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BIOLOGICAL CONTAMINATION OF WATER IN RUSSIAN WATER BODIES AND ITS EPIDEMIOLOGICAL
SIGNIFICANCE

Evtodienko AM &=, Zdolnik TD

Pavlov Ryazan State Medical University, Ryazan, Russia

Drinking water, household water, and recreational water can be the vehicle of infections and invasions transmitted by fecal-oral route. In this paper we studied the
impact of the quality of water in water bodies on the incidence of enteric infections and invasions in the population of the Russian Federation based on the State
reports “On the State of Sanitary and Epidemiological Well-Being of the Population of the Russian Federation” issued by the Federal Center of Rospotrebnadzor
in 2011-2020. Based on microbiological parameters, the quality of water from the centralized sources of water supply in the Russian Federation corresponds
to microbiological parameters of water in waterworks before entering the distributive pipelines (3.5 and 2.9% off-nominal tests, respectively, Rxy = 0.98). Giardia
cysts were found in 0.06% of the assessed water samples collected from the centralized sources of water supply. This parameter correlates with the percentage of
off-nominal microbiological water tests (Rxy = 0.84). The values of biological water contamination tend to decrease. The incidence of acute enteric infections and
giardiasis shows a negative trend and correlates with the indicators of biological water contamination obtained for water from the centralized sources of water supply
and grade Il reservoirs. The findings, that support the literature data on the impact of biological water contamination on the incidence of enteric infections and invasions
in the population, highlight the relevance of maintaining the sanitary and hygienic condition, as well as providing thorough sanitary and hygienic control of water bodies.
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BUONOIMM4ECKAA KOHTAMUHALIMA BOAbl BOOHbIX OB BEKTOB POCCUN U EE
SAMNMMAEMNONOIMMHYECKOE 3HAYEHUE

A. M. EBToaverko =, T. [I. 300MbHNK
PagaHckuin rocyiapCTBEHHbI MEAULIMHCKUIN YHUBEPCUTET nMeHn akagemuka . T1. Maenosa, PasaHb, Poccus

Bopga nuTbeBOro, Xo3AMCTBEHHO-OLITOBOMO UM PEKPEaLMOHHOr0 BOAOMONb30BAHMS MOXET CNY>XUTb  (akTopoM nepefaqn WHMEeKUMn 1 nHBa3un C
hekanbHO-opasnbHbIM MexaH3MoM nepefadn. B paboTe ndydeHo BMsiHME KadecTBa BOAbl BOAHbIX OOBEKTOB Ha 3ab0NeBaeMOCTb HaceneHust Poccuiickoi
defepaln  KULWEYHbIMU  MHAPEKLMAMA 1N MHBa3WsiMM Mo MaTepuanam [0cydapCTBeHHbIX [0KNafoB «O COCTOSHUM  CaHUTapHO-3MMAEMMONOrMHECKOrO
6narononyynss HaceneHust B Poccuiickon ®Pepepaunn»  begepanbHoro  LeHTpa PocnotpebHaasopa Poccum 3a 2011-2020 . KadectBo Bogbl
LIeHTpanM3oBaHHOro BogocHabeHust B Poccuiickor ®eaepauiy no MUKPOBUONOrMHYECKUM NoKa3aTensiM COOTBETCTBYET MUKPOBMONOrMHECKOMY COCTOSHUIO
BOMb! HA BOAOMPOBOAHBIX COOPYXKEHUSX Neper, noaaqen B passofsLLyto cetb (3,5 1 2,9% HecTaHOapTHbIX NPOo6 COOTBETCTBEHHO, Rxy = 0,98). LincTbl namonuin
obHapy xmBanmnck B 0,06% nccnenoBaHHbIX NPo6 BoAb! LEHTPaNM30BaHHOro BoAoCHabeH!s. okasaTtenb KOppenmpyeT ¢ AoNen HeCTaHAaPTHbIX MNPO6 BOAb! MO
MUKPOBMONorni4eckm nokadarensm (Rxy = 0,84). MNMokazateny 61oNorM4eckor KOHTaMMHaLMN BOLbl BCEX MCCNEeA0BaHHbIX BOAHbIX 0OEKTOB UMEIOT TEHAEHLINIO
K CHIDKEHWIO. 3a60n1eBaeMOCTb OCTPbIMU KULLEYHBIMU MHDEKLMSMIA 1 NSIMOIMO30M XapakTepnayeTcs oTpruaTebHbIM TREHIOM, KOPPENVPYET C nokasaTensimm
610N0rNHECKOro 3arpsi3HEHN BOAb! LIEHTPaIM30BaHHOMO BOAOCHAOEHMS 1 BOLOEMOB |l kaTeropun. PesynbraTtel MCCneqoBaHns, NoaTBERKAAIOLLME AaHHbIE
nmTepaTypbl O BAMSHUM BUONOMMHYECKOro 3arpsidHeHns Boabl Ha 3a60N1eBaEMOCTb HACENeHUst KULLEYHbIMA NHEKLUMAMA 1 UHBA3UAMN, CBUOETENLCTBYIOT 06
aKTyaslbHOCTU COBMIOAEHNS CaHUTAPHO-TUMMEHNYECKIX HOPMATMBOB U TLLATENIbHOMO CaHUTaPHO-3MMAEMNONONMHYECKOro HaA30pa 3a BOAHbIMN OObEKTaMU.
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VHMEKUMN, NSMON03
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High quality organization of water supply to the population According to SanPiN 2.1.3684-21 “Sanitary and

is essential for prevention of multiple disorders, including the
communicable diseases [1]. Numerous epidemiological data from
both past (late 19 — early 20 century) and modern periods show
the relationship between the incidence of infections and invasions
transmitted by fecal-oral route and the state of water supply [2-5].

In Russia, public water supplies are a branched network
of the water intake, water treatment, and water distribution
facilities, some of which need repair and renovation.

Epidemiological Requirements for the Maintenance of Urban
and Rural Settlements, Water Facilities, Drinking Water and
Drinking Water Supply, Atmospheric Air, Sails, Living Quarters,
Operation of Industrial, Public Premises, Organization and
Conduct of Sanitary and Anti-Epidemic (preventive) Measures”,
water from the water-supply sources can be used for drinking
and domestic use in case of compliance with the requirements
for drinking water. In case of non-compliance with the hygienic
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Fig. 1. Proportion of water samples from class | reservoirs that do not meet the standards by microbiological criteria in 2011-2020 (%).
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Fig. 2. Proportion of water samples from water works prior to their supply through the distribution network that do not meet the hygienic standards by microbiological

criteria in 2011-2020 (%).

standards of the quality of water from the water-supply sources
used as public sources of drinking water supply, water treatment
should be used to ensure the quality and safety of water in the
distribution network in accordance with the hygienic standards
[6].

The study was aimed to assess the impact of the quality of
water from water bodies on morbidity in the population of the
Russian Federation based on the analysis of the relationship
between the microbiological and parasitological parameters
of water quality and the incidence of enteric infections and
invasions in the population.

The research tasks included:

— assessing microbiological parameters of the quality of
water from the sources of domestic water supply (grade
| reservoirs);

— assessing microbiological parameters of the quality of
water in waterworks before entering the distributive
pipelines;

— assessing microbiological and parasitological
parameters of the quality of water from water-supply
sources;

— assessing microbiological parameters of the quality of
recreational water (grade Il reservoirs);

— assessing the incidence of acute enteric infections and
invasions (giardiasis) in the population.

METHODS
The study involved the use of data from the State reports

“On the State of Sanitary and Epidemiological Well-Being
of the Population of the Russian Federation” issued by the

POCCUINCKNIA BECTHUK TUIMAEHBI | 2, 2022 | RBH.RSMU.PRESS

Federal Center of Rospotrebnadzor in 2011-2020. Statistical
processing of the data was performed using Microsoft Excel.

RESULTS

According to the study, in 2011-2020, the average share of
off-nominal tests (based on the microbiological parameters of
water samples collected from grade | reservoirs) was 17.19%,
and showed a moderate downward trend (Rav.gr. = —1.28%)
(Fig. 1).

The percentage of off-nominal tests for water samples
collected from waterworks before entering the distributive
pipelines was 2.90%, and showed a pronounced downward
trend (Rav.gr. =-7.02%) (Fig. 2).

The reported decline in the share of off-nominal
microbiological tests of water samples collected from
waterworks before entering the distributive pipelines compared
to that of water from the surface water-supply sources may
be interpreted as evidence of the relatively high quality water
treatment in the majority of waterworks in Russia.

The percentage of positive tests of water samples collected
from the centralized sources of water supply was 3.50%; a
pronounced deceleration of the growth rate was observed
(Rav.gr. =-5.97%) (Fig. 3). This value is marginally higher than
the percentage of positive tests of water samples collected
from waterworks before entering the distributive pipelines,
which indicates no significant effect of the state of water
distribution pipelines on the parameters of the drinking water
microbiological quality.

Parameters of the microbial composition of water from
the centralized sources of water supply correlate with the
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Fig. 3. Proportion of water samples from the centralized water supply system that do not meet the hygienic standards by microbiological criteria in 2011-2020 (%).
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Fig. 4. Proportion of water samples from the centralized water supply system that do not meet the hygienic standards by presence of lamblia cysts in 2011-2020 (%).

microbiological quality of water in waterworks before entering
the distributive pipelines (R,, = 0.98).

Analysis of the dynamic changes in microbiological quality
of water over the past 10 years indicates a slight decline in
the share of off-nominal tests of water samples collected from
grade | reservoirs during the studied period. Furthermore, a
significant decrease in the number of positive tests of water
samples collected before entering the distributive pipelines
and from the distributive pipelines during the same time
period is observed. This may be interpreted as evidence of
the improvement in the quality of waterworks performance in
Russia over the past few years.

According to literature, chlorination and ultraviolet light that
are used to disinfect water in waterworks have a harmful effect
on the bacterial flora, however, these do not provide sufficiently
effective Giardia cyst inactivation [7, 8]. Considering this fact, it
was interesting to analyze the data from the State reports on
the content of this protozoan species in drinking water.

According to the study, the average share of off-nominal
tests of water samples collected from the centralized sources
of water supply (based on the presence of Giardia cysts) was
0.06%; a moderate downward trend was observed (Rav.
gr. =-8.63%) (Fig. 4).

Despite the above literature data on the insufficient effect
of standard water disinfection methods on Giardia cysts, our
study revealed a strong correlation between the percentage
of off-nominal microbiological tests of water samples collected
from the centralized sources of water supply and the number
of samples containing Giardia cysts (R, = 0.84).

The average share of off-nominal tests (based on the
microbiological parameters of water samples collected from

grade Il reservoirs) was 22.76%, and showed a moderate
downward trend (Rav.gr. = —2.25%) (Fig. 5). This indicator
corresponds in some ways to the results for water from grade
| reservoirs.

The average incidence of acute enteric infections (AEl) in Russia
over the studied 10 years is 521.1 per 100,000 population, and
shows a moderate downward trend (Rav.gr. =-2.77%) (Fig. 6).

The incidence of acute enteric infections correlates with
the percentage of off-nominal microbiological tests of water
samples collected from the centralized sources of water
supply (R,, = 0.49) and water samples collected from grade |l
reservoirs (R,, = 0.56), which is in line with the literature data
on the epidemiological role of water [5].

Information about the incidence of certain enteric infections
and its trends is provided in Table. Analysis of this information
has revealed a positive correlation between the incidence of such
bacterial infections, as dysentery (R,, = 0.96) and salmonellosis
(R, = 0.94), hepatitis A virus (R, = 0.61) and the percentage
of off-nominal microbiological tests of water samples collected
from the centralized sources of water supply. No correlations
between the percentage of off-nominal microbiological tests of
water samples collected from the centralized sources of water
supply and the incidence of viral enteric infections (except
hepatitis A virus) have been revealed, possibly due to the
fact that disinfectants used for water treatment mostly affect
bacterial flora. This provision is also in line with literature data [5].

The average incidence of giardiasis in the Russian
Federation over 10 years is 34.7 per 100,000 population; a
pronounced downward trend is observed (Rav.gr. = -10.40%).

There is a strong correlation between the incidence of
giardiasis and the percentage of off-nominal tests of water
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Fig. 6. The incidence of acute intestinal infections in the Russian Federation in 2011-2020 (%)

Table. Characteristics of the incidence of certain types of intestinal infections

Acute intestinal infections Average incidence Average growth rate
Dysentery 6.6 -10.96
Salmonellosis 27 -6.76
Viral hepatitis A 4.5 -7.02
Enterovirus infection 7.82 4.87
Norovirus infection 16.2 17.48
Rotavirus infection 72.2 -1.77

samples collected from the centralized sources of water supply
based on microbiological (R,, = 0.98) and parasitological (R,, =
0.87) parameters.

DISCUSSION

The results obtained based on the averaged data from the large
territory of the Russian Federation make it impossible to draw
reliable conclusions. However, it is possible to formulate the
basic provisions that arise from the findings:

based on microbiological parameters, the quality of
water from the centralized sources of water supply
in the Russian Federation is generally consistent with
the quality of water in waterworks before entering
the distributive pipelines; this may be interpreted as
evidence of the rather good state of the distributive
pipelines having no sufficient effect on the quality of
water supplied to the population;
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the observed correlation between the percentage of
off-nominal tests of water samples collected from
the centralized sources of water supply (based on
the presence of Giardia cysts) with the percentage
of water samples non-compliant with the hygienic
standards based on microbiological parameters may be
interpreted as evidence of the sufficient effect of water
treatment on pathogenic protozoa in most of Russia;

the findings confirm the literature data on the impact of
biological water contamination on the incidence of enteric
infections (especially bacterial) and invasions in the population.

CONCLUSION

The main provisions of the study make it possible to conclude
that maintaining the sanitary and hygienic condition, as well
as providing thorough sanitary and hygienic control of water
bodies is relevant.
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