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Abstract

Introduction. Providing safe drinking water to the population is a crucial task for health protection and sustainable
development, as its quality directly influences the level of morbidity and mortality. The UN and WHO have stated that
insufficient efficiency of water treatment systems contribute to the emergence and spread of infectious diseases, causing
up to 1.4 million deaths worldwide each year. At the same time, the issue of comprehensive comparative assessment of
water treatment technologies in terms of the overall risk to public health remains underdeveloped, considering both
chemical and microbiological hazards. This gap in scientific knowledge necessitates research that focuses not only on
meeting water quality standards but also on an integrated assessment of the effects of various technological schemes on
human health. In this study, we aim to conduct a comparative assessment of the effectiveness of drinking water
treatment technologies used in centralized water supply systems in terms of the overall risk to public health. This will
made it possible to choose the best solution for water treatment in practice.

Materials and Methods. The information base for the study consisted of current regulatory documents that establish
requirements for drinking water quality and technological processes for its preparation, such as the “Methodology for
developing a register of BAT for water supply and sanitation systems”!; Russian and international standards, and
guidelines for assessing public health risks, scientific articles and monographs on filtration, coagulation, clarification,
sorption, oxidation, and disinfection of water. The assessment of source water quality was conducted according to the
main groups of indicators: organoleptic, generalized, sanitary-microbiological, parasitological, as well as sanitary-
chemical. Mathematical modeling and statistical data processing methods were used to quantify and compare different
water treatment schemes. The calculation was performed in accordance with the approaches described in
MR 2.1.4.0289-222.

Based on the classification of water supply sources by water quality, we analyzed the recommended sets of
technological operations:

— for the first class — pre-filtration with optional reagent treatment and mandatory disinfection;

— for the second class — filtration (in the presence of phytoplankton, microfiltration) with coagulation, settling and
subsequent disinfection;

— for the third class — additional stage of purification including clarification, oxidation, sorption and repeated
disinfection.

The study was performed using standard methods of laboratory analysis of water quality and specialized software for

modeling and risk assessment.

! “Methodology for developing a register of BAT for water supply and sanitation systems”, Section 1 “Water supply”, Contract No. 34/08/13 dated
December 18, 2013, volume 1. (In Russ.) URL: http://nghp-sro.ru/files/news/news137/1_SRO_04-471.pdf (accessed: 01.04.2026)

2 Methodological recommendations MR 2.1.4.0289-22 “Comprehensive assessment of the effectiveness of measures to improve the quality of drinking
water in centralized water supply systems” (approved by the Federal Service for Supervision of Consumer Rights Protection and Human Welfare on
June 1, 2022). (In Russ.) URL: https://cepportal.ru/upload/iblock/009/44r5ndj91e2pp2uhlasdtxk6c35956dl.pdf?ysclid=mnfxyjeh4k339528214 (ac-
cessed: 01.04.2026)
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Results. The effectiveness of the current treatment technology (mechanical purification, coagulation, and chlorination)
and the proposed multistage scheme (including ultrafiltration, sorption, and combined disinfection) were evaluated.
Mathematical modeling of changes in water quality parameters for three scenarios of water treatment was performed.
Using special software, a model experiment and an assessment of quality changes were conducted for four groups of
parameters (organoleptic, generalized, sanitary-microbiological and parasitological, and sanitary-chemical). According
to MR 2.1.4.0289-223, the values of integrated risk and the effectiveness of its reduction as a result of water treatment
were calculated. The results were statistically processed. Based on the data on sanitary and hygienic monitoring and
calculation of the overall risk to public health, the source water was found to have excesses in several indicators. It was
established that the proposed multi-stage method provided more thorough purification and significantly reduced the
negative impact on health across all groups of parameters (organoleptic, generalized, sanitary-microbiological and
sanitary-chemical).

Discussion. A comparative analysis of the effectiveness of the two water treatment methods revealed a significant
advantage of the multi-stage purification process. The proposed integrated approach fully ensured that water quality met
the regulatory requirements for maximum permissible values through a combination of ultrafiltration, sorption and
combined disinfection. The multi-stage purification scheme ensured not only complete microbiological and chemical
safety, but also high organoleptic water parameters, enhancing the overall reliability of the water supply system.
Conclusion. The paper provides a comparative assessment of the effectiveness of two water treatment technologies for
the centralized water supply system in Penza. Based on the methodology for calculating the overall risk to public health,
it was found that the source water from the Surskoye reservoir had a high risk level. The current purification method
(coagulation and chlorination) has been shown to reduce the risk to an average level, leaving the water supply system
vulnerable. In contrast, the proposed multi-stage method (ultrafiltration, sorption, UV disinfection, and
chloroamination) demonstrated very high efficiency (82%) in reducing the cumulative risk to negligible value. These
results support the advantages of a multi-stage approach and can serve as a foundation for upgrading water treatment
systems to increase their reliability and safety for the public.

Keywords: environment, human health, central water supply, natural water purification methods
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AHHOTaNMS

Beeoenue. Obecnieuenne HaceneHUsT 0€30MACHON MUTHEBOM BOJOW SIBIISETCS OJHOW W3 KIFOYEBBIX 3a7a4 OXpaHbI 3]10-
POBBS 1 YCTOHYMBOTO Pa3BUTHS, MIOCKOJIbKY €€ Ka4eCTBO HANPSAMYIO BIHMAET Ha YPOBEHb 3a00JE€BAEMOCTH M CMEPTHO-
ctu. [To gamaeiM OOH u BO3, HemoctaTouHas 3QQEKTHBHOCTE CUCTEM BOJOMOJITOTOBKH CIIOCOOCTBYET BO3ZHUKHOBE-
HUIO U PacIpOCTPaHCHHIO MH()EKIMOHHBIX 3a00JCBAHUMN, MPUBOIAIIMX K THOETH B Mupe 10 1,4 MUUIMOHA YEIIOBEK
exeroqHo. BmecTe ¢ TeM ocTaéTcst HemoCTaTOYHO Pa3paOdOTaHHBIM BOMPOC KOMIUICKCHOM CpaBHUTEIHHOMN OIICHKH TEX-
HOJIOTUH BOJOMOJTIOTOBKM C TOYKH 3PEHHUS COBOKYIIHOI'O PHCKa Uil 30POBbs HACEJIEHUS, YUUTHIBAIOLIEH OAHOBpE-
MEHHO XMMHUYECKHE M MHKPOOHOJIOTHYeCKie (PaKTOPhl OMACHOCTH. Y Ka3aHHBINA MPOOeN B HAYYHOM 3HAHUU OOYCIIOBIIH-
BaeT HEOOXOAMMOCTh HUCCIIEIOBAHUI, OPUEHTHUPOBAHHBIX HE TOJBKO HA JOCTHKEHHE HOPMATHBHBIX ITOKa3aTesei kade-
CTBa BOJIbI, HO U Ha MHTETPAJIHLHYIO OIEHKY MOCJIEICTBUI MPUMEHEHHS PAa3IMIHBIX TEXHOJIOTHYECKUX CXEM IS 3710PO-
BbsI YUETIOBEKAa. B CBsI3W C OTUM IENbI0 HACTOSAIIETO WCCIICIOBAHMS SBISETCS CpaBHHUTEIbHAS OleHKA 3(PPEKTUBHOCTH
TEXHOJIOTUH BOJOMOATOTOBKH MHUTHEBON BOJBI IEHTPATU30BAHHBIX CHCTEM BOJIOCHAOXKEHHS 1O COBOKYITHOMY PHCKY
IS 3JI0POBbsI HACETICHMSI, YTO TTO3BOJIUT OOOCHOBAThH BHIOOP ONTUMATIBHBIX PEIICHUH B MPAKTUKE BOJAOMOATOTOBKH.

3 Methodological recommendations MR 2.1.4.0289-22 “Comprehensive assessment of the effectiveness of measures to improve the quality of drinking
water in centralized water supply systems” (approved by the Federal Service for Supervision of Consumer Rights Protection and Human Welfare on
June 1, 2022). (In Russ.) URL: https://cepportal.ru/upload/iblock/009/44r5ndj9le2pp2uhlas9txk6c35956dl.pdf?ysclid=mnfxyjeh4k339528214
(accessed:01.04.2026)
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Mamepuanst u memoost. VInbpopMaonHyto 06a3y nMcciIeJOBaHHUS COCTABIIIN JACHCTBYIOIINE HOPMAaTHBHBIC JOKYyMEH-
TBI, YCTaHABIUBAIOLINE TPEOOBAHMUS K KAUECTBY ITUTHEBON BOJBI M TEXHOJIOTUYECKUM IIPOIIECCAM €€ MOrOTOBKH; «Me-
Toauka pazpabotku peectpa H/IT cuctem BomocHaOXeHUsI M BOJOOTBEACHUS»; POCCHHCKHE W MEXIyHapOHbIE CTaH-
JIapThl U PYKOBOJCTBA II0 OLIEHKE PHCKA JUIS 37I0POBbSI HACEIEHHS; HayYHbIE CTAaTbU M MOHOTpa(Uy 10 TEXHOIOTHIM
(GUIBTPOBaHNUS, KOATYIMPOBAHUS, OCBETIICHHS, COPOLIMH, OKUCICHUS U 00e33apakuBaHus Bojbl. OleHKa KayecTBa HC-
XOJHOW BOJBI BBIIOJHSIACH 110 OCHOBHBIM TpyINIaM IOKa3aTelel: opraHoJIeNnTHYECKUM, 0OOOIIEHHBIM, CAHUTApHO-
MHUKpPOOHOJIOTHYECKUM, Tapa3sUTONIOTHUECKUM, a TaKKe CAaHUTAPHO-XMMHYECKHM. [l KOJNMYECTBEHHOW OLEHKH W
CpaBHEHUS Pa3NUYHBIX CXEM BOJIOTIOATOTOBKH MPUMEHSUINCH METOBI MAaTEMAaTHUYECKOTO MOJENUPOBAHMS U CTaTUCTH-
YeCKOM 00pabOTKH JaHHBIX. PacueT BBIMOIHSAJICS B COOTBETCTBHUH C MOIX0/IaMH, H3JI0KeHHBIMU B MP 2.1.4.0289-22.
Ha ocHoBe knaccudpukanuy HCTOYHUKOB BOJOCHAOKEHHS TI0 KaYECTBY BOJIBI aHAIM3HPOBAINCH PEKOMEH/TyEeMbIe COBO-
KYIHOCTH TE€XHOJIOTHYECKUX OIepaIluii:

— JUIsI TIEPBOTO KJlacca — IpeABapUTeNbHOE (QUIBTPOBAHUE C BO3MOXKHOUM peareHTHOH 00paboTKO# M 00s3aTenbHBIM
00e33apaXxuBaHUEM;

— ISl BTOPOTO Kiacca — (QUIbTPOBaHKE (TIPH HATMYUK (PUTOTUIAHKTOHA — MUKPOQHUIBTPOBAHNE) C KOATYJIHMPOBaHUEM,
OTCTaMBaHMEM U NOCIIEAYIOMNM 00e33apakuBaHueM;

— JUIsL TPEThEro Kilacca — J00aBlIeHHE BTOPOM CTYNEHN OYMCTKH, BKIIIOYAIOIICH OCBETIICHHE, OKHCIICHHE, COPOLIUIO U
MIOBTOpHOE 00e33apaKiBaHueE.

HccnenoBanue BBIIOJIHEHO C MCHOIB30BAHHUEM CTAHAAPTHBIX METOAUK JIAOOPaTOPHOTO aHAJIN3a KauecTBa BOJBI U CIIe-
UATU3UPOBAHHOTO MPOrPAMMHOT0 00eCIIeUeHHs I MOCTUPOBaHUS U OIICHKH PHCKA.

Pezynemamut uccnedosanusn. Ilpoenena oneHka dGEKTUBHOCTH JEHCTBYIONICH TEXHOJOTHH (MEXaHW4YecKash OYHCTKa,
KOAryJiIus, XJIOpUPOBaHUE) U MPETIOKEHHOH MHOTOCTYTICHYATO cXeMbl (BKIIFOUAIOIIeH YIbTpa(uibTpariiio, COpOLHo 1
KOMOMHHMpOBaHHOE 00e33apakKMBaHUE). BBIIOIHEHO MaTeMaTH4YecKoe MOJCTMPOBAaHHE M3MEHEHMS IapaMeTpOB KauecTBa
BOZBI JUTsl TPEX CLIEHApHEeB BOAOMOATOTOBKH. C HCIIONB30BAHMEM CHEIMAIBHOTO IPOrPAMMHOTO OOECIeUeHHs IPOBENEH
MOJIETIbHBIM AKCIEPHUMEHT M OLICHKa W3MEHEHUsI KauecTBa I0 YeTHIPEM TpyMNaM IapaMeTpoB (OpraHoJenTHIecKe, 0000-
IICHHBIC, CAHUTAPHO-MUKPOOHUOJIOTHYECKUE U TTapa3uTOJIOTHYECKUe, caHuTapHO-xuMudeckue). [lo MP 2.1.4.0289-22 pac-
CUHUTaHBI 3HAYCHUSI COBOKYITHOTO pHCKa M 3((QEKTUBHOCTh €T0 CHIDKEHHS B PE3yJIbTaTe BOIONOATOTOBKHU; PE3yJIbTaThl CTa-
THCTHYECKH 00paboTaHbl. Ha OCHOBE TaHHBIX CAHUTAPHO-TUTHEHNYECKOr0 MOHUTOPUHTA M pacuéTa COBOKYITHOTO PHCKa IS
37I0pOBBS HaCEJIEHH MOKa3aHO, YTO MCXO/HAsA BOJa UMEET MPEBBIIICHNS N0 POy MOKa3zaTeneil. Y CTaHOBJIEHO, YTO MPEAsIo-
JKEHHBI MHOTOCTYIIEHYAThI MEeTO/I oOecrieyrBaeT Oosee riryOOKYyI0 OYHCTKY U 3HAUUTENbHO Y(D(EKTHBHEE CHIKAET Hera-
TUBHOE BIMSHHME Ha 3/I0POBbE IO BCEM TpPyMIIaM [apaMeTpoB (OPTraHOJENTHYECKHM, OOOOIIEHHBIM, CaHUTAPHO-
MHKPOOHOIOTHYECKUM H CAHUTAPHO-XUMUYECKHM).

Oécyacoenue. TIpoBeieHHBIN CpaBHUTENBHBIH aHaMN3 3Q(PEKTUBHOCTH JIBYX METOIOB BOJOINOJTIOTOBKH ITOKA3al 3HA-
YUTENILHOE MPEHMYIIECTBO MHOTOCTYNIEHYATOH CXeMBbI OYMCTKH. IIpeasnokeHHbI KOMIUICKCHBIH MOJXO0Jl MOJIHOCTBIO
o0ecIieum1 COOTBETCTBHE Ka4eCTBa BOIbI HOPMATUBHBIM TPEOOBAHMUSM I10 MIPEAEITBHO-I0ITYyCTHMBIM 3HAUCHHSAM 3a CUET
coyeTaHus ynpTpaduibTpanyuy, copouy 1 KOMOMHUPOBAaHHOTO 00e33apakuBaHusA. MeToJ] MHOTOCTYIIEHIAaTONH CXEMBI
OYHMCTKH 00ECIICUMII HE TOJIBKO MOJTHYI0O MHUKPOOHOJIOTHIECKYI0 M XUMHUYECKYIO 0€301IacHOCTh, HO M BBICOKHE OPraHO-
JIETITHYECKUE TTOKA3aTeNIN BOJIBL, TIOBBIIIAs OOIIYI0 HaJIe)KHOCTh CUCTEMBI BOJIOCHA0KEHNSI.

3axniouenue. B pabore npoBeieHa cpaBHUTEIbHAS OLEHKA d((GEKTUBHOCTU JBYX TEXHOJIOTHH BOJIOMOJITOTOBKH LIS
LEHTPAIN30BAHHON cHUCTeMBI BojocHaOkeHus T. [Ien3pl. Ha ocHOBe MeTOOMKM pacdeTa COBOKYIHOTO pPHCKa UIS 370-
POBBs HacelleHHs1 ObUIO YCTaHOBJICHO, YTO McXoaHas Boaa u3 CypcKoro BOJOXpaHHIIMIIA 00aJaeT BBICOKUM YPOBHEM
pucka. [TokazaHo, 4TO CYIIECTBYIOIIMI METOA OYUCTKH (KOATYJISIHS U XJIOPUPOBAaHKUE) CHU)KACT PUCK JI0 CpeaHe dd-
(hEeKTHBHOCTH, OCTABIISISI CUCTEMY BOAOCHAOXKEHHs ysA3BUMOI. B cBoro odepenp, MpeyioxKEeHHBIH MHOTOCTYIIEHYATHIH
meron (ynpTpaduibTpanus, copomms, Y P-o0e33apaxuBaHne W XJIOPAMHUHUPOBAHUE) IPOJEMOHCTPHPOBAT OYCHB BBI-
cokyto 3dpdexrrBHOCTS (82 %), CHU3UB COBOKYIHBIH PHUCK IO MPEHEOPEKNMO MaJIOTo 3Ha4eHUs. Pe3ynbTaTsl JOKa3bl-
BAalOT IPEHMYIIECTBO MHOTOCTYIIEHYATOTO MOJX0/Ja M MOTYT CIIy>KHTh OCHOBAHHEM JUII MOAEPHU3AINU CHCTEM BOJIO-
MOATOTOBKH C IEIIbIO MOBBIIICHUS NX HAJEKHOCTH M OE30MACHOCTH [UISl HACEIICHNSI.

KiroueBble cjioBa: OKpyKawolias cpefia, 3I0POBbC UEIOBEKa, IIEHTPAIbHOE BOJOCHAOKCHHE, METOIBI OYHCTKH
NIPUPOIHBIX BOX

Jna murupoBanus. Munmna K. /1., Bezdoposgosa O.E., Kamapaunaa H.B. HccnenoBanre Bo3IeHCTBIS Ha OKPYIKAIOILYIO
Cpedy M 370pOBbE YeJOBeKa KauecTBa BOJBI, MOCTYMAIOIIEH B IIEHTpabHBIE CUCTEMBI BOJOCHAOXeHUs. Bezonactocme
MeXHO2eHHbIX U NPupooHsix cucmem. 2026;10(2):119—131. https://doi.org/10.23947/2541-9129-2026-10-2-119-131

Introduction. Providing the population with high-quality drinking water is a global challenge. This challenge is
caused by a combination of factors, with access to clean water sources being a key one. However, due to the global
anthropogenic impact on the environment, there are virtually no natural sources that provide water suitable for drinking
without treatment. The qualitative and quantitative composition of water in natural sources of drinking water supply is
an important factor determining the state of the environment and the sanitary and epidemiological well-being of the
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population. A study by the UN Special Committee found that human disease burden is largely determined by the quality
of water from natural sources. With the development of urban areas and industrial agglomerations, the anthropogenic
load on water bodies increases, which leads to their pollution [1]. In this regard, water treatment technologies come to
the fore, the choice of which should be justified taking into account sanitary, hygienic, environmental, technological,
and economic considerations.

The documents of the World Health Organization (WHO) and the national regulatory documents of the Russian
Federation establish drinking water quality standards aimed at ensuring safety and maintaining human health.
According to WHO’s recommendations, the quality of water treatment is assessed by the following groups of factors:
microbiological, chemical, radiological, and sensory (or organoleptic in Russian terminology). WHO also emphasizes
the importance of monitoring and regular verification of water quality at all stages of the supply chain, from source to
end user. This approach guarantees timely identification of deviations and adoption of appropriate measures to reduce
risks to public health and maintain public well-being.

Insufficient water treatment leads to the emergence and spread of infectious diseases (cholera, dysentery, typhoid fever,
hepatitis A, poliomyelitis) [2], which cause deaths of up to 1.4 million people every year around the world [3]. Prolonged
consumption of drinking water containing chemical pollutants in concentrations exceeding the maximum permissible
limits leads to the development of pathologies of the digestive system [4], urinary [5], endocrine [6], and cardiovascular
systems: disruption of the heart muscle [7], hypertension and high blood pressure [8], ischemic cardiomyopathy [9]. In
addition, high nitrate content in the water leads to stomach cancer [10]. The presence of heavy metals causes neurological
diseases in children: lead — damage to the brain and central nervous system [11], mercury — impaired concentration,
memory loss, nerve damage [12], and skin cancer noted by domestic [13] and foreign [14] researchers. Increased water
hardness contributes to the accumulation of salts in the human body, which causes joint diseases and kidney stone
disease [15].

In this regard, the improvement of water treatment and water purification technologies, as well as systems for
monitoring the parameters of natural and drinking water, is of paramount importance. This requires a reasonable choice
of these technologies and the determination of a set of parameters for their comparative evaluation. Methodological
recommendations MR 2.1.4.0289-224 propose a methodology for assessing the effectiveness of measures aimed at
improving the quality of drinking water in centralized water supply systems. A comparative assessment is conducted
based on such parameters as the potential risk to human health and the efficiency of water treatment.

Despite the availability of approved methods for assessing the risk to public health from drinking water quality, the
existing studies focus on individual pollutants or evaluate the effectiveness of specific purification stages. A
comprehensive assessment of various water treatment technologies based on total risk indicators to human health in
Penza has not been conducted. This fragmented approach prevents us from fully determining which combination of
purification methods is optimal for reducing the total number of diseases associated with water consumption from a
specific source. The current research aims to address this gap by systematically analyzing and comparing alternative
water treatment scenarios for Penza city conditions.

One of the natural sources of water for the central water supply in Penza is the Surskoye reservoir. According to the
data from sanitary and hygienic monitoring, and classification of natural waters based on physical-chemical indicators
of water quality, the Surskoye reservoir is classified as a first-class surface source [16]. The current method of water
treatment for this source involves mechanical purification, followed by coagulation and flocculation, and disinfection
through chlorination. Under this system, natural water from the source is filtered through a series of filtration grids and
settled in special clarifying tanks to remove suspended particles. Coagulants are then added, which help to aggregate
fine and colloidal particles into larger flocs, which can be filtered out. Finally, the water is chlorinated to ensure its
safety from bacteria when it enters the central water supply systems.

The disadvantages of this process of water treatment before it enters the central water supply systems include:

— the formation of large amounts of sludge that must be disposed of, which can have a negative impact on the
environment during storage;

— the potential risk to public health from residual aluminum content in the water if there is a possible dosage error,
which can harm human health;

— the risk to public health from incomplete elimination of pathogenic viruses and bacteria, which also contributes to
the deterioration of public health.

4 Methodological recommendations MR 2.1.4.0289-22 “Comprehensive assessment of the effectiveness of measures to improve the quality of drinking
water in centralized water supply systems” (approved by the Federal Service for Supervision of Consumer Rights Protection and Human Welfare on
June 1, 2022). (In Russ.) URL: https://cepportal.ru/upload/iblock/009/44r5ndj9le2pp2uhlas9txk6¢35956dl.pdf?ysclid=mnfxyjeh4k339528214
(accessed: 01.04.2026)



https://bps-journal.ru/
https://cepportal.ru/upload/iblock/009/44r5ndj9le2pp2uhlas9txk6c35956dl.pdf?ysclid=mnfxyjeh4k339528214

Safety of Technogenic and Natural Systems. 2026;10(2):119-131. eISSN 25419129

Modern water treatment technologies rely on an integrated approach implemented through a multi-step process where
different purification methods work together to compensate for the limitations of each individual technique. One such
technology involves pre-treatment designed to prepare water for further purification. The basic treatment step removes fine
particles and dissolved contaminants. Disinfection ensures the microbial safety of water entering the central network.
Pretreatment consists of mechanical filtration of surface water through drum screens, aggregation of the smallest particles
into large flakes, followed by precipitation and physical removal of these agglomerates from the treated water. This step
reduces turbidity and color, as well as removes up to 90% of suspended solids and colloidal impurities.

The main cleaning is carried out using ultrafiltration and sorption methods to remove pathogenic microorganisms,
organic compounds, disinfection by-products, and substances that cause unpleasant taste and odor.

At the disinfection stage, water first passes through chambers with ultraviolet radiation to destroy the DNA and RNA
of microorganisms. After that, a small amount of chloramine is added to ensure complete disinfection. The effect of this
treatment lasts throughout the distribution network, ensuring that the water is safe from a microbiological and chemical
point of view, has excellent organoleptic properties, and reaches the system with minimal risk to consumer health.

Figure 1 shows algorithms for purification methods for water supplied to the central water supply systems from the

Surskoye reservoir.

1. Pretreatment stage

1. Mechanical treatment | 1.1. Mechanical filtration |

[
| i
! |
| | | |
| | | |
: Filtration I : * vl Y
| * : | | 1.2. Coagulation | : o .
I | I * | 3. Disinfection stage
I . . I I I
Precipitation . .
: : : | 1.3. Clarification | : 3.1. Ultraviolet irradiation

v

3.2. Dosing with chloramines

—_————— e e e e e —_

2. Coagulation and flocculation

v

3. Disinfection by chlorination

2. Basic treatment stage
| 2.1. Ultrafiltration |

=

2.2. Activated carbon sorption

a) b)

Fig. 1. Algorithm for water purification methods used in central water supply systems: ¢ — water purification method No. 1 [17];
b — water purification method No. 2 [18]

To compare the cleaning efficiency of the presented methods, we conducted an assessment of the overall risk to
public health and the degree of effectiveness in accordance with MR 2.1.4.0289-225. We selected the controlled
parameters that had a negative impact on human health, and in the analyzed water body they were in excess of
maximum permissible values (MPV), according to GOST® and SanPiN’. We examined water samples before and after
purification using two methods.

The primary aim of this study was a comparative assessment of the effectiveness of drinking water treatment

technologies of centralized water supply systems in terms of the overall risk to human health.

3 Methodological recommendations MR 2.1.4.0289-22 “Comprehensive assessment of the effectiveness of measures to improve the quality of
drinking water in centralized water supply systems” (approved by the Federal Service for Supervision of Consumer Rights Protection and Human
Welfare on June 1, 2022). (In Russ.) URL:
https://cepportal.ru/upload/iblock/009/44r5ndj91le2pp2uhlas9txk6c35956dl.pdf?ysclid=mnfxyjeh4k339528214 (accessed: 01.04.2026)

© GOST 31952-2012. “Water treatment for units. General requirements and methods of efficiency determination”. (In Russ.) URL:
https:/files.stroyinf.ru/Data2/1/4293785/4293785990.pdf?ysclid=mnfyc28qpx343642988 (accessed: 01.04.2026)

7 SanPiN 1.2.3685-21 “Hygienic standards and requirements for ensuring the safety and (or) harmlessness of environmental factors for humans”. (In
Russ.) URL: https://nagut6.gosuslugi.ru/netcat_files/174/2801/SP123685_21.pdf?ysclid=mnfyfca8xz794025561 (accessed: 01.04.2026)
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To achieve this goal, the following tasks were expected to be solved:

— to analyze physical-chemical and biological composition of water from natural water supply sources in Penza in
order to identify the most significant pollutants;

— to calculate the cumulative risk of disease burden for different scenarios of water treatment;

— to assess the effectiveness of water treatment provided to centralized water supply systems.

The novelty of this work lies in the application of an integrated approach, which allows you not only to determine
compliance or non-compliance with standards, but also to quantify and compare the final effects of introducing various
technologies in terms of preventing potential harm to public health.

Materials and Methods. During the research, we analyzed scientific publications, patents, and regulatory
documents containing information on the composition, indicators and methods of water treatment. Mathematical
modeling was used with subsequent statistical processing of its results. We studied the influence of the composition of
drinking water on human health and environmental quality.

The assessment of the drinking water composition was carried out based on the following groups of indicators,
which were regulated by Russian and international regulatory documents: organoleptic, generalized, sanitary-
microbiological, parasitological, and sanitary-chemical parameters.

The maximum permissible values (MPV), which were established by Russian regulatory documents, were used as
criteria for assessing the quality of drinking water. The study was conducted on the basis of Penza State University.

According to MR 2.1.4.0289-22% in order to assess the effectiveness of measures to improve the quality of water
treatment, it was necessary to calculate the average values for all sets of actual values of the controlled parameters

before (P; pefore) and after (P, aqer) Water treatment:

D - P‘b £
P[,before = Z L 5 (1)
P
"\ P
D i,aft
Prater = ), =2, @)

i=1
where Pipefore, Piafier — actual values of the controlled parameters before and after water treatment; n — number of
samples taken.
Having obtained the average values for all sets of actual values of the controlled parameters before and after water

treatment, the multiplicity of exceeding the maximum permissible concentration was determined by the formula:

Pi ,before(after)
EEE— (3)
MPV;

X; =

Dividing the range of changes in values in accordance with Table 1 for each of the values calculated by formula (3),

the membership function to the range p(x) was determined:

O, if X1B1 < X; < Xypi
X;—X .
Z—LBZ, if X1B2 <x< XuB2
XuB2 ~XLB2
M(X): 1, if X1B3 SX<XUB3 . (4)
X;—X .
l—LB4, lfoB4 <x< XUB4
XUB4 —XLB4
O, ifoxLBS

8 Methodological recommendations MR 2.1.4.0289-22 “Comprehensive assessment of the effectiveness of measures to improve the quality of drinking
water in centralized water supply systems” (approved by the Federal Service for Supervision of Consumer Rights Protection and Human Welfare on
June 1, 2022). (In Russ.) URL: https://cepportal.ru/upload/iblock/009/44r5ndj9le2pp2uhlas9txk6¢35956dl.pdf?ysclid=mnfxyjeh4k339528214

(accessed: 01.04.2026)
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Table 1
Categories of risk to public health, p(x)
. Categories of risk to public health
Characteristic 1 7 3 ) 5
Range of
multiplicity XLBi 0 0.5 1 2 5
exceeding the
MPV XUBi 0.5 1 2 5 +oo
Rank, & 1 2 3 4 5
Health risk category Negligibly small Low Average High Very high
Public health risk 0;1-107%] (1-10%1-10° (1-10%1-10% | (1-10%1-107] (1-1073;1]

Note: LB — lower bound of the interval; UB — upper bound of the interval; « ) » — means that the value does not
belong to this interval; « ] » — means that the value belongs to this interval.

After that, an assessment of the risk to public health was conducted for all controlled parameters, which were
grouped into categories (sanitary and chemical). Based on the estimates obtained, a weighting factor was calculated for
each controlled parameter, which established the relationship between the parameter and the class of diseases caused by
pollutants present in the water. At the next stage of the research, we used the Fishburne principle to determine how
common each class of disease was when assessing the magnitude of risk to public health using weight coefficients (/).
At the same time, health risk rank (k) and disease class rank by degree (/) were taken into account:

2. (k -+ 1)
© (k+1)k
where k — health risk rank (Table 1); / — disease class rank by severity (Appendix 2 to MR 2.1.4.0289-22 Table P2)°).

Next, weighting coefficients (G;) were determined for each i-t4 controlled parameter in each group:

, )

1
G =—, (6)
m
where m — number of all considered parameters in the group: for organoleptic parameters — 3, for generalized

parameters — 5, for sanitary-microbiological and parasitological parameters — 6, for sanitary-chemical parameters — 9.
This was followed by the calculation of the cumulative contribution of each of the five groups of the controlled
parameters (wx) to the total amount of risk to public health:

Wi = zGi M- (7

We used the formula to determine the risk to public health from exposure to each group of the controlled
parameters:

5
Re =Y Ri-wi, ®)
k=1

where R, — public health from exposure to each group of the controlled parameters; R, — average value of the
variation range of risk value to public health resulting from exposure to the k-¢k group of the controlled parameters.
Overall risk was calculated for all controlled parameters for two situations — before and after water treatment:

5
1
R==>"R,V,, ©9)
=
p
where R — overall risk to public health; R,— value of risk to public health for each group of the controlled parameters;
V,— total weighting factor of the k-th group of the controlled parameters in determining the overall risk to public
health; Vg — average weighting coefficient of the k-th group of the controlled parameters in determining the overall risk

to public health (Fig. 2).

? Methodological recommendations MR 2.1.4.0289-22 “Comprehensive assessment of the effectiveness of measures to improve the quality of drinking
water in centralized water supply systems” (approved by the Federal Service for Supervision of Consumer Rights Protection and Human Welfare on
June 1, 2022). (In Russ.) URL: https://cepportal.ru/upload/iblock/009/44r5ndj9le2pp2uhlas9txk6¢35956dl.pdf?ysclid=mnfxyjeh4k339528214
(accessed: 01.04.2026)
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0.40

Indicator group
number, Vg
o o o
—_ 3} [O8]
o S 3
1 1 1

0.00

3

Weight contribution

Fig. 2. Weighting coefficients V; for different groups of parameters: 1 — organoleptic; 2 — generalized; 3 — sanitary,
microbiological and parasitological; 4 — radiation; 5 — sanitary and chemical

When calculating the effectiveness of reducing the risk to public health by means of water treatment (3) the value of
cumulative risks before (Rpefore) and after (R,q.,) Water treatment was taken into account:

€

before

— Ebefo_re _Raﬂer .100%

(10)

Based on the obtained value of O (%) qualitative value of the degree of effectiveness of the measures taken was

determined (Fig. 3).

Very high
High
Average

Moderate

Degree of effectiveness

Low

I E—————
[

40

60

Effectiveness (3), %

80

Fig. 3. Water treatment effectiveness, %

100

A comprehensive assessment of the effectiveness of measures to improve the quality of drinking water in centralized
water supply systems was conducted using the program implementing MR 2.1.4.0289-22'0. Table 2 provides

the initial data.

Table 2
Data from sanitary and hygienic monitoring of water from the central water supply systems
Value of the | Value of the | Value of the
No Name of the Group of Units of MPV parameters [parameters afterjparameters after
" |controlled parameter| parameters | measurement before treatment by | treatment by
treatment | method No. 1 | method No. 2
1 Odor score 2 3 1 1
(0] lepti
2 Colour rganoleptic degrees 20 25 16 10
parameters
3 | Formazine turbidity FTU 2.6 5 2.0 0.5
T% 4 Cyxoii ocTaTok g/m? 1 1.5 0.15 0.11
% 5 Hardness mg-equ/l 7 20 10 6
. G lized
2 6 | Petroleum products eneraize mg/1 0.1 0.2 0 0
5 parameters
B 7 | Anionic surfactants mg/l 0.5 0.5 0 0
a
= 8 Hydrogen value units 6—9 8 7 7

10 Methodological recommendations MR 2.1.4.0289-22 “Comprehensive assessment of the effectiveness of measures to improve the quality of drinking water
in centralized water supply systems” (approved by the Federal Service for Supervision of Consumer Rights Protection and Human Welfare on June 1, 2022).
(In Russ.) URL: https://cepportal.ru/upload/iblock/009/44r5ndj9le2pp2uhlas9txk6c35956dl.pdf?ysclid=mnfxyjeh4k3395282 14 (accessed: 01.04.2026)
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9 |Total microbial count CFU/cm? 50 60 45 35
10 Escherlch1.acol1 CFU/100 cm®| yes/no yes no no
(E.coli) Sanitary,
11 Enterococci microbiological, | CFU/100 cm?| yes /no no no no
12 Coliphages and CFU/100 cm®| yes / no no no no
Cysts and oocysts of parasitological
13 Y . Y parameters In501 yes / no no no no
pathogenic protozoa
14 . Pa.thog.ens O.f In101 yes / no no no no
intestinal infections
js | Ammoniaand mg/l 2 42 1.8 1.1
ammonium ion
16 Copper Sanitary and mg/1 0.5 1.5 0.25 0.05
17 Cadmium chemical mg/l 0.001 0.0012 0 0
18 Sulfates (SO3~ parameters mg/l 500 528 385.0 250.0
Nitrates
19 (by NO™) mg/l 45 90 40.0 25.0
y
Nitrites
20 (by NO®) mg/l 3 4.8 3.0 1.2
Y
21 Iron mg/l 0.3 0.6 0.3 0.1
hlori
22 c(b;rg;s mg/l 350 375 345.0 263.0
23 Zinc mg/1 5 5.5 4.0 2.5

Results. Table 3 provides the results of calculating the parameters for evaluating the effectiveness of water

treatment. Three options were considered: before treatment, after treatment by treatment No. 1, after treatment by

method No. 2.
Table 3
Contribution of each parameter group
Risk groups
After Reduction of After treatment Reduction of
No. | Group of parameters (indicators) | Before | treatment | negative impact by method negative impact
m
treatment | by method | after treatment by yNOe 20 after treatment by
No. 1 method No 1 ’ method No. 2
1 Organoleptic 0.42 0 0.42 0 0.42
2 Generalized 0.31 0.21 0.10 0.19 0.12
3 Sanitary, mic.robiol.ogical, and 0.04 0.03 0.01 0 0.04
parasitological
4 Sanitary and chemical 0.09 0.03 0.06 0 0.09

According to Table 1, it can be seen that in the source water (before treatment), almost all controlled parameters

exceeded the maximum permissible concentration. The greatest cumulative risk in this case was formed by

organoleptic (0.42) and generalized indicators (0.31), which was due to a significant excess of standards for turbidity,

color, hardness and dry residue. Sanitary and chemical indicators also made a significant contribution (0.09) due to

increased concentrations of copper, nitrates, nitrites, and ammonia.

The results obtained demonstrated a different level of treatment of the two methods under consideration. Based on

the calculations, we determined the degree of treatment efficiency for each method (Table 4).
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Table 4
Overall risk to public health for each water treatment scenario
Scenario Overall risk, R Effectiveness, % Deg?ee of
effectiveness
Before treatment 0.36 - -
After treatment by method No. 1 0.16 55 average
After treatment by method No. 2 0.007 82 very high

It was found that the use of water purification method No. 1 showed average purification efficiency, since the risk to
public health was reduced from 0.36 to 0.16. At the same time, physical fine impurities, chemical pollutants (nitrates,
nitrites), ions of certain metals (for example, aluminum), and disinfection byproducts (chlorine compounds) remained in
the water. Method No. 2 reduced the overall risk to 0.007, which indicated a high efficiency of water treatment.

Figure 4 demonstrates the dynamics of public health risk for each group of the controlled parameters. The histogram
shows the exclusion of the risk to public health in terms of organoleptic and sanitary-chemical indicators of water
quality as a result of the application of treatment method No. 2.

0.50

0.40

0.30 A

0.20 A

The value of risk

0.10 A

0.00 T
1 2 3 4

m Risk before treatment ® Risk after treatment by method No. 1~ Risk after treatment by method No. 2

Fig. 4. Risk value for each group of controlled parameters: 1 — organoleptic parameters; 2 — generalized parameters;
3 — sanitary, microbiological and parasitological parameters; 4 — sanitary and chemical parameters

Figures 5 and 6 show a graphical representation of the calculation results.

0.4 100
80
y 0.3 A1 N
ey w
= 2 60
= 02 - 5
5 2 40
o A3 B
3 o]
O S
0.1 3
20 A
0.0 - 0
® Before treatment m After treatment by method No. 1
m After treatment by method No. 1
After treatment by method No. 2
After treatment by method No. 2
Fig. 5. Overall risk for each treatment scenario Fig. 6. Treatment effectiveness of the treatment methods

under consideration

Discussion. The conducted research clearly demonstrated significant differences in the effectiveness of the two
considered approaches to water treatment of the Surskoye reservoir. The data analysis presented in Table 2 and Figure 4
showed that the source water did not meet sanitary standards in many key parameters (odor, color, turbidity, hardness,
ammonia, nitrates, etc.), which confirmed high initial overall risk to public health (Table 3).
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The existing technology No. 1, based on coagulation and chlorination, really brought most of the parameters within
the limits of the maximum permissible values. However, its effectiveness could be described as insufficient. For a
number of critically important indicators, such as nitrites (3.0 mg/l with a MPV of 3 mg/l) and iron (0.3 mg/l with a
MPV of 0.3 mg/l), water treatment was only up to the upper limit of the standard. This did not create the necessary
"safety margin" and left the system vulnerable to seasonal deterioration in the water source quality. As a result, after the
application of technology No. 1, a significant residual risk remained for the groups of generalized (0.21) and sanitary-
chemical (0.03) parameters (Fig. 5), which was associated with incomplete removal of fine impurities, dissolved
chemicals and the formation of chlorination by-products.

In turn, the proposed multi-stage method No. 2 demonstrated a radically higher level of water treatment. It not only
adjusted the parameters to the maximum permissible concentration, but also significantly reduced their concentration.
For example, turbidity decreased to 0.5 FTU (at the rate of 2.6), sulfate concentration decreased to 250 mg/1 (at the rate
of 500 mg/l), and ammonium ion decreased to 1.1 mg/l (at the rate of 2 mg/l). Such deep cleaning was a direct
consequence of technological features of this approach: ultrafiltration and sorption effectively removed both suspended
particles and dissolved organic and chemical compounds. Two-stage disinfection (UV radiation + chloramine) ensured
complete microbiological safety while minimizing by-products.

The key result was the reduction in overall risk, as shown in Figure 5. Method No. 2 eliminated the risks associated
with organoleptic, sanitary-microbiological, and sanitary-chemical parameters completely (to zero). The total overall
risk was reduced to a negligible value of 0.007, indicating that this technology enabled the production of not only
formally safe drinking water, but also water with excellent organoleptic qualities, thereby increasing the reliability and
safety of the centralized water supply system.

Conclusion. Within the framework of this research, we successfully achieved our goal. We conducted a
comparative assessment of the effectiveness of two drinking water treatment technologies based on the indicator of the
overall risk to human health.

During the work, we performed the following tasks:

— the analysis of the water composition from the Surskoye reservoir revealed an excess of maximum permissible
concentrations in several organoleptic, generalized, and sanitary-chemical parameters. This caused high initial
cumulative risk to public health at the level of 0.36;

—we calculated the cumulative risk for three scenarios: before water treatment, after applying the existing
technology No. 1, and after applying the proposed technology No. 2;

— the assessment of the effectiveness was conducted, which revealed that the current technology No. 1 had an
average level of effectiveness (55%), whereas the proposed technology No. 2 had a very high level (82%).

The research showed that the existing water treatment technology, which was based on coagulation and chlorination,
was not effective enough. This technology reduced the overall risk by only 0.16, leaving residual risks for general and
sanitary-chemical indicators, and did not provide the necessary margin of safety, as the concentrations of certain
pollutants remained at the upper limits of the standards.

At the same time, it was clearly demonstrated that the proposed multi-stage method No. 2, including ultrafiltration,
sorption and two-stage disinfection, allowed for a radically higher level of water treatment. This technology reduced the
overall risk to a negligible value of 0.007, completely eliminating the risks of organoleptic, sanitary-microbiological
and sanitary-chemical indicators.

Thus, the work shows that the use of modern multi-stage water treatment technologies makes it possible not only to
formally comply with regulations, but also to obtain drinking water of significantly higher quality. This ensures the
creation of a "safety margin" for the water supply system in case of seasonal and emergency deterioration of the source
water quality. The results obtained can be used as a scientific justification for making decisions on the modernization of
existing water treatment plants and the introduction of the best available technologies to provide the population with
high-quality and safe drinking water.
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3aneneHHblil 6K1A0 A6MOPOE:

K.JA. MummnHa: mpoBeicHHE pacueTa, MaTeMaTHUYeCKOT0 MOICIIMPOBAHUS.

O.E. Be30opoaoBa: onucanne TeOPETUICCKON YaCTH CTaThH.

H.B. KamapauHa: aHaim3 CyIIeCTBYIONINX HCTOYHUKOB, O(hOopMIIEHHE HAYIHON CTaThH.

Kongpnukm unmepecog: aBTophbl 3asiBAAIOT 00 0TCYTCTBUM KOH(INKTA HHTEPECOB.
Bce asmopul npouumanu u 0006punu 0KOH4amenbHolil 6APUAHIM PYKORUCH.
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