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HYGIENIC FEATURES OF THE QUALITY OF DRINKING WATER FROM THE REGIONAL 
CENTER CENTRALIZED WATER SUPPLY SYSTEM BASED ON ORGANOLEPTIC INDICATORS 

Drinking water occupies one of the leading places among environmental factors responsible for shaping public health, so providing sanitary-and-epidemiologic 

wellbeing of the population cannot be considered separately from solving the hygienic problem of water supply. The study aimed to provide comparative hygienic 

characteristics of the quality of drinking water from the Ryazan centralized water supply system based on organoleptic indicators. Comparative assessment 

of the quality of drinking water was performed based on the analysis of the data of the years of research for the years 2017–2022. We performed analysis 

of the long-term average annual values of odor at 20 °С and 60 °С, taste, color and turbidity, share of samples non-compliant with the hygienic standards, over time. 

Inidicators were also assessed based on the season of the year and territorial belonging. The average indicator values were compared using analysis of variance; 

pairwise comparison involved the use of the Scheffe and Tamhane tests considering the Levene’s test results. Confidence intervals of the relative indicators were 

determined based on the Wilson score. The long-term average annual values of organoleptic indicators of the quality of drinking water in Ryazan are compliant 

with SanPiN 1.2.3685-21. A small number of samples had odor, taste, and color exceeding the hygienic standards. Turbidity that was non-compliant with 

the hygienic requirements in 2.2% of samples and reached the maximum value of 16.4 mg/L (kaolin) should be considered the most challenging indicator of the quality 

of test drinking water.
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ГИГИЕНИЧЕСКИЕ ОСОБЕННОСТИ КАЧЕСТВА ПИТЬЕВОЙ ВОДЫ ЦЕНТРАЛИЗОВАННОЙ СИСТЕМЫ 
ВОДОСНАБЖЕНИЯ ОБЛАСТНОГО ЦЕНТРА ПО ОРГАНОЛЕПТИЧЕСКИМ ПОКАЗАТЕЛЯМ

Питьевая вода занимает одно из главных мест среди факторов окружающей среды, ответственных за формирование здоровья населения, поэтому 

обеспечение санитарно-эпидемиологического благополучия населения невозможно рассматривать в отрыве от решения гигиенической проблемы 

водоснабжения. Целью исследования было дать сравнительную гигиеническую характеристику качества питьевой воды централизованной системы 

водоснабжения г. Рязани по органолептическим показателям. Сравнительная оценка качества питьевой воды проведена на основании анализа данных 

многолетних исследований за 2017–2022 гг. Выполнен анализ средних многолетних значений запаха при 20 °С и 60 °С, привкуса, цветности и мутности, 

удельного веса проб, не соответствующих гигиеническим нормативам, в динамике. Показатели также анализировали в зависимости от сезона года 

и территориальной принадлежности. Средние значения показателей сравнивали методом дисперсионного анализа, для парных сравнений использовали 

критерии Шеффе и Тамхейна с учетом результатов теста Ливиня. Доверительные интервалы относительных показателей определяли по методу Уилсона. 

Средние многолетние значения органолептических показателей качества питьевой воды в г. Рязани соответствовали требованиям СанПиН 1.2.3685-21. 

Незначительное количество проб имело запах, привкус и цветность, превышающие гигиеническую норму. Наиболее проблемным показателем качества 

исследуемой питьевой воды следует считать мутность, которая не соответствовала гигиеническим требованиям в 2,2% проб и достигала максимального 

значения 16,4 мг/л по каолину.
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Drinking water occupies one of the leading places among 
environmental factors responsible for shaping public health. 
Support of sustainable development of the State and providing 
sanitary-and-epidemiologic wellbeing of the population cannot 
be considered separately from solving the hygienic problem 
of water supply [1–3]. Furthermore, the drinking water organoleptic 
properties are sensitive markers of its quality that largely 
determine consumer satisfaction. Organoleptic properties 
can worsen due to anthropogenic pollution of water supply 

sources or due to natural processes related to water stagnation 
and blooming, as well as to eutrophication of water bodies [4]. 
Water treatment effectiveness and stability have a significant 
impact on the drinking water organoleptic properties [4, 5]. 
Secondary deterioration of the quality of drinking water in the water 
supply system is possible resulting from the reduced water 
demand and stagnation, increased wear of the aqueduct, high 
accident rate, and inadequate hygiene in the sanitary protection 
areas [6, 7].
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Table 1. Organoleptic indicators of the quality of drinking water from the Ryazan centralized water supply system, on average for the years 2017–2022 

Note: *cs — cobalt scale. 

Indicator Units Number of samples Average ± 95% CI
Maximum value 
(characteristic)

Standard
% of samples above 
the hygienic standard 

Odor (20 °С) points 3408 1.35 ± 0.03 3.00 (fish) 2 0.5

Odor (60 °С) points 3408 1.24 ± 0.03 3.00 (fish) 2 0.9

Taste points 3407 1.29 ± 0.03 3.00 (fish) 2 0.1

Color cs* 3407 6.56 ± 0.07 23 20 0.03

Turbidity mg/L (kaolin) 3406 0.84 ± 0.02 16.4 1.5 2.2

High rate of the drinking water organoleptic property deterioration 
suggests poor reliability of the water supply system and poses 
considerable public health risk [8, 9]. According to a number 
of authors, the use of water non-compliant with the hygienic 
standards based on turbidity for water supply increases the risk 
of viral intestinal infections [10], and the aluminum ion content 
higher than permissible increases the risk of the central nervous 
system disorders [11, 12]. The increased drinking water color 
resulting from high iron ion (2+) content is considered to be a risk 
factor of the disorders of gastrointestinal mucosa, skin, blood, 
immune system [8, 9]. 

Despite close attention of hygienists to the issue of water 
supply, the region-specific hygienic features of the drinking 
water quality are still poorly understood. Thus, the most recent 
research on the issue in Ryazan was conducted more than 
30 years ago. Considering the importance of the problem, 
the study seems to be timely and relevant [13].

The study aimed to provide comparative hygienic characteristics 
of the quality of drinking water from the Ryazan centralized water 
supply system based on organoleptic indicators.  

METHODS

The study was conducted in Ryazan, the center of the Ryazan 
Region. As for February 1, 2023, the population of the regional 
center was 539,000 people. Surface water of the Oka River 
and artesian water of the Podolsko-Myachkovsky, Kashirsky, 
and Oksko-Protvinsky coal system aquifers is used for water 
supply to the population [3]. In the overall water balance 
of the centralized water supply system, slight predominance 
of surface water (62%) was reported, except for water supply 
networks of the Solotcha and Stroitel area, supplied mainly 
by artesian water. The urban ring water distribution system consists 
of 143.9 km of water mains, 285.5 km of street water network, 
and 428.9 km of yard water distributions [3]. The average wear 
of water supply systems is 74% [14].

We performed analysis of organoleptic indicators of the drinking 
water quality (odor at 20 °С and 60 °С, taste, color, and turbidity) 
in control points of the Ryazan water distribution system 
for the years 2017–2022 based on the data provided by the sanitary 
and hygienic laboratory of the Center for Hygiene and Epidemiology 
in the Ryazan Region. A total of 3440 drinking water samples 
were analyzed. We calculated average values and their 
confidence intervals, as well as the percentage of samples 
non-complint with SanPiN 1.2.3685-21 [15] in certain years 
of the studied period, depending on the season of the year 
and territorial belonging. 

The average indicator values were compared by analysis 
of variance (ANOVA) based on Fisher’s exact test (F); pairwise 
comparison involved the use of the Scheffe and Tamhane 
tests considering the Levene’s test results. Confidence intervals 
of the relative indicators were determined using the Wilson score 
[16]. Statistics were calculated in SPSS Statistics 19 (IBM; USA) 
with the target significance level set as p < 0.05.

RESULTS

The long-term average annual values of organoleptic indicators 
of the quality of drinking water in Ryazan were compliant with 
SanPiN 1.2.3685-21 (Table 1). However, certain values of odor 
at 20 °С, 60 °С and taste exceeded the hygienic standard 
and reached 3 points; the percentage of such samples was 0.5%, 
0.9%, and 0.1%, respectively. Water color in control points 
of water distribution system was above normal only in 0.03% 
of samples. At the same time, turbidity did not meet hygienic 
requirements in 2.2% of samples and reached the maximum 
value of 16.4 mg/L (kaolin).

It should be noted that in 2018 the average values 
of the drinking water odor (at 20 °С/60 °С) and taste that 
were 0.70 ± 0.05/0.67 ± 0.06 points and 0.68 ± 0.06 points, 
respectively, were 1.9–2.3 times lower, than in other years (р < 0.05). 
At the same time, the highest average color and turbidity values 
reported in 2017 were 7.25 ± 0.07º and 0.95 mg/L, respectively, 
and were significantly higher, than in other years of the studied 
period (р < 0.05). 

The average values of all organoleptic indicators for the studied 
years were compliant with SanPiN 1.2.3685-21, but in 2020 
the odor (at 20 °С and 60 °С) and taste values non-compliant 
with the hygienic standards were reported for some points 
of water distribution system: in 3.5%, 6.3%, and 0.7% of samples, 
respectively. In 2022, the color of 0.5% of dtinking water 
samples was non-compliant with the hygienic standard. 
At the same time, the drinking water samples non-compliant 
with SanPiN 1.2.3685-21 based on turbidity were reported 
annually, and the largest share (3.0%) was reported in 2019, 
while the smallest was reported in 2021 (1.1%).

During the studied period the average seasonal values 
of all organoleptic indicators were compliant with the hygienic 
standards (Table 2). We revealed a considerable effect 
of the season on the average seasonal values of organoleptic 
indicators; the highest values of all organoleptic indicators 
were typical for winter, while the lowest values were reported 
for various seasons: odor and taste for summer, color for spring 
(р < 0.001), turbidity for fall (р = 0.009).

Drinking water samples, the odor and taste of which were 
non-compliant with hygienic standards, were reported in winter 
and spring only (Fig. 1), and in winter the percentage 
of those was 2.4% and 0.2%, respectively, which considerably 
exceeded the values reported for spring. It should be noted that 
the above-level drinking water color was reported in summer 
only in 0.1% of samples, while increased turbidity was found 
in all seasons of the year. Deterioration of drinking water quality 
based on turbidity was most often found in winter (in 3.5% 
of samples) and least often in spring and summer (in 1.8% 
of samples).

In control points of municipal water mains of the residential 
areas Solotcha, Dyagilevo, and Moskovsky, the long-term 
average annual values of odor did not exceed 1 point, 
while in other areas the values were significantly higher, within 
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Table 2. Organoleptic indicators of the quality of drinking water from the Ryazan centralized water supply system, on average for seasons of the years 2017–2022  

Note: *cs — cobalt scale. 

Indicator Units Winter Spring Summer Fall
Fischer’s exact 

test (F)
P

Odor (20 °С) points 1.62 ± 0.07 1.32 ± 0.04 1.17 ± 0.06 1.40 ± 0.06 32.47 < 0.001

Odor (60 °С) points 1.52 ± 0.08 1.23 ± 0.05 1.02 ± 0.07 1.27 ± 0.07 30.33 < 0.001

Taste points 1.56 ± 0.07 1.27 ± 0.05 1.08 ± 0.06 1.35 ± 0.07 33.88 < 0.001

Color cs* 7.00 ± 0.16 6.44 ± 0.10 6.47 ± 0.15 6.57 ± 0.15 11.84 < 0.001

Turbidity mg/L (kaolin) 0.92 ± 0.05 0.83 ± 0.03 0.85 ± 0.04 0.82 ± 0.04 3.89 0.009

Fig. Rate of organoleptic indicator non-compliance with hygienic standards for drinking water samples by seasons of the year (%)
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the range of 1.17–1.48 points (Table 3; р < 0.05). The drinking 
water samples non-compliant with SanPiN 1.2.3685-21 based 
on odor at 20 °С were reported only for the residential areas 
Oktyabrsky, Sovetsky, and Dashkovo-Pesochnya, and the percentage 
of those in the total number of tests was 0.23%, 0.87%, 
and 1.24%, respectively. Assessment of odor at 60 °С revealed 
high percentage of non-standard samples in a larger number 
of urban areas. In Dashkovo-Pesochnya, the share of such samples 
was the highest 1.98%, which was followed (in a descending order) 
by the residential areas Sovetsky (1.22%), Kanishhevo (0.75%), 
Oktyabrsky (0.45%), and Zheleznodorozhny (0.37%).

Distibution of the Ryazan areas based on the average 
drinking water taste values showed the same features, 
as the distribution by odor. Furthermore, in Solotcha, Moskovsky, 
and Dyagilevo the average values were within the range 
of 0.77–0.92 points are were significantly lower, than in other 
areas (1.25–1.43 points) (р < 0.05). It should be noted that 
the drinking water samples, the taste of which was non-compliant 
with the hygienic standard, were found in the Sovetsky area 
and Dashkovo-Pesochnya, and the percentage of such samples 
was 0.17% and 0.25%, respectively.

The long-term average annual values of the drinking water 
color and turbidity did not exceed the hygienic standard 
in certain areas of Ryazan (Table 4). Furthermore, the values 
of the above indicators in Solotcha were significantly higher, 
than in the majority of the territories compared, except 
for the Stroitel area. These were 7.39 ± 0.49° and 1.34 ± 0.14 
mg/L, respectively (р < 0.05).  In the Stroitel area, the average 
drinking water turbidity was 1.01 ± 0.11 mg/L, it was 1.3 times 
lower, than in Solotcha, and 1.2–1.3 times higher, than in the majority 
of other areas (р < 0.05).

In the studied period the above-normal drinking water 
color indicators were found in the Solotcha area only (in 1.56% 
of samples). The largest share of water samples non-compliant 
with SanPiN 1.2.3685-21, the turbidity of which was 10.94% 
and twice exceeded the value for the Stroitel area, was typical 
for the same area, while in other urban territories it was between 
0.75% (Kanishhevo) and 3.23% (Dyagilevo).

DISCUSSION

Based on the fact that in the 6-year period considered 
deterioration of the quality of drinking water from the centralized 
water supply system were reported only in 2020, it can 
be due to certain combination of factors. Such factors 
can include baseline water quality deterioration in the water 
supply source resulting from rapid production of phytoplankton 
in the warm period and subsequent phytoplankton mass die-off 
in winter [17, 18]. This suggestion is supported by predominant 
deterioration of the drinking water quality in winter, along with 
the largest share of samples non-compliant with the hygienic 
standards in Dashkovo-Pesochnya and Sovetsky area receiving 
water mainly from the Oka water supply inlet located 
in the Dyatkovsky backwater prone to eutrophication [19]. 
Certain contribution to deterioration of the drinking water 
organoleptic properties can be made by the decreased 
effectiveness of water treatment under these conditions 
[19]. Furthermore, secondary deterioration of water quality 
in the water supply system due to pronounced wear of water 
distribution networks and accidents cannot be ruled out [20]. 
The latter assumption largely explains regular registration 
of drinking water samples, the turbidity of which is non-compliant 
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Table 3. Odor of drinking water from the centralized water supply system in certain areas of Ryazan, on average for the years 2017–2022 

Area
Number of observations, 

20 °С

Average value, points Samples > MPC, % [95% CI]

20 °С 60 °С 20 °С 60 °С

Solotcha 65 0.85 ± 0.20 0.68 ± 0.23 0 0

Kanishhevo 398 1.33 ± 0.08 1.20 ± 0.09 0 0.75 [0.26–2.19]

Oktyabrsky 443 1.40 ± 0.08 1.24 ± 0.09 0.23 [0.04–1.24] 0.45 [0.12–1.63]

Dyagilevo 93 0.86 ± 0.17 0.67 ± 0.19 0 0

Moskovsky 237 1.00 ± 0.11 0.82 ± 0.12 0 0

Dashkovo-Pesochnya 404 1.41 ± 0.08 1.32 ± 0.09 1.24 [0.53–2.86] 1.98 [1.01–3.86]

Zheleznodorozhny 538 1.35 ± 0.07 1.24 ± 0.08 0 0.37 [0.10–1.35]

Sovetsky 1147 1.48 ± 0.05 1.41 ± 0.05 0.87 [0.47–1.60] 1.22 [0.73–2.04]

Stroitel 115 1.30 ± 0.15 1.17 ± 0.17 0 undefined

Table 4. Color and turbidity of drinking water from the centralized water supply system in certain areas of Ryazan, on average for the years 2017–2022 

Area
Number of observations, 

20 °С

Average value, points Samples > MPC, % [95% CI]

Color, ° Turbidity, mg/L Color, ° Turbidity, mg/L

Solotcha 64 7.39 ± 0.49 1.34 ± 0.14 1.56 [0.28–8.33] 10.94 [5.40–20.90]

Kanishhevo 398 6.56 ± 0.20 0.79 ± 0.06 0 0.75 [0.26–2.19]

Oktyabrsky 443 6.52 ± 0.19 0.83 ± 0.05 0 2.26 [1.23–4.10]

Dyagilevo 93 6.39 ± 0.41 0.82 ± 0.12 0 3.23 [1.10–9.06]

Moskovsky 236 6.28 ± 0.26 0.82 ± 0.12 0 3.81 [2.02–7.09]

Dashkovo-Pesochnya 404 6.38 ± 0.20 0.86 ± 0.06 0 1.24 [0.53–2.86]

Zheleznodorozhny 538 6.60 ± 0.17 0.83 ± 0.05 0 2.60 [1.56–4.32]

Sovetsky 1147 6.64 ± 0.12 0.84 ± 0.03 0 1.48 [0.93–2.36]

Stroitel 115 6.81 ± 0.37 1.01 ± 0.11 0 5.22 [2.41–10.92]

with the hygienic standard. At the same time, predominance 
of such samples in the residential areas Solotcha and Stroitel 
can result from the features of the water supply system, where 
artesian water predominates that is characterized by high 
content of hardness salts and iron (2+) [20]. The excess increase 
in the drinking water color in Solotcha in summer was one-time; it 
could also result from high iron content or malfunction of the iron 
removal station [20]. 

CONCLUSIONS

The long-term average annual values of the drinking water 
quality organoleptic indicators in Ryazan were compliant with 
SanPiN 1.2.3685-21. However, a small number of samples had 
odor, taste, and color exceeding the hygienic standard. 

Turbidity, which did not meet hygienic requirements in 2.2% 
of samples and reached the maximum value of 16.4 mg/L 
(kaolin), should be considered the most challenging indicator 
of the tested drinking water quality. 

With relatively stable quality of drinking water, in 2020, 
at certain points in the water distribution network, odor (at 20 °C 
and 60 °C) and taste indicators were recorded that did not 
meet hygienic standards: in 3.5%, 6.3%, and 0.7% of samples, 
respectively.

Water samples with excess turbidity were reported in all 
areas of the city, most often in Solotcha and Stroitel (in 10.94% 
and 5.43% of samples, respectively), which was associated 
with additional supply of artesian water to the centralized water 
supply system. The excess increase in the drinking water color 
was one-time and could result from random factors.
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