were demonstrated. This provided a basis
for developing a methodology for the scientific substantiation
of extrapolation coefficients and their consideration when
transferring experimental data to humans, and is reflected in a
corresponding monograph [6]. For example, differences in the
toxic effect of a- and P-naphthols on rats, guinea pigs, rabbits,
and cats reached 18-fold [7].

According to the experimental studies results on animals,
various histomorphological, biochemical, and genetic research
methods were developed, tested, and recommended. These
included the use of different functional loads (with artificial
radioactive iodine isotopes, galactose, phenol red, etc.) to identify
prepathological conditions and assess the functional reserves of
the organism in warm-blooded animals [8§—13].

Considering the obtained data on the role of drinking water
with elevated salt content in the development of hypertension, and
water with elevated hardness salts (Ca, Mg) in the development
of urolithiasis, desalination plants, typically of the ion-exchange
and electrodialysis types, were recommended for water treatment.
At the same time, the development of a large-scale desalination
industry necessitated the study of the biological effects of distilled
or nearly distilled, low-mineralized water on the organism. As a
result, water with a high degree of demineralization was found
unsuitable for constant drinking consumption [14—16]. This
proved extremely important for water regeneration from moisture-
containing materials under the conditions of a spacecraft and other
specialized environments. For the first time in global practice, two
new criteria for assessing drinking water quality were substantiated

¢ Sanitary Rules and Norms 1.2.3685—21 “Hygienic Standards and
Requirements for Ensuring Safety and (or) Harmlessness of Environmen-
tal Factors to Humans,” approved by Decree No. 2 of the Chief State Sani-
tary Physician of the Russian Federation dated January 28, 2021 (registered
with the Ministry of Justice of Russia on January 29, 2021, registration No.
62296), as amended by Decrees of the Chief State Sanitary Physician of the
Russian Federation No. 24 dated December 30, 2022 (registered with the
Ministry of Justice of Russia on March 9, 2023, registration No. 72558),
No. 12 dated December 16, 2024 (registered with the Ministry of Justice of
Russia on April 8, 2025, registration No. 81783) — hereinafter referred to as
Sanitary Rules and Norms 1.2.3685—21.

7 Paragraph 10 of the Appendix to Decree No. 2 of the Chief State
Sanitary Physician of the Russian Federation dated March 17, 2025. Regis-
tered with the Ministry of Justice of Russia on May 19, 2025. Registration
No. 22236, Amendments being introduced to Sanitary Rules and Norms
1.2.3685-21.
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[17] — quality stability and physiological completeness. These
criteria were reflected in a WHO document [18] and were further
developed with the widespread introduction of packaged drinking
water into water supply practice. Shelf life from the moment of
bottling was established for this water (from 3 to 12 months),
and for strategic reserves — up to 5 years, in contrast to tap water
with a shelf life of 2—3 hours to 2—3 days, which emphasized the
importance of water quality stability.

On the other hand, research conducted using the criterion
of physiological completeness, which relates to standardizing
the content of essential (vital) salt macro- and microelements in
drinking water (primarily — total salt content, Ca, Mg, K, Na, F, I),
allowed for the scientific substantiation of not only their maximum
and minimum required levels (Fig. 1) but also optimal parameters
for their content in drinking water for regular use [19]. This was
also demonstrated for the bicarbonate ion (HCOs~), which actively
participates in maintaining normal acid-base balance in the body
and the formation of bone and joint mass [20].

These studies made it possible to characterize physiologically
complete drinking water as both preserving health (at levels not
exceeding MPLs of salt components) and strengthening it (by
providing additional nutritional components). Quality categories
for drinking water, based not only on MPLs of CS (safety) but
also on the optimal level of essential salt components (beneficial
properties, physiological completeness), have begun to gain
recognition in foreign countries as well. For example, Belgium
regulates optimal levels of hardness and content of Ca, Mg, F,
and the minimum content of bicarbonates; Switzerland regulates
optimal levels of total salt content, hardness, and content of Ca
and Mg [19].

The accumulated scientific data on packaged drinking water
were expanded upon when substantiating hygienic requirements
for local water treatment systems (individual, household, group
devices for conditioning drinking water at points of direct
consumption, including terminals in centralized water supply
systems of populated areas), as well as for increasingly widespread

water kiosks (aquamats) for dispensing drinking water into
consumer containers® [21]. These directions are particularly
relevant for populated areas with regional characteristics of
drinking water quality, limited water resources, or if water supply
systems were destroyed as a result of extreme anthropogenic
situations or natural disasters [22].

In connection with the sharp increase in the number of CS
used in economic activities that can adversely affect public health,
as well as the significant lag in scientific research on their hygienic
assessment and regulation of their content in water sources,
the development and implementation of integral indicators
for hygienic monitoring of CS content in water (organoleptic,
generalized, toxicological, radiation, and mutagenic complex
indicators) are necessary (Fig. 2).

Behind each of these indicators, especially if they exceed
the norm, lie dozens of various CS with their MPLs or TPLs,
determined by one of the limiting hazard indicators: organoleptic
(aesthetic) or sanitary-toxicological (including radiation). It
should be noted with regret that Section III of Sanitary Rules
and Norms 1.2.3685—-216 "Standards for Quality and Safety
of Water" lacks a summation formula for substances of the 1st
and 2nd hazard classes, standardized according to the sanitary-
toxicological limiting hazard indicator.

The introduction of modern analytical control methods
into sanitary practice allows for the detection of hundreds and
even thousands of various CS in water that have not received
comprehensive hygienic evaluation and regulation. According to
studies of water treatment in Izhevsk, conducted at the A.N. Sysin
Research Institute of Human Ecology and Environmental Health,
the number of such unregulated CS exceeds 200 in the source
water and, most significantly, more than 100 in the already treated
drinking water (see Table).

8 Recommendations for Ensuring the Safety of Dispensed Drinking
Water. Appendix to Letter No. 02/21285-2022-32 of the Federal Service for
Surveillance on Consumer Rights Protection and Human Wellbeing dated
October 27, 2022.
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Results of chromatographic-mass-spectrometric analysis of the Izhevsk Pond water and drinking water supplied to the population of Izhevsk
P €3YyJIbTAThI XpPOMATO-MACC-CIIEKTPOMETPUUYECKOTI0 aHAJIU3A BOAbI MkeBcKOro npyaa u MUThEBOM BOJbI, nouaBaeMoﬁ HaceJiennio VxxkeBcka

Izhevsk pond Drinking waterfrom the clean water tank
Chemical class Wixesckuii mpyn TTutbeas Boxa u3 PUB
XumMuyecKuii Knace number of substances | of these, the normalized | number of substances | of these, the normalized
KOJIMYE€CTBO BEIECTB U3 HUX HOPMUPYEMBIX KOJINYECTBO BEIIECTB U3 HUX HOPMUPYEMBIX

Alkanes / AnkaHbl 44 0 22 0
Alkylbenzenes / AnKuiGeH301bI 29 2 12 2
Naphthenes / HadbreHst 19 0 12 0
Polyaromatic hydrocarbons / TTAY 17 1 5 1
Phthalates / ®ranatst 9 2 8 3

Acids, esters / KucmoTsr, ux acpupst 33 1 11 0
Alcohols, ETHER / Criuptsl, TipocTbie 3¢hupbl 21 0 1 0
Ketones / KeTonsl 13 1 3 1
Aldehydes / Anbnerunbl 1 1 1
Halogen-containing substances 1 6 0
lanoreHconepxaiue BeuiecTsa

Sulfur-containing substances 9 0 9 0
Cepoconepxaliye BellecTBa

Other substances / [1pouue BeuiecTsa 28 1 19 1

Total / Utoro 232 10 13 9

As a tool for assessing the risk of unstudied compounds,
the QSAR (Quantitative Structure-Activity Relationship)
methodology is increasingly being used. This computational
approach (in silico) is based on constructing mathematical models
that predict the biological activity and toxicity of a substance
based on its chemical structure, thus avoiding labor-intensive
experimental studies. For such calculations, open-source software
exists, such as the QSAR Toolbox (version 4.8), which aggregates
data on the properties of approximately 142.5 thousand chemical
compounds from 63 databases, including information on 76,674
substances potentially hazardous to human health’.

Another promising direction for assessing the cumulative
risk from numerous unstandardized substances could be the
application of the Cramer tree methodology and its modifications
[23—27]. This approach allows for the grouping of chemical
substances by structural classes (e.g., hydrocarbons, heterocyclic
and organoelement compounds, substances containing halogens,
oxygen, nitrogen, sulfur, phosphorus) and assessing their total
(proportional) contribution to potential toxicity based on
comparative analysis. Subsequently, this could serve as a basis for
developing group hygienic standards and standardized analytical
control schemes for classes of compounds.

A logical development of the considered computational
approaches is the transition to developing group indicators that
consider not the structure, but the mechanism of toxic action. This
means assessing the proportional contribution of pollutants based
on the nature of their main biological effect: hepato-, neuro-,
immuno-, embryo-, gonado-, onco-, teratogenic, or endocrine
toxicity'?. Such an approach, aligned with the current global
trends, will allow for risk management based on their qualitative
characteristics. Significant work has already been done in this
direction; for example, several hundred chemical substances —
endocrine disruptors — have been classified. The development and
implementation of such group indicators based on the mechanism

° Databases. QSAR TOOLBOX; https://gsartoolbox.org/resources/
databases/ (accessed: November 23, 2025).

10" Methodological Recommendations MR 1.2.0313—22 “Assessment
and Classification of the Hazard of Endocrine Disruptors”.

of toxic action is a promising area of domestic hygiene, which
could become the foundation for a new generation of normative
documents focused on preventing specific pathologies.

However, the implementation of any, even the most modern,
standards runs up against the existing technological and
infrastructural limitations of water supply systems. Thus, by the
end of the implementation period (2024) of the federal project
"Clean Water"", only seven subjects of the Russian Federation
achieved 100% provision of the population with quality drinking
water meeting the requirements of Sanitary Rules and Norms
1.2.3685—216. In 11 subjects, provision was within 60—80%, and
in the rest — at a level above 95%. The difficulty of achieving
guaranteed water quality in centralized domestic drinking water
supply systems for populated areas, even based on the number
of indicators mandatory for quality monitoring, raises the
question of whether such water can be fully considered "drinking
water", and whether its quality control should be held to the
requirements of Sanitary Rules and Norms 1.2.3685-21. If not,
what should this water be called? This creates a problem of
adequately qualifying such water and finding ways to minimize
risks to public health.

In this context, the development of differentiated standards
for water intended for household purposes, especially for
regions with water scarcity (semi-arid territories), appears to be
a promising scientific and practical direction. The rationale for
this approach is provided by data on a fundamentally different
— cutaneous-resorptive — route of entry for chemical substances
upon contact with water not intended for drinking (washing,
bathing, laundry). A preliminary analysis conducted showed
that when considering the dermal route of exposure [28] as the
limiting factor, the standard levels for most chemical indicators
(except microbiological ones) could be revised. This opens up
possibilities for adjusting the quality requirements for water used
for household needs.

" Federal Project “Clean Water”; https://raww.ru/deyatelnost/
realizacziya-otraslevyix-gosprogramm/federalnyij-proekt-«chistaya-voda.
html (accessed: November 24, 2025).
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Discussion

Thus, an analysis of contemporary challenges — the
progressive pollution of water sources and the tightening of
hygienic requirements — indicates the need to search for new
organizational and technological models of water supply. One
such debated concept, actively discussed in the professional
community, is a differentiated approach to the standardization
and use of water, based on its purpose of application.

The ever-increasing pollution of water sources, especially
surface ones, and the expansion of hygienic requirements for
drinking water quality, which in many populated areas make it
impossible to guarantee centralized water supply with safe, let
alone physiologically complete, drinking water, have essentially
formed a new system of organized water supply for the population.
This system is based on providing higher quality packaged or
dispensed (via water vending machines) water'? for drinking and
food preparation purposes, and tap water supplied to apartments
for household purposes. For the first category, additional quality
criteria and standards have been scientifically substantiated; for
the second, the limiting sanitary-toxicological hazard indicator
should be determined not by oral, but by the cutaneous-resorptive
action of chemical substances on the body. This will allow for the
establishment of adequate and realistic standards corresponding
to the actual nature of the impact of such water on human health.

Long-term analysis of water quality in centralized water
supply systems indicates significant constant or temporary non-
compliance with established hygienic requirements, which calls
into question its qualification as drinking water. However, water
management organizations constantly raise the issue of increasing
water tariffs. The proposed development of quality standards
for household water will significantly contribute to solving this
problem as well. Discussions on tariff increases would only be
justified in the case of guaranteed compliance of the centralized
system's water quality with all requirements of Sanitary Rules and
Norms 1.2.3685—21. In other cases, the water is expected to meet
safety criteria based on cutaneous-resorptive effects on the human
body, which would not correlate with the need to complicate water
treatment technology and, consequently, change the cost of water.

Methodologically, =~ when  scientifically  substantiating
subthreshold levels based on the cutaneous-resorptive action of
CS, alongside generally accepted methods of testing on animal
skin [28] and mucous membranes, the in vitro HET-CAM test
(on the chorioallantoic membrane of fertilized chicken eggs),
successfully used for evaluating medical devices and cosmetic
products, could be utilized [29].

In parallel with solving current tasks, a new fundamental scientific
direction in hygiene is emerging — the biophysics of water. It studies
subtle characteristics of water, such as isotopic composition and
molecular-cluster structure, which can be altered by physical factors
(temperature, cavitation, magnetic field, electromagnetic or plasma
exposure, etc.) [30]. Studies [31, 32] have shown the possibility
of activating the biological properties of water through these
factors, including its ability to improve reproductive function and
significantly prolong the life not only of aquatic organisms but also of
experimental warm-blooded animals. Five new biophysical indicators
have been proposed as potential objects for hygienic regulation:
oxidation-reduction potential (Eh) of water, its biocatalytic activity
(concentration of HO2"), dynamic viscosity (#), degree of structuring
(g), and energy parameters of the structured phase. Determining the
permissible and optimal values of these indicators could be the next
step in the evolution of drinking water quality standards.

12 Association of Dispensed Drinking Water
https://aqua-vend.ru/ (accessed: November 24, 2025).

Producers;
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In a generalized form, the main domestic innovative
achievements in the field of hygienic standardization, assessment,
and control of the quality of drinking water supplied to centralized
domestic drinking water systems, or packaged in containers, are
presented in the following areas.

1. Improvement of the methodology of toxicological studies
and standardization:

» consideration of the species difference coefficient of
experimental animals when extrapolating data to humans;

« application of modern histomorphological, biochemical,
genetic research methods, and various functional loads to
identify prepathological changes (artificial radioactive iodine
isotopes, galactose, phenol red, etc.);

* substantiation of a six-stage scheme for standardizing essential
(vital) elements, extending the duration of chronic animal
experiments to 12 months.

2. Development of a system of criteria and indicators for
drinking water quality:

* substantiation of two additional criteria for assessing the
quality of drinking water (packaged, desalinated, mixed) —
quality stability and physiological completeness;

* development of differentiated standards for packaged drinking
water (health-safe, health-promoting, for children's nutrition);

* scientific substantiation of five new biophysical indicators of
drinking water quality: oxidation-reduction potential (Eh,
mV), biocatalytic activity (concentration of HO.~, mg/L),
dynamic viscosity (4, cP), degree of structuring (¢, %), and
energy parameters of the structured phase.

3. Creation of a regulatory framework for new forms of water
supply and technologies:

» development of hygienic requirements for systems of local
(individual, household, group) means of additional purification
and disinfection of drinking water, including systems (water
kiosks) for dispensing drinking water into consumer containers;
for substances standardized in water bodies according to the general
sanitary hazard indicator, inclusion in Sanitary Rules and Norms
1.2.3685—21 of the MPL value for drinking water, established based
on organoleptic and sanitary-toxicological hazard indicators.

4. Conceptual development of the standardization system:
substantiation of the necessity and methodology for transitioning
to differentiated standardization of water by the intended purpose
(drinking and household) with the establishment of different
limiting exposure routes (oral and cutaneous-resorptive);
development of approaches to risk assessment for unregulated
chemical substances using computational methods (QSAR,
Cramer tree) and group indicators considering the mechanism
of toxic action.

Conclusion

The susceptibility of water sources (especially surface
sources) to pollution, coupled with the simultaneous expansion
of scientific knowledge and analytical capabilities, has driven
the intensive development of research in the field of water
quality standardization according to its intended purpose, while
unconditionally ensuring human health safety. Many proposals by
Russian scientists on hygienic standardization, assessment, and
control of drinking water quality for the purpose of preserving
human health are pioneering in the international community,
placing our country at the forefront. At the same time, in certain
areas, such as the development of integral indicators for assessing
the chemical safety of numerous detected but unstandardized CS,
it is advisable to adapt advanced foreign experience, including
refined in silico methodologies and schemes like the Cramer tree.
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The widespread introduction into water supply practice of
packaged and dispensed drinking water that meets the criteria of
safety and physiological completeness, alongside the inability of
many centralized water supply systems to guarantee the delivery
of water fully complying with hygienic standards (including due
to the presence of unstandardized CS), determines the feasibility
of transitioning to a two-tiered water supply system. This model
implies a separation of flows: for domestic drinking purposes —
using high-quality packaged and dispensed water; for household
needs — using water from centralized supply.

As a result, the population would receive not only safe but also
physiologically complete, including functionally oriented, water
for drinking, chosen individually. Water for household purposes,
safe according to different criteria, would also be available.

It is predicted that the demand for such a separation will
increase as water supply infrastructure ages, especially in large
urban agglomerations. In this regard, further improvement of
the regulatory framework is necessary, including the scientific
substantiation of subthreshold levels of CS content not only
for oral intake but also for cutaneous-resorptive exposure.
Preliminary estimates indicate that such a revision could affect
more than 50% of the indicators included in the sanitary-
hygienic monitoring system. Furthermore, a differentiated
approach to standardization and quality assessment will
create an objective basis for addressing the issue of tariffs
for water supplied by centralized systems, as it will allow for
consideration of differences in its actual quality and intended
use.
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