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The paper dwells on issues related to quality of drinking water from centralized water supply systems; spotting out
priority health risk factors; and assessing efficiency of control and surveillance activities performed by Rospotrebnadzor in
the sphere of drinking water supply to the RF population.

It was detected that in most RF regions control activities performed within social-hygienic monitoring mainly covered
contents of substances belonging to the 3" and 4™ hazard categories in drinking water while contents of the I° hazard cate-
gory substances were controlled only in several RF regions. The highest shares of samples exceeding hygienic standards as
per contents of the I’ hazard category substances were detected for such dangerous chemicals as chloroform, bromodi-
chloromethane, trichloroethylene, 1,2-dichloroethane, tetrachloromethane, tetrachloroethylene, and arsenic.

Chlorine and chlorinated organic compounds, ammonium and chemicals that contain ammonium ion, iron, manga-
nese, arsenic, nickel, and copper compounds, as well as microbiological contamination of water remain priority risk factors
with the greatest contribution made into additional incidence associated with poor quality of drinking water taken from
communal water supply systems. On average in the RF, in 2018 efficiency of Rospotrebnadzor activities estimated as per
prevented GRP (gross regional product) losses caused by drinking water quality amounted to 70.1 + 10.1 ruble per 1 ruble
of costs. The highest values of the criterion were registered for the 3" cluster (67.7 ruble per 1 ruble of costs); the lowest
ones, for the 1° cluster (47.4 rubles per 1 ruble of costs).

Taking into account region peculiarities and different types of territories, it is necessary to develop specific regional
programs and action plans aimed at preserving already obtained levels of population provision with qualitative drinking
water, improving control and surveillance activities with wide implementation of risk-oriented approach, achieving targets
fixed in national project and federal programs.
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High quality and safe drinking water
should be available to everyone as it is greatly
significant for a person’s health, it is his or her
basic right; it determines health and life qual-
ity of any nation'. According to the UN World
Water Development Report® published in
2019, more than 2 billion people worldwide

don’t have permanent access to pure drinking
water and 844 million people have to spend at
least half an hour a day to obtain some water
or don’t have any access to it at all. Even in
Europe and North America about 57 million
people don’t have centralized water supply in
their homes. According to WHO experts’ es-
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timates®, each dollar invested into improving
drinking water quality, sanitation, hygiene, and
water resources management brings 8 dollars
as a return.

Despite a certain growth achieved in pro-
viding RF population with water correspond-
ing to all safety requirements (by 1.97% in
2018 against 2014), in 2018 12.43% people in
the country (5.32% among urban population
and 32.72%, among rural one) were not pro-
vided with safe drinking water from central-
ized water supply systems".

In 2018 in the RF approximately 16.1
thousand death cases (due to circulatory sys-
tem diseases, digestive organs diseases, ma-
lignant neoplasms, certain infectious and
parasitic diseases) and 1,764.49 thousand dis-
eases in the digestive organs, urogenital sys-
tem, musculoskeletal system and conjunctive
tissue, circulatory system, skin and subcuta-
neous tissue, endocrine system and some
other diseases were caused by drinking water
that was contaminated with various chemicals
(chlorine and chlorinated organic compounds,
ammonia, iron, manganese, arsenic, nickel,
copper, boron, magnesium, etc.) and microbe
agents [1-5].

Rospotrebnadzor’s organs and institutions
bear the full responsibility for control over
drinking water quality and providing sanitary-

epidemiologic welfare of the population in the
RF; there are also some other state authorities
that perform these functions within state sani-
tary-epidemiologic surveillance’, social-hygie-
nic monitoring™’ , and industrial control®.

To provide population with high quality
drinking water, including that coming from
centralized water supply systems, is among
priority state tasks that need to be solved in
the Russian Federation.

The Federal Project “Pure water”, which
is a part of “Ecology” National Project'’,
stipulates a solution to a problem related to
improving drinking water quality via moderni-
zation of water supply and water treatment
systems with advanced technologies applied in
the process.

The Federal Service for Surveillance over
Consumer Rights Protection and Human Well-
being (Rospotrebnadzor) and other participants
in “Ecology” National Project are to solve the
following vital tasks [6]: to increase a share of
the RF urban population provided with qualita-
tive drinking water from centralized water
supply systems up to 99.0% by 2024; to pro-
vide 90.8% of the country population with
qualitative drinking water from centralized
water supply systems by 2024.

These tasks can be solved only if Rospot-
rebnadzor’s activities aimed at improving

> How does safe water impact global health? [web-source] / World Health Organization. — URL: https:/

www.who.int/features/qa/70/ru/ (date of visit June 18, 2019).

% On sanitary-epidemiologic welfare of the population in the RF in 2017: The State report. — M.: The Federal Service for
Surveillance over Consumer Rights Protection and Human Well-being, 2018. — 268 p.
> On approving the Administrative regulation on the state functions performed by the Federal Service for Surveillance over

Consumer Rights Protection and Human Well-being in the sphere of conducting inspections over activities by juridical persons,
private entrepreneurs and citizens in order to confirm these activities meeting all the requirements fixed in the sanitary legisla-
tion, RF legislation on consumers’ rights, and rules for selling specific goods: The Order by Rospotrebnadzor dated July 16,
2012 No. 764 (last edited on April 05, 2017) [web-source]. — URL: http://03.rospotrebnadzor.ru/content/223/7717/ (date of visit
June 18, 2019).

%On organizing laboratory control during social-hygienic monitoring activities: The Letter by the Federal Service for Surveil-
lance over Consumer Rights Protection and Human Well-being dated October 02, 2006 No. 0100/10460-06-32 [web-source] //
MEGANORM: information system — URL: https://meganorm.ru/Index 1/48/48489.htm (date of visit June 18, 2019).

7 On approving regulations for conducting social-hygienic monitoring: The RF Governmental Order dated February 0, .2006
rozaa No. 60 (last altered on May 25, 2017) [web-source] // KODEKS: an electronic fund of legal and reference documentation. —
URL.: http://pravo.gov.ru/proxy/ips/?docbody=&prevDoc=102119943 &backlink=1&&nd=102104563 (date of visit June 18, 2019).

$SER 2.1.4.1074-01. Drinking water. Hygienic requirements to quality of water from centralized water supply systems.
Quality control. Hygienic requirements to provision of hot water supply systems safety [web-source] / KODEKS: an electronic
fund of legal and reference documentation. — URL: http://docs.cntd.ru/document/901798042 (date of visit June 18, 2019).

°Pure water: The Federal Project profile / approved by the record of the meeting by the “Ecology” national project design
committee on December 21, 2018 No. 3 [web-source]. — URL: http://www.minstroyrf.ru/docs/17692/ (date of visit June 18, 2019).

'%Ecology: The National Project profile / approved by the record of the RF Presidential Council on strategic development
and national projects dated December 24, 2018 No. 16 [web-source]. — URL: https://ppt.ru/docs/pasport/210114 (date of visit
June 18, 2019).
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drinking water quality become more efficient
and productive; it includes control and surveil-
lance activities based on a risk-oriented model
for the Service functioning [7-10]. The latter
involves concentrating efforts by Rospotreb-
nadzor on economic entities that deal with wa-
ter collection, purification, and distribution as
such entities can cause the greatest risks for
population health in the RF regions [11, 12].
A possibility to describe ultimate results of the
activities performed by Rospotrebnadzor in
terms of medical-demographic and economic
parameters is truly vital for assessing their
productivity and efficiency. All the above-
mentioned substantiated the necessity to con-
duct the given research.

Our research goal was to assess drinking
water quality, to highlight priority health risk
factors, and to assess efficiency of control and
surveillance activities performed by Rospot-
rebnadzor’s bodies in the sphere of providing
RF population with drinking water.

Data and methods

Our research focused on drinking water
quality parameters, as well as incidence and
mortality in 85 RF regions in 2014-2018.

We performed hygienic assessment of
drinking water quality as per chemical parame-
ters using data provided by the Federal Infor-
mation Fund for social and hygienic monitor-
ing (FIF SHM) and a statistical report form
No. 18 entitled “Data on sanitary situation in a
RF region” collected over 2014-2018.

When assessing drinking water quality,
we took into account drinking water quality
criteria developed by Rospotrebnadzor in 2019
and outlined in the methodical guidelines
MG 2.1.4.0143-19"".

We assessed drinking water quality taking
into account obligatory requirements fixed in
the following sanitary regulations:

—HS 2.1.5.1315-03 “Maximum permissible
concentrations (MPC) of chemicals in water ob-
jects used for drinking, communal and house-
hold purposes” (last revised on July 13 2017)"%.

—SER 2.1.4.1074-01 “Drinking water.
Hygienic requirements to quality of drinking
water taken from centralized water supply sys-
tems. Quality control. Hygienic requirements
to providing safety of hot water supply sys-
tems” (last revised on April 2, 2018)".

All the RF regions were classified (a type
of each was determined) with a multi-dimen-
sional statistical procedure, namely cluster
analysis, as per a set of parameters that de-
scribed efficiency and productivity of activities
performed by Rospotrebnadzor as regards ob-
jects under surveillance dealing with water col-
lection and purification and water distribution.

Cluster analysis was performed with a set
comprising 8 parameters measured in 2014-2018
in 85 RF regions:

— changes in the parameter “A share of
population provided with qualitative drinking
water from centralized water supply systems
(%)” in 2014-2018;

—changes in the parameter “Incidence
among population caused by poor drinking water
quality (cases per 1,000 people)” in 2014-2018;

—changes in the parameter “Population
mortality caused by poor drinking water quality
(cases per 1,000 people)” in 2014-2018;

— changes in the parameter “Frequency of
violations concerning Clause 19, The Federal
Law No. 52, in the sphere of “Water collection
and purification” (%)” in 2014-2018;

— changes in the parameter “Frequency of
violations concerning Clause 19, The Federal
Law No. 52, in the sphere of “Water distribu-
tion” (%)” in 2014-2018;

—changes in the parameter “Incidence
among population caused by poor quality

""MG 2.1.4.0143-19. Guidelines on assessing increase in quality of drinking water taken from centralized drinking water
supply systems / Approved by the RF Chief Sanitary Inspector on March 27, 2019. — M.: Rospotrebnadzor, 2019. — 10 p.

'2HS 2.1.5.1315-03. Maximum permissible concentrations (MPC) of chemicals in water objects used for drinking, com-
munal and household purposes [web-source] / KODEKS: an electronic fund of legal and reference documentation. — URL:
http://docs.cntd.ru/document/901862249 (date of visit June 18, 2019).

SER 2.1.4.1074-01 “Drinking water. Hygienic requirements to quality of drinking water taken from centralized water supply
systems. Quality control. Hygienic requirements to providing safety of hot water supply systems” (last revised on April 2, 2018) [web-
source] / KODEKS: an electronic fund of legal and reference documentation. — URL: http://docs.cntd.ru/document/901798042 (date of

visit June 18, 2019).
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drinking water quality that was prevented due
to activities by Rospotrebnadzor (cases per
1,000 people)” in 2014-2018;

—changes in the parameter “Mortality
among population caused by poor drinking
water quality that was prevented due to activi-
ties by Rospotrebnadzor (cases per 1,000 peo-
ple)” in 2014-2018;

— a ratio of gross regional product per cap-
ita in a RF region in 2017 to the same parame-
ter in 2014 (inflation taken into account), times.

When assessing efficiency of control and
surveillance activities concerning economic enti-
ties that dealt with water collection, purification,
and distribution, we applied algorithms and pro-
cedures fixed in the Methodical Guidelines MR
5.1.0095—14 and some research works'* [13-20].

The methodology is based on comparing
expenses borne by Rospotrebnadzor to per-
form control and surveillance to economic
damage prevented due to lower incidence and
mortality among population in a specific re-
gion. Here we determined economic damage
caused by population incidence and mortality
as production volumes (a part of gross regional
product) that were not manufactured due to
some employable population falling out of the
production process. We determined losses
caused by additional mortality that was associ-
ated with quality of the environment as per the
following calculation: 0.5 year of being eco-
nomically active per each death case; losses
caused by additional incidence were calculated
as 1 year of being economically active per
each case. We took an average duration of
each health disorder that made a person fall
out of work being equal to half a calendar year
(L = 183) for each death case and to an aver-
age duration of temporary disability for each
incidence case.

We calculated additional incidence cases
and death cases among population caused by
environmental factors and cases prevented by
Rospotrebnadzor activities; to do that, we mod-
eled relationships between environmental

quality parameters, population health, and pa-
rameters of activities performed by Rospot-
rebnadzor in 2010-2017.

To calculate economic efficiency of con-
trol and surveillance functions performed by
Rospotrebnadzor, we compared expenses on
control and surveillance activities aimed at
providing sanitary and epidemiologic welfare
to prevented economic losses. All our calcula-
tions were based on data provided from state
statistical reports including those obtained
from the Form No. 1 entitled “Data on the re-
sults of state control (surveillance) and mu-
nicipal control collected over 2018 .

Basic results

According to data taken from the Form No.
18 entitled “Data on sanitary situation in a RF
region”, in 2018 authorities and bodies responsi-
ble for the federal state sanitary-epidemiologic
surveillance over drinking water quality col-
lected and examined more than 1,965.9 thousand
water samples from centralized drinking water
supply systems including:

—more than 361.1 thousand samples from
centralized drinking water supply sources, more
than 44.1 thousand of them taken from surface
sources and more than 317.0 thousand samples
taken from underground ones;

—more than 192.4 thousand water sam-
ples from water supply systems;

—more than 1,412.3 thousand water sam-
ples from distribution networks.

Quality control over drinking water from
water supply systems (water from them is then
directed into water distribution networks) re-
vealed that in the RF obligatory requirements
to sanitary and chemical parameters were more
frequently violated in 2018 against 2014 (by
0.07%) and their frequency amounted to
16.97%. It could indirectly imply that imple-
mented risk-oriented approaches to control and
surveillance activities were more efficient than
previously applied ones.

In 2018 water from centralized water
supplied systems conformed to hygienic stan-

MR 5.1.0095-14. How to calculate actual economic losses and those prevented due to control and surveillance activities
as regards economic losses caused by population mortality, incidence, and disability associated with negative impacts exerted by
environmental factors, approved by the RF Chief Sanitary Inspector on October 23, 2014. — M.: Rospotrebnadzor’s Federal Cen-

ter for Hygiene and Epidemiology, 2015 — 43 p.
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dards as per all sanitary and chemical pa-
rameters in Altai Republic, Mari El Republic,
Kamchatka, and Tyva Republic; hygienic
standards were violated in 44.92-69.9% sam-
ples in the Khanty-Mansi Autonomous Area,
Novgorod region, Ivanovo region, Kalmykia,
and Dagestan.

A number of drinking water samples
from centralized water supply systems that
didn’t correspond to hygienic standards as per
microbiological and parasitological parame-
ters decreased gradually over 2014-2018 by
0.64% and 0.07% correspondingly. Regions
where water quality as per microbiological
parameters was the highest included Moscow
city, Saint Petersburg, Sevastopol, Mari El
Republic, Mordovia, Stavropol region, Kam-
chatka, Tambov region, Magadan region, and
Chukotka Autonomous Area. 12.0-13.31%
samples taken in Jewish Autonomous Area,
Smolensk region, Ingushetia, Karachayevo-
Cherkesskaya Republic, and Primorye devi-
ated from hygienic standards as per microbi-
ological parameters.

As a whole, quality of drinking water
supplied to population from centralized dis-
tribution networks improved in the RF. In
2018 a number of samples that deviated from
hygienic standards as per sanitary-chemical
parameters decreased by 2.47% against 2014;
as per microbiological parameters, by 0.96%.
But there was a 0.04% increase in 2018
against 2014 in number of water samples
taken from distribution networks that devi-
ated from hygienic standards as per parasi-
tological parameters.

In 2018 quality of drinking water taken
from distribution networks was the highest as
per sanitary-chemical parameters in Kamchatka,
North Ossetia — Alania, Adygei, and Altai Re-
public (from 0.00 to 0.60% samples not con-
forming to standards). RF regions with the
maximum (%) share of water samples taken
from distribution networks that didn’t conform
to sanitary requirements as per sanitary-chemical
parameters included Novgorod region, Tver’
region, Chukotka Autonomous Area, Karelia,
and Kalmykia (from 34.89 to 58.31% samples
not conforming to hygienic standards).

48

Less than 1% drinking water samples
taken from centralized distribution networks
didn’t conform to hygienic standards as per
microbiological parameters in Moscow city,
Saint Petersburg, Kamchatka, Chukotka Auto-
nomous Area, Adygei, Orenburg region, No-
vosibirsk region, Moscow region, Stavropol
region, Tomsk region, Murmansk region, Vo-
ronezh region, Krasnodar region, and Khanty-
Mansi Autonomous Area. All drinking water
samples taken from centralized water distribu-
tion networks in Sevastopol in 2018 con-
formed to hygienic standards as per microbi-
ological parameters.

In 2018 RF regions with the maximum (%)
share of drinking water samples taken from dis-
tribution network that didn’t conform to sani-
tary-epidemiologic requirements as per micro-
biologic parameters included Chechen Republic,
Dagestan, Jewish Autonomous Area, Ingu-
shetia, and Karachayevo-Cherkesskaya Repub-
lic (from 9.45% to 23.90% samples deviating
from hygienic standards).

As per data provided by the Federal In-
formation Fund of Social Hygienic Monitoring
(FIF SHM) in 2015-2016 quality of drinking
water was monitored as per its chemical struc-
ture in 85 RF regions; in 82 RF regions in
2014 and 2015.

In 2018 and 2017 centers for hygiene and
epidemiology located in RF regions and other
certified laboratories submitted data to the FIF
SHM on 84 chemicals contained in water; in
2016, on 79 chemicals; in 2015, on 105 chemi-
cals; in 2014, on 107 chemicals.

In the RF in 2018 more than 5% water
samples deviated from hygienic standards as
per contents of the following chemicals: bro-
mine (75.0% non-conforming samples), silicon
(21.0%), lithium (17.5%), iron (13.0%), so-
dium (12.0%), chloroform (11.2%), magne-
sium (10.2%), boron (8.1%), manganese
(6.70%), strontium (5.94%), sulfides and hy-
drogen sulfide (5.49%).

Over 2014-2018 the highest share of sam-
ples deviating from hygienic standards as per
the 1% hazard category chemicals contained
chloroform (from 7.89 to 11.3% samples). Other
hazardous chemicals included (in a descending
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order) bromdichloromethane (0.21-1.60% sam-
ples with contends higher than MPC), tri-
chloroethylene (0.58-3.21%), 1,2-dichloroethane
(0.08—0.80%), dichloromethane (0.72—5.59%),
tetrachloromethane (0.12-0.83%), tetrachloro-
ethylene (0.03—0.43%), and arsenic (0.10-0.33%).
The highest number of drinking water samples
not conforming to sanitary-epidemiologic re-
quirements as per contents of the 2" hazard
category chemicals contained bromine (75.0%).
A share of samples with silicon contents devi-
ating from hygienic standards was a bit lower
(20.54-24.9% samples with silicon contents
higher than MPC), followed by lithium
(14.9-38.1%), sodium (11.6-15.0%), boron
(8.05-8.69%), strontium (3.50-6.01%), and
some other chemicals. Priority chemicals that
belonged to the 3™ hazard category included
iron (12.1-15.1% samples with its concentra-
tion higher than MPC), magnesium (7.35—
10.15%), manganese (6.28-7.10%), alumi-
num (2.44-3.60%), nitrates (1.24-1.64%), and
copper (0.003-0.03%); the 4™ hazard category
chemicals includes sulfides and hydrogen
sulfide (1.41-5.49% samples with their con-
centrations being higher than MPC), ammo-
nia and ammonia-ion (1.42—-1.89%), sulfates
(1.34-1.74%), chlorides (1.26-2.09%), and
phenol (0.00-0.25%).

Comparative analysis revealed that basi-
cally contents of chemicals belonging to the
3" and 4™ hazard category in drinking water
were under control in the RF regions within
social and hygienic monitoring activities. In
2014-2018 more than 620.9 thousand drink-
ing water samples were analyzed as per iron
contents (the 3" hazard category); more than
421.5 thousand samples, as per nitrates con-
tents (the 31 category); more than 381.1
samples, as per ammonia contents (the 4™
category); more than 348.5 thousand sam-
ples, as per chlorides contents (the 4™ cate-
gory), etc.

At the same time, overall number of wa-
ter samples taken to detect chemicals belong-
ing to thelst and 2" hazard categories in
them was significantly lower. Thus, to detect
chloroform (the 1% category) in drinking wa-
ter, experts took more than 56.4 thousand
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samples; tetrachloromethane (the 1% cate-
gory), more than 28.2 thousand samples; 1,2-
dichloroethane (the 1% category), more than
5.46 thousand samples; bromdichloromethane
(the 1*' category), more than 16.4 thousand
samples; etc.

We established that in 2014-2018 all the
RF regions (100%) performed monitoring
over iron contents (the 3" hazard category)
in drinking water; 93.9-95.3% RF regions
monitored nitrates 9the 3™ hazard category);
88.2-92.7%, chlorides (the 4™ hazard cate-
gory); 88.2-91.5%, ammonia (the 4™ hazard
category); 87.1-93.9%, manganese (the 3™
hazard category); 84.7-90.2%, sulfates (the
4™ hazard category).

But still only some regions in the RF
performed control over priority chemicals
belonging to the 1* hazard category in drink-
ing water; dichloromethane was under con-
trol in 3.5% - 7.3% RF regions; 1,2-
dichloroethane, 9.4—-11.8%; tetrachloroethyl-
ene, 12.9-14.6%; trichloroethylene, 10.6% -
15.9%; bromdichloromethane, 16.5-21.2%;
tetrachloromethane, 25.9-28.0%; chloro-
form, 45.1-52.9%; arsenic, 63.5-70.7% of
all the RF regions.

We should note that contents of priority
chemical contaminants in drinking water were
significantly higher in some RF regions than in
the country on average and it caused elevated
health risks there. Thus, for example, in 2018
in Rostov region bromdichloromethane con-
tents were higher than hygienic standards in
41.4% drinking water samples. In Primorye in
2017 and 2018 all the 100% water samples
didn’t conform to sanitary requirements as per
trichloroethylene contents. In 2018 chloroform
concentrations in drinking water were higher
than hygienic standards in 83.3% samples
taken in Volgograd region; in 37.9% samples
taken in Kirov region; in 36.3% samples taken
in Karelia; etc.

Increased chemicals concentrations in
drinking water can have adverse effects on the
urogenital, musculoskeletal, endocrine, nerv-
ous, and cardiovascular system, digestive or-
gans, skin, blood system, and the immune sys-
tem; they can also exert negative influence on
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N.V. Zaitseva, A.S. Sboev, S.V. Kleyn, S.A. Vekovshinina

development processes in a body and the re-
productive system'".

There was a decrease in additional death
cases that were probably caused by drinking
water contamination in the RF over 2014-2018
(by 8.3% among the overall population). This
parameter went down by 1.76% in 2018
against 2016. In 2018 in the RF in general a
number of additional death cases caused by
any reason associated with poor quality of
drinking water from centralized water supply
systems probabilistically amounted to 10.93
cases per 100 thousand people or 0.9% of all
the death cases.

In 2018 in the RF in general a number of
additional diseases caused by drinking water
contamination probabilistically amounted to
1,201.3 cases per 100 thousand people (1.5%
of the overall incidence among the RF popula-
tion), and 437.5 cases per 100 thousand chil-
dren (1.3% of the overall incidence among
children). There was a slight decrease in a
number of additional disease cases caused by
drinking water contamination; the parameter
fell by 2.05% against 2014 among the overall
RF population.

Chlorine and chlorinated organic com-
pounds, ammonia and ammonia-ion, iron,
manganese, arsenic, nickel, and copper in their
concentrations in drinking water higher than
MPC as well as microbiological contamination
of drinking water make the greatest contribu-
tion into occurrence of additional incidence
cases caused by poor quality of dirking water
taken from centralized water supply systems.

In 2018 91.4% of the overall country
population was provided with drinking water
conforming to safety requirements and it was
by 2.0% higher than in 2014'°.

There was a preliminary assessment
aimed at determining a share of urban popula-
tion in the RF who were provided with drink-

ing water from centralized water supply sys-
tems with its quality conforming to all the re-
quirements fixed in the methodical guidelines
issued in 2019; the assessment revealed that a
target figure fixed by in the Federal Project
“Pure water” was already reached in 2018 in
6 RF regions including Moscow city (99.63%),
Saint  Petersburg (99.99%), Kabardino-
Balkaria (100%), Stavropol region (99.99%),
Kamchatka (99.95%), and Astrakhan region
(99.01%)"".

According to preliminary assessments, in
2018 another target figure for 2024 fixed in the
Federal Project “Pure water” (90.8% of the
overall country population provided with
qualitative drinking water from centralized
water supply systems) was achieved in 7 RF
regions including Saint Petersburg (100%),
Moscow city (99.6%), Kamchatka (98.7%),
Sevastopol (97.4%), Stavropol region (95,5%),
North Ossetia - Alania (94.1%), and Lipetsk
region (90.8%).

We applied clusterization as per a set of
8 parameters including “changes in a share
(%) of population provided with qualitative
drinking water from centralized water supply
systems” as a result, all 85 RF regions were
divided into 3 clusters (3 types of territory)
(Figure and Table).

The first cluster included 44 regions in
the RF (Figure). All these regions had similar
trends such as an increase (by 3.08% on aver-
age) in a share of population provided with
qualitative drinking water from centralized
water supply systems, a considerable decrease
in a number of additional incidence cases (by
4.7 cases per 1,000 people) and death cases
(by 0.04 cases per 1,000 people) among popu-
lation caused by poor quality of drinking wa-
ter, and less frequently detected violations of
Clause 19, 52-FZ, by economic entities deal-
ing with water collection and purification, and

' On sanitary-epidemiologic welfare of the population in the Russian Federation in 2018: The state report. — M.: The Fed-
eral Service for Surveillance over Consumer Rights Protection and Human Well-being, 2019. — 254 p.

16 On sanitary-epidemiologic welfare of the population in the Russian Federation in 2018: The state report. — M.: The Fed-
eral Service for Surveillance over Consumer Rights Protection and Human Well-being, 2019. — 254 p.

MG 2.1.4.0143-19. Guidelines on how to assess improvements in quality of drinking water taken from centralized water
supply systems / approved by the RF Chief Sanitary Inspector on March 27, 2019. — M.: The Federal Service for Surveillance
over Consumer Rights Protection and Human Well-being, 2019. — 10 p.
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Figure. Results of cluster analysis: RF regions divided into 3 clusters as per a set of parameters

Table

Average parameter values in clusters

Average parameter
Parameters value in a cluster
1 2 3

Changes (A) in a share of population provided with qualitative drinking water
from gEen‘[(ra%ized water sulf)pll})/ systemls) (%) in 2014—c21018 : 3.08% |-1.76% | 7.75%
Changes (A) in incidence among population in a region caused by poor qual- | 470 | 1137 | -0.19
ity of drinking water (cases per 1,000 people) in 2014-2018 ' ' '
Changes (A) in population mortality in a region caused by poor quality of 004 | 008 | -0.01
drinking water (cases per 1,000 people) in 2014-2018 ' ' '
Changes (A) in frequency of violations concerning Clause 19, 52-FZ, in a re-
gion 1gn th(e s)phere gf wat}:er collection and puriﬁczﬁion (%) in 2014-2018 -0.44%1-0.48%-0.20%
Changes (A)in frequency of violations concerning Clause 19, 52-FZ, in a re-
gion 1%1 th(e s)phereqof Wa}t]er distribution (%) in 20%4—2018 -0.20%-3.44%1 0.03%
Changes (A) in incidence among population in a region caused by poor qual-
ity of drinking water and prevented by Rospotrebnadzor activities (cases per | -1.48 | -1.37 [ 9.32
1,000 people) in 2014-2018
Changes (A) in mortality among population in a region caused by poor quality
of drinking water and prevented by Rospotrebnadzor activities (cases per -0.02 | -0.05 | 0.09
1,000 people) in 2014-2018
A ratio of gross regional product per capita in a RF region in 2017 to the 0.92 107 0.96
same parameter in 2014 (inflation taken into account), times ) ) )

water distribution (by 0.44 % and 0.20% re-
spectively, Table). Activities performed by
Rospotrebnadzor in the regions from the first
cluster and aimed at preventing and reducing
population incidence and mortality caused by
poor quality of drinking water resulted in a
decrease in these parameters, by 1.48% and
0.02% accordingly. Gross regional product per
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capita decreased in these regions over the ana-
lyzed period (by 0.92 times, Table).

Overall, these regions have quite favor-
able trends as regards a growing share of
population provided with qualitative drinking
water and declining incidence and mortality
among population caused by poor quality of
drinking water; however, activities performed
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by Rospotrebnadzor in these regions and aimed
at preventing drinking water contamination and
reducing health disorders caused by such con-
tamination are becoming less efficient.

Besides, average cluster efficiency of Ro-
spotrebnadzor activities (as per prevented GRP
losses caused by drinking water quality) was
the lowest among all three clusters in 2018 and
amounted to 40.71 rubles per 1 spent ruble
(average value for the country in general is
58.47 rubles per 1 spent ruble). The highest
efficiency in this cluster was achieved in the
following regions (in the descending order):
Tyumen region, Perm region, and Tula region
(127.93—-115.29 rubles per 1 spent ruble).

The situation in these regions requires
systematic work on increasing efficiency of
Rospotrebnadzor activities aimed at improving
drinking water quality including those based
on the risk-oriented approach.

The second cluster included 13 regions:
Saint Petersburg, Jewish Autonomous Area,
Irkutsk region, Nenets Autonomous Area, No-
vosibirsk region, Dagestan, Kalmykia, Karelia,
Yakutia, Tver’ region, Khanty-Mansi Autono-
mous Area, Crimea, and Sevastopol (Figure).

There was the greatest spread of average
parameter values in this cluster (Table): a de-
crease in a share of population provided with
qualitative drinking water from centralized
water supply systems (—1.76%); a growth in
mortality (+0.08 cases per 1,000 people) and
incidence (+11.37 cases per 1,000 people)
among population caused by poor quality of
drinking water; less frequently detected viola-
tions of Clause 19, 52-FL, by economic enti-
ties dealing with water collection and purifica-
tion (—0.48%) and water distribution (—3.44%);
a decrease in number of deaths and incidence
cases caused by poor quality of drinking water
and prevented by Rospotrebnadzor activities
(by 1.37 cases per 1,000 people and by 0.05
cases per 1,000 people, accordingly); an insig-
nificant growth in gross regional product per
capita in 2017 against 2014 (by 1.07 times).

Average cluster efficiency of activities
performed by Rospotrebnadzor in 2018 was
higher in the 2™ cluster than in the 1% one,
48.09 rubles per 1 spent ruble, but still it was

52

lower than in the country on average. The
highest efficiency in this cluster was achieved
in 2018 in the following regions (in the de-
scending order): Saint Petersburg, Khanty-
Mansi Autonomous Area, and Sevastopol
(116.02—77.75 rubles per 1 spent ruble).

So, the second cluster regions require
developing and implementing certain meas-
ures aimed at reducing health disorders
caused by poor quality of drinking water,
wider implementation of the risk-oriented
approach and an increase in efficiency of
Rospotrebnadzor activities.

The third cluster included 28 regions
where a share of population provided with
qualitative drinking water from centralized
water supply systems grew the most rapidly.

Besides, all the regions in the third cluster
had a certain decrease in population mortality
and incidence caused by poor quality of drinking
water (—0.01 cases per 1,000 people and —
0.19 cases per 1,000 people, respectively).

Also in these regions there was a slight
decrease in frequency of violations by eco-
nomic entities dealing with water collection
and purification (-0.20%) and a slight growth
in the parameter in the sphere of water distri-
bution (+0.03%) (Table).

RF regions from the 3" cluster had a slight
decrease in their gross regional product per cap-
ita in 2017 against 2014 (by 0.96 times).

Activities performed by Rospotrebnadzor
aimed at preventing mortality and incidence
caused by poor quality of drinking water were
the most efficient in these regions (+0.09 cases
per 1,000 people and +9.32 cases per 1,000
people, respectively).

Average cluster efficiency of activities per-
formed by Rospotrebnadzor in 2018 was the
highest in this cluster among all three, 60.62 ru-
bles per 1 spent ruble, and it was close to its av-
erage value in the country (58.47 rubles per
1 spent ruble). The highest efficiency in this
cluster was achieved in 2018 in the following
regions (in the descending order): Moscow city,
Kemerovo region, Amur region, and Orel region
(194.47-100.20 rubles per 1 spent ruble).

Overall, regions in the third cluster tend
to have the highest share of population pro-
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vided with qualitative drinking water; steadily
low incidence and mortality among population
caused by poor quality of drinking water; high
efficiency and productivity of activities by Ro-
spotrebnadzor aimed at preventing such health
disorders among population (60.62 rubles per
1 spent ruble in the cluster on average); and a
slight decrease in the gross regional product in
2017 against 2014.

Conclusions and recommendations:

1. The research has revealed that certain
chemicals can be considered priority ones in
the RF as their contents in drinking water were
higher than hygienic standards in more than
5% samples; they are bromine, silicon, lith-
ium, iron, sodium, magnesium, boron, manga-
nese, strontium, sulfides and hydrogen sulfide,
and some other compounds.

2. Within social and hygienic monitoring,
it is necessary to performed stricter control
over contents of chemicals that belong to the
1*" hazard category including chlorinated or-
ganic compounds (chloroform, bromdichloro-
methane, trichloroethylene, 1,2-dichloroethane,
dichloromethane, tetrachloromethane, tetra-
chloroethylene etc.), and arsenic.

3. Chlorine and chlorinated organic com-
pounds, ammonia and ammonia-ion, iron, man-
ganese, arsenic, nickel, and copper in their
concentrations in drinking water higher than
MPC as well as microbiological contamination
of drinking water make the greatest contribu-
tion into occurrence of additional incidence
cases caused by poor quality of dirking water
taken from centralized water supply systems.

4. Over the last 5 years (2014-2018) there
has been a steady growth in a share of RF
population provided with safe drinking water
from centralized drinking water supply sys-
tems. In 2018 91.4% of the total country popu-
lation was provided with drinking water that
conformed to safety requirements and it was
by 2.0% higher than in 2014.

5. All the RF regions were divided into
three clusters (three types of territories) as per
results of cluster analysis performed with a set
of parameters that characterized efficiency of
Rospotrebnadzor activities concerning objects
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under surveillance dealing with water collec-
tion, purification, and distribution:

— regions in the first cluster had quite fa-
vorable trends such as a growing share of
population provided with qualitative drinking
water, falling incidence and mortality among
population caused by poor quality of drinking
water; however, efficiency of Rospotrebnadzor
activities performed in them decreased over
2014-2018. It is necessary to systematically
increase efficiency of activities performed by
Rospotrebnadzor and aimed at improving
drinking water quality;

— regions in the second cluster had an in-
crease in mortality and incidence among popu-
lation caused by poor quality of drinking wa-
ter, Rospotrebnadzor activities aimed at reduc-
ing them were not efficient, but there was a
rapid growth in gross regional product per cap-
ita in those regions. For these regions, it is
necessary to develop and implement urgent
measures aimed at preventing health disorders
caused by poor quality of drinking water,
wider implementation of the risk-oriented ap-
proach, and increasing efficiency of Rospot-
rebnadzor activities;

— activities performed by Rospotrebnad-
zor in regions in the third cluster were the
most productive and efficient; a share of popu-
lation provided with qualitative drinking water
was also the highest there; population inci-
dence and mortality caused by poor quality of
drinking water were steadily low in those re-
gions; activities performed by Rospotrebnad-
zor and aimed at preventing health disorders
caused by poor quality of drinking water were
the most productive and cost-effective
(60.62 rubles per 1 spent ruble in the cluster on
average); there was a slight decrease in the
gross regional product in those regions in 2017
against 2014.

6. In 2018 efficiency of Rospotrebnadzor
activities as per prevented GRP losses caused by
drinking water quality amounted to 58.47 rubles
per 1 spent ruble in the country on average. The
highest cost efficiency was detected in the 31
cluster; and the lowest one, in the 1% cluster
(40.71 rubles per 1 spent ruble).
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7. It is necessary to develop regional action
plans aimed at maintaining provision of popula-
tion with qualitative drinking water that has al-
ready been reached; improving control and sur-
veillance activities with the risk-oriented ap-
proach being widely implemented; setting goals
to achieve target figures fixed in national pro-
jects and federal programs (in particular, The

Project “Ecology”). All this should be done tak-
ing into account regional peculiarities and clus-
ter analysis results that allowed dividing all the
RF regions into three different clusters.
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