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INTEGRAL ASSESSMENT OF DRINKING WATER QUALITY IN RESIDENTIAL DISTRICTS OF RYAZAN
Gavrikova AA, Dementiev AA, Solovyov DAY, Tsurgan AM, Paramonova VA, Korshunova EP
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The quality of drinking water is one of the key factors defining the health of the population. The risk-based approach is one of the most effective drinking water quality
assessment and control tools. This study aimed to make a comparative integral assessment of the quality of drinking water from a centralized water supply system
in residential areas of Ryazan based on chemical safety indicators. We have considered organoleptic, non-carcinogenic and carcinogenic risks, and compiled
an integral assessment based on MR 2.1.4.0032-11. The drinking water quality monitoring data used for the assessment came from the Center for Hygiene
and Epidemiology in the Ryazan Region, and covered years 2017 through 2022. Identifying the hazards, we relied on the above-norm spikes in drinking water
quality indicator values registered during the specified period. The maximum figures used to calculate the organoleptic risks had 98% confidence interval, while
that for the data enabling non-carcinogenic and carcinogenic risk assessments was 95% (nonthreshold models), the said data reflecting the average long-term
concentrations. The uncertainties inherent in the risk assessment stem from the limited list of indicators controlled in drinking water. In all residential districts
of the city of Ryazan, the integral indicator (I) of the level of hazard of drinking water from the centralized water supply system exceeds the acceptable values, with
the said level being the highest in Solotcha (Il = 8.8) and Kanishchevo (Il = 5.6). In all districts of the city, the indicator is largely shaped by the high organoleptic
risk, which points to the need for respective mitigation measures.
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WHTErPAJIbHASA OLLEHKA KAYECTBA NMUTBLEBOW BOLbl B XXUJbIX PAMOHAX I. PA3AH
A. A. TaBpukoBa, A. A. emeHTbeB, [. A. Conosbes™, A. M. Llypran, B. A. MapamoHoBa, E. M. KopLuyHosa

PsagaHckuii rocynapCTBEHHbI MEANLIMHCKMIN YHUBEPCUTET nMeHn akagemuka . T. Maenosa, PasaHb, Poccus

KadecTso MUTLEBON BOAbI ABNSIETCA OAHVIM U3 KMIOYEBbIX (hakTopoB, OnpeaensitoLLyX 300POBbe HAaCeNeHUs. PUCKOPUEHTVPOBaHHbIM NOAXOL, ABASETCS OOHM
13 Hanbonee athMEKTUBHbIX NHCTPYMEHTOB KONMMYECTBEHHOM OLIEHKM 1 YNPaBNEHNs Ka4eCTBOM MUTbEBOW BOAbI. Llenbio nccnenosaHns Oblio BbIMOAHUTE
CPaBHUTENbHYIO VHTErpasibHyHO OLIEHKY KadecTBa NMUTbEeBON BOfbI LIEHTPaIM30BaHHON CUCTEMbI BOLOCHAGKEHUS B XXWU/bIX parioHax . PasaHy no rnokasatensm
XUMmHeckon 6e3speaHoCTY. poBeaeHa CpaBHUTENbHAA OLEHKa OPraHoNenTUHECKIX, HEKAHLIEPOreHHbIX 1 KaHLLEPOreHHbIX PYICKOB, a Takke MHTerpasnbHas
OLieHKa NUTEEBON BOAbI LIEHTPaM30BAHHOM CUCTEMbI BOOOCHAOXKEHNS B XKWUMbIX ParioHax . PA3aHn no nokasarensm XMMUHecKon 6e3BpeHOCT Ha OCHOBaHUM
MP 2.1.4.0032-11. [Ona OLeHKM PUCKOB MCNONb30BaN AaHHble MOHUTOPUHra Ka4ecTBa MUTbLEBOW BOAbI CaHUTAPHO-XMMU4Yeckon nadopatopumn ®EY3
«LleHTpa rurneHbl 1 anngemuonorim B PasaHckol obnactu» 3a 2017-2022 . Ha ctagum naeHTudmnkaumm onacHoOCTU B Xofe UCCNeaoBaHus 1Cnonb3oBani
nokasartenn Ka4ecTsa NTLEBOW BOAp!, MOMy4eHHbIE B TEHYEHME YKa3aHHOro neproaa v Korga-nmbo npesbillaBlune rriteHnYeckme HopMatvebl. [ns pacyeta
OpraHoNenTUHECKMX PYCKOB MCMOMNb30BaUV MakCMasbHble nokadatesnit 98%-i BEpOATHOCTHOM 06ECMEHEeHHOCTI, TOrAa Kak HeKaHLEPOrEeHHbIA 1 KaHLIEPOreHHbIN
PUCKIN PaCCHUTBIBASM MO CPEAHUM MHOMONETHUM KOHLIEHTPaLWmAM 95%-i1 BEPOSTHOCTHOM 06ecnedeHHOCTV No 6ecnoporoBbiv Mofensam. K HeonpeaeneHHoCTam
OLEHKN puUCKa CnefyeT OTHECTU OrpaHuWYeHHbIR NepeYeHb nokasaTenei, KOHTPOIMPYeMbIX B MUTbEBON BoAe. BO BCex xubix paoHax ropoda PssaHu
VHTEerpanbHbin nokasatens (/M) onacHOCTV MUTBEBOW BOAbI LEHTPaIM30BAHHOW CUCTEMbl BOAOCHAOXKEHNS NMPEBbILLAET MPYEMIIEMbIE 3HAYEHVA, NPV 3TOM
HanbonbLLel ONacHOCTLIO XapakTepusyeTcs NMTbeBasi Boda B »XnMNomM paiioHe Conotya (UM = 8,8), a HaumeHbLel — B parioHe Kanuieso (M = 5,6). Mpw aTom
OCHOBHOW BKMag, B dopmmposanme VM onacHOCTV NUTLEBOI BOAb! BO BCEX PaioHax ropoAa BHOCUT BbICOKUIA OPraHONEMTUHECKUIA PUCK, YTO CBUAETENbCTBYET
O HEOOXOAMMOCTI peanuaaLmn MEPONPUATIUA MO €ro CHYDKEHWIO.
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The quality of drinking water is one of the key factors defining
the health of the population. In the developing countries,
deviations in its qualitative composition mainly underpin
epidemiological health risks, whereas in industrially developed
areas, it is chemical safety indicators that are most important
from the hygienic viewpoint [1-3]. According to the available
data, 87% of the population are provided with high-quality
drinking water, and the key goals of the Clean Water Federal
Project have been fully achieved only in three quarters of the territory

of the Russian Federation [4]. The common flaws of drinking
water in centralized water supply systems that draw upon
surface and underground sources are excessive hardness,
high levels of iron, boron, cadmium, and lead [5-9]. The quality
quality of drinking water is affected not only by the sanitary,
hygienic and hydrological features of the source, but also
by the water treatment methods; for example, chlorination
of water contaminated with phenols translates into formation
of chlorophenolic compounds [3].
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One of the most effective approaches to the drinking water
quality evaluation and control is risk assessment: it allows
ranking chemical threats by their impact on public health,
and helps identify and prioritize scientifically sound measures
aimed at reducing health risks to acceptable levels [5, 10, 11].

In a capital of a subject of the Federation, it is particularly
interesting to compare, district-wise, the chemical safety
of drinking water from the centralized water supply system that
draws upon different sources; such a comparison will allow
identifying priorities among the efforts aimed at improvement
of the quality of drinking water within given residential areas.

This study aimed to make a comparative integral assessment
of the quality of drinking water from a centralized water supply
system in residential areas of Ryazan based on chemical safety
indicators.

METHODS

The study was conducted on the territory of Ryazan,
the administrative center of the Ryazan region. The population
there, as of January 1, 2024, was 520.5 thousand people.
The population of the regional center receives water from
a central ring-type water supply system, which draws upon
the Oka River (55-60%) and the artesian waters of the Podolsk,
Oka and Kashira aquifers (40-45%). Sanitary protection zones
have been established for all water supply sources. In all districts
of the city, the water in the system is a mixture from surface
and artesian sources, with the exception of Solotcha, which
receives water from the artesian wells only.

For this study, we used water quality assessments made
at monitoring points of the supply network during the period
from 2017 to 2022. There is one such point in each district
of the city, with the exception of Oktyabrsky, where there
are two monitoring points. The samples are taken monthly, i.e.,
12 times a year. In total, the study relied on the results of 3,440
drinking water quality analyses that involved 720 samples. MR
2.1.4.0032-11 was the guiding document for the comparative
integral assessment of chemical safety of drinking water from
a centralized water supply system of the city of Ryazan [12].
To identify hazards, we specifically monitored the water quality
indicators the values of which were above the relevant hygiene
standards in 2017-2022. The confidence interval for the maximum
values used in the calculation of organoleptic risks was set
at 98%. Non-carcinogenic and carcinogenic risks were calculated
based on the average long-term concentrations expressed
as values with 95% confidence interval (non-threshold models)
[12, 13]. The uncertainties inherent in the risk assessment stem
from the limited list of indicators controlled in drinking water
in the context of sanitary and hygienic monitoring.

OPUTMHAJIBHOE NCCJTEAOBAHNE

Primary data were processed using the one factor analysis
of variance with the target significance level p < 0.05;
the software employed for the purpose was STADIA 8.0
(Informatics and Computers LLC; Russia).

REéULTS

In the considered districts of the city, the maximum values
for drinking water smell and taste (98% Cl) varied from 2.9-3.4
points, which is above the hygienic norm (Table 1). The color
of the water, however, was within the standard range (20°).

The given data show that the turbidity values (at p = 0.98)
were maximum in Solotcha and Stroitel districts, where they
exceeded the hygienic norm by 2.1 and 1.8 times, respectively;
in other districts, this indicator was within the hygienic norm
and ranged from 1.7-2.5 mg/l. The maximum concentration
of iron (2+) in the drinking water was the greatest in Solotcha:
it exceeded the maximum permissible concentration (0.3 mg/l)
by 7.6 times. In Zheleznodorozhny, Stroitel and Oktyabrsky,
this indicator was 3.5-5.2 times higher than the maximum
permissible concentration, while in the remaining districts
it was 1.1-2.8 times higher. Single concentrations of aluminum
in the drinking water in Dyagilevo, Moskovsky, Solotcha,
and Stroitel districts were below detection threshold (bdt),
while its maximum concentrations in the remaining districts did
not exceed the maximum permissible concentration
(0.2 mg/l).

The study showed that in all districts of the city, drinking
water's smell (at 20 °C) and taste values, the organoleptic
indicators, amounted to 0.5, which is five times higher than
the acceptable value of 0.1 (Table 2). In the city, the organoleptic
risk associated with iron (2+) content in the drinking water
was 2 to 8 times higher than the acceptable values, with
the exception of Moskovsky and Sovetsky districts. The highest
value, 0.821, was registered in Solotcha. In Oktyabrsky
and Stroitel districts, iron content was six times higher,
in other districts — 2-3 times higher than acceptable. It should
be noted that organoleptic risks of drinking water associated
with aluminum ion content and turbidity were insignificant
in all the districts considered. In the overall assessment,
the organoleptic risk of drinking water in Solotcha, Oktyabrsky,
and Stroitel stemmed from the content of divalent iron, whereas
in the remaining districts the factors shaping this risk were smell
and taste, which could have various origins (increased iron
content, corrosion of metal pipes, formation of microbial films
of iron bacteria on the inner walls of water pipes, formation
of chlorinated hydrocarbons, stagnation of water, etc.) [14-20].

The average long-term concentrations (95% Cl) of the main
contaminants in drinking water from Ryazan's centralized

Table 1. Maximum values of indicators affecting the organoleptic properties of drinking water, residential districts of Ryazan (S, + to, at p = 0.98)

District Sm(;l!)ﬁ?s"C) ! Taste, points Color, ° mg;u(f;dlitay(;nn) Fe?*, mg/l AR, mg/l
Dashkovo-Pesochnya 3.4 3.4 11 2.5 0.7 0.2
Dyagilevo 2.9 2.9 1 1.7 0.8 bdt
Kanishchevo 3.3 3.4 10.8 1.7 0.8 0.2
Moskovsky 3.1 3.1 10.4 1.8 0.3 bdt
Oktyabrsky 3.3 3.3 1.1 1.9 1.6 0.1
Solotcha 2.9 2.9 16.6 5.3 2.3 bdt
Sovetsky 3.4 3.4 10.9 1.9 0.5 0.2
Stroitel 3.3 3.4 12.4 4.6 1.4 bdt
Zheleznodorozhny 3.3 3.4 11.9 1.8 1 0.2

Note: bdt — below detection threshold.
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Table 2. Organoleptic risk (OR) of drinking water in residential districts of Ryazan

District Smell (20 °C) Taste Color Turbidity Fe? Al OR total
Dashkovo-Pesochnya 0.5 0.5 0.005 0.009 0.2 0.043 0.5
Dyagilevo 0.5 0.5 0.005 0.005 0.3 0 0.5
Kanishchevo 0.5 0.5 0.005 0.005 0.3 0.008 0.5
Moskovsky 0.5 0.5 0.004 0.005 0.03 0 0.5
Oktyabrsky 0.5 0.5 0.005 0.006 0.6 0.002 0.6
Solotcha 0.5 0.5 0.013 0.048 0.8 0 0.8
Sovetsky 0.5 0.5 0.005 0.006 0.1 0.028 0.5
Stroitel 0.5 0.5 0.006 0.032 0.6 0 0.6
Zheleznodorozhny 0.5 0.5 0.006 0.005 0.4 0.028 0.5

water supply system did not exceed the respective maximum
permissible concentrations (Table 3). The total non-carcinogenic
risk was below the threshold (0.05) in all the districts; it ranged
between 0.013 (Moskovsky) and 0.021 (Stroitel).

Of the chemicals presented in Table 3, only cadmium (Cd)
and lead (Pb), which belong to IARC carcinogenicity groups 1
and 2B, respectively, have carcinogenic effects [15]. The study
showed that only in Dashkovo-Pesochnya did the carcinogenic
risk of drinking water exceed the acceptable value (1 x 10°)
and amounted to 1.25E-05; in other districts, its values ranged
between 3.19E-06 (Kanishchevo) and 6.09E-06 (Stroitel) (Table 4).
It should be noted that the main contributor to the total
carcinogenic risk of drinking water was cadmium: in Dashkovo-
Pesochnya, it supported the said risk by 93.2% (the highest),
and in the Sovetsky district — by 66.8% (the smallest).

The results of the integrated assessment of hazards
in the drinking water from centralized water supply system
in residential districts of Ryazan are given in (Table 5).

The study showed that in all residential districts of the city
of Ryazan, the integral indicator (Il) of the level of hazard of drinking
water from the centralized water supply system exceeds

the acceptable values, with the said level being the highest
in Solotcha (Il = 8.8) and Kanishchevo (Il = 5.6). The greatest
contribution to the Il of hazard of drinking water is made
by the organoleptic risk.

DISCUSSION

High maximum concentrations of iron in the drinking water
in Solotcha, Stroitel, and Oktyabrsky create unacceptable
organoleptic risks (0.6-0.8); they may stem from a higher
proportion of artesian waters (Podolsk and Kasimov aquifers)
in the supplied mixture, since this element is common therein
[21, 22]. The content of iron in drinking water is known
to grow with the time the water spends in the supply system due
to pipe corrosion. The process also increases color and turbidity
indicators, and the water acquires characteristic metallic taste.
The organoleptic properties of water can also deteriorate due
to the proliferation of iron bacteria inside water pipes [9, 14-17, 23].
Drinking water with a high iron content increases the risk
of skin and subcutaneous fat diseases in children and adolescents
[11]. Other studies have shown that elevated concentrations

Table 3. Long-term average concentrations (95% Cl) of contaminants in drinking water in residential districts of Ryazan (S, +t,, at p = 0.95)

District Boron (MPC = 0.5 mg/l) Cadmium (MPC = 0.001 mg/l) Nickel (MPC = 0.02 mg/l) Lead (MPC = 0.01 mg/l)
Dashkovo-Pesochnya 0.133 0.0007 0.011 0.0024
Dyagilevo 0.108 0.0002 0.005 0.0038
Kanishchevo 0.1 0.0001 0.008 0.0024
Moskovsky 0.095 0.0002 0.005 0.0029
Oktyabrsky 0.102 0.0002 0.008 0.0018
Solotcha 0.091 0.0002 0.012 0.0034
Sovetsky 0.128 0.0002 0.009 0.0037
Stroitel 0.259 0.0003 0.005 0.0047
Zheleznodorozhny 0.106 0.0003 0.008 0.0036

Table 4. Individual carcinogenic risk (CR) of drinking water in residential districts of Ryazan

District Cadmium Lead CR total
Dashkovo-Pesochnya 1.16E-05 8.54E-07 1.25E-05
Dyagilevo 3.23E-06 1.38E-06 4.60E-06
Kanishchevo 2.30E-06 8.90E-07 3.19E-06
Moskovsky 3.24E-06 1.08E-06 4.31E-06
Oktyabrsky 3.84E-06 6.70E-07 4.50E-06
Solotcha 2.78E-06 1.25E-06 4.03E-06
Sovetsky 2.74E-06 1.36E-06 4.10E-06
Stroitel 4.39E-06 1.70E-06 6.09E-06
Zheleznodorozhny 4.71E-06 1.30E-06 6.01E-06
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Table 5. Integral indicator (Il) of hazards in the drinking water, districts of Ryazan

OPUTMHAJIBHOE NCCJTEAOBAHNE

District RO/PV, RN/PV, RC/PB, 1l
Dashkovo-Pesochnya 5 0.4 1.2 6.6
Dyagilevo 5 0.3 0.5 5.8
Kanishchevo 5 0.3 0.3 5.6
Moskovsky 5 0.3 0.4 5.7
Oktyabrsky 6 0.3 0.5 6.8
Solotcha 8 0.4 0.4 8.8
Sovetsky 5 0.4 0.4 5.8
Stroitel 6 0.4 0.6 7
Zheleznodorozhny 5 0.3 0.6 5.9

Note: RO is the total risk of reflex-olfactory effects, RN is the total non-carcinogenic risk; RC is the total carcinogenic risk; PV is the acceptable risk of reflex-olfactory
effects; PV_is the acceptable value of non-carcinogenic risk; PV_is the acceptable value of carcinogenic risk.

of iron in drinking water can have an adverse effect
on the hematopoietic and immune systems [14, 15].

The identified high organoleptic risks of drinking water
associated with the maximum values of smell and taste
indicators may also be due to the formation of organochlorine
compounds as a result of chlorination, which calls for preference
of combined methods of disinfection [18-20]. However,
the existing uncertainty stemming from the limited character
of the list of substances the content f which in drinking water
is controlled prevents us from confirming or disproving
the above-mentioned reason in this study.

The individual carcinogenic risk above the acceptable
threshold was registered in Kanishchevo only, and the reason
behind this spike by 93.2% were cadmium ions, which
may be related to anthropogenic pollution of the Oka River
[24, 25]. The results of this study are generally consistent
with the data reported by other authors, who underscore
the unacceptable level of carcinogenic risk caused
by the drinking water in Ryazan having lead and cadmium
[26, 27].
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