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The current work supplements the results obtained in previous research on a relation between leading parameters of
living conditions and life expectancy of the RF population; it dwells on the results obtained via analyzing a role played by
sanitary and epidemiologic determinants. A sanitary-epidemiologic situation in certain RF regions is unfavorable and it
makes our research truly vital; it is also necessary to work out and implement activities aimed at eliminating or minimizing
adverse environmental factors that can produce negative effects on demographic situation in the country. Our primary goal
was to study impacts exerted by sanitary-epidemiologic parameters on life expectancy in the RF and to obtain predicted val-
ues for its growth taking into account regional and sex differentiation.

We examined domestic and foreign experience in researching relations between sanitary-epidemiologic welfare and life ex-
pectancy. All the RF regions were distributed into three clusters as per their sanitary-epidemiologic welfare. The third cluster that
includes 11 regions is in much greater need for implementing activities aimed at reducing environmental contamination. Results
obtained via regression and factor analysis revealed that should there be a scenario with an improvement in sanitary-epidemiologic
parameters (by 10.0 %), the overall life expectancy for the RF population would increase by 140.39 days. An improvement in sani-
tary-epidemiologic situation taken as per sex differentiation indicated that a greater impact was expected on life expectancy growth
among male population, as it would increase by 146.9 days (by 117.6 days for female population). We established that several pa-
rameters made the greatest contribution into life expectancy growth; they were “A share of population provided with high quality
drinking water” (61.65 days), “Physical factors existing at workplaces” (35.83 days), “Sanitary-hygienic characteristics of objects
under surveillance” (15.16 days), and “Sanitary-epidemiologic parameters of ambient air” (14.26 days).

The current work does not cover extreme sanitary-epidemiologic situations related to pandemic spread of new infec-
tious agents causing highly contagious diseases (Coronavirus infection).
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Introduction. In the 2™ half of the
20" century efforts made by the whole mankind
allowed minimizing (variola eradication and
elimination of measles, rubella, and poliomyeli-
tis on certain territories) and almost completely
getting rid of known communicable diseases; it
resulted in the most favorable situation in pub-
lic healthcare in history [1, 2]. During that pe-
riod life span and life expectancy of a human
being as a biological species achieved their re-
cord length and it is confirmed by mortality
curve becoming rectangular [3—5]. Successes
achieved in struggling against communicable
diseases allowed decreasing their influence on
public health as well as prolong life expectancy;
but at the same time it led to changes in struc-
ture of morbidity and mortality. Nowadays non-
communicable diseases (NCDs) are the leading
cause of deaths all ever the world and in the
Russian Federation (RF) as well [6]. Besides,
such a wide spread of these diseases to a greater
extent is determined by impacts exerted by sci-
entific and technological progress on the envi-
ronment and people.

Technological progress resulted in two
most significant and interrelated processes in
the society, namely industrialization and ur-
banization. Industrialization allowed signifi-
cant increase in social and economic welfare
of the population thus stimulating further soci-
ety development. A change in social and eco-
nomic relations led to a natural transition from
a predominantly traditional (agricultural) soci-
ety to a contemporary (urbanized) one with its
peculiarities, including deteriorating ecological
conditions in settlements due to intensifying
industrial activities and growing transport
flows. All the described processes are apparent
in developing countries, such as China, India,
or Pakistan [7-10].

Anthropogenic activities resulted in
greater technogenic loads on the environment,
namely great quantities of contaminants ac-
cumulated in environmental objects as well as
wider spread of certain physical factors such
as noise, vibration, electromagnetic irradia-
tion, etc. [11-13].

As per WHO data, a contribution made by
environmental factors may well reach 25.0 %.
Despite several research works [14—17] stating
that lifestyle and living standards of people
exert more substantial influence on diseases
occurrence and clinical course, qualitative
properties of the environment where these
people live can either make for deterioration of
their health or, on the contrary, can be a source
for its recovery and improvement via recrea-
tional opportunities or possibility to get good
rest on a specific territory.

Drinking water sources, together with am-
bient air and soils, are gravely contaminated
due to anthropogenic activities. Primary con-
taminants in water are heavy metals, microbi-
ological agents, emergent contaminants, and
other chemicals that penetrate water with sew-
age discharges from industrial and communal
objects, diffusely enter from soils cultivated by
agricultural enterprises, or from precipitations.
We should take into account that new chemical
compounds that can be found in drinking water
sources occur faster than any potential hazard-
ous effects produced by them on a human body
are determined and that water is often supplied
to an end customer via old water supply sys-
tems, and it, in one way or another, results in
urban population facing a problem related to
drinking water contamination [18, 19].

Existing water treatment facilities are able
to prevent acute intoxications caused by drink-
ing water contamination; however, the above
mentioned factors gradually increase probabil-
ity of various diseases such as urolithiasis and
oncologic diseases and in case of any emer-
gencies even communicable diseases [20-22].

About 90.0 % people are exposed to ambi-
ent air that doesn’t conform to the WHO re-
quirements regarding ambient air quality'. As
per data provided by Global Health Observa-
tory (GHO/WHO) [23] in 2016 approximately
7 million deaths all over the world were caused
by ambient air contamination (4.2 million
deaths) and contaminated air inside premises;
ambient air contamination accounts for ap-
proximately 25.0 % deaths due to ischemic

! WHO recommendations fix average annual limit for PM, s particles amounting to 10 pg/m3 .
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heart disease and 24.0 % deaths due to cardiac
infarction as well as about 246,000 deaths of
children younger than 5 [24]. As per research
data, in the RF overall number of deaths caused
by exposure to particulate matter (PM;o’
PM,s5) amounted to 140,851 cases among peo-
ple of both sexes (UL: 59,079-192,348),
83,938 out of them being due to ischemic heart
disease, and 46,216 due to cardiac infarction.
This quantity of death cases related to particu-
late matter contents in ambient air is one of the
highest in the world as higher figures are regis-
tered only in India, 621,138 death cases
(UI: 515,242-744,416), and China, 1,032,833
death cases (UI: 869,033—1,212,034) [25].

Environmental contamination leads to sub-
stantial losses in the world economy as well as
certain national economies. Data provided by the
Global Commission on Pollution and Health in-
dicate that there are 2.0 % losses in GDP in mid-
dle-income countries (MIC) and low-income
countries (LIC) due to diseases caused by envi-
ronmental contamination. Besides, there is a
growth in annual expenses on public healthcare
that varies from 1.7 % in high-income countries
(HIC) and up to 7.0 % in MIC and LIC where
industrialization and urbanization are developing
more intensely at the moment. Overall world
economic losses caused by environmental con-
tamination are 4.6 trillion USD [26].

As per data provided by S.A. Sarkodie et
al., a growth in industrial emissions that contain
PM, s results in 0.004 % decrease in life expec-
tancy (LE) (CI*: 95.0 %) [27]. The author also
showed in that work that an increase in incomes
as a process which was closely connected with
growing environmental contamination led to a
0.02 % increase in LE (CI: 95,0 %) and a
0.01 % decrease in overall mortality. This phe-
nomenon is explained with a hypothesis known
as the Environmental Kuznets Curve [28]. Ac-
cording to this hypothesis a relation between
the parameters is an upturned U and it shows
that growing incomes go together with growing
environmental contamination; however, in fu-

ture, after certain population welfare has been
reached, a society starts to implement activities
aimed at reducing anthropogenic loads on the
environment (ecological taxes, hygienic stan-
dards, transition to ecologically friendly tech-
nologies in energy production and manufactur-
ing). A similar research work accomplished in
the USA revealed that, firstly, there was an
inverse correlation between LE and ambient
air contamination with particulate matter;
and, secondly, the correlation became even
stronger in case there was inequality in popu-
lation incomes [29].

As per data obtained by researchers from
Denmark, life expectancy goes down not only
due to ambient air being contaminated with
ultra-dispersed particles, but also with nitrogen
dioxide emitted by transport. Should NO;
emissions from transport decrease up to levels
that are typical for rural areas or by 20.0 %, it
will result in LE increase by 2040 in Denmark,
by 2.0 and 0.6 years for men and by 0.4 and
0.1 years for women accordingly [30].

Employable people are exposed to occu-
pational factors during the biggest part of their
lives. Impacts exerted by various occupational
factors (chemical, physical, or biological ones)
can lead to deterioration in one’s health; vari-
ous occupational pathologies, either mild or
grave; a decrease in workers’ life span; more
frequent oncologic diseases; deterioration in
emotional and mental state caused by various
factors; as well as to other disorders [31-36].

In 2015 The UN General Assembly ap-
proved on a program called Sustainable De-
velopment Goals; it contains 17 global goals
that the mankind is to achieve in order to sup-
port sustainable development up to 2030. The
program describes urgent issues existing in the
world in great detail; these issues are to be re-
solved in the next two decades. The program
also sets certain tasks which are to be solved
for achieving these goals. A pressing issue in
public healthcare is to reduce mortality caused
by NCDs by third; tasks which are to be

2 Particulate matter (PM) are solid particles with their diameter being less than 10.0 nm and 2.5 pm.

3 Uncertainty Interval.
* CI means confidence interval.

Health Risk Analysis. 2020. no. 1



Social and epidemiologic determinants and potential for growth in life expectancy of the population...

solved in the sphere involve reducing mortality
and morbidity due to effects produced by haz-
ardous chemicals and environmental contami-
nation. Key instruments here are early preven-
tion of hazardous effects on health and rele-
vant policy aimed at reducing population
health risks. Tasks in the sphere of ecology
and environmental protection involve transi-
tion to ecologically friendly power production
as well as rational use of chemicals and wastes
together with a reduction in their volumes that
penetrate the environment’.

Despite the Russian Federation being
among countries with high incomes (HIC), life
expectancy in our country is significantly
lower than in other economically developed
countries. According to official statistic data,
in 2018 life expectancy in Russia amounted to
72.91 years while in other European countries
it was equal to 80 years or even more’. An im-
portant role here belongs to quantity of people
exposed to negative impacts exerted by envi-
ronmental factors. Data obtained via social and
hygienic monitoring in 2018 revealed that
more than 62 % RF population were exposed
to adverse effects produced by contaminated
drinking water, ambient air, and soils as well
as to hazardous physical factors’.

Taking into account world trends in envi-
ronmental protection as well as specific demo-
graphic situation in the Russian Federation,
state authorities have developed and are now
implementing such national projects as “De-
mography” “Public healthcare”, and “Ecology”
which are aimed at preserving and multiplying
human capital as well as creating a comfortable
environment for country population [37].

Our research goal was to study sanitary
and epidemiologic determinants and related
potential for a growth in life expectancy in the
Russian Federation.

Data and methods. This research work
continues studying relations between environ-
mental factors and life expectancy in the RF.

To gain comparable results, just as it was the
case with the first research work [8] that
dwelled on impacts exerted on life expectancy
for the whole country population by social and
economic factors, we applied the same methodi-
cal approach in the present work. A basic dis-
tinction is that this study focuses on other influ-
encing determinants or sanitary and epidemi-
ologic parameters. We put forward a hypothesis
that there is a direct or inverse regular cause-
and-effect relation between life expectancy at
birth (overall population, men and women sepa-
rately, dependent variables) and sanitary-epide-
miologic determinants (risk factors or independ-
ent variables, predictors or regressors).

Our analysis and model creation was based
on statistical data collected in 2010-2018 in
85 RF regions (and data for the whole country)
which were obtained from official sources such
as reports issued by the Federal Statistics Ser-
vice (emissions from stationary an mobile
sources, life expectancy); Reports as per N 18
Statistic Form “Data on sanitary situation in a
region in the RF” (sanitary-epidemiologic pa-
rameters).

Overall, we included 111 sanitary-epide-
miologic parameters in our research. They
were distributed into several groups according
to sections in Statistic Form N 18: situation
with drinking water supply; data on population
being provided with drinking water that con-
formed to safety standards; a situation with
water objects which people used to obtain wa-
ter; ambient air contamination; situation with
soils; hygienic properties of raw materials and
food products; air inside premises and in
working areas; a study on physical factors;
sanitary-hygienic properties of objects applied
by economic agents under surveillance in their
activities.

We took Statistica 10.0 software for sta-
tistic analysis as our basic tool for testing ade-
quacy and calculating parameters included into
obtained models. Statistical hypotheses were

> Sustainable development goals. The United Nations Organization. Available at: https://www.un.org/sustainabledevelop-

ment/ru/sustainable-development-goals/ (22.01.2020).

6 Russian Regions. Social and economic parameters. 2019: P32 Statistic data collection. Rosstat. Moscow, 2019, vol. 1, 204 p.
7 On sanitary-epidemiologic welfare of the population in the Russian Federation in 2018: The State report. Moscow, The
Federal Service for Surveillance over Consumer Rights Protection and Human Well-being, 2019, 254 p.
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checked against regression quotients with Stu-
dent’s t-test in case parameters distribution
was normal. Models were checked for their
adequacy via dispersion analysis with Fischer’s
test and significance level being 0.05.

We applied factor analysis to solve tasks
related to studying multiple correlations be-
tween sanitary-epidemiologic parameters and
LEB as well as to reduce initial data dimen-
sion. Statistical models for correlations were
built as per the following chain: ‘“sanitary-
epidemiologic parameters — generalized fac-
tors — life expectancy”. We applied Kaiser Cri-
terion (eigenvalues criterion) to reduce a num-
ber of common factors obtained via sequential
building of correlation variables matrix with
subsequent factors extraction with the least
square technique. It allowed us to reduce a
number of common factors to 12. Mutual in-
fluence exerted by factors on each other was
excluded via orthogonal radiation with obtain-
ing values for loads of variables on factors.
These approaches allowed calculating quanti-
tative changes in LEB under preset changes in
examined sanitary-epidemiologic parameters.

An algorithm for building cause-and-effects
relations as per “sanitary-epidemiologic parame-
ters — generalized factors — life expectancy”
chain included the following basic stages:

—recovering data for specific data series
as per an algorithm that is given below;

— calculating mean values of a parameter
and standard deviation for observation series;

— setting predicted sanitary-epidemiologic
parameters via making changes into initial val-
ues by a scenario per cent (for example, 10 %,
5 %, or 1 %);

— calculating a difference between pre-
dicted and actual value of a sanitary-epidemio-
logic parameter;

— calculating standardized difference be-
tween predicted and actual value of a sanitary-
epidemiologic parameter;

— calculating changes in generalized fac-
tors associated with changes in a sanitary-
epidemiologic parameter, taking into account
multiple regression coefficient “sanitary-
epidemiologic parameters — life expectancy”;

—ranking all the sanitary-epidemiologic
parameters as per their contributions made into
changes in LEB;

— summing up all the values of changes in
LEB obtained at the previous stage associated
with changes in a sanitary-epidemiologic pa-
rameter.

The difference between predicted and ac-
tual values of a sanitary-epidemiologic pa-
rameter was calculated as per the formula (1):

(1)

where AD is the difference between a pre-
dicted value of a sanitary-epidemiologic pa-
rameter (D') and its actual value (D).
Standardized difference between a pre-
dicted and an actual value of a parameter was
determined as per the following formula (2):

AD=D'—-D,

Ad:d'—dzD_D—Dl;D:
S N (2)
DD _ap
D D’

N s

where Ad is the standardized difference between
a predicted and an actual value of a parameter; d'
is a standardized predicted value of a parameter;
d is a standardized actual value of a parameter;

D is an average value of a parameter with re-
covered data; D, is a standard deviation in a

parameter with recovered data.

We calculated changes in generalized fac-
tors associated with changes in a sanitary-
epidemiologic parameter as per the following
formula (3):

AF; =Ad -k, 3)

where AF] is a change in the i-th generalized

1

factor associated with a change in a sanitary-
epidemiologic parameter; £ is a factor coeffi-
cient for the i-th generalized factor (determined
as per factor analysis results).

A change in life expectancy associated
with a change in a sanitary-epidemiologic pa-
rameter was determined via summing up all
the products of changes in generalized factors
multiplied by relevant “sanitary-epidemiologic
parameters — LEB” multiple regression coeffi-
cients as per the following formula (4):

AZ =AF-b, (4)

Health Risk Analysis. 2020. no. 1
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where AZ is a change in life expectancy associ-
ated with a change in a sanitary-epidemiologic

parameter given in years; b, is a coefficient be-

fore the i-th factor in “sanitary-epidemiologic
factors — LEB” multiple regression.

Exploratory factor analysis allowed obtain-
ing a factor burden matrix that totally included
12 factors. Cumulative per cent of explained
variance gained from these 12 factors amounted
to 68.73 %. Formulas (3) and (4) were applied
to calculate quantitative changes in LEB asso-
ciated with a change in each examined sanitary-
epidemiologic parameter. We give an example
of calculating a change in life expectancy de-
pending on a 10.0 % change in values of sani-
tary-epidemiologic parameters; in this calcula-
tion parameters that led to an increase in LEB
were raised by 10.0 %, and those that decreased
LEB were reduced by 10.0 %.

We divided RF regions into several clus-
ters according to their sanitary-epidemiologic
parameters and LEB applying a multi-dimen-
sional statistical procedure, namely cluster
analysis with k-medians clustering. Parameter
values in clusters were compared as per their
average cluster values.

Results and discussion. Linear correla-
tion-regression analysis allowed us to obtain
195 authentically significant models and 134
out of them didn’t contradict the hypothesis on
cause-and-effect relations between population
health and a sanitary-epidemiologic situation
with environmental factors. We analyzed a
correlation between sanitary-epidemiologic
parameters and LEB of overall population and
revealed the most significant factors as per ex-
plained variance coefficient (R?); these factors
given in the descending order are as follows:
“A share of workplaces not conforming to sani-
tary standards as per illumination” (a, =-0.239;
b=72.59; p<0.05; r=-0.495; R*>=0.245);
“A share of workplaces not conforming to sani-
tary standards as per microclimate” (ay =—0.195;
b=71.68; p<0.05; r=-0.473; R*=0.224);
“A share of workplaces not conforming to
sanitary standards as per noise” (ay =-0.105;
b=71.98; p<0.05; r=-0.367; R*=0.135);
“A share of air samples with dust and aerosol

8 MPC means maximum permissible concentration.
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contents exceeding MPC®” (ayx =—-0.158;
b=71.27;p<0.05; r=-0.35; R* = 0.122).

The most significant parameters for LE
among male population were the following:
“A share of workplaces not conforming to sani-
tary standards as per illumination” (ay = —0.262;
b=67.25; p<0.05 r=-0.468;, R*=0.219);
“A share of workplaces not conforming to sani-
tary standards as per microclimate” (ay =—0.201;
b=66.17; p<0.05 r=-0.423; R*=0.179);
“A share of workplaces not conforming to
sanitary standards as per noise” (ax =—0.119;
b=66.66; p<0.05; r=-0.362; R*=0.131);
“A share of air samples with contents of substan-
es belonging to the 1% and 2" hazard category
exceeding MPC (vapor and gases)” (ax =—0.231;
b=65.43; p<0.05; r=-0.33; R =0.109).

The most significant parameters for LE
among female population were the following:
“A share of workplaces not conforming to sani-
tary standards as per illumination” (ay =—0.202;
b=77.79; p<0.05; r=-0.51; R*=0.261);
“A hare of workplaces not conforming to sani-
tary standards as per microclimate” (ax =—0.171;
b=77.08; p<0.05 r=-0.511; R*=0.261);
A hare of air samples with dust and aerosol con-
tents exceeding MPC (ay,=-0.134; b=76.73;
p <0.05; r=-0.37; R’*= 0.137); “A share of
workplaces not conforming to sanitary stan-
dards as per noise” (ay=-0.082; b=77.17;
p <0.05; r=-0.35; R*=0.123).

As per cluster analysis results, all the RF
regions were distributed into 3 clusters, each
having its peculiarities related to a sanitary-
epidemiologic situation there. The 1% cluster
included 24 regions; the 2nd, 50 regions; the
3 11 regions (Figure 1).

The 1st cluster includes 24 RF regions,
namely Belgorod, Bryansk, Vladimir, Ivanovo,
Kaluga, Kostroma, Smolensk, Tambov, Tula,
Yaroslavl, Arkhangelsk, Leningrad, Murmansk,
Rostov, Kirov, Samara, Ulyanovsk, Sverdlovsk,
Chelyabinsk, and Magadan regions, the Nenets
Autonomous Area, Mordovia, Primorye, and
the Jewish Autonomous Region. Average clus-
ter LE wvalue for the overall population
amounted to 71.8 years; male population,
66.4 ears (the lowest LE among all clusters);

ISSN (Eng-online) 2542-2308 9
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female population, 77.1 years. Drinking water
supply was analyzed and assessed as per a share
of samples not conforming to requirements as
per sanitary-chemical properties; those shares
amounted to 24.3 % for centralized water supply
networks and to 18.8 % for distribution networks
thus making average cluster values higher than
in the country on average (16.97 % and 13.0 %
accordingly). A share of air samples with MPC
deviating from standards in urban settlements
was the lowest among all three clusters (0.56 %).
Sanitary-epidemiologic situation with soil in re-
gions belonging to the 1¥ cluster is relatively un-
favorable (certain parameters being higher than
in the country on average): a share of soils sam-
ples not conforming to standards as per sanitary-
chemical parameters amounts to 7.98 %, includ-
ing those as per metals, 7.97 %; a share of soil
samples deviating from standards as per micro-
biological parameters amounts to 9.98 % (the
highest value among all three clusters). Parame-
ters related to food products safety and quality
also deviated from standards more frequently in
this cluster than in the country on average. Thus,
a share of samples not conforming to require-
ments as per sanitary-epidemiologic parameters
amounts to 0.45 % (0.39 % on average in the
RF); as per microbiological parameters, 4.25 %
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(3.88 % on average in the RF); a share of sam-
ples not corresponding to standards as per calo-
rie contents and chemical structure amounts to
9.75 % (6.73 % on average in the RF). Certain
parameters of air in working areas at economic
entities operating in regions form the 1% cluster
are also higher than in the country on average; a
share of air samples with vapor and gases con-
tents exceeding MPC amounts to 1.44 %
(1.38 % on average in the RF), and a share of air
samples with contents of substances belonging
to the 1% and 2™ hazard category exceeding
MPC (vapor and gases) amounts to 1.9%
(1.77 % on average in the RF). Workplaces were
assessed as per physical factors occurring there;
the assessment revealed that the cluster had the
highest share of samples deviating from stan-
dards as per “IR* as it amounted to 0.67 %; a
share of deviating samples as per “noise” factors
amounted to 13.86 %; “microclimate”, 5.22 %;
“EMF'", 5.87 %, “illumination”, 8.76 %; all
these values are higher than on average in the
country (12.76 %, 4.7 %, 4.49 %, and 8.31 %
accordingly). The cluster also has the lowest
share of objects belonging to the 3™ hazard cate-
gory as per their sanitary-hygienic characteristics
(3.01 %); a share of objects belonging to the 1%
category amounts to 48.1 %.
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Figure 1. RF regions distributed into 3 clusters as per sanitary-epidemiologic parameters

° IR means ionizing radiation.
' EMF — Electromagnetic fields.
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The 2™ cluster includes 50 RF regions,
namely Voronezh, Kursk, Lipetsk, Moscow,
Orel, Ryazan, Vologda, Kaliningrad, Pskov,
Astrakhan, Volgograd, Nizhniy Novgorod,
Orenburg, Penza, Saratov, Tyumen, Irkutsk,
Kemerovo, Novosibirsk, Omsk, Amur, Sakha-
lin, Moscow City, Saint Petersburg, Adygei
Republic, Crimea, Krasnodar, Sevastopol, In-
gushetia, Kabardino-Balkarskaya Republic,
North Ossetia, Chechnya, Stavropol, Bashkor-
tostan, Mari El Republic, Tatarstan, Udmurtia,
Chuvashskaya Republic, Perm region, Yamal-
Nenets Autonomous Area, Altai Republic,
Buryatia, Tyva Republic, Khakassia, Altai re-
gion, Transbaikalia, Krasnoyarsk, Yakut Re-
public, Kamchatka, and Khabarovsk region.
This cluster has LE comparable with average
Russian one for the overall population, male
and female population as well (72.46, 67.29,
and 77.45 years accordingly). Drinking water
quality in this sector is better than on average in
the country; a share of samples from supply and
distribution networks that deviate from stan-
dards as per sanitary-chemical parameters
amounts to 9.79 % (16.97 % on average in the
RF) and 9.81 % (9.81 % on average in the RF).
Sanitary-epidemiologic situation with soils in
regions in this cluster is also comparatively bet-
ter than on average in the country; a share of
soil samples deviating from standards as per
sanitary-chemical parameters amounts to
4.75 % (5.06 % on average in the country); as
per microbiological parameters, 5.95 % (5.95 %
on average in the country). A situation with
food products safety and quality is also quite
favorable in the cluster as a share of samples
not conforming to standards as per microbi-
ological parameters amounts to 3.66 %; a share
of samples not conforming to standards as per
calorie contents and chemical structure amounts
to 6.08 %; a share of samples deviating from
standards as per sanitary-chemical parameters
amounts to 0.41 %; all these values are close to
average country levels (3.88 %, 6.73 %, and
0.39 % accordingly). Quality of air in working
areas at economic entities operating in the clus-
ter is the highest among all three clusters as per
a share of air samples with dust and aerosol
contents exceeding MPC (3.52 %) and a share

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163

of air samples with contents of substances be-
longing to the 1% and 2™ hazard category ex-
ceeding MPC (dust and aerosols) (2.91 %). The
cluster has the lowest number of workplaces
that don’t conform to sanitary standards as per
physical factors; as per noise, 9.57 %; vibration,
4.04 %; microclimate, 4.09 %; EMF, 2.93 %,
illumination, 7.19 %; IR, 0.4 %.

The 3" cluster includes 11 RF regions,
namely Tver, Novgorod, Kurgan, Tomsk, Ka-
relia, the Komi Republic, the Kalmyk Repub-
lic, Dagestan, Karachai-Cherkess, Khanti-
Mansi Autonomous Area, and Chukotka. LE
among the overall population and female
population is the lowest here against the other
two clusters (71.6 and 76.6 years accordingly).
Quality of drinking water taken from central-
ized water supply systems in unsatisfactory as
a share of water samples that deviate from
standards as per sanitary-chemical parameters
amounts to 44.6 % for water taken from water
supply systems and to 36.6 % for water taken
from distribution networks. There are similar
problems with ambient air quality as a share of
ambient air samples with exceeding MPC
amounted to 3.92 % in urban settlements
(0.66 % on average in the RF). But soil qual-
ity, on the contrary, is the highest in this clus-
ter as a share of soil samples that deviate from
standards as per sanitary-chemical parameters
amounts to 4.38 % (2.99 % as per metals).
Food products safety and quality is in general
lower than on average in the country. A share
of food products samples that don’t conform to
sanitary-epidemiologic requirements as per
sanitary-chemical parameters amounts to
0.77 % (0.39 % on average in the RF). Certain
food products have the lowest quality as per
this parameter, for example, poultry and poul-
try products (0.17 %); butter and butter prod-
ucts (0.26 %); fish and fish products (2.21 %);
culinary products (0.65 %): vegetables and
greenery (1.51 %). A share of workplaces that
don‘t correspond to sanitary standards as per
vibration and microclimate is also the highest
in the cluster (10.83 % and 12.62 % accord-
ingly). A share of objects that belong to the
1" hazard category as per their sanitary-
hygienic properties is the lowest in this clus-
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ter (35.61 %); and a share of objects belong- birth (overall population; make and female
ing to the 3™ hazard category is the highest population separately) that are related to sani-
(5.9 %). tary-epidemiologic parameters. Table con-
Factor analysis results allowed us to es- tains LEB values under a scenario with a
tablish predicted values of life expectancy at 10 % improvement in the given parameters.

Table

Potential growth (in days) in life expectancy of the RF population related to changes
in sanitary-epidemiologic parameters (a scenario entails a 10.0 % improvement
in the given parameters)

Anincrease in| An increase An increase
A group LEB (overall | in LEB (male in LEB
Parameter . )
of parameters population), | population), |(female popula-
days days tion), days
A share of ambient air samples with contami-
nants contents being higher than MPC (in 0.71 0.39 0.38
urban settlements)
Mobile monitoring posts. A share of ambient
Sanitary-epide- air samples with contaminants contents being 6.16 5.98 5.98
anrary-cp higher than MPC (in urban settlements)
miologic parame- - -
Observations at stationary posts. A share of
ters related to am- . . . .
bient air quality ambient air samples with contaminants con- 39 B 419
tents being higher than MPC (in urban settle- ’ ’
ments)
A share of ambient air samples with contami-
nants contents being higher than MPC (in 3.47 3.64 3.064
rural settlements)
A parameters showing sanitary-epidemiologic situation with
drinking water — a share of population provided with qualitative 61.65 74.71 37.83
drinking water
1 X
. A s.hare .of samples not conforming to SER 404 505 266
Sanitary- (microbiological parameters)
epidemiologic  |A share of samples not conforming to SER
. . 1.05 1.53 0.58
parameters related |(sanitary-chemical parameters)
to soil quality  |A share of samples not conforming to SER
. . 0.73 1.08 0.45
(sanitary-chemical parameters. Metals)
All food products. A share of samples not
conforming to SER (sanitary-chemical pa- 0.44 0.46 0.24
rameters)
Fish. A share of samples not conforming to
SER (parasitological parameters) 0.24 0.21 0.37
Vegetables. Greenery. A share of samples not
conforming to SER (sanitary-chemical pa- 0.22 0.06 0.09
Parameters related rameters)
to food products Butter. A.share of samples not conforming to 013 0.15 0.02
. SER (sanitary-chemical parameters)
quality and safety = .
Fish. A share of samples not conforming to 0.08 0.12 0.06
SER (sanitary-chemical parameters) ) ) )
Bread and confectionary. A share of samples
not conforming to SER (sanitary-chemical 0.07 0.07 0.05
parameters)
Culinary products. A share of samples not
conforming to SER (sanitary-chemical pa- 0.05 0.04 0.03
rameters)
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Anincrease in| An increase An increase
A group LEB (overall | in LEB (male in LEB
Parameter . .
of parameters population), | population), |(female popula-
days days tion), days
Milk. A share of samples not conforming to 004 0.04 0.99
SER (sanitary-chemical parameters)
Meat. A share of samples not conforming to
SER (sanitary-chemical parameters) 0.03 0.03 0.02
Poultry. A share of samples not conforming to
SER (sanitary-chemical parameters) 0.02 0.01 088
Fish. A share of samples not conforming to 0.003 B 3
SER (microbiological parameters) )
All food products. A share of samples not
conforming to standards (calorie contents and - - 1.24
chemical structure)
Meat. A share of samples not conforming to B B 0.02
SER (sanitary-chemical parameters) )
Sanitary-hygicnic A share of objects belonging to the 1% hazard 12.28 759 20.20
properties of category - . rd
objects A share of objects belonging to the 3™ hazard 788 146 417
category
A share of air samples with vapor and gases
contents exceeding MPC 191 271 081
A share of air samples with contents of sub-
Quality of air in |stances belonging to the 1% and 2™ hazard 1.8 1.72 1.87
working areas  |category exceeding MPC (dusts and aerosols)
(taken in total at all | A share of air samples with dusts and aerosols
. .. . 1.45 1.46 1.20
economic entities) |contents exceeding MPC
A share of air samples with contents of sub-
stances belonging to the 1% and 2™ hazard 1.19 1.71 -
category exceeding MPC (vapor and gases)
A share of workplaces not conforming to 16.22 17.74 14.59
sanitary standards (ILLUMINATION) ) ) )
A share of workplaces not conforming to
sanitary standards (NOISE) 8.24 10.14 >-28
A share of workplaces not conforming to 709 716 6.49
Physical factors |sanitary standards (MICROCLIMATE) ' ) '
at workplaces  |A share of workplaces not conforming to 206 367 3
sanitary standards (EMF) ' )
A share of workplaces not conforming to
sanitary standards (IR) 1.24 1.40 101
A share of workplaces not conforming to
sanitary standards (VIBRATION) 0.98 0.29 144
Total 140,39 146.9 117.62

Note: * — SER means sanitary-epidemiologic requirements.

Prediction assessment revealed that an in-

A decrease in a share of object belonging

crease in a share of population provided with
qualitative drinking water would make the
highest contribution into a growth in life ex-
pectancy at birth (61.65 days). Better condi-
tions at workplaces as regards physical factors
can result in LEB among overall population
growing by 35.83 days (Table, Figure 2).
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to the 3™ hazard category as per their sanitary-
hygienic properties is substantial as an im-
provement in this parameter can lead to LEB
among the overall population growing by
15.16 days. A decrease in a share of air sam-
ples with contaminants contents exceeding
MPC in urban and rural settlements can result
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in LEB among the overall population growing
by 14.26 days. An increase in quality of air in
working areas can lead to LEB among the
overall population growing by 6.35 days.
Should there be a 10.0 % decrease in a share
of soil samples not conforming to standards as
per sanitary-chemical parameters, LEB among
the overall population would grow by 5.82 days.
A small increase (1.32 days) could results from
better quality and safety of food products.

A share of populaiton provided — 61.65

with qualitative drinking water ]
Physical factors at workplaces [N 35.83
Sanitary-hygienic properties of |
objects under surveillance _ 16
Sanitary-epidemiologic | 9
parameters of ambient air | 1426
Air in wokring areas J. 6,35

Sanitary-epidemiologic . 582

parameters of soils {

Food products safety and quality | 1,32

0 10 20 30 40 50 60 70

Figure 2. Predicted growth in life expectancy among
the overall RF population determined by changes in
sanitary-epidemiologic parameters in some groups
(a scenario entails 10.0 % improvement in the given

parameters), days

Results which we obtained in the present
research work justify the hypothesis on sani-
tary-epidemiologic environmental factors exert-
ing their impacts on LEB and don’t contradict
data available in foreign and domestic research
works on negative effects produced on popula-
tion health by environmental factors deviating
from sanitary standards [38—41]. An increase in
a share of population provided with qualitative
drinking water makes the greatest contribution
into LEB growth (61.65 days for the overall
population) and it is fully in line with data taken
from the state reports “On Sanitary-epideiologic
welfare of the population in the Russian Federa-
tion” according to which poor quality of drink-
ing water results in up to 1.8 million additional
disease cases among the overall RF population
(5560 % of all the additional environmentally
induced diseases).

The next significant parameter that can
lead to additional 35.83 days in LEB for the
overall population is physical factors at work-
places. Our data are consistent with the data
taken from the state report'' which indicate
that physical environmental factors (noise, EMF,
vibration, illumination, and IR) make the great-
est contribution into death cases caused by circu-
latory system diseases and account for up to
52 housand additional death cases.

Improved sanitary-epidemiologic situation
with ambient air in settlements can lead to
14.26 days increase in LEB for the overall
population and it is also consistent with the data
taken from the state report'' which indicate that
in 2018 up to 864,000 additional disease cases
(circulatory system diseases, respiratory organs
diseases etc.) were caused by ambient air being
contaminated with hazardous chemicals.

It is necessary to implement a set of
measures that are aimed at reducing impacts
exerted by hazardous factors on the environ-
ment and providing safe living conditions for
people; it will allow a substantial contribution
into achieving national goals and solving stra-
tegic tasks of the RF development. Thus, ac-
tivities performed by Rospotrebnadzor and
aimed at reducing contamination of environ-
mental objects annually prevent more than 150
additional death cases and more than 7 million
disease cases among the RF population''.

Conclusions. Our research results allowed
us to make the following conclusions:

— should there be an improvement in ana-
lyzed sanitary-epidemiologic parameters, an
overall increase in life expectancy at birth for
the RF population can amount to 140.39 days;

— the most significant parameters that can
potentially increase LEB for the overall RF
population are the following: “A share of
population provided with qualitative drinking
water” (61.65 days); “Physical factors at
workplaces” (35.83 days); “Sanitary-hygienic
properties of surveillance objects” (15.16
days); and “Sanitary-epidemiologic parameters
of ambient air” (14.26 days);

' On sanitary-epidemiologic welfare of the population in the Russian Federation in 2018: the State Report. Moscow,
The Federal Service for Surveillance over Consumer Rights Protection and Human Well-being Publ., 2019, 254 p.
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— LEB was also analyzed separately for
both sexes, and it allowed revealing that im-
proved sanitary-epidemiologic situation would
results in greater growth in LEB among male
population (by 146.9 days) than among female
population (by 117.6 days);

— all the developed activities aimed at im-
proving sanitary-epidemiologic parameters
and, consequently, at increasing LEB should
be differentiated according to a specific region
where they are to be implemented. Thus, RF
regions that are included into the 1% cluster
should pay greater attention to sanitary-
epidemiologic parameters of soils in settle-
ments; RF regions that are included into the
2" cluster, to quality and safety of certain food
products (meat, milk, fish, and bread), and air
in working areas at industrial enterprises. Sani-
tary-epidemiologic situation is not so favor-
able in RF regions included into the 3" cluster.

People living on these territories are poten-
tially exposed to stronger effects produced by
anthropogenic contamination; to improve the
situation there, it is necessary to take complex
inter-sectoral efforts, especially as regards
providing people with qualitative drinking wa-
ter and food products as well as creating fa-
vorable working conditions at workplaces. In
order to preserve achieved levels of population
health and LEB in all RF regions and increase
them in future, it is advisable to continue im-
plementing federal and regional programs
aimed at providing sanitary-epidemiologic
welfare and improving health of the population
in the Russian Federation.
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