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POPULATION HEALTH AS A TARGET FUNCTION AND CRITERION  
FOR ASSESSING EFFICIENCY OF ACTIVITIES PERFORMED 
WITHIN “PURE AIR” FEDERAL PROJECT 

A.Yu. Popova1, 3, N.V. Zaitseva2, I.V. May2 
1Federal Service for Surveillance on Consumer Rights Protection and Human Wellbeing, 18, bld. 5 and 7, 
Vadkovskiy pereulok, Moscow, 127994, Russian Federation 
2Federal Scientific Center for Medical and Preventive Health Risk Management Technologies, 82 Monastyrskaya Str., 
Perm, 614045, Russian Federation
3Russian Medical Academy for Postgraduate Studies, 2/1 Barrikadnaya Str., Moscow, 123995, Russian Federation 

We took several cities (Bratsk, Krasnoyarsk, Norilsk, and Chita) included as priority ones into the “Pure air” federal 
project as an example and showed that it was not sufficient to only aim at reducing gross emissions of pollutants and apply it 
as a criterion to assess efficiency of air-protecting activities performed in a city. Health risk calculations, and comparative 
analysis of risk assessment and medical statistical data on population applying for medical aid, combined with the results of 
profound targeted examinations, revealed that medical and demographic losses (additional population mortality and mor-
bidity) occurred due to a significant number of chemical admixtures, including those, who were not included into a list of 
pollutants which had to be reduced. Consequently, air-protecting activities don’t necessarily result in relevant improvement 
of a sanitary-hygienic and medical-demographic situation. Residual health risks still remain high. 

We showed that there were several significant aspects related to developing and working out in detail complex re-
gional action plans within the “Pure air” federal project. They were a necessity to constantly and profoundly inform a wide 
circle of people who make decisions on ambient air protection about adverse impacts exerted by specific components in 
emissions on population health and actual medical and demographic losses on a territory; to assess whether it was techni-
cally possible to achieve recommended emission levels and to discuss it with economic entities in order to work out optimal 
decisions as regards orientation and urgency of specific activities in the sphere; to integrate assessments of air-protecting 
activities efficiency with prospect city-planning in a region, and to include compensatory medical and prevention activities 
into regional action plans that should help achieving acceptable health risks levels. 

Key words: “Pure air” federal project, sanitary-hygienic situation, ambient air pollution, risk, population health. 
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ernment Order dated November 17, 2008 No. 1662-r (last edited on September 28, 2018). KonsultantPlus. Available at: 
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issues are obviously among the most signifi-
cant ones. They concern population life expec-
tancy, an increase in population number, a de-
crease in mortality among employable popula-
tion caused by cardiovascular system diseases, 
malignant neoplasms, etc. These priorities 
have been selected quite relevantly as unfavor-
able demographic trends unavoidably exert 
negative influence on the RF status in the 
world, make the country lag behind techno-
logical leaders and prevent any rise in life 
quality and living standards [1, 2]. 

Activities that should be implemented 
within national projects, including “Ecology” 
national project, are supposed to help achieving 
necessary positive dynamics of population life 
expectancy and decrease in population mortal-
ity and morbidity. “Ecology” national project 
doesn’t have a direct priority as regards reduc-
ing population health risks, improving medical 
and demographic parameters, or providing citi-
zens with more comfortable living environ-
ment2. The project is oriented at overall de-
crease in negative technogenic impacts on the 
environment. Thus, “Pure air” federal project3, 
which is an integral part of “Ecology” national 
project, fixes a key task to “…decrease ambient 
air contamination in large industrial centers, 
including not less than a 20 % decrease in total 
emissions of pollutants into ambient air in the 
most contaminated cities” 

The project fixes also priority territories 
where issues related to ambient air contamina-
tion are the most pressing. They include such 
cities as Bratsk, Krasnoyarsk, Norilsk, Lipetsk, 
Magnitogorsk, Nizhniy Tagil, Novokuznetsk, 
Omsk, Chelyabinsk, Cherepovets, and Chita. 
Approximately 6.4 million people live there. 
All these territories suffer from high or ele-
vated ambient air contamination. 

As planned, approaches to optimal plan-
ning and implementation of air protection ac-
tivities are to be tested in 12 priority cities; 
they should allow achieving a fundamental 
improvement in the existing situation. Should 

these approaches be considered efficient, they 
can be also applied in other cities and on other 
territories in the country4. 

A decrease in overall emissions of pollut-
ants into the atmosphere undoubtedly seems to 
be a most significant task as it is a relevant 
tool for preserving natural chemical structure 
of ambient air or atmospheric heat balance. 
However, it is only secondary next to reducing 
adverse impacts on population health, espe-
cially on densely populated territories such as 
large industrial cities. 

Results obtained via large-scale and long-
term research, including works recognized by 
the World Health Organization, prove that am-
bient air contamination produces adverse ef-
fects on population mortality and morbidity. 
Relevant scientific works confirm that addi-
tional death cases may occur among population 
due to respiratory organs diseases and cardio-
vascular system diseases caused by ambient air 
being contaminated with fine-dispersed dust 
[3–5], and sulfur dioxide [6]. Benzpyrene, ben-
zene, compounds of chromium, lead, nickel, 
cadmium, and arsenic, and polycyclic hydro-
carbons cause additional cancer cases when 
they are introduced with inhaled air [7–9]. 
Various diseases occur in the respiratory organs 
under exposure to elevated concentrations of 
nitrogen dioxide, hydrogen chloride, hydrogen 
sulfide, ammonia, toluene, xylol, phenol, and 
some other admixtures [10–16]. 

As per results of macroanalysis, in the 
RF only in 2018 there were approximately 
2.4 thousand additional death cases caused by 
ambient air contamination (respiratory organs 
diseases and malignant neoplasms). Effects 
produced by ambient air contamination are 
likely to result in about 863.55 thousand dis-
ease cases among children and adults; these 
diseases occur in the respiratory organs, cir-
culatory system, musculoskeletal system, 
connectivity tissue, and blood and blood-
making organs; there are also certain disor-
ders in the immune mechanism, nervous sys-

__________________________ 
 
3 The Profile of “Ecology” national project. Approved on December 24, 2018. Available at: https://rg.ru/2018/05/08/pre-

sident-ukaz204-site-dok.html (date of visit October 02, 2019). 
4 The Profile of “Pure air” federal project. Available at: https://rg.ru/2018/05/08/president-ukaz204-site-dok.html (date of 

visit October 02, 2019). 
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tem, endocrine system, digestive organs, and 
neoplasms5. 

When population health becomes a criterion 
for assessing efficiency of measures taken within 
“Pure air” federal project, lists and parameters of 
air-protecting activities should be well-defined 
and well-substantiated. A simple reduction in 
overall emissions by a fixed volume is not al-
ways efficient without taking into account actual 
hazards caused by this or that component for 
people’s lives and health; so, it can’t always lead 
to a substantial increase in population life quality 
and make a sanitary-hygienic situation conform 
to fixed standards [17].  

Plans which are designed within a project 
are not fixed once and for all; they can be ad-
justed, specified, and supplemented. Thus, it 
seems truly vital to get a better insight into al-
gorithms and procedures for assessing effi-
ciency of suggested activities according to 
medical and demographic criteria. However, it 
doesn’t mean that ecological, technical and/or 
technological criteria applied in such assess-
ments should be neglected. 

Our research goal was to test a mecha-
nism for assessing sufficiency and efficiency 
of activities implemented within “Pure air” 
federal project as per health-related criteria6. 

Data and methods. We achieved our re-
search goal via step-by-step finding solutions 
to the following tasks thus making an overall 
algorithm: 

– assessing ambient air quality in areas 
where people permanently lived in priority cities; 

– assessing population health risks; 
– splitting up unacceptable risks into 

components and assessing contributions made 
by specific pollutants into overall existing 
risks; 

– comparing risk levels with population 
morbidity in order to determine whether risk 
assessments are consistent with the existing 
medical and demographic situation on a par-
ticular territory; 

– analyzing regional sets of air-protecting 
activities regarding effects expected to be pro-
duced by them being relevant to risk factors 
structure; 

– working out recommendations on im-
provements that are to be made in activities 
implemented within “Pure air” federal project. 

We tested the algorithm in Krasnoyarsk, 
Norilsk, Bratsk, and Chita; we applied health 
risk assessment methodology as our basic me-
thodical instrument for assessing whether im-
plemented activities were sufficient and yielded 
expected results. The methodology was sup-
plemented with comparative analysis of the re-
sults obtained via the assessment and medical 
statistical data as well as data obtained via spe-
cific research. 

To assess population exposure, we took 
air quality monitoring data collected over a 
long-term period at stationary monitoring 
posts belonging to Rosgidromet state ecologi-
cal monitoring network and posts included into 
Rospotrebnadzor’s social and hygienic moni-
toring system. 

We calculated lifetime carcinogenic risk 
taking an upper 95 % -limit of average annual 
long-term (2014–2018) concentration of a spe-
cific admixture as contamination level; all ana-
lyzed admixtures were measured at monitoring 
posts located in examined cities. Non-carcino-
genic risk was calculated basing on the same 
initial data but it was given with hazard quo-
tients and indexes (Hazard Index, HI)7. 

When calculated health risks were con-
sidered to be “unacceptable”, we split them up 
into specific components and assessed contri-
butions made by each substance into an overall 
health risk level. It was done in order to de-
termine substances that made the most signifi-
cant contribution into health risks; so, should 
their ground concentrations be reduced, it 
would produce the most considerable effects 
regarding population health improvement. 

We compared calculated risk levels with 
__________________________ 
 
5 On sanitary-epidemiologic welfare of the population in the Russian Federation in 2018: the State Report. Moscow The 

Federal Center for Hygiene and Epidemiology, 2018, 246 p. 
6 Economic aspects related to such activities were excluded from the present work; we also didn’t perform any conformity 

assessment to check whether examined activities could be considered the best available ones as per technological parameters. 
7 Р 2.1.10.1920-04. The Guide on assessing population health risks under exposure to chemicals that pollute the environment. 

Moscow, The Federal Center for State Sanitary and Epidemiologic Surveillance of the RF Public Healthcare Ministry, 143 p. 
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data on population mortality and morbidity 
taken from the official medical statistics8, and 
with results obtained via in-depth research per-
formed on selected territories. 

We assessed contents and structure of re-
gional air-protecting activities as per “Com-
plex plans of activities aimed at reducing pol-
lutants emissions…” in regions approved by 
the Deputy Head of the Russian Federation 
Government on December 28, 2018. 

Basic results. We analyzed results ob-
tained via long-term instrumental measuring 
within Rosgidromet ecological monitoring and 
Rospotrebnadzor’s social and hygienic monitor-
ing system; the analysis revealed that there was 
a wide range of chemical admixtures registered 
in ambient air on territories where people per-
manently lived in the examined cities. Thus, in 
Bratsk, 29 chemicals were registered in signifi-
cant concentrations, and some of them were 
even higher than hygienic standards. Seven 
chemicals were carcinogens (benzpyrene; ben-
zene; compounds of nickel, lead and chromium; 
formaldehyde; ethyl benzene). 

Even more pollutants were registered with 
instrumental methods in Krasnoyarsk; there 
were totally 37, 5 out of them being carcino-
genic. 15 admixtures were registered and meas-
ured by Rosgidromet and Rospotrebnadzor in 
Norilsk; in Chita, 21 admixtures. 

Practically all the measured admixtures 
produce well-proven adverse effects on health 
under short-term and/or long-term exposure. 

Table 1 gives some average annual concen-
trations of chemicals registered in 2014–2018 in 
Bratsk. It also contains exposure criteria (refer-
ence concentrations); should they be exceeded, 
adverse effects on population health and target 
organs and systems are likely to occur. If popu-
lation is exposed to concentrations that exceed 
reference ones, functional disorders in these tar-
get organs or systems are to be expected. 

Population health risks calculated on the 
basis of field observation results were as-
sessed as unacceptable ones as per various 
violations of hygienic standards practically 
on all the examined territories. Table 2 con-
tains health risks parameters and characteris-
tics9 in Bratsk. 

T a b l e  1  
Concentrations of chemicals with proven adverse effects on health under long-term  
exposure fixed at monitoring posts included into ecological and social and hygienic  

monitoring systems in Bratsk in 2014–2018 
Concentration, mg/m3 

Chemical Average  
annual long-term 

95-%  
provision RfC Target organs and systems 

Nitrogen dioxide 0.0408 0.0512 0.040 Respiratory organs, blood 
Nitrogen oxide 0.060 0.078 0.060 Respiratory organs 

Benzpyrene 2.0Е-06 4.1Е-06 1.0Е-06 Respiratory organs, immune system, de-
velopment, carcinogen 

Benzene 0.036 0.053 0.030 
Respiratory organs, development, blood, 
immune system, central nervous system, 
reproductive system, cardiovascular system

Particulate matter 0.086 0.148 0.075 Respiratory organs, mortality 

Phenol 0.064 0.095 0.006 Cardiovascular system, kidneys, central 
nervous system, respiratory organs 

Hydrogen sulfide 0.002 0.004 0.002 Respiratory organs 
__________________________ 
 
8 Datasets issued by the Department for Monitoring, Analysis, And Strategic Development of Public Healthcare of the RF 

Public Healthcare, and the Central Scientific Research Institute for Public Healthcare Organization and Informatization of the 
RF Public Healthcare Ministry. 

9 Criteria for health risk assessment given with HI and accepted in conformity with MG 2.1.10.0156-19 “Assessment of ambi-
ent air quality and health risk analysis in order to substantiate managerial decisions taken in the sphere of providing ambient air 
quality and sanitary-epidemiologic welfare of the population”, approved by the RF Chief Sanitary Inspector on December 02, 2019. 
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Xylol 0.06 0.08 0.1 Central nervous system, respiratory or-
gans, kidneys, liver 

Toluene 0.03 0.05 0.4 Central nervous system, respiratory or-
gans, development 

Sulfur dioxide 0.03 0.081 0.05 Respiratory organs, mortality 
Carbon disulfide  0.15 0.7 0.7 Central nervous system, development 

Carbon oxide  1,8 2,5 3,0 Blood, cardiovascular system, develop-
ment, central nervous system 

Formaldehyde  0.0032 0.005 0.003 Respiratory organs, eyes, immune system
Non-organic poorly 
soluble fluorides  0.018 0.038 0.013 Skeletal system, respiratory organs 

Fluoric gaseous com-
pounds  0.021 0.048 0.03 Skeletal system, respiratory organs 

Aluminum compounds  0.005 0.005 Respiratory organs, body weight 

Methyl mercaptan 0.0006 0.00012 0.001 Respiratory organs, central nervous sys-
tem 

Lead 3.2Е-06 4.2Е-06 5.0Е-05
Central nervous system, blood, develop-
ment, reproductive system, hormonal 
system, kidneys 

Manganese 2.1Е-05 3.4Е-05 5.0Е-05
Central nervous system, blood, develop-
ment, reproductive system, hormonal 
system, kidneys 

Nickel 2.8Е-05 3.3Е-05 5.0Е-05 Respiratory organs, blood, immune sys-
tem, central nervous system 

Chromium 0.00004 0.00008 0.0001 Respiratory organs 
 

T a b l e  2  
Population health risks (hazard indexes or HI) under chronic inhalation exposure  

to chemicals contained in ambient air in Bratsk 
Priority risk factors Target organs  

or system 
Average HI 
 in the city HI range Risk characteristic chemical 

Particulate matter 
Formaldehyde 
Chlorine 
Nitrogen dioxide 

Respiratory 
organs 12.46 0.85–23.62 High 

Sulfur dioxide 
Formaldehyde 
Benzene Immune system 9.95 5.08–25.43– High 
Nickel compounds 
Aluminum compounds Central nervous 

system  3.57 0.47–8.21 Alerting, and in some 
city zones, high Phenol 

Benzene 
Carbon oxide Development 5.16 0.22–20.81 Alerting, and in some 

city zones, high Ethyl benzene 
Blood system 2.74 0.87–6.22 In some city zones, high Benzene 
Liver 1.50 1.76–2.28 Acceptable Phenol 
Kidneys 1.59 1.00–2.65 Acceptable Phenol 

Lead compounds Cardiovascular 
system 1.89 1.02–2.56– Acceptable Phenol 
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Calculated individual lifetime carcino-
genic risk was expected to be up to 3.44E-0.4 
in Bratsk; such a risk is considered to be unac-
ceptable and can result in 1.2 additional cancer 
cases caused by ambient air pollution alone. 
Chromium and nickel compounds in ambient 
air make the greatest contribution into car-
cinogenic risks. 

Therefore, a lot of various chemical ad-
mixtures make certain contributions (major 
ones on certain territories in the city) into 
population health risks occurrence in Bratsk; 
such admixtures are both commonly spread 
(dusts, carbon oxide, nitrogen oxide, and sul-
fur oxide) and specific ones (heavy metals 
compounds, phenol, aromatic hydrocarbons, 
and formaldehyde). 

In Krasnoyarsk, “high” health risks 
(HI>6.0) were determined to cause untimely 
deaths, diseases in the respiratory organs, cen-
tral nervous system, immune system, neuroen-
docrine system, blood and blood-making sys-
tem, development disorders, etc. 

In Norilsk and Chita, high health risks ex-
isted as regards respiratory organs diseases, 
development processes, blood system, etc. 

Given that risks are somewhat probabilis-
tic and calculated, we performed reconnais-
sance assessment of population morbidity in 
the examined cities exactly as per the same 
nosologies with predicted risks causing them 
being assessed as unacceptable. 

We determined that it was well-grounded 
to expect health risks turning into actual regis-
tered diseases cases. 

Thus, for example, in Bratsk where risks 
causing respiratory organs diseases were con-
sidered to be unacceptable and were assessed as 
high, morbidity with respiratory organs diseases 
among children has recently been equal to ap-
proximately 1.700 cases per 1,000 children. It is 
1.21.3 times higher than on average in the re-
gion and 1.4–1.5 times higher than on average 
in the country. Chronic bronchitis among chil-
dren in Bratsk is registered 2.6 times more fre-
quently among children and 1.9 times more fre-
quently among adults than in the region on av-
erage. Bronchial asthma (asthmatic state) is 
1.6 times more frequently first diagnosed among 

teenagers in Bratsk than in the region on aver-
age. Nervous system diseases and congenital 
malformations are 1.2–1.4 times more fre-
quently registered in Bratsk than in the region 
on average, etc. 

In-depth medical and biological examina-
tions of population also confirm that risks re-
lated to ambient air contamination turn into 
additional morbidity cases [18, 19]. Thus, 
urine and blood taken from children in Bratsk 
contain those chemical admixtures that were 
considered priority risk factors on the territory 
such as benzpyrene, chromium, aluminum, 
nickel, fluorides, etc; such admixtures were 
either absent or their concentrations were au-
thentically lower in biological media of chil-
dren from a reference group. We detected au-
thentic dependences between these chemicals 
in children’s bodies and a number of health 
disorders that were similar to expected ones. 
Examined children more frequently suffered 
from respiratory organs diseases, predomi-
nantly chronic inflammations in the upper res-
piratory tracts (2.9 times more frequently than 
in a reference group); functional disorders in 
the vegetative and central nervous system were 
5.5 times more frequent than in a reference 
group. We also detected development disor-
ders as congenital malformations of the heart 
and kidneys which were 1.5 times more fre-
quent than in a reference group; small anoma-
lies in kidneys development were 1.6 times 
more frequent than in a reference group. 

Statistical, epidemiologic, and targeted 
medical and biological research that are now 
being accomplished in Krasnoyarsk and 
Norilsk, allow obtaining results, though frag-
mented, that are similar in their essence to 
above-mentioned ones. Besides, data are well 
consistent with sanitary-hygienic and medical-
biological research that has been previously 
accomplished on these territories [20–25]. 

Therefore, risks calculation, and compara-
tive analysis of risk assessment results that 
were compared with medical statistic data on 
population applying for medical health and 
results of in-depth targeted medical examina-
tions on certain territories confirm that it is 
vital and relevant to work out air-protecting 
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activities taking into account health-related 
criteria. 

Such an approach will allow not only re-
ducing gross emissions but also providing im-
provement in medical and demographic situa-
tion on a territory and preserving population 
health as a most significant resource for the de-
velopment of the state. Reduced emissions of 
carcinogens and chemicals that cause additional 
morbidity with cardiovascular system diseases 
should lead to a decrease in number of disease 
cases with high fatality rate; it fully corresponds 
to goals fixed within “Demography” national 
project. A decrease in environmental pollution 
with substances that are hazardous for the en-
docrine system can make its contribution into a 
reduction in overall number of health disorders 
related to human hormonal state etc. 

But still, analysis of activities that are to 
be implemented in their initial form doesn’t 
allow assessing their sufficiency and consis-
tency with population health criteria. 

Most activities planned within “Pure air” 
federal project are not strictly bound to specific 
emission sources. Documents do not fix actual 
decrease in emission power (g/sec), and there 
are no other parameters to measure changes in 
emission volumes. 

Thus, in Bratsk there is a range of 
planned activities that are aimed at reducing 
emissions by more than 126.5 thousand tons 
per year; but less than 2 % of this planned 
potential reduction is technologically substan-
tiated. “Irkutsenergo” PLC plans to reduce 
emissions from smoke chimneys 0001/0002 
at the Heat and Power Plant No.7 due to 
switching this object from solid fuel (coal) to 
gas and installing more efficient electrical 
filters (solid particles emissions reduced by 
156.4 tons per years; sulfur dioxide, by 
1,202.2 tons per year); the company also 
plans to reduce emissions from smoke chim-
neys No. 1 and 2 at the Heat and Power Plant 
No.6 due to modernized electrical filters and 
multicyclone devices in the central section 

(emissions of solid ash particles are to be re-
duced by 709 tons)10. 

Action plans don’t contain any substantia-
tion for potential decrease in emissions of 
chemicals that are fundamentally significant for 
minimizing adverse effects produced on popu-
lation health; such chemicals are metal com-
pounds (aluminum, lead, and nickel), aromatic 
hydrocarbons (benzene, xylol, and toluene), 
phenol, hydrogen sulfide, etc. The largest emis-
sions sources in Bratsk including “RUSAL. 
Bratsk Aluminum Plant” PLC, “Ilim Group in 
Bratsk” PLC, and “Mechel” Bratsk Ferroalloy 
Plant plan to adjust their environmental activi-
ties within complex ecological expertise aimed 
at granting these enterprises ecological licenses 
in 2021–202211. 

By October 1st, 2019 in Krasnoyarsk only 
2.7 % reduced emissions (6,704.343 tons per 
year) have specific technological substantia-
tion. Emission sources with their aerodynamic 
and ecological properties to be changed have 
been determined. Activities that are to be 
implemented in Krasnoyarsk are aimed at 
reducing emissions of nitrogen dioxide, ni-
trogen oxide, benzpyrene, sulfur dioxide, 
tarry substances, carbon oxide, solid fluo-
rides, hydrogen fluoride, and several dusts. 
Having assessed efficiency of these activi-
ties, experts revealed that their implementa-
tion would result in a decrease in health risks 
under chronic exposure for almost 4.8 thou-
sand people. The greatest risks reduction 
will be achieved regarding damage to the 
skeletal system with fluorides being a risk 
factor for it, as hazard index HI will fall 
from 2.4 to 1.3. However, a decrease as per 
priority risk groups (respiratory organs, cen-
tral nervous system, and blood system) 
amounts to not more than 0.5 % off the initial 
level. Health risks remain “high| for all the 
exposed city population even after implemen-
tation of planned activities. 

Obtained results don’t allow making cer-
tain conclusions on achieving acceptable health 

__________________________ 
 
10 The Letter by “Irkutsenergo” PLC dated September 27, 2019 No. 116-35/2680-2598. 
11 The Letter by “RUSAL Bratsk Aluminum Plant” PLC No. RB-out-19-45-0199 dated September 27, 2019, the Letter by 

“Ilim Group in Bratsk” PLC No. FB-25300-329 dated September 27, 2019. The Letter by “Mechel” Bratsk Ferroalloy Plant 
No. 2679 dated October 01, 2019. 
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risks if other activities included into complex 
plans have similar efficiency. 

Special attention should be paid to issues 
related to a necessity to regulate emissions of 
fine-dispersed particles which are solid frac-
tions in dust and gas mixtures with particles 
sizes being less than 10 µm (PM10) and 2.5 µm 
(PM2.5). Fine-dispersed particles are regis-
tered in ambient air in many cities, including 
their concentrations that are much higher than 
reference ones which are safe for health. Thus, 
for example, in Krasnoyarsk 12 out of 44 day 
samples (27.3 %) taken from April to October 
2019 within social and hygienic monitoring ac-
tivities contained particulate matter in concentra-
tions exceeding hygienic standards with their 
level sometimes being up to 4.7 average daily 
MPC. Occurrence of fine-dispersed particles in 
emissions from both stationary and mobile pollu-
tion sources has also been proved by specific re-
search [26–29]. At the same time, fine-dispersed 
particles nowadays are practically never identi-
fied or estimated when emissions from ambient 
air pollution sources are inventoried. Conse-
quently, PM10 and PM2.5 are not included into 
ecological standardizing and are not considered a 
specific risk factor that should be reduced via 
implementing air-protecting activities. Accord-
ingly, it is impossible to assess sanitary-hygienic 
and medical-demographic consequences caused 
by pollution with PM or efficiency of activities 
aimed at environmental protection. 

Conclusion. Undoubtedly, it is not enough 
to simply list priority chemical admixtures and 
determine what decrease in their levels should 
be achieved. There are other important aspects 
related to developing and detailing complex 
regional action plans within “Pure air” federal 
projects. They are: 

– a necessity to constantly and fully in-
form a wide circle of people who are to make 

decision on air protection in priority cities in-
cluded into the federal project; such people 
should be provided with relevant data on ad-
verse effects produced by specific components 
in emissions on population health; 

– population health parameters being a 
target function and a key criterion in assessing 
efficiency of planned air-protecting activities; 

– assessment and discussion with eco-
nomic entities whether recommended emission 
levels are technically achievable; working out 
optimal solutions on targets and urgency of 
specific activities; 

– supplementing complex activity plans 
with documents that contain specific technical 
description of air-protecting activities (giving 
exact information on emission sources and on 
pollutants emissions of which should be re-
duced, masses of pollutants emissions from 
each source before and after planned activities 
have been implemented (g/sec, tons/year) etc.; 

– assessment of possibility (or, on the con-
trary, impossibility) to achieve combined reduc-
tion in a set of admixtures that are technologi-
cally interconnected; 

– integration of efficiency assessments for 
air-protecting activities with prospect town 
planning on territories; 

– in case acceptable health risk levels 
can’t be achieved due to technical and/or tech-
nological limitations medical and prevention 
activities are to be included into compensatory 
action plans; such activities are fixed by the 
Federal Law issued on July 26, 2019 No. 195-
FZ “On accomplishing an experiment on fix-
ing quotas for pollutants emissions…”12. 
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The article contains results of the research on a correlation between social and economic determinants and life expec-
tancy of the RF population. The research is quite relevant at present as it is consistent with the goals set within the demo-
graphic policy in the RF, including searching for efficient tools aimed at solving tasks set in it and achieving its targets. Our 
research goal was to examine social and economic determinants and potential for a growth in life expectancy of the RF 
population taking into account regional differentiation.  

We analyzed world experience in examining effects produced by social and economic factors on life expectancy. Correlation-
regression analysis allowed us to detect that economic parameters, lifestyle-related ones, and parameters reflecting education and 
home comforts were the most significant modifiers (R2=0.06–0.43). We showed that aggregated changes in these parameters equal 
to 10.0 % could result in 460.5 days increase in life expectancy (1.3 years longer). The greatest contribution was made by popula-
tion employment/unemployment taking into account their education (115.29 days); home comforts available in housing (86.9 days); 
economic parameters (74.09 days); psychosocial stress (54.58 days); alcohol drinks sales (49.57 days); basic food products con-
sumption (46.23 days). These data are fully consistent with the already known results obtained by domestic and foreign researchers 
in the field and efficiently complement them. Our research results indicate that the current social policy that is being implemented in 
the RF is quite relevant as it is aimed at reducing social and economic inequality and eliminating a social gradient as regards 
health of various population groups. We are also sure it is necessary to perform further research in the sphere. 

Key words: life expectancy, social and economic factors, social gradient, demographic policy, population, life quality, 
morbidity, mortality, factor analysis, cluster analysis. 

Nowadays in the Russian Federation life 
expectancy at birth (LEB) amounts to 72.6 years 
(2017); it is equal to 67.51 among males; and 
to 77.64, among females. This gender-related 
discrepancy between men and women in the 

country (10.13) is unprecedented against the 
average world one (4.81) and the European 
one (6.67). According to the UN annual re-
search “Life Expectancy Index 2018” Russia 
occupies the 116th place among 191 analyzed 
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countries [1]. Life expectancy in 32 countries 
has already exceeded 80 years; however, it has 
not yet reached 70 in 63 countries. Contempo-
rary forecasts made by the UN predict that, 
taking into account an average population 
mortality scenario in the RF, LEB in the coun-
try is likely to grow [2]. To a great extent it 
will depend on life quality improvement and 
an increase in living standards that are deter-
mined by such socioeconomic parameters as 
welfare, healthcare, education, employment, 
and lifestyle. According to the Clauses 2 and 7 
of the RF Constitution, a person is the highest 
value for the state and the latter is obliged to 
create favorable conditions for his or her de-
velopment and life1. Relevant policy in the 
economic and social spheres will provide a 
steady growth in LEB in the RF. 

Implementation of the demographic pol-
icy in the RF is aimed at increasing population 
life expectancy, reducing mortality, birth rate 
growth, regulating internal and external migra-
tion, preserving and improving population 
health, and a consequent improvement in the 
demographic situation in the country. In this 
relation, The RF President Order issued on Oc-
tober 9, 2007 No. 1351 “On approval on The 
Concept of the demographic policy in the Rus-
sian Federation up to 2025”2 is well-grounded 
and relevant to the existing demographic situa-
tion; moreover, it is quite feasible and can 
truly provide an increase in population life 
quality in the RF. It fixes a wide range of tasks 
thus giving an opportunity to find solutions to 
priority problems including those aimed at se-

curing population growth up to 145 million 
people and an increase in life expectancy of 
the RF population to 75 years up to 2025. 

A basic instrument that would allow im-
plementing of the above-mentioned Order is 
the RF Government Order issued on April 14, 
2016 No. 669-r3. This document states that life 
expectancy should reach 74 years by 2020; it 
also fixes there should be an increase in some 
other demographic parameters (population 
number, birth rate coefficient, and migration 
growth). All the implemented activities are 
aimed at reaching target quantitative parame-
ters via improved population life quality and it 
has a key significance for the steady growth in 
population number in the country. 

The RF President Message to the Federal 
Assembly issued on March 01, 2018 [3] stresses 
that it is important to preserve the country popu-
lation including creation of favorable conditions 
for development, self-realization, and creative 
work for each person as it will help securing 
well-being for each citizen and the society as a 
whole. The state policy that is being imple-
mented at the moment, including approval on 
new RF national projects (NP) entitled4 : “The 
Human Capital”, “Comfortable Living Envi-
ronment”, and “Economic Growth”, is now 
aimed at achieving a strategic goal that is the RF 
becoming a member of a pool that includes “80 
plus” countries. 

“Healthcare”5  and “Demography”6 are ba-
sic national projects that cover issues related to 
a growth in LEB. These two NPs fix different 
ways how to achieve LEB target levels but still 

__________________________ 

1 The Constitution of the Russian Federation. Available at: http://www.constitution.ru/ (date of visit December 01, 2019). 
2 On approval on The Concept of the demographic policy in the Russian Federation up to 2025: The RF President Order 

issued on October 9, 2007 No. 1351. Garant. Available at: http://ivo.garant.ru/#/document/191961/paragraph/1:0 (date of visit 
December 01, 2019). 

3 On approving an activity plan for the implementation in 2016–2020 of The Concept of the demographic policy in the 
Russian Federation up to 2025 that was approved by the RF President Order issued on October 9, 2007 No. 1351 " On approval 
on The Concept of the demographic policy in the Russian Federation up to 2025". KODEKS: an electronic fund of legal and 
reference documentation. Available at: http://docs.cntd.ru/document/420350355 (date of visit December 01, 2019). 

4 On national goals and strategic tasks of the Russian Federation development up to 2024: The RF President Order dated May 07, 
2018 No. 204. The RF President official web-site. Available at: http://kremlin.ru/acts/bank/43027 (date of visit December 01, 2019). 

5 The Profile of “Healthcare” national project / improved by the Presidium of the RF President Council on strategic development 
and national projects (the meeting report dated December 24, 2018 No. 16). Garant. Available at: https://base.garant.ru/72185920/ 
(date of visit December 01, 2019). 

6 The Profile of “Demography” national project / improved by the Presidium of the RF President Council on strategic de-
velopment and national projects, (the meeting report dated December 24, 2018 No. 16). Garant. Available at: https:// 
base.garant.ru/72158122/99f9dac8326542de16e0c46495ad0911/ (date of visit December 01, 2019). 
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they supplement each other quite harmoniously. 
“Healthcare” NP solves the given task via de-
veloping primary medical and sanitary aid, pro-
viding medical organizations with highly quali-
fied personnel, public healthcare digitalization, 
and implementation of innovative medical 
technologies into everyday medical practices. It 
all should eventually result in achieving target 
parameters related to a decrease in population 
mortality caused by circulatory system diseases 
and malignant neoplasms, including mortality 
among employable population. The main focus 
of the project is on solving issues related to 
secondary prevention such as preventing dis-
ease complications, disability among patients, 
and preventing lethal outcomes of diseases. 

In its turn, “Demography” NP has a target 
to achieve an increase in healthy life expec-
tancy up to 67 years; it solves issues related to 
improving life quality via stimulating citizens 
to make conscious decisions regarding their 
own health and, above all, via creating condi-
tions for that. This project focuses on primary 
prevention aimed at preventing occurrence and 
effects produced by risk factors that can cause 
a disease. And here main efforts are aimed at 
supporting motherhood and childhood, im-
proving life quality of elderly people, and cre-
ating stimuli for citizens of all ages to pursue 
healthy lifestyle. 

At present a lot of attention is paid to ex-
amining possible ways how to increase and 
predict life expectancy, especially its healthy 
and active period [4, 5]. In economically de-
veloped countries experts mostly try to find 
ways how to achieve a maximum possible in-
crease in person’s life together with preserving 
his or her basic physical and cognitive abili-
ties. On the contrary, in developing countries it 
is still vital to increase LEB as an integral 
population parameter of population mortality. 
The difference between research performed in 
developed countries and developing ones is 
explained via current stages in society devel-
opment according to the epidemiologic transi-
tion theory [6]. Developed countries are now 
at the fourth stage in this transition with all the 
properties that are typical for it: low popula-
tion mortality, high LEB, chronic diseases 

prevalence in morbidity structure including 
aging-associated diseases such as Alzheimer’s 
disease, senile asthenia, etc. At the same time 
in developing countries population suffer from 
diseases caused by industrialization and ur-
banization such as circulatory system diseases, 
oncologic diseases, environmentally induced 
diseases, and injuries. In some countries mass 
infections and hunger are still vital issues that 
need to be resolved [7]. Some researchers in-
sist there was another stage in the process that 
occurred in Russia in 1990; the stage was 
called “a period of health deterioration and so-
cial upheavals” [8]. The stage was character-
ized with doubled diseases burden when dete-
riorated economic and social conditions led to 
an increase in mortality caused by infectious 
diseases, alcoholism, and injuries on the back-
grounds of degenerative diseases; also a lot of 
diseases tended to occur at younger ages dur-
ing that period. 

Given all the above-mentioned, there are 
different ways how to increase LEB. For de-
veloped countries, a key issue here is to find 
causes of degenerative aging-associated dis-
eases and ways how to treat them [9, 10]. For 
developing countries, and the RF as well, the 
problem can be solved via drawing on experi-
ence accumulated by advanced countries as 
well as economic transformations aimed at 
improving life quality and reducing population 
mortality and morbidity [11]. 

Differences that exist in stages in epide-
miologic transition are also confirmed by how 
fast LEB grows in different countries. Over the 
last 70 years LEB in developed countries has 
increased by 15.0 % – 20.0 %, growth rates 
being less than 1 % over the recent years. Over 
the same time period, LEB in developing 
countries has increased by more than 60.0 %, 
and growth rates annually have exceeded 2 % 
over the recent years. In the middle of the last 
century (1950es) LEB amounted to approxi-
mately 70 years in developed countries and it 
didn’t exceed 55 years in developing ones [2]. 
Besides, in developed countries processes re-
lated to mortality reduction and, consequently, 
a growth in LEB were consistent and planned, 
and in developing countries a similar growth 
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in LEB can result in accelerated demographic 
aging of a country population and disease bur-
den being doubled; it requires completely dif-
ferent approaches to planning managerial ac-
tivities [12, 13]. 

Such properties of a demographic process 
are rather generalized; a basic role in this case 
belongs to a state policy aimed at resolving 
given demographic tasks. For example, in 
1960–1970es LEB in the RSFSR (Russia) was 
similar to that in the Western Europe. Over the 
next 20 years the parameter stagnated in the 
country, and in 1990es political, economic, and 
social transformations and consequent changes 
in structure and dynamics of population mortal-
ity and morbidity led to a decrease in LEB, es-
pecially among males and employable popula-
tion. However, at present when the shock ther-
apy on the country economy was completed 
and political and social stricture in the country 
is rather stable, changes in LEB have become 
positive and it has started to grow. In 2017 the 
parameter was equal to 72.7 years for the whole 
population [14], and, according to current data, 
in amounted to 73.7 years in the first half of 
2019 [15]. Over the same period life expec-
tancy has also been growing in other countries 
and “80 plus” pool of countries gradually ac-
cepts new members. This example shows how 
changes in social and economic factors can in-
fluence population life expectancy. 

The existing situation in the USA is quite 
different. The country has the highest GDP in 
the world and the highest expenses on public 
healthcare, both in absolute and relative val-
ues. But despite all that, life expectancy has 
not yet exceeded 80 years, and it has been 
steadily declining over the recent years. In sci-
entific literature the phenomenon is now called 
‘the American paradox” [16]. Recent research 
that focused on life expectancy and population 
mortality in the USA reveled that an increase 
in overall mortality was mostly caused by such 
reasons as drugs overdose, alcohol abuse, sui-
cides, and injuries. A basic risk group is low-
educated employable men and women that live 
in rural areas or economically unfavorable re-
gions [17]. Other research has revealed that the 
USA have the lowest ratio between expenses 

on social services and expenses on healthcare 
among all OECD countries [18–20]. 

We have discussed how socioeconomic 
determinants influence population life expec-
tancy on the examples of events and situations 
in Russia and the USA; life quality and living 
standards that have direct influence on popula-
tion lifestyle seem to make the most signifi-
cant contribution into diseases occurrence and 
an increase in number of death cases. 

In particular, “INTERHEART”, a well-
known examination on risk factors causing 
cardiovascular diseases (CVD) that account 
for the greatest number of death cases all over 
the world, revealed that there were several rea-
sons that made the primary contribution into 
CVD occurrence and deterioration; they are 
dislipoproteinemia, smoking, hypertension, 
diabetes, abdominal obesity, psychosocial fac-
tors, low consumption of vegetables and fruit, 
and low physical activity [21]. All the above-
mentioned reasons are modified risk factors 
and each of them often depends on a person’s 
social and economic status; and these statuses 
can be quite different due to a social gradient 
in a society [22]. 

Inequality in education, incomes, and oc-
cupational status has its effects on difference 
in mortality and morbidity in population 
groups that are different as per these parame-
ters [23, 24]. Besides, education is a signifi-
cant component here as a level of future in-
comes will depend on it. Education also influ-
ences a person’s awareness about risk factors 
and possible ways to preserve and improve his 
or her health. There are several research works 
revealing that mortality tends to be lower 
among well-educated people and LEB tends to 
be higher in countries with a higher fraction of 
educated people [25–29]. 

Together with education, population in-
comes also have significant influence on LEB. 
First of all, cash that is available to households 
allows people to buy more qualitative products 
and services and create favorable conditions 
for life and rest [30, 31]. According to some 
data, children who live in families with low 
social and economic status are more prone to 
cardiovascular system diseases in their adult 
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life including ischemic heart disease (IHD) 
and cardiac infarction [32]. Insufficient in-
comes produce grave effects on males’ health 
as men are more prone to various deviant be-
haviors such as alcohol intake, smoking, vio-
lence and injuries [33]. 

A person’s lifestyle is known to make the 
greatest contribution into his or her health state 
[34]. Smoking, alcohol intake, insufficient con-
sumption of vegetables and fruit, and high 
prevalence of obesity leads to a decrease in LEB 
among population as a whole [35–38]. Factors 
related to social tension or psychosocial stress 
such as unlawful actions including murders, di-
vorces, and unemployment also exert negative 
influence on population mortality and LEB [39]. 

We should stress that all the above-
mentioned risk factors are fully modified and 
basically depend on relevant state policy re-
garding economy, social security, and public 
healthcare both in a country as a whole and on a 
regional level. Such policy should be based on 
well-predictable parameters and, among other 
things, on applying modern techniques for as-
sessing health risks [40]. 

A regional aspect in demographic issues is 
especially relevant for the RF as there are sub-
stantial differences between the regions in the 
country as regards both social and economic 
parameters and life expectancy; in 2017 the dif-
ference between the maximum and the mini-
mum LEB in the RF regions amounted to more 
than 15 years (66.1 in Chukotka Autonomous 
Area and 81.59 in Ingushetia). 

Despite numerous research works that fo-
cused on searching for a correlation between so-
cial and economic status and LEB both in the RF 
and abroad, it is still unclear how social and eco-
nomic determinants influence public and indi-
vidual health. But at the same time, even given 
uncertainties in estimations, such factors can be 
significant proxy-variables that allow predicting 
LEB taking into account differentiated nature of 
spatial and time distribution that is typical for 
social and economic risk factors. 

Our research goal was to examine region-
ally differentiated social and economic determi-
nants and a potential for a growth in life expec-
tancy in the RF related to such determinants. 

Data and methods. In our research we 
considered a hypothesis that there was a direct 
or inverse regular cause-and-effect correlation 
between life expectancy at birth (whole popu-
lation, males, and females as dependent vari-
ables) and social and economic determinants 
(risk factors as independent variables, predic-
tors or regressors). To build up and analyze 
regression models, we took statistical data col-
lected in 2010–2017 in 85 RF regions; all the 
data were obtained from official sources such 
as reports issued by the Federal State Statistics 
Service (economic parameters, basic food 
products consumption, alcohol sales, educa-
tion, employment and unemployment, housing 
conditions, psychosocial stress, and indirect 
parameters showing physical activity of popu-
lation); statistical reports issued by Rospotreb-
nadzor No. 18 “Data on sanitary situation in 
RF regions” (a fraction of children who had 
hot meals at least once a day). Totally, our 
analysis included 85 socioeconomic parame-
ters that were combined into several groups: 
public healthcare; economic parameters; basic 
food products consumption; alcohol sales; a 
fraction of children who have hot meal at least 
once a day; employment; parameters related to 
housing conditions; psychosocial stress; indi-
rect parameters showing physical activity of 
population; population structure. 

We calculated model parameters and 
checked their adequacy with standard regres-
sion analysis applying Statistica 10.0 software 
package for statistical data analysis. Statistical 
hypotheses regarding regression coefficients in 
case parameters were distributed normally 
were checked with Student’s t-test. Models 
adequacy was checked with dispersion analy-
sis performed with Fischer’s test and signifi-
cance level being 0.05. 

To examine occurrence of numerous cor-
relations between socioeconomic parameters 
and a decrease in initial data dimensions, we 
applied exploratory factor analysis; we built 
correlations as per the following chain: “socio-
economic parameters – generalized factors – 
LEB”. Sequential creation of correlation vari-
ables matrix, factors extraction via least-square 
procedure and finding eigenvalues of factors 
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with consequent Kaiser Criterion application 
(eigenvalues criterion) allowed us to reduce a 
number of factors up to 20. To obtain values 
for burdens of variables on factors, we applied 
orthogonal rotation that allowed excluding 
mutual influences produced by factors. These 
approaches allowed us to calculate quantitative 
changes in LEB under preset changes in exam-
ined socioeconomic parameters. 

Our algorithm for creating correlations as 
per “socioeconomic parameters – generalized 
factors – LEB” chain included the following 
basic stages: 

– setting predicted socioeconomic parameters
via making changes into initial values by a sce-
nario per cent (for example, 10 %, 5 %, or 1 %); 

– calculating a difference between pre-
dicted and actual value of a socioeconomic 
parameter; 

– 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; 

– calculating standardized difference be-
tween predicted and actual value of a socio-
economic parameter; 

– calculating changes in generalized fac-
tors associated with changes in a socioeco-
nomic parameter, taking into account multiple 
regression coefficient “socioeconomic factors - 
life expectancy”; 

– summing up all the values of changes in
LEB obtained at the previous stage associated 
with changes in a socioeconomic parameter; 

– ranking all the socioeconomic parame-
ters as per their contributions made into 
changes in LEB. 

The difference between predicted and ac-
tual values of a socioeconomic parameter was 
calculated as per the formula (1): 

ΔD  =  Dʹ – D,  (1) 
where ΔD is the difference between a pre-
dicted and actual value of a socioeconomic 
parameter; Dʹ is a predicted value of a socio-
economic parameter; D is an actual value of 
a socioeconomic parameter. 

When performing factor analysis, we re-
covered missing data in an observation series 
according to the following algorithm: if there 

were no data in an examined year as regards a 
given parameter in a specific RF region, we 
took data collected in the previous year; 
should there be no data collected in the previ-
ous years, we took an average value for an ob-
servation series. 

We calculated average values and stan-
dard deviations for each filled (recovered) data 
series. The standardized difference between 
predicted and actual values of socioeconomic 
parameters was determined as per the follow-
ing formula (2): 

'

' ' ,
s s s s

d d d

D D D D D D D
D D D D

   

   
   

 (2) 

where Δd is the standardized difference be-
tween a predicted and an actual value of a pa-
rameter; dʹ is a standardized predicted value of 
a parameter; d is a standardized actual value of 
a parameter; D  is an average value of a pa-
rameter with recovered data; sD is a standard 
deviation in a parameter with recovered data. 

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

,i iF d k      (3) 

where  iF  is a change in the i-th generalized 
factor associated with a change in a socioeco-
nomic parameter; ik  is a factor coefficient for 
the i-th generalized factor (determined as per 
factor analysis results). 

A change in life expectancy associated 
with a change in a socioeconomic parameter 
was determined via summing up all the prod-
ucts of changes in generalized factors multi-
plied by relevant “socioeconomic parameters – 
LEB” multiple regression coefficients as per 
the following formula (4): 

,i iZ F b     (4) 

where Z  is a change in life expectancy asso-
ciated with a change in a socioeconomic pa-
rameter given in years; ib  is a coefficient be-
fore the i-th factor in “socioeconomic factors – 
LEB” multiple regression. 
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Exploratory factor analysis allowed obtain-
ing a factor burden matrix that totally included 
20 factors. Cumulative per cent of explained vari-
ance amounted to 81.9 %. Formulas (3) and (4) 
were applied to calculate quantitative changes in 
LEB associated with a change in each examined 
socioeconomic parameter. We give an example of 
calculating a change in life expectancy depending 
on a 10.0 % change in values of socioeconomic 
parameters; in this calculation parameters that led 
to an increase in LEB were raised by 10.0 %, and 
those that decreased LEB were reduced by 
10.0 %. To perform aggregated analysis, we com-
bined all the examined socioeconomic parameters 
into several factor groups: economic parameters; 
basic food products consumption; alcohol sales; 
education; employment and unemployment; hous-
ing conditions; psychosocial stress; indirect pa-
rameters showing physical activity of population. 

We divided RF regions into several clusters 
according to their socioeconomic parameters and 
LEB applying a multi-dimensional statistical pro-
cedure, namely cluster analysis with k-medians 
clustering. Parameter values in clusters were 
compared as per their average cluster values. 

Basic results. Linear correlation-regres-
sion analysis allowed us to obtain 201 authen-
tically significant models. We analyzed influ-
ence exerted by socioeconomic determinants 
on LEB of female population and revealed the 
most significant factors as per explained vari-
ance coefficient; these factors given in the de-
scending order are as follows: a number of reg-
istered crimes per 100,000 people (aх = -0.002; 
b = 79.16; р < 0.05; r = -0.36; R2 = 0.13); a frac-
tion of employed population with high educa-
tion (aх = 0.16; b = 71.03; р < 0.05; r = 0.25; 
R2 = 0.063); consumption of vegetables and 
melons in kg/year per 1 consumer (aх = 0.042; 
b = 71.64; р < 0.05; r = 0.23; R2 = 0.053); spe-
cific weight of housing equipped with central-
ized water supply (aх = 0.056; b = 71.38; 
р < 0.05; r = 0.22; R2 = 0.049). LEB of male 
population was primarily influenced by a 
number of registered crimes per 100,000 peo-
ple (aх = -0.004; b = 70.74; р < 0.05; r = -0.66; 

R2 = 0.43); marriages to divorces ratio (a number 
of divorces per 1,000 marriages) (aх = -0.009; 
b = 69.93; р < 0.05; r = -0,34; R2 = 0.11); con-
sumption of vegetables and melons in kg/year 
per 1 consumer (aх = 0.069; b = 57.93; р < 0.05; 
r = 0.4; R2 = 0.16); consumer expenses per 
capita, rubles per month (aх = 0.0002; b = 62.02; 
р < 0.05; r = 0.3; R2 = 0.09); a fraction of em-
ployed population with high education (aх = 0.314; 
b = 55.33; р < 0.05; r = 0.52; R2 = 0.28). The 
most significant models for LEB of the overall 
population were a number of registered crimes 
per 100,000 people (aх = -0.003; b = 75.41; 
р < 0.05; r = -0.65; R2 = 0.42); consumption of 
vegetables and melons in kg/year per 1 consu-
mer (aх = 0.062; b = 64.23; р < 0.05; r = 0.41; 
R2 = 0.17); a fraction of employed population 
with high education (aх = 0.26; b = 62.56; 
р < 0.05; r = 0.5; R2 = 0.25); specific weight of 
housing equipped with centralized water sup-
ply (aх = 0.082; b = 63.89; р < 0.05; r = 0.39; 
R2 = 0.16). 

Cluster analysis allowed us to distribute all 
the RF regions into 4 major groups (clusters) 
that had their specific socioeconomic parame-
ters; the 1st cluster was made up of 2 regions; 
the 2nd, 6 regions; the 3rd, 31 regions; and the 
4th, 46 regions (Figure 1). 

The 1st cluster includes two RF regions, 
the Nenets Autonomous Area and the Yamal 
Nenets Autonomous Area. Average LEB value 
for this cluster amounts to 72.53±1.01 years 
and is among the highest ones in the country. 
This cluster has high values of socioeconomic 
parameters such as investments into fixed as-
sets (average cluster value is 2,623,477 rubles) 
and gross regional product (4,745,909 rubles) 
per capita; but at the same time average regis-
tered unemployment in this cluster is compara-
tively high (1.7 %). Provision with doctors 
(50.2 per 10,000 people) and places in hospi-
tals (85.25 per 10,000) is higher in this cluster 
than in the country on average (47.5 and 80.5 
per 10,000 people respectively). 

We have analyzed basic food products 
consumption7 and revealed that people living

__________________________ 
 
7 Here and hereinafter quantity of food products consumed by population and given in kilograms per year per 1 consumer 

(kg/year per 1 consumer) was estimated basing on recommendations given by the RF Public Healthcare Ministry, The Order No. 
614 dated August 19, 2016. “On Approval on the Recommendations on rational standards for food products consumption that 
conform to contemporary requirements to healthy nutrition”. 
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Figure 1. RF regions distributed into 4 clusters as per socioeconomic parameters 

in this cluster don’t consume sufficient quanti-
ties of vegetables (86.65 kg/year per 1 con-
sumer, the standard being 140 kg/year) and 
fruit (67.25 kg/year per 1 consumer, the stan-
dard being 100 kg/year); at the same time, fish 
and fish products (36.15 kg/year per 1 con-
sumer, the standard being 22 kg/year) and 
sugar and confectionary (38.3 kg/year per 1 con-
sumer, the standard being 24 kg/year) are con-
sumed in quantities that exceed recommended 
standards. This cluster has one of the highest 
alcohol sales volumes (vines and low-alcohol 
drinks) per capita (9.5 and 0.95 liter per capita 
accordingly). Population structure in the clus-
ter is characterized with high specific weight 
of young (24.4 %) and employable (60.55 %) 
population. Housing conditions such as a spe-
cific weight of housing equipped with central-
ized water supply (80.6 %) and sewage 
(75.15 %) are poorer than on average in the 
country (82.4 % and 77.6 % respectively). A 
specific weight of housing that has central 
heating is the highest among all the clusters 
and it is most probably due to climatic condi-
tions and geographic locations of the regions. 
At the same time a specific weight of dilapi-
dated housing is the highest in the cluster and 
amounts to 6.05 %. Besides, the crime rate is 
also the highest in this cluster as it amounts to 
1,645.5 registered crimes per 100,000 people. 
Therefore, high LEB in the cluster is mostly 
due to economic parameters and factors that 
could probably result in a decrease in LEB are 

high crime rate, alcohol consumption, and 
poor housing conditions. 

The 2nd cluster consists of 6 RF regions; 
they are Moscow City, the Khanty-Mansi 
Autonomous Area, Yakutia, Magadan region, 
Sakhalin, and Chukotka Autonomous Area. Av-
erage cluster LEB amounts to 71.51±1.65 years. 
Economic parameters in the cluster including 
average cash incomes per capita (53,400.0 rubles 
per month) and consumer expenses (32,280.67 
rubles per month) are higher than on average in 
the country (31,422.0 and 23,806.0 rubles per 
month respectively). Average cluster unem-
ployment is the lowest (4.3 % on average annu-
ally) as per data obtained via sampling examina-
tions of employable population. The cluster also 
has the highest values of healthcare-related pa-
rameters; for example, a number of medical per-
sonnel with all specialties amounts to 61.25 0/000 
per 10,000 people. People living in the 2nd clus-
ter don’t consume sufficient quantities of vege-
tables and melons (85.6 kg/year per 1 con-
sumer), potatoes (46.9 kg/year per 1 consumer), 
eggs (210 eggs/year per 1 consumer), milk and 
milk products (239.4 kg/year per 1 consumer), 
and butter (10.7 kg/year per 1 consumer). Alco-
hol sales for several types of alcohol drinks 
(vodka and liquor, sparkling wines, beer and 
beer-based drinks) per capita are also among the 
highest in the country (9.48 l, 2.2 l, and 57.5 l per 
capita respectively). 

The cluster has the highest fraction of urban 
population (84.17 %) and the highest divorce 
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rate among married families (634.8 divorces per 
1,000 marriages). Housing conditions such as 
specific weight of housing equipped with cen-
tralized water supply (87.43 %) and sewage 
(86.1 %) are the best among clusters. This clus-
ter also has comparatively high crime rate 
(1,579.3 per 100,000 people) and a rather big 
share of housing that can be considered dilapi-
dated (2.77 %). Therefore, factors that allow 
keeping LEB at its existing level are economic 
parameters that are higher than in the country on 
average, low unemployment rate, as well as high 
value of healthcare-related parameters. Risk fac-
tors in the cluster are high alcohol sales per cap-
ita, divorces rate, and crime rate. 

The 3rd cluster comprises 31 RF regions, 
namely Belgorod, Voronezh, Kaluga, Lipetsk, 
Moscow (region), Yaroslavl, Karelia, the Komi 
Republic, Arkhangelsk, Vologda, Kaliningrad, 
Leningrad (region), Murmansk, Novgorod, 
Saint Petersburg (city), Krasnodar, Tatarstan, 
Perm, Nizhniy Novgorod, Orenburg, Samara, 
Sverdlovsk (region), Tyumen, Krasnoyarsk, 
Irkutsk, Novosibirsk, Tomsk, Kamchatka, Pri-
morye, Khabarovsk, and Amur regions. Aver-
age cluster LEB amounts to 71.68 ± 0.26 years. 
A peculiar feature of the cluster is that most 
analyzed parameters correspond to their aver-
age country values. For example, economic pa-
rameters such as cash incomes per capita 
(30,410.23 rubles per month) and gross regional 
product per capita (454,838 rubles) are similar 
to average country values (31,422.0 rubles per 
months and 472,161.9 rubles accordingly). 
Registered unemployment is the lowest among 
all clusters (1.05 %). Healthcare-related pa-
rameters are also quite comparable with aver-
age country ones; for example, number of doc-
tors with all specialties amounts to 48.8 0/000 per 
10,000 people (47.5 0/000 on average in the 
country). 

Basic food products consumption is, in 
general, in conformity with standards recom-
mended by the RF Public Healthcare Ministry 
(potatoes are consumed in a quantity equal to 
59.5 kg/year per 1 consumer; in the RF,  
59.4 kg/year per 1 consumer; fruit and berries, 
73.1 kg/year per 1 consumer, in the RF,  
73 kg/year per 1 consumer). Alcohol sales are 

also comparable with average country levels 
(cognac, 0.84 l, in the RF, 0.7 l; sparkling 
wines, 1.3 l, in the RF, 1.2 l). Population in the 
cluster has a rather high share of people who 
are beyond their employable age (elderly ones, 
25.5 %). Housing conditions in the 3rd cluster 
are also comparable to average country ones 
(housing equipped with centralized water sup-
ply accounts for 81.1 %, in the RF, 82.4 %). 
Crime rate (1,561 0/0000) and divorces among 
married families (614.1 per 1,000 marriages) 
are higher than on average in the country 
(1,402.0 0/0000 and 582.0 ‰ accordingly). 
Therefore, LEB in the cluster is supported by 
low registered unemployment and basic food 
products consumption being the closest to rec-
ommended standards among all clusters. Risk 
factors are crime rate and divorces rate among 
married families. 

The 4th cluster includes 46 RF regions, 
namely Bryansk, Vladimir, Ivanovo, Kos-
troma, Kursk, Orel, Ryazan, Smolensk, Tambov, 
Tver, Tula, Pskov, Adygei Republic, Kalmykia, 
Crimea, Astrakhan, Volgograd, Rostov, Sevas-
topol, Dagestan, Ingushetia, Kabardino-Balka-
ria, Karachai-Cherkess, North Ossetia, Chech-
nya, Stavropol, Bashkortostan, Mari (y) El 
Republic, Mordovia, Udmurtia, Chuvashia, 
Kirov, Penza, Saratov, Ulyanovsk, Kurgan, 
Chelyabinsk, Altai Republic, Buryatia, Tyva, 
Khakassia, Altai region, Transbaikalia, Ke-
merovo, Omsk, and the Jewish Autonomous 
Region. Average cluster LEB amounts to 
72.39 ± 0.36 years. Economic parameters and 
healthcare-related parameters in the regions in 
this cluster are among the lowest in the RF 
(cash incomes per capita amount to only 
22,605.37 rubles per month). Basic food prod-
ucts consumption, excluding bread and grocer-
ies (106.12 kg/year per 1 consumer with the 
standard being 97 kg/year per 1 consumer), 
corresponds to average country levels. Alcohol 
sales per capita are the lowest in this cluster 
(vodka, 4.58 l; wines, 5.32 l per capita). Spe-
cific weight of urban population is rather low 
in these regions (64.9 %) as well as fraction of 
employable population (55.1 %). Housing 
conditions are the poorest among all clusters 
(only 76.19 % of the overall housing is 
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equipped with centralized water supply). But 
at the same time the crime rate is the lowest in 
the cluster (1,379.1 0/0000) as well as divorces 
rate (578.37 ‰). 

Therefore, LEB in the cluster remains at 
the same level due to low crime and divorces 
rates, low share of dilapidated housing as 
well as the lowest alcohol sales among all 
clusters. Risk factors that can cause a de-
crease in LEB are low economic parameters, 
low healthcare-related parameters, and poor 
housing conditions. 

Exploratory factor analysis allowed us to 
reveal predicted quantitative changes in life ex-

pectancy at birth (for the overall population) 
associated with changes in socioeconomic pa-
rameters; it confirmed the results of previously 
performed correlation-regression and cluster 
analysis. The Table contains the results of 
10.0 % scenario changes in socioeconomic pa-
rameters. For example, should there be a 
change in healthcare-related parameters such as 
a 10.0 % increase in a number of medical per-
sonnel per 10,000 people, and, accordingly, a 
10.0 % decrease in a burden on public health-
care workers (a number of people per 1 doctor), 
it will lead to 8.3 days increase in LEB of the 
overall population (Table). 

T a b l e  
Potential for a growth in life expectancy of the RF population determined by a socioeconomic 

factor (a scenario envisages a 10.0 % change in independent variables) 

Groups  
of parameters 

Increase ↑ / 
decrease ↓  

in a parameter
Parameter 

An increase
 in LEB  

given in days

↑ A number of doctors with all specialties per 10,000 population, people 
(taken at the end of a year) 8.29 Healthcare-

related  
parameters ↓ Burden on public healthcare workers (taken at the end of a year, number of 

people per 1 doctor) * 8.2 

↑ Consumer expenses per capita, rubles per month 28.12 
↑ Average cash incomes per capita, rubles per month 13.17 

↓ A specific weight of population with their cash incomes being lower than the 
living wage (per cent of the total population in a region), % 13.37 

↑ Gross regional product per capita, rubles 3.77 
↑ Investments into fixed assets per capita (given in actual prices) 1.97 

↓ Unemployment rate as per data obtained via sampling examinations of em-
ployable population (average annual), % 0.51 

↓ Registered unemployment rate as per data provided by the Federal Service 
on Labor and Employment (taken at the end of a year), % 0.4 

↑ Living wage (Employable population), rubles 4.73 
↑ Living wage (children), rubles 1.5 
↑ Living wage (retired), rubles 3.29 

Economic 
parameters 

↑ Living wage (overall population), rubles 3.26 

↓ Basic food products consumption in households (meat and meat products; 
kg/year per 1 consumer) 3.87 

↑ Basic food products consumption in households (eggs, units; kg/year per 
1 consumer) 3.68 

↑ Basic food products consumption in households (bread and groceries; 
kg/year per 1 consumer) 2.95 

↑ Basic food products consumption in households (vegetable oil and other fats; 
kg/year per 1 consumer) 0.88 

↑ Basic food products consumption in households (potatoes; kg/year per 
1 consumer) 12.55 

↑ Basic food products consumption in households (vegetables and melons; 
kg/year per 1 consumer) 11.32 

Basic food 
products 

consumption 
in house-

holds 

↑ Basic food products consumption in households (milk and milk products; 
kg/year per 1 consumer) 11.05 
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↓ Alcohol sales to population (cognac) 5.67 
↓ Alcohol sales to population (beer and beer-based beverages, liters per capita) 14.19 

↓ Alcohol sales to population (wines (without sparkling wines and champagne, 
liters per capita) 10.86 

↓ Alcohol sales to population (vodka and liquors, liters per capita) 10.32 
↓ Alcohol sales to population (sparkling wines and champagne, liters per capita) 6.57 

Alcohol  
sales 

↓ Alcohol sales to population (low alcohol drinks (ethyl spirit contents not 
exceeding 9 %), liters per capita) 1.96 

↑ Hot meals (lunch) provided for students at vocational education establish-
ments, % 12.13 Children 

provided 
with hot 
meals ↑ Hot meals (breakfast and lunch) provided for schoolchildren studying 

at 1–11 grades, % 2.92 

↑ A share of employed people aged 15–72 with high education, % 36.02 
↑ A share of employed people aged 15–72 with general secondary education, % 7.33 
↑ A share of employed people aged 15–72 with vocational education, % 5.37 
↑ A share of employed people aged 15–72 without general secondary education, % 0.03 
↑ A share of unemployed people aged 15–72 with high education, % 28.32 
↓ A share of unemployed people aged 15–72 with basic secondary education, % 13.68 
↓ A share of unemployed people aged 15–72 with vocational education, % 11.89 

↓ A share of unemployed people aged 15–72 with vocational education for 
highly qualified workers and clerks, % 7.01 

↓ A share of unemployed people aged 15–72 with general secondary education, % 2.56 

Employment/ 
unemploy-

ment among 
population 

with various  
education 

↓ A share of unemployed people aged 15–72 without basic secondary edu-
cation, % 3.08 

↑ Specific weight of housing equipped with sewage, % 18.9 
↑ Specific weight of housing equipped with central heating, % 37.4 
↑ Specific weight of housing equipped with centralized water supply, % 29.97 

Housing 
conditions 

↓ Specific weight of dilapidated housing, % 0.63 
↓ Swimming pools (number of people per 1 swimming pool) 0.87 Indirect  

parameters 
showing 
physical  

activity of 
population 

↓ Open-air sport facilities (playgrounds and fields) number of people per 
1 facility) 6.6 

↓ Marriages to divorces ratio (number of divorces per 1,000 marriages) 29.38 Psychosocial 
stress ↓ A number of registered crimes per 100,000 people 25.2 

↑ People younger than employable age, % 2.96 Population 
structure ↑ Males to females ratio (number of women per 1,000 men)* 103.98 

                                                   Всего 460,5 

Note: * means that this parameter was not included when summing a an expected change in life expectancy 
given in days 

 
We have analyzed economic parameters 

and revealed that combined effects produced 
by average cash incomes, consumer expenses, 
gross regional product, investments into fixed 
assets per capita, unemployment rate and other 
parameters (Figure 2) can result in 74.09 days 
increase in LEB of the overall population. We 
have also determined that unemployment rate 
and specific weight of population with in-
comes being lower than living wage lead to a 
decrease in LEB of the overall population 
(13.8 days), and a rise in average cash incomes 

per capita, gross regional product, and invest-
ments into fixed assets make it increase by 
18.91 days on average 

Parameters that characterize people’s life-
style include basic food products consumption, 
energy value of a daily ration consumed in 
households, alcohol consumption, and a num-
ber of children provided with hot meals. We 
have established that a 10.0 % increase in con-
sumption of such products as eggs, bread and 
groceries, vegetable oil and other fats, pota-
toes, vegetables and melons, and milk and
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Figure 2. Predicted potential for a growth in life expectancy among the overall RF population  
determined by socioeconomic parameters (a scenario envisages a 10.0 % rise), days 

milk products lead to a rise in life expectancy; 
an increase in consumption of meat and meat 
products, on the contrary, results in a fall in 
LEB of the overall population. Total predicted 
growth in LEB of the overall population due to 
changes in basic food products consumption 
amounts to 42.23 days (Table). 

We have obtained an inverse correlation 
between alcohol sales and LEB of the overall 
population. A 10.0%-decrease in alcohol sales 
(most common alcohol drinks) makes LEB of 
the overall population grow by 49.57 days 
provided there are no any social consequences 
of such limitations. 

There is a direct correlation between a 
number of children provided with hot meals, in 
particular, lunch provided for students attend-
ing vocational education establishments and 
breakfast and lunch provided for schoolchil-
dren of 1–11 grades, and LEB of the overall 
population as a predicted growth in LEB 
amounts to 15.05 days. 

We have analyzed parameters that charac-
terize the social sphere (employment / unem-
ployment taking into account education, hous-
ing conditions, indirect parameters showing 
physical activity of population, psychosocial 
stress, and population structure) and revealed 
that high education regardless of employment 
status leads to an increase in LEB of the overall 
population (Table). Besides, employed people 
with general secondary education, vocational 
education, and without basic secondary educa-

tion increase LEB of the overall population 
whereas should they be unemployed, it results 
in a fall in it. An aggregated rise in LEB of the 
overall population caused by an increase in a 
number of employed people or their education 
level amounts to 115.29 days. 

A 10.0%-increase in parameters that 
characterize housing conditions such as spe-
cific weight of housing equipped with central-
ized water supply, central heating and sewage 
makes LEB of the overall population rise by 
86.27 days. A 10.0%-decrease in specific 
weight of dilapidated housing makes LEB of 
the overall population grow by 0.63 days. 

Indirect parameters showing physical ac-
tivity of population have been estimated via a 
number of people per 1 sport facility (swim-
ming pools and open air grounds); they have a 
positive effect on LEB of the overall popula-
tion (+7.47 days) should a number of sport fa-
cilities grow by 10.0 %. 

We have determined that a 10.0%-decrease 
in divorces rate and in crime rate leads to a 
predicted rise in LEB of the overall population 
that is equal to 54.58 days. 

We have analyzed parameters that charac-
terize population structure and revealed that an 
increase in males to females ratio (a number of 
women per 1,000 men) and a share of people 
younger than employable age makes LEB of 
the overall population grow by 103.98 and 
2.96 respectively. It is well known that mortal-
ity among younger people and among women 
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tends to be lower than among elderly people 
and men. And a vital task of the demographic 
policy in the country is to make a fraction of 
children grow. 

Therefore, our calculations indicate that an 
aggregated increase in life expectancy of the 
overall RF population amounts to 460.5 days 
(1.3 years) provided there are relevant changes 
in the preset scenario conditions for analyzed 
socioeconomic determinants. 

Discussion. Our research results have con-
firmed that there is a correlation between socio-
economic parameters and population life expec-
tancy. We have shown that the most significant 
influence is exerted on LEB by economic pa-
rameters, lifestyle-related parameters, and pa-
rameters that characterize education and hous-
ing conditions. Obtained data are fully consis-
tent with results obtained in other research in 
the sphere. Thus, it was established that an in-
crease in number of people with high education 
would lead to a growth in LEB and it was 
probably due to better education providing a 
possibility to obtain more comprehensive in-
formation about potential health risks [24–29]. 
Besides, higher education often helps people 
get a more qualified, prestigious, and better-
paid job and it makes their life quality higher. 
And if a share of population with poor educa-
tion grows, it results in a decrease in LEB, es-
pecially if people with poor education are un-
employed. Therefore, people with poor educa-
tion run greater health risks and, consequently, 
greater risks of a decrease in their LEB. 

Average cash incomes per capita and con-
sumer expenses allow making conclusions on 
welfare among population. Incomes rise pro-
vides an opportunity to buy more qualitative 
food products and better services and allows 
people to improve their life quality and living 
standard. Such parameters as gross regional 
product and investments into fixed assets also 
make LEB grow and reflect overall welfare of 
population in a region [30–32]. Opportunities 
that allow people to realize their potential to a 
great extent depend on the above-mentioned 
economic parameters. 

Factors related to lifestyle also have their 
significance, especially structure and energy 

value of nutrition and alcohol sales. Food prod-
ucts consumption that corresponds to recom-
mended standards especially regarding vegeta-
bles, milk products, potatoes, and eggs can re-
sult in a considerable growth in LEB [41]. 
Therefore, issues related to food safety, pro-
viding population with high quality and safe 
food products, and informing population about 
healthy nutrition play a significant role in the 
policy aimed at improving the demographic 
situation in the country. 

An inverse correlation between alcohol 
sales in the RF regions and LEB highlights the 
significance of any policy aimed at regulating 
distribution of such products. Measures taken 
by the state and aimed at limiting a period of 
time when alcohol can be sold, complete ban 
on alcohol sales on certain days, excise-duties 
rise, implementation of the Unified State 
Automated Information System (USAIS) and 
other targeted activities will make for further 
improvement of the situation in the sphere. 

Equipping housing with centralized water 
supply, sewage, and central heating leads to a 
considerable growth in LEB of the overall 
country population as it is confirmed by the 
results obtained in other research in the sphere 
[42]. Probably, more comfortable housing 
conditions when people are provided with cen-
tralized water supply, sewage, and central 
heating also allow achieving a decrease in 
population morbidity. 

To sum up, our research allows us to 
make the following conclusions: 

– socioeconomic determinants exert sig-
nificant influence on life expectancy and are 
different in different regions a per a level of 
their potentiating or inhibiting effects on LEB; 

– an aggregated increase in life expec-
tancy of the overall RF population due to 
relevant changes in present scenario condi-
tions (10.0 %) for the analyzed socioeco-
nomic determinants can amount to 460.5 days 
(1.3 years); 

– the greatest influence is exerted on life 
expectancy by the following socioeconomic 
parameters: employment / unemployment 
(115.29 days); housing conditions (86.9 days); 
economic parameters (74.09 days); psychosocial 
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stress (54.58 days); alcohol sales (49.57 days); 
basic food products consumption (46.23 days). 

Our research has covered influence ex-
erted on life expectancy only by socioeco-
nomic factors data on which are collected by 
official statistical authorities. We plan to fo-
cus our further research on examining im-
pacts exerted on life expectancy of the RF 
population by other modifying environmental 
factors. 
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HEALTH RISK ANALYSIS RELATED TO EXPOSURE TO AMBUENT AIR  
CONTAMINATION AS A COMPONENT IN THE STRATEGY AIMED  
AT REDUCING GLOBAL NON-INFECTIOUS EPIDEMICS 

V.N. Rakitskii, S.L. Avaliani, S.M. Novikov, T.A. Shashina, N.S. Dodina, V.A. Kislitsin 

F.F. Erisman Federal Scientific Centre of Hygiene, 2 Semashko Str., Mytishchi, 141014, Russian Federation 

The article dwells on the analysis of the latest world data indicating that ambient air contamination is one of the most 
significant risk factors causing non-infectious diseases. Adverse effects produced on health are the most evident among sen-
sitive population groups (women, children, and elderly people).  

It was noted that risk management with well-grounded choice on the most efficient activities aimed at its minimization was 
rather rare in Russia; it is a key problem related to practical implementation of health risk analysis methodology in the country. 

We highlighted that health risk analysis methodology was successfully applied when “Pure air” federal project was im-
plemented within “Ecology” national project. 

We recommended basic stages in assessing efficiency of activities aimed at health risk management, reducing popula-
tion morbidity and mortality, creating comfortable and favorable urban environment in 12 cities that participated in “Pure 
air” federal project. 

The article also contains suggestions on a unified algorithm based on economic estimation of alternative health risk man-
agement techniques and ways to provide sanitary-epidemiologic welfare. The algorithm includes substantiating a necessity to 
perform examinations and health risk assessment under “basic” exposure, and determining priority problems; assessing resid-
ual health risks after each considered activity, assessing efficiency of technological, economic, and health-influencing activities; 
comparative health risk assessment; health risks ranking taking into account additional effects, as well as technological and 
economic efficiency; substantiating choice on the most optimal activities and presenting conclusions to decision-makers in the 
field; giving grounds for a decision being taken. 

Key words: risk analysis, risk assessment, risk management, economic estimation, economic efficiency, population health, 
sanitary-epidemiologic welfare of the population, “Pure air” federal project, ambient air contamination. 

The most recent data obtained via epi-
demiologic research in Europe and all over 
the world indicate that ambient air contamina-
tion holds the second place as a risk factor 
causing non-infectious diseases (NID) after 
tobacco smoking [1]. Approximately 90 % 
people in the world have to inhale air with 

elevated contamination levels and it annually 
causes about 7 million untimely deaths or 
1 death case out of 9 [2]. In 2016 ambient air 
contamination caused 5.6 million death cases 
due to NID [3]. World Health Assembly in-
structed the WHO to take on a leading role in 
fighting against most significant reasons for 
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untimely death in the world. Up to 98 % of 
people living in large cities located in low-
income countries can be exposed to ambient 
air contamination. For example, according to 
the WHO estimates, cities in Eastern Medi-
terranean area or in the South-East Asia with 
not only low incomes but also with average 
ones have ambient air contamination that is 
5–10 times higher than standards recom-
mended by the WHO. 

The WHO publications issued over the 
last ten years give some data confirming 
that approximately 4.3 million people annu-
ally die due to poor air quality indoors; ap-
proximately 3 million people die due to 
outdoor air contamination. Up to 30 % 
death cases caused by most prevailing non-
infectious diseases (strokes, lung cancer, 
and chronic obstructive pulmonary dis-
eases) and 25 % death cases caused by car-
diac infarction are associated with ambient 
air contamination; this environmental factor 
produces the most adverse effects on health 
of women, children, elderly people and low-
income people [4–6]. 

Apart from ambient air contamination, 
drastic changes in meteorological parameters 
also exert their influence on NID prevalence. 

Unfavorable weather conditions (heat, 
temperature inversions etc.) combined with 
substantial ambient air contamination pro-
duce the most hazardous effects as such a 
combination leads to an increase in addi-
tional death cases due to cardiovascular dis-
eases and respiratory diseases [7–10]. 

Issues related to ambient air contamina-
tion and their effects on population health in 
the Russian Federation are obviously most 
urgent and require solutions at the state, re-
gional, and municipal levels [11–14]. 

In order to improve the ecological 
situation in the country and reduce ambient 
air contamination in Russian cities, “Ecol-
ogy” national project was developed and 
approved by the RF President Order in 

2018. “Pure air” federal project is its inte-
gral part1. By 2024 all the activities that are 
to be implemented within “Pure air” federal 
project should result in a 20%-decrease in 
aggregated volumes of adverse emissions 
into the atmosphere against their levels in 
2017 in Bratsk, Krasnoyarsk, Lipetsk, Med-
nogorsk, Nizhniy Tagil, Novokuznetsk, 
Norilsk, Omsk, Chelyabinsk, Cherepovets, 
and Chita. When implemented, “Pure air” 
federal project should enable reducing a 
number of cities with high and extremely 
high ambient air contamination, creating an 
efficient system for monitoring and control 
over ambient air quality, as well as follow-
ing people’s satisfaction with ambient air 
quality which is also very important. 

Another expected result of the project 
implementation is a fall in mortality and 
morbidity caused by ambient air contamina-
tion in cities that participate in “Pure air” 
federal project. 

Some activities within “Pure air” fed-
eral project focus on consolidated calcula-
tions of emissions from stationary and mo-
bile sources; apart from that, a complex ac-
tion plan is to be drawn up for each city, the 
most significant emission sources such as 
enterprises or any other are to be identified, 
exposed areas are to be determined, and ef-
fects produced by air-protection activities 
are to be assessed. 

However, multiple research works prove 
that it is not sufficient to only assess aggre-
gated emissions if we want to develop an ef-
ficient policy aimed at making the environ-
ment cleaner and healthier [15, 16]. Only 
comprehensive and in-depth analysis of all 
the available data on sources of ambient air 
contamination, impacts exerted by priority 
contaminants, and, accordingly, population 
health risks allows assessing whether planned 
and implemented activities are truly efficient, 
including their assessment from economic 
point of view [17–20]. 

__________________________ 

1 The Profile of “Ecology” national project / approved by the Presidium of the RF President Council on strategic de-
velopment and national projects, the meeting report No. 16 dated December 24, 2018. Available at: http://www.consul-
tant.ru/document/cons_doc_LAW_316096/ (date of visit November 12, 2019) 
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Nowadays, health risk analysis method-
ology is an optimal approach to assessing 
whether nature-protecting and recovery ac-
tivities are efficient and should they be some-
how adjusted or supplemented [21]. 

Over the last 25 years health risk as-
sessment methodology has been successfully 
applied in many regions in the RF in order to 
make well-grounded managerial decisions as 
regards providing ambient air quality and 
sanitary-epidemiologic welfare of the popu-
lation. Health risk assessment allowed iden-
tifying leading risk factors in each particular 
research; determining population groups that 
were the most susceptible to adverse effects; 
ranking territories as per health risks both in 
the current situation and in probable future 
ones related to changes in economic activi-
ties, primarily industries and transport. 

Accumulated experience indicates that 
most studies on health risk analysis that are 
performed in Russia mostly focus on its first 
stage or health risk assessment that allows 
determining whether calculated risk levels 
are acceptable or not [22–26]. And risk 
analysis in this case rarely covers any issues 
related to risk management together with 
substantiating the most efficient measures 
required to minimize it. This methodology 
can be applied successfully only provided 
that implemented activities are analyzed and 
this analysis is aimed at determining maxi-
mum possible reduction in risk level that can 
be achieved due to them with the minimum 
possible expenses required for their imple-
mentation. 

At present there are some scientific and 
methodological documents2, 3, 4, 5 that fix 

approaches to how to make economic esti-
mations and substantiate decisions regard-
ing health risk management under exposure 
to various environmental factors including 
ambient air contamination. 

These documents provide a detailed in-
sight into assessing cost efficiency as re-
gards variable managerial decisions, in par-
ticular, when substantiating sizes of a sani-
tary-protection zone taking into account any 
planned reconstruction of industrial facili-
ties; when planning how to rehabilitate 
health of people who live on contaminated 
territories, etc. 

However, in order to optimize practical 
implementation of risk analysis within “Pure 
air” federal project, it is advisable to apply a 
unified algorithm based on economic estima-
tion of different options for managing health 
risks and providing sanitary-epidemiologic 
welfare. 

When investment projects are properly 
ranked, it provides valuable information for 
decision-makers who are responsible for 
choosing the best available ones; such choices 
are to be based on a combination of maximum 
possible economic efficiency of a project with 
maximum possible effects related to protecting 
people from exposure to chemicals that con-
taminate ambient air. 

A step-by-step algorithm for assessing 
health risks and damage to health applied to 
substantiate ways to manage risks caused by 
exposure to ambient air contamination (as-
sessing how efficient implemented activities 
are) contains the following stages: substan-
tiating a necessity to perform examinations, 
health risk assessment under “reference” 

__________________________ 
 
2 G 2.1.10.1920-04. Guide on health risk assessment under exposure to chemicals that pollute the environment. 

Moscow, The Federal Center for State Sanitary and Epidemiologic Surveillance of the RF Public healthcare Ministry, 
2004, 143 p. 

3 MG 5.1.0030-11. Methodical guidelines for economic estimates and substantiating decisions regarding health risk 
management under exposure to environmental factors. KODEKS: an electronic fund of legal and reference documentation. 
Available at: http://docs.cntd.ru/document/1200088393 (date of visit December 01, 2019). 

4 MG 2.1.10.0033-11. Assessment of risks caused by effects produced on health by lifestyle-related factors. KODEKS: an 
electronic fund of legal and reference documentation. Available at: http://docs.cntd.ru/document/1200111974 (date of visit De-
cember 01, 2019). 

5 MG 2.1.10.0057-12. Assessment of risk and damage caused by climatic changes that influence morbidity and mortality 
among population groups who run elevated health risks. KODEKS: an electronic fund of legal and reference documentation. 
Available at: http://docs.cntd.ru/document/1200096653 (date of visit December 01, 2019). 
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Figure. An algorithm for assessing health risks and damage to health for substantiating  
a choice on risk management techniques under exposure to ambient air contamination  

(assessing how efficient implemented activities are) 

exposure, and determining priority problems; 
assessment of residual health risks after each 
considered activity, assessment whether im-
plemented activities are efficient (techno-
logically, economically, and taking into ac-
count their impacts on health as well); com-
parative health risk assessment; ranking 
health risks taking into account additional 
effects, technological and economic effi-
ciency, substantiating a choice on the best 
available activities; providing decision-
makers with all the conclusions that allow 
giving grounds for a taken decision (Figure). 

Should such an algorithm be imple-
mented, it will allow developing a possible 
scenario how to reduce risks caused by sta-
tionary and mobile sources of ambient air 
contamination; this scenario envisages any 

reduction in health risks to be achieved with 
least possible costs. 

As we have already noted, ambient air 
contamination and its probable effects on 
population health are a truly pressing issue. 
We believe that “Pure air” federal project as 
an integral part of “Ecology” national project 
can be successfully implemented only if there 
are well-coordinated interdepartmental efforts 
to make targeted managerial decisions aimed 
at decreasing ambient air contamination, re-
ducing health risks, and providing sanitary-
epidemiologic welfare of the population. 
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SCENARIO ASSESSMENTS OF CLIMATIC WARMING AND POPULATION  
MORTALITY IN RUSSIAN CITIES LOCATED IN THE SUB-ARCTIC REGIONS  
IN XXI CENTURY 

D.A. Shaposhnikov1, B.A. Revich1, I.M. Shkol'nik2 
1The Institute of Economic Forecasting of the Russian Academy of Sciences, 47 Nakhimovskii avenue, Moscow, 
117418, Russian Federation 
2The Voeikov Main Geophysical Observatory, 7 Karbysheva Str., Saint Petersburg, 194021, Russian Federation 
 

 
Climatic changes are the most apparent in the Arctic. Climatic forecasts indicate that warming is continuing on circum-

polar territories. There is a vital task to determine attributive fraction of mortality caused by exposure to non-optimal tempera-
tures within the given scenarios. We obtained a dependence of daily mortality on average daily temperatures within a non-linear 
model with a distributed lag. Daily temperature anomalies that were expected to occur by the middle and the end of the 
XXI century were calculated as per ensemble calculations of a regional climatic model by Voyekov’s Chief Geophysical Obser-
vatory; the calculations were made with applying representative trajectories for greenhouse gases concentrations built by the 
Intergovernmental Expert group on Climatic Change: RCP4.5 that led to moderate warming, and RCP8.5 that led to the maximum 
warming. Warming in Russian cities located in the sub-Arctic regions would be accompanied with a general decrease in tem-
perature-dependent mortality. A decrease in cold-induced mortality was more than enough to compensate for an increase in 
heat-induced mortality for all the examined sub-Arctic territories and warming scenarios. Therefore, the ultimate effect turned 
out to be quite favorable as mortality caused by all the natural reasons among people older than 30 would decrease by 4.5 % in 
Murmansk (95 % CI 1.1 – 7.9 %; by 3.1 %, in Arkhangelsk (1.1–5.1 %); and in Yakutsk, by 3.6 % (0.3–7.0 %) by 2090–2099 
against 1990–1999 within RCP8.5 scenario that involved strong radiation impacts on the climatic system. Expected relative de-
crease in mortality in Russian Arctic regions could be by several times higher than in the Northern Europe with confidence in-
tervals of obtained assessments being rather similar to each other. These research works complement each other thus indicating 
that benefits and risks caused by global warming are going to be distributed unevenly. 

Key words: climatic changes, climatic warming, climatic models, population mortality, the Arctic, circulatory organs 
diseases, cerebrovascular diseases, respiratory organs diseases. 
 

 
It is impossible to imagine climatic sce-

narios, in spite of all their uncertainties, with-
out concrete numerous assumptions on society 
development trajectories. Starting from 2014, 
the Intergovernmental Panel on Climatic 
Change (IPCC) have been summing these as-
sumptions up and turning them into “represen-
tative trajectories for concentrations” of green-
house gases. This work focuses on two scenar-
ios related to radiation impacts on the climatic 
system, namely RCP4.5 that results in moder-
ate warming and RCP8.5 that leads to the 
maximum warming in case there are no meas-

ures taken to impose any limitations on green-
house gases emissions [1, 2]. 

Variable direct and indirect effects pro-
duced by climate on population health are 
most intensely examined on territories where 
climatic changes are the most apparent or have 
the greatest amplitude, including Russia. Over 
1976–2018 average growth rate for average 
annual temperature in the Russian Federation 
amounted to 0.47 °С/10 years whereas glob-
ally temperature growth rate amounted to only 
0.17–0.18 °С/10 years over the same period of 
time [3]. As our country’s territory includes 

__________________________ 
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different climate zones, regional discrepancies 
in warming forecasts are also significant. We 
can expect discrepancies also in peculiar ef-
fects produced by climatic changes on mortal-
ity as it has already been detected in other big 
countries. For example, in Brazil impacts ex-
erted by warming on mortality become more 
intense in equatorial regions as compared to 
those with moderate climate; the greatest 
growth in additional mortality is predicted in 
the former ones [4].  

Russian Arctic and sub-Arctic territories 
are expected to experience much more rapid 
growth in surface temperatures than on average 
on dry land territories all over the world or in 
the country. For example, if we compare aver-
age annual temperature anomalies over  
2000–2009 with 1951–1980, we can see there is 
a “polar amplification” effect as this anomaly in 
the Arctic already reaches 2 °С against global 
0.6 °С [5]. Obviously, the phenomenon has oc-
curred primarily due to changes in polar caps 
albedo caused by ice melting and peculiarities 
of high altitude jets in the atmosphere [6]. 

Foreign territories with sub-arctic cli-
mate are the northern Scandinavia, the big-
gest part of Alaska, and Canadian territories 
located to the north from 50° n.l. According 
to the RF legislation, natural and climatic fac-
tors are the most significant zoning criteria 
that are applied when a territory is considered 
to be a polar one (such territories include 
Murmansk and Yakutsk) or a territory is as-
sumed to have similar climatic conditions as a 
polar one (for example, Arkhangelsk), low air 
temperature being the primary natural and 
climatic factor. Overall, 8.2 million people or 
about 5.8 % of the total RF population live on 
such territories. It is quite natural to expect 
that climate warming can create certain ad-
vantages for all these people, for example, a 
decrease in number of death cases as local 
climate will cease to be so harsh, or a growth 
in agriculture due to a warm season and vege-
tation period becoming longer1.  

Our research goal was to quantitatively 
assess what consequences changes in tempera-
tures on polar territories could have for pre-
dicted mortality among population living there; 
to do that, we had to perform a direct evidential 
epidemiologic study on influence exerted by 
temperature on mortality. Such a study is possi-
ble only for a compactly living population with 
a considerable size that has been observed over 
a sufficient period of time. In other words, it is 
possible only in cities with their population ex-
ceeding 100 thousand people [7, 8].  

Data and methods. Predictive study lay-
out. In our research we applied conditional 
predictions of expected changes in average 
daily temperatures in Murmansk, Yakutsk, and 
Arkhangelsk in the 21st century; those predic-
tions were obtained via ensemble calculations 
with a regional climatic model by A.I. Voye-
kov’s Chief Geophysical Observatory of Ros-
gidromet. This regional climatic model has 
more significant resolution (25 km) against 
global ones and, therefore, is able to provide 
better insight into meso-scale climate change-
ability and its contribution into uncertainties in 
local estimations of future climatic changes. 
We took 1990–1999 decade as our basic pe-
riod for a climate forecast; to describe dynam-
ics of expected changes, we took two predic-
tion periods, 2050–2059 (the middle of the 21st 
century) and 2090–2099 (the end of it). So, we 
examined two scenarios, RCP4.5 resulting in 
moderate warming and RCP8.5 leading to the 
maximum warming, and two prediction hori-
zons for which we calculated expected 
changes in mortality caused by temperature 
changes on all days. We applied daily tem-
perature anomalies with a relevant intra-
ensemble standard deviation as our initial data 
when modeling future changes in mortality. 
Ensemble included 25 members for RCP4.5 
scenario and 50 members for RCP8.5 scenario.  

Mortality. Mortality was analyzed as per 
“climate-dependent” causes of death. 10 mor-
tality parameters were taken into account in 

__________________________ 
 
1 The second estimate report given by Rosgidromet on climatic changes and their consequences on the RF territory. The 

technical summary. Moscow, the Federal Service for Hydrometeorology and Environmental Monitoring, 2014, pp. 69–85. 
Available at: http://downloads.igce.ru/publications/OD_2_2014/v2014/pdf/resume_teh.pdf (date of visit November 03, 2019). 
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each city: five groups comprising possible 
causes of death (all natural reasons, all respira-
tory organs diseases, all circulatory system dis-
eases with separately analyzed infarctions and 
strokes) in two age groups (people aged 30–64 
and people aged 65 and older). Elderly people 
aged 65 and older are especially sensitive to 
changes in temperature caused by warming [9]. 
Overall number of examined death cases in 
both age groups is given in Table 1. 

Table 1 
Description of initial data applied to model 
mortality. Minimum and maximum average 
daily temperatures, internal nods in tempe-

rature splines (°С), overall examined number 
of deaths caused by all natural reasons 

over 1999–2016  
City/parameter Murmansk Arkhangelsk Yakutsk
Тmin -38 -37 -51 
T10% -10.9 -13.3 -37.9 
T75% 8.5 10.3 12.0 
Т90% 12.9 16.3 18.6 
Тmax 25 27 28 

Number of examined deaths caused  
by all natural reasons 

People aged 
30–64 28,435 26,427 13,554 

People aged 
65+ 33,137 44,213 14,597 

 
Temperature curve for mortality and at-

tributive risk. When working out a prediction 
for additional temperature-dependent mortal-
ity, we determined a correlation between eve-
ryday mortality and average daily tempera-
tures during the basic period and an optimal 
temperature in case of which expected mortal-
ity is minimal (ММТ, minimum mortality 
temperature). MMT value is a significant 
property of a population that depends not only 
on a local climate but also on peculiarities of 
people who live there (including ethnic ones). 
In some cities (Norilsk, for example) consider-
able migration makes determination of this 
value impossible.  

To quantitatively describe impacts exerted 
by population exposure to non-optimal tem-
peratures, we applied a relative increase in 
mortality or attributable fraction (AF) and an 

absolute increase in mortality or attributable 
number (AN). Both these values measure at-
tributable risk and they have been calculated in 
this work because AF allows comparing dif-
ferent cities whereas AN gives data on absolute 
number of deaths in each city (for example, 
over a year). Attributable risk was determined 
on a reference day i with temperature T rela-
tive to a hypothetical situation should a tem-
perature on this day being equal to MMT:   

 AFT = 1 – exp (–βT);   ANT = n AFT, (1) 

where βT is a “log-risk” or a logarithm of a 
relative increase in mortality caused by a tem-
perature rise from MMT to T, and n is overall 
mortality on a reference day i; let us give it as 
Mi under exposure to T. This definition can be 
generalized for delayed dependencies as they 
exactly occur in our case when average daily 
temperature in any preset “reference” day ex-
erts its influence on daily mortality in a given 
city during a finite period with its duration be-
ing L+1 days (1 appears here due to a lag be-
ing calculated from a zero day, that is, a refer-
ence one). This generalization is obtained via 
considering a vector of past exposures Ti...Ti-L 
and accordingly a “trail” of partial risks β (Ti-l, l), 
l  [0; L] which collectively characterize 
a delayed impact exerted by temperature on 
mortality during the overall period. Such gen-
eralization was first performed in the work 
[10] together with suggesting a technique to 
calculate attributable risk values. Therefore, 
a risk depends on two variables, namely tem-
perature and lags, so the task is solved via 
building up a two-dimensional risks surface 
within a space of possible temperatures and 
lags. As here we speak about acute effects on 
health, the maximum possible lag doesn’t ex-
ceed 2–3 weeks.  

A model for mortality with a distributed 
lag. To calculate β (T0)... β (TL) values, we ap-
plied a non-linear mortality model with a dis-
tributed lag [11]. The model has become con-
ventional for examining delayed dependencies 
between mortality and meteorological parame-
ters and concentrations of pollutants. Our ini-
tial data were data on daily mortality provided 
by the Federal State Statistic Service; the data 
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were taken for each examined city and distrib-
uted as per causes of death and ages over 
1999–2016; we also took meteorological data 
on average daily temperatures over the same 
period collected by the All-Russian Scientific 
Research Institute of Hydrometeorological In-
formation.   

Let us determine time series of average 
daily temperature and mortality over a period 
during which we model a temperature-
dependent component in mortality as vectors 
consisting of 6,576 (a number of days in 
1999–2016) time-ordered observed average 
daily temperatures obsT 

 and daily mortality 

obsM  . The first vector is an ‘exposure vector”, 
and the second one, accordingly, is a “re-
sponse”. In this case, dependence between 
mortality and temperature taking into account 
that exposure is delayed and distributed over 
time is given with a two-dimensional surface s 
in a space of temperatures and lags:  

log ( )obsE M     = 
=  + s ( ;obsT   ) + f (i; β) + I (dow; ). (2) 

The equation (2) is supposed to contain 
Poisson’s function for everyday mortality dis-
tribution; hence, there is a log-link function, 
and the rest two summands indicate that mor-
tality apparently depends on time, that is, on a 
number of day i and a day of the week dow 
with relevant vectors for regression parameters 
 and . Two-dimensional basis concept is 
fundamental here as a risk function s is de-
composed on it. In case of two-dimensional 
parameterization the parameter-vector  is co-
efficients for the function s decomposition as 
per this basis, or tensor product of two one-
dimensional bases, in a space of temperature 
and a space of lags. It is necessary to introduce 
basic functions in order to reduce degrees of 
freedom in the regression mortality model so 
that an arbitrary dependence is decomposed as 
per a finite, and a rather small, set of basic 
functions. In this case the basis in the space of 
temperatures was a natural cubic spline with 
three internal nods that corresponded to spe-
cific percentiles in historical distribution of 

average daily temperatures in each city (Ta-
ble 1), namely Т10%, T75% and T90%. Asymmet-
ric choice on the nods (T75% instead of T50%) 
reflects fundamental asymmetry in tempera-
ture dependence of mortality. Cubic spline 
nods in the space of lags were on days 1, 3 and 
9, that is, we chose only three internal nods so 
that they would be approximately linearly lo-
cated on the logarithmic time scale with its 
maximum lag L = 21 days. This suggestion 
means that the beginning of the period gives 
more data on a response in mortality than the 
end of it. 

Attributable risks calculation. The model 
(2) takes into account all days in the examined 
period, not only cold or warm seasons; there-
fore, this model cal allow obtaining estimated 
values for mortality  iM  and attributable mor-
tality  iAN  for all the days in the examined pe-
riod. If we sum up  iAN , we get total attribut-
able mortality  totAN  which can be further di-
vided into two summands that correspond to all 
the days with temperatures being higher than 
optimal and all the days with temperatures be-
ing lower than optimal. These two summands 
characterize impacts exerted by heat and cold 
and are given as  heatAN  and  coldAN . After it, 
according to the definition (1), we determine 
attributable fractions for heat and cold: 

    
; .cold heat

cold heat

tot tot

AN ANAF AF
M M

   (3) 

A similar calculation can be accomplished 
for various predicted scenarios for future aver-
age daily temperatures fT


, using the same mor-

tality model which is given with the equation 
(2). The model allows determining “dose – re-
sponse” function (a dose is a deviation in a 
temperature from the optimal one, and a re-
sponse is a relative increase in mortality). As 
this function is supposed to be invariable during 
the whole 21st century, model in the equation 
(4) for future attributable fraction AFf depends 
only on observed temperatures Tobs: 

AFf =  
= attrdl ( fT


, crossbasis, obsM


, model ( ...obsT


)). (4) 
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In the equation (4) T


f  =  obsT


 +ΔT


, ΔT


 
there is a vector for daily temperature anoma-
lies, a periodical function with its period being 
equal to 1 year (Figure 1) during the prediction 
decade; “…” mean other parameters in the 
model (2); crossbasis is a two-dimensional 
basis as per which risk surface β (Ti-l, l), is de-
composed; this basis is obtained via direct 
(Cartesian) multiplying of two one-dimensio-
nal bases in the spaces of temperatures and 
lags. User function attrdl.R applied to calcu-
late attributable risks in R was developed for 
R-package dlnm2.2.0 and is available in online 
application to the work [10].  

Building up confidence intervals for at-
tributable risk. Since relative precision of cli-
matic prediction remains several times (5–6) 
higher in all scenarios and prediction horizons 
than precision of AF and AN basic estimations, 
we can approximately calculate ultimate con-
fidence intervals for predictive estimates in 
two steps. At the first step, three temperature 
scenarios are created on the basis of a preset 
emission scenario; they correspond to the cen-
tral estimate and upper and bottom limits of 
confidence intervals for predicated average 
daily temperatures. Attributable numbers of 
death cases AN and fractions AF are calculated 
for each of these temperature scenarios. Let us 
give these fractions as AFf(Tl.b.), AFf(Tmean), 
AFf(Tu.b.). Here l.b. and u.b. stay for an upper 
and bottom limit of 95% confidence interval 
(CI) for predicted temperatures, Tmean stays for 
the central estimate for each day. Each attrib-
utable function is calculated with its own con-
fidence intervals. At the second step, the ulti-
mate confidence intervals for AN and AF are 
constructed; these intervals take into account 
both errors (in a climatic model and an epide-
miologic one). The bottom limit of the ulti-
mate CI is chosen out of minimum three bot-
tom limits of confidence intervals around 
AFf(Tl.b.), AFf(Tmean), AFf(Tu.b.). Similarly, the 
ultimate upper limit of the confidence interval 
for AFf is chosen as a maximum out of three 
upper limits of the same confidence intervals. 
This assumption is conservative as it combines 
confidence intervals of results obtained via 
two independent model calculations and it re-

sults in ultimate confidence intervals being 
insignificantly wider than they should be. In-
significance of this discrepancy with true con-
fidence intervals around prediction estimates 
AFf is provided exactly due to a considerable 
difference between uncertainties of climatic 
and epidemiologic models.  

 
a 

 
b 

 
c 

Figure 1. Daily temperature anomalies, a forecast  
for 2090–2099 against 1990–1999, RCP8.5 scenario. 

Thick line shows an average estimation, thin lines show 
95% CI limits. Vertical axis shows temperature in °C;  
а) for Arkhangelsk, b) for Murmansk, c) for Yakutsk 
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Results. A temperature rise is predicted in 
all three examined cities all year round and it 
will be almost linear in time, that is, by the end 
of the 21st century temperatures will grow by 
approximately two time more than by the mid-
dle of it. Temperature anomalies are appar-
ently seasonal. Figure 1 shows maximum 
warming under the most aggressive scenario of 
radiation exposure RCP8.5 by the end of the 
century. To make comparisons between cities 
easier, all three diagrams in this Figure are 
given in the same scale. An order in which cit-
ies are located moving from sea climate to 
continental one corresponds to a growth in 
winter anomalies. Predicted winter warming in 
Murmansk is smaller than in Arkhangelsk as T 
anomaly is equal to about +8 °С in Murmansk 
and to more than +9 °С in Arkhangelsk. Sum-
mer temperature anomalies are almost the 
same in these two cities and are approximately 
+5 °С. In Yakutsk warming is even more sea-
son-dependent as a difference between sum-
mer and winter temperature anomalies is al-
most four times under the same emissions sce-
nario; in summer it will get warmer by 3 °С, 
but in November and December temperatures 
will rise by 12 °С. Under “moderate” radiation 
exposure scenario RCP4.5 warming amplitude 
will approximately be two times lower. Let us 
draw your attention to the extremely narrow 
confidence intervals around central estimates 
in temperature anomalies. For example, in 
Arkhangelsk a relative standard error in pre-
dicted temperature anomalies varies from 
1.5% in April to 3.5% in mid-summer and 
mid-winter for the scenario shown in Figure 1. 

Baseline of temperature-dependent mor-
tality. We calculated population attributable 
fraction of mortality and attributable number 
of death cases separately for all days with av-
erage temperatures being lower than optimal 
(AFcold) and higher than optimal (AFheat) as per 
the formulas (3) for those mortality parameters 
for which we established a typical U-like de-
pendence of mortality on temperature.  As a 
time series for everyday mortality obsM


 is a 

random function, we can determine this de-
pendence only provided that an initial sam-
pling for assessing mortality has sufficient sta-

tistical power. For example, we couldn’t estab-
lish this dependence in any of three examined 
cities for mortality caused by cerebrovascular 
diseases (strokes) among people aged 30–64 due 
to a small number of such death cases. Natu-
rally, authenticity of AF assessments is influ-
enced not only by statistical power of a sam-
pling but also by a sensitivity of mortality it-
self to changes in temperature as well as by 
local climate and local population’s peculiari-
ties. For example, there is a peculiarity in Ya-
kutsk as its population has been growing fast; 
over the examined period it has increased from 
195 thousand in 1999 to 304 thousand in 2016. 
Despite population number being quite compa-
rable in Arkhangelsk, Murmansk, and Yakutsk 
(348, 316 and 250 thousand in 2007, the mid-
dle of the period considered in the basic 
model), a number of examined death cases was 
more than 2 times lower in Yakutsk (Table 1). 
It probably became a reason for a small num-
ber of authentic results obtained via risk as-
sessment in this city. In Arkhangelsk ten ex-
amined mortality parameters allowed obtain-
ing eight authentic (0.05) AF assessments (six 
for cold and two for heat); in Murmansk, four 
(three for cold and one for heat); in Yakutsk, 
only one (for cold). This result already allows 
us to stress that cold produces greater effects 
on mortality in all cities as well as that local 
peculiarities also have considerable influence. 

Comparison between absolute values of 
basic AFcold and AFheat assessments which we 
obtained in our work is the most informative 
for those mortality parameters for which both 
assessments were statistically significant. It is 
possible only for two parameters, namely mor-
tality caused by strokes and all circulatory sys-
tem diseases in Arkhangelsk among people 
aged 65 and older. For the first of them,  
AFcold =0.240; AFheat =0.010; that is AFcold 
value is 24 times higher than AFheat value; for 
the second, AFcold=0.236; AFheat =0.007; that 
is, AFcold value is 34 times higher than AFheat 
value. Such a discrepancy between these val-
ues allows us to assume that future changes 
ΔAFcold will also be higher than ΔAFheat in 
their absolute value as warming increases. 
This discrepancy is probably due to both
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T a b l e  2  
Minimum mortality temperature (ММТ), °С and percentile of long-term average daily 

temperatures distribution 
City Murmansk Arkhangelsk Yakutsk Age Cause of death °С percentile °С percentile °С percentile 
IHD – – 17.1 92 25.0* 99 
CVD – – – – – – 
CSD – – 18.0 93 – – 
ROD – – 16.9 91 17.3 87 30

–6
4 

Natural 12.4 89 17.1 92 – – 
IHD 16.4 96 17.5 92 16.2 85 
CVD – – 16.1 90 – – 
CSD 17.7 98 16.6 91 19.5 92 
ROD 12.8 90 11.3* 77 17.8 88 

65
+ 

Natural 14.8 94 16.6 91 18.8 90 
Mean value 14,8 93 17.0 91 17.9 88 

 
Note: * means outliers. Mean values are calculated without them.  
IHD is ischemic heart disease;  
CVD are cerebrovascular diseases;  
CSD are all circulatory system diseases;  
ROD are all respiratory organs diseases;  
Natural means all natural reasons.  
Dash means a value was not determined. 

 

 
Figure 2. Cumulative relative mortality risk 

accumulated in a population during 21 days (RR_21) 
after exposure to average daily temperature Tcc (°C) 

obtained in Arkhangelsk for mortality caused by strokes 
among people aged 65+. A solid vertical line shows 
ММТ (+16.1 °C), vertical broken lines show 95% 

confidence interval, grey area is confidence 
intervals of relative risk 

different responses people tend to have to cold 
and heat and to fundamental asymmetry that a 
temperature curve of mortality has against av-
erage annual temperature: MMT corresponds to 
approximately 90-th percentile in average daily 
temperatures distribution. Table 2 contains ob-
tained MMT values both in °С and percentiles 
of local long-term average daily temperatures 
distribution. If we compare a temperature curve 
of mortality to a hockey stick, then its “shaft” is 

going to be approximately 10 times longer than 
its “blade” (Figure 2). 

As we can see from this table, risk as-
sessment results are more reliable in Ark-
hangelsk than in two other cities due to MMT 
values being in a very narrow range there, 
from 16.1 °С to 18.0 °С, excluding an outlier 
marked with the star. In Murmansk MMT val-
ues are within a range from 12.4 °С to 
17.7 °С; in Yakutsk, from 16.2 °С to 19.5 °С. 
Absolute MMT values grow as a climate on 
a territory changes from a sea one to continen-
tal; on the contrary, relative MMT values, that 
is, calculated in percentiles from local distribu-
tions of average daily temperatures, go down 
from the 93-th percentile in Murmansk to the 
88-th percentile in Yakutsk. This decrease is 
considerable and is probably due to a type of a 
climate. For comparison, we can indicate that 
we applied the same technique to calculate es-
timate MMT values in Rostov-on-Don and 
they were detected within a range from 
22.7 °С to 25.5 °С, that is, within a wider 
range than in Arkhangelsk, with their average 
value corresponding to the 89-th percentile [12]. 
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In this case average values are not the most 
probable ones as there are no grounds for as-
suming that MMT values in a given city should 
be the same for various mortality parameters. 
Pathophysiological mechanisms of mortality 
caused by different reasons also differ; hence, 
estimate values that are given in Table 2 are 
taken from different distributions, not from just 
one. We should also note that some of the ex-
amined daily mortality distributions are not sta-
tistically independent as CSD comprises IHD 
and CVD, and CSD account for approximately 
two thirds of all natural causes.  

Predicted dynamics of climate-dependent 
mortality separately for heat and cold. Attrib-
utable fractions AFheat and AFcold are given in 
Figure 3.  

To give an example, we took “mortality 
from infarctions among people aged 65+” 
though similar patterns were obtained for the 
rest mortality parameters included into our re-
search. But this very parameter was chosen 
because we managed to assess relevant frac-
tions for it in all three cities, and the results we 
obtained in all three cities regarding hot season 
were quantitatively similar. The Figure 3 
clearly illustrates that cold-dependent mortal-
ity is considerably higher than heat-dependent 
one in all three cities and in all warming sce-
narios. Value of the attributable fraction AFheat 
grows as a climate changes from a sea one to 
continental as a basic b

heatАF  estimate has in-
creased from 0.2% in Murmansk to 0.4% in 

Arkhangelsk and to 1.9% in Yakutsk. And 
there is a growth in not only absolute AFheat, 
values but also in their changes in different 
decades. To provide a better insight into these 
changes, let us give some comments, for ex-
ample, on the last three columns that corre-
spond to RCP8.5 scenario in Yakutsk. In the 
21st century AFheat will grow from 1.9% to 
4.3%, that is, by 2.4%. Simultaneously, AFcold 
will fall from с 33.6% to 26.3%, that is, by 
7.3%. Obviously, a decrease in cold-dependent 
mortality more than compensates for any in-
crease in heat-dependent one for all three cities 
and for both scenarios. So, a resulting effect is 
quite favorable as aggregated AFtot steadily 
decreases over time. Let us stress that per cent 
AFcold and AFheat values are specially given in 
the definition (3) in such a way so that they 
could be directly summed up due to them hav-
ing the same denominators.  

Resulting influence exerted by warming 
on all the examined mortality parameters is 
given in Figure 4. Warming-associated 
changes over time ΔAFheat = f b

heat heatAF AF  
and ΔAFcold = f b

cold coldAF AF  will always have 
a different sign as cold-dependent mortality 
will fall and heat-dependent one will grow. 
Their arithmetic sum gives an ultimate change 
in total temperature-dependent mortality 
ΔAFtot between relevant decades that is given 
in per cent of the overall mortality in a given 
city according to the definition (3). It is more 
convenient to apply attributable fractions AF

 
Figure 3. Attributable fractions (%) for “Mortality caused by infarctions among people  

aged 65 and older” due to exposure to temperatures being higher than optimal (AFheat, given in red) 
 and lower than optimal (AFheat, given in blue). Horizontal axis shows decades applied for predicting 
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Figure 4. Changes in temperature-dependent mortality against the baseline (1990–1999) predicted by the middle  

of the 21st century (2050–2059 decade) and by the end of it (2090–2099 decade). ΔAFtot = ΔAFheat + ΔAFcold values 
show resulting influence exerted by warming an overall decade in percents to the total mortality in the basic period 

according to the formulas (4). The vertical segments are 95% confidence intervals of predicted changes. X axis shows 
the following mortality parameters: IHD is mortality caused by ischemic heart disease or infarctions; CVD is mortality 

caused by cerebrovascular diseases; CSD is mortality caused by all circulatory system diseases; ROD is mortality 
caused by respiratory organs diseases; Natural is mortality caused by all natural reasons, external reasons excluded. 

The legend also contains data on both scenarios of greenhouse gases emissions, RCP4.5 that results in moderate 
warming and RCP8.5 that leads to the maximum one. The examined cities are put in such an order that it reflects 

a change in a climate from a sea one to continental  
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(as opposed to attributable numbers AN) to make 
comparisons between cities, regions, countries, 
etc. To make comparisons between the exam-
ined cities easier, we drew all the diagrams in 
Figure 4 in the same scale as per vertical axis.  

Relative standard error (RSE) in AFcold esti-
mate is considerably greater than a standard error 
in AFheat, estimate, that is, when we calculate a 
standard error in ΔAFtot value, we can completely 
neglect an error in AFheat estimate and apply the 
following approximated correlation: 

 RSE(ΔAFtot)≈RSE(AFcold) (5) 

This correlation is based on the assump-
tion that a change in ΔAFТ fraction is linear as 
per a log-risk βT from the equation (1) at βT<< 1, 
that is true for any temperature and remains 
valid till relative precision of temperature 
anomalies calculations (shown in Figure 1) 
remains considerably higher than relative pre-
cision of basic AFcold estimate calculation that 
should be assessed as per confidence intervals 
of relative risks in Figure 2. Approximated 
equality (5) allowed avoiding a necessity to 
empirically calculate confidence intervals of 
ΔAFtot differences in the given situation. Nu-
merical modeling of confidence intervals with 
Monte Carlo technique is usually applied in 
such tasks due to AFb and AFf fractions in 
equation (4) not being statistically independent 
random values. When calculating confidence 
intervals as per the formula (5), we took into 
account their asymmetry as relative error in a 
parameter AFcold to the right (RSE+) and to the 
left (RSE-) can differ greatly; we applied the 
following correlations:  
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 (6) 

This conclusion indicates it is necessary to 
separately calculate a positive and a negative 
error in the parameter ΔAFtot in Figure 4, and 
statistical authenticity of the obtained ΔAFtot es-
timate is determined exactly by ( )coldRSE AF  
value: if in Figure 4 the overall CI is below X 
axis, then ΔAFtot estimate should be considered 
authentic. Should CI cross X axis, we can’t re-

ject a zero hypothesis that there are no effects 
produced on mortality by warming. 

Scenario differences. For both considered 
warming scenarios, a value of attributable frac-
tion AFtot continues to decline over time in 
comparison with the basic period during the 
whole 21st century with just one exception, 
namely total mortality caused by all natural rea-
sons in Murmansk among people aged 30–64 
within RCP8.5 scenario. For this parameter, by 
the middle of the 21st century ΔAFtot = –0.9 %  
(–4.1 %; 3.3 %), and by the end of the century, 
ΔAFtot = –0.5 % (–7.0 %; 8.0 %). A growth 
rate for mortality anomalies is exactly equal 
to growth rate for temperature anomalies in 
both warming scenarios. Let us explain this 
statement. According to RCP4.5 scenario, av-
erage annual temperature anomaly in Mur-
mansk will reach ΔT = 2.4 °С by 2050–2059 
and ΔT = 3.7 °С by 2090–2099 against the ba-
sic period. If we divide ΔT2090-95 by ΔT2050-55, 
we get 1.53. The same value is equal to 1.59 in 
Arkhangelsk, and to 1.36 in Yakutsk; the aver-
age value for all three cities is equal to 1.49. 
This value can be conditionally called an aver-
age growth rate for temperature anomalies over 
the period between the middle of the 21st cen-
tury and the end of it. In the same way we can 
calculate a growth rate for anomaly AFtot, via 
dividing ΔAF2090-95 by ΔAF2050-55. For example, 
the value is (-5.2 %)/(-3.1 %) = 1.68 for “mor-
tality caused by IHD among people aged 65+ in 
Murmansk”. ΔAFtot values are negative, 
changes in mortality increase as per module 
over time. We made the same calculation for all 
mortality parameters in all three cities and then 
obtained an average estimate and dispersion. 
We excluded respiratory organs diseases in all 
three cities and overall mortality caused by 
natural reasons among people aged 30–64 in 
Murmansk from our calculations as confidence 
intervals of ΔAF estimates obtained for these 
parameters were too wide. Totally, 15 parame-
ters were included into the calculations, three in 
Murmansk, seven in Arkhangelsk, and five in 
Yakutsk. As a result, growth rate for anomalies 
AFtot in RCP4.5 scenario over the period be-
tween the middle of the 21st century and the end 
of it amounted to 1.47 ± 0.17 and it practically 
coincides with growth rate for temperature 
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anomalies. Let us draw your attention to a very 
narrow standard deviation in this estimate. For 
RCP8.5 scenario, corresponding growths are 
equal to 1.89 for temperature anomalies and 
1.91 ± 0.15 for AFtot anomaly, that is, growth 
rates are again the same. This result is signifi-
cant as we can expect no “sudden change” in 
descending mortality trend by the end of the 
21st century; annual mortality is expected to 
decline proportionate to temperature growth for 
all emissions scenarios. 

Age-related differences can be seen 
among detected effects produced by warming 
in Figure 4. However, the research layout in-
volved studying an equal number of mortality 
parameters in both age groups, a number of 
obtained results turned out to be greater in the 
older age group in all three cities (it is espe-
cially apparent in Murmansk). Effects pro-
duced by warming can be estimated as a 
change in fraction ΔAFtot only for those mor-
tality parameters that had an established de-
pendence on temperature (Figure 2). Probably, 
it was impossible to establish such dependence 
(provided that a sampling has sufficient statis-
tical power) due to this parameter not being 
sensitive to temperature changes. But if esti-
mates of effects produced by warming are si-
multaneously obtained in a given city and for a 
given death cause in both age groups, then we 
can expect that an effect in the older group 
should be greater as per its absolute value than 
in the younger one. Such pair comparisons can 

be performed in Murmansk only for a single 
death cause, namely mortality caused by all 
natural reasons, excluding external ones; in 
Arkhangelsk, for all the death causes exclud-
ing strokes; in Yakutsk, for infarctions, respi-
ratory organs diseases and all natural reasons 
excluding external ones. Overall, we can com-
pare eight pairs; the effects were greater in the 
older age group for five of them; as for the re-
maining three (IHD in Arkhangelsk and Ya-
kutsk, and all natural causes excluding exter-
nal ones in Arkhangelsk), the effects were 
greater in the younger age group.  
Geographical differences related to established 
effects produced by warming are the most in-
teresting within the context of our research. 
Effects produced by warming were simultane-
ously detected in all three cities only for five 
out of ten examined mortality parameters. One 
out of these five parameters (mortality caused 
by all natural reasons excluding external ones 
among people aged 30–64) had outliers in 
ΔAFtot in Murmansk (Figure 4) and was there-
fore excluded from the analysis; four remain-
ing parameters are given in Table 3. 

In Murmansk, effects produced by warm-
ing are approximately two times greater as per 
their absolute value than in two other cities. In 
Arkhangelsk and Yakutsk effects are compa-
rable as per their value, but effects in Yakutsk 
as a rule tend to be stronger (for all mortality 
parameters excluding mortality caused by IHD 
among people aged 65+). 

T a b l e  3  
Changes in attributable fractions of temperature-dependent mortality AFtot  

in per cent to the baseline: parameters chosen for geographic differences analysis  
Mortality  

parameters 
Prediction scenarios  

and horizons 
RCP4.5, 
2050–59 

RCP4.5, 
2090–99 

RCP8.5, 
2050–59 

RCP8.5, 
2090–99 

Murmansk -3.1 -5.2 -4.6 -9.4 
Arkhangelsk -2.4 -3.6 -3.4 -6.5 IHD, 65+ 

Yakutsk -2.0 -2.2 -2.6 -4.9 
Murmansk -3.6 -5.9 -5.4 -10.8 

Arkhangelsk -2.0 -2.9 -2.9 -5.1 CSD, 65+ 
Yakutsk -2.3 -3.0 -3.0 -5.9 

Murmansk -3.1 -4.7 -4.5 -8.0 
Arkhangelsk -1.3 -1.8 -1.7 -2.9 

All reasons  
excluding external, 

65+ Yakutsk -1.8 -2.2 -2.4 -4.6 
Murmansk -3.9 -5.7 -5.5 -9.2 

Arkhangelsk -2.0 -2.5 -3.0 -3.8 ROD, 65+ 
Yakutsk -1.8 -1.6 -1.9 -4.0 
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T a b l e  4  
Values of attributable mortality caused by all natural reasons reduced to one year,  

totally for heat and cold (ANtot), number of death cases 
Basic RCP4.5 RCP8.5 City Age 1990–1999 2050–2055 2090–2095 2050–2055 2090–2095 

30–64 221 (–98; 424) 213 (–80; 408) 214 (–49; 408) 211 (–41; 403) 221 (–22; 392)Murmansk 65+ 434* (53; 680) 378* (11; 642) 348* (21; 578) 352* (25; 590) 287* (4; 501) 
30–64 265* (71; 423) 245* (56; 387) 235* (64; 382) 236* (62; 370) 214* (73; 343) Arkhangelsk 65+ 373* (104; 582) 343* (93; 555) 330* (76; 528) 330* (77; 524) 302* (87; 481) 
30–64 323* (29; 494) 317* (19; 475) 313* (0; 476) 315* (0; 478) 304* (8; 460) Yakutsk 65+ 198 (–74; 348) 183 (–97; 346) 179 (–79; 335) 179 (–113; 331) 161 (–113; 305)

Note: * means an estimate is statistically significant at 95 % level.  

 
Attributable numbers of deaths can be sig-

nificant in certain cases, for example, when it is 
necessary to economically estimate conse-
quences of warming or take specific managerial 
decisions. Table 4 contains estimates of ANtot 
values in dynamics under various emissions sce-
narios, but only for all the death causes exclud-
ing external ones since this parameter is integral.   

Most results given in Table 4 are statistically 
significant, however confidence intervals are 
rather wide. An error value is primarily deter-
mined by uncertainties related to a descending 
(that is, induced by cold) section in the tempera-
ture curve of mortality (see confidence intervals 
given in Figure 2). Mortality given in absolute 
values can decline by just several dozens of death 
cases per year against the basic level. For exam-
ple, in Yakutsk according to RCP8.5 scenario that 
means strong radiation exposure mortality can fall 
by 56 death cases per year by the end of the 21st 
century, overall for both age groups.  

Discussion. Previous predictive estimates 
of temperature by 2090–2099 against 2010–2019 
[13] according to RCP8.5 scenario give compara-
tively wide confidence intervals around average 
weighted estimates of average annual tempera-
ture anomalies; they are 4.9 °С (3.2–6.3) for the 
North America and 3.4 °С (2.8–5.4) for the 
Northern Europe [13] (Table 2). Climate in the 
North America is continental and, therefore, is 
closer to sub-arctic zones than that in the North-
ern Europe. A relative standard error in the pre-
diction is rather great and amounts to 16 % and 
19 % respectively. A confidence interval for 
temperature anomalies predictions that were ap-
plied in this work is considerably more narrow 

as average annual temperature anomalies 
amount to 5.4 °С (95 % CI 5.0 °С–5.7 °С) in 
Murmansk; 5.6 °С (5.2 °С– .0 °С), in Ark-
hangelsk; and 5.7 °С (5.3 °С–6.1 °С) in Yakutsk 
for the same emissions scenarios and the same 
time periods; that is, RSE is about 3 %. We 
should also note that our central estimates are 
well in line with temperature anomaly value for 
the North America which is 4.9 °С.  

When predicting future changes in mortal-
ity, we assumed that changes occurred only in 
climatic conditions but temperature dependence 
of mortality remained the same during the 
whole 21st century as it was in the basic period 
of our climatic prediction. This assumption 
means there is no acclimatization, or individual 
or population adaptation to climatic changes. 
But in reality examinations performed on long 
time series of mortality (during the whole  
20th century) show that people adapted to cli-
matic changes that occurred in the 20th century. 
Thus, MMT value in Stockholm moved to the 
right as warming persisted, and it was apparent 
for both its absolute value (in °C), and its rela-
tive one ( as a percentile of average daily tem-
peratures distribution on a day of death). Per-
centile was calculated over 30-year periods 
from 1901 to 2009. Over the overall given pe-
riod, absolute MMT values approximately in-
creased from 11 °С to 20 °С, and relative ones, 
from 70-th to 93-th percentile [14], but at the 
same time average annual temperatures in-
creased by 1.4 °С only. The same result (on a 
gradual MMT rise over time) was obtained in 
France when experts applied data on daily mor-
tality starting from 1968 [15]. There were no 
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similar examinations in Russia, and digital data 
on daily mortality are available only for a pe-
riod starting from 1999. Bearing this in mind, 
we can state that our assumption on absence of 
adaptation which we made in this work can re-
sult in an effect being exaggerated in future. To 
be more exact, we can calculate only an upper 
limit of a sought effect, or a maximum (as per 
its absolute value) change in temperature-
dependent mortality caused by expected warm-
ing. Therefore, it is advisable to not interpret 
results obtained in the present research as a 
prediction for changes in climate-dependent 
component in mortality taking into account all 
the available scientific data; it is rather a sce-
nario that describes probable consequences that 
climatic changes night have without taking into 
account people adapting to them. 

Conclusion. Climatic warming will re-
sult in a decrease in temperature-dependent 
mortality in Murmansk, Arkhangelsk, and 
Yakutsk, and it confirms both results obtained 
in our previous research [16], and results ob-
tained in global research [13]. Mortality 
caused by all natural reasons among people 
aged 30–64 within RCP8.5 scenario that in-
volves strong radiation exposure will fall by 
4.5 % (95 % CI 1.1 %–7,9 %) in Murmansk, 
by 3.1 % (1.1 %–5.1 %)in Arkhangelsk, and by 
3.6 % (0.3 %–7.0 %) in Yakutsk by 2090–2099 
against 1990–1999. The same change in mor-
tality within RCP8.5 scenario is also expected 
by the end of the 21st century in the Northern 

Europe: –0.6 % (95 % CI –2.3 %–1.6 %) [14]. 
Nevertheless, mortality will increase during 
heat waves in sub-arctic cities, especially that 
among elderly people [8, 17, 18]. Mathematic 
techniques applied to assess influence exerted 
by such waves on population mortality are 
described in the work by D.A. Shapochnikov 
and B.A. Revich [19].   

An expected relative decrease in mortality 
in sub-arctic regions can be several times more 
considerable than in the Northern Europe, but 
at the same time confidence intervals of ob-
tained estimates are rather similar. These stud-
ies supplement each other thus proving that 
benefits and risks related to global warming 
are distributed rather unevenly. Undoubtedly, 
it is necessary to include scenario assessments 
of positive and negative consequences caused 
by climatic changes in various climatic zones 
in Russia into regional adaptation plans that 
are to be developed by executive authorities. 
And here it is important to apply economic 
parameters related to health losses, for exam-
ple, in the same way as it was done when as-
sessing consequences caused by abnormal heat 
in Moscow in 2010 [20].  
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The article dwells on analyzing tools aimed at managing ambient air quality on the example of Perm city and basing 

on the experience in using systems for dynamic standardizing. The authors discuss advantages and drawbacks of managing 
ambient air quality with unified programs for calculating atmospheric contamination (Russian abbreviation UPRZA), We 
analyzed drawbacks in methodology that could result in overstating when emissions from stationary sources were invento-
ried; those drawbacks didn’t allow using results of dispersion calculation for managing ambient air quality. Basing on data 
taken from literature sources and experience in UPRZA systems application, we suggest to cease applying UPRZA for opera-
tive ambient air quality management; instead, we propose to calculate admixtures dispersion with software that has been 
tested and used worldwide and that is freely accessible. Such software enables modeling actual meteorological conditions 
using data on wind profile and air temperature at various heights. 

To manage ambient air quality due to identifying sources that cause more substantial contamination, modeling of toxi-
cants dispersion should necessarily be based not only on data obtained from ground meteorological stations but also on data 
on temperatures and wind speed in the lower troposphere. To correctly calculate ground concentrations, we suggest apply-
ing the following data: results of uninterrupted control over emission sources that will be obtained via emission measuring 
tools according to changes made in the legislation in 2018; data on speeds of motor transport and fixation of transport flows 
structure recalculated into emissions from motorways; data on ground concentrations of admixtures including hydrogen 
sulphide and alkyl hydrosulphides that should be measured at ecological monitoring stations and measuring periodicity 
should not exceed 60 minutes; profiles of temperature, wind direction, and wind speed at various heights. 

Key words: ambient air contamination, ambient air monitoring, monitoring posts, emissions standardizing, uninter-
rupted automated control, sulfur-containing compounds, ecological modeling, air probing. 
 

 
Background and the current situation. 

At present standardization of emissions is a basic 
mechanism for managing ambient air quality ac-
cording to the RF legislation, first of all, the Fed-
eral law issued on May 04, 1999 No. 96-FZ 
«On ambient air protection»1. To standardize 
emissions, juridical persons with their activities 
resulting in contaminants being emitted into the 
atmosphere accomplish inventories of such emis-
sions and their sources in conformity with the 
relevant procedures fixed by the RF Government. 

According to the legislation, an inventory 
should reveal and take into account all prob-
able sources that can emit or discharge con-

taminants into the atmosphere as well as ad-
verse substances that can occur when techno-
logical processes are performed according to a 
technological regulation adopted by an enter-
prise. Besides, when standardizing emissions, 
it is necessary to take into account aggregated 
background contamination that occurs due to 
all the emission sources and is calculated bas-
ing on data collected via instrumental research 
at Rosgidromet monitoring posts. 

According to the RF Government Regula-
tion dated March 02, 2000 No. 183 «On stan-
dardizing emissions of adverse substances 
(contaminants) into the atmosphere and ad-
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verse physical impacts on it»2, when standards 
for emissions are fixed, experts should apply 
relevant techniques to calculate  dispersion of 
emitted contaminants in ambient air, including 
techniques applied to make aggregated calcu-
lations for cities and other settlements. 

Dispersion is calculated as per data provided 
by inventories; to make these calculations, experts 
usually apply unified programs for calculating 
atmospheric contamination (Russian abbreviation 
is UPRZA). These programs allow calculating 
ground concentrations of contaminants. Apart 
from standardizing, UPRZA systems also provide 
a tool for selecting monitoring points and priority 
admixtures that are subject to obligatory control 
over atmospheric contamination [1–3]. And be-
sides, results obtained via UPRZA calculations 
are applied in geoinformation technologies for 
social and hygienic monitoring of the environ-
ment and population health [4]. 

Practical experience gained in some Rus-
sian regions proves that it is quite efficient to 
apply aggregated calculations when emissions 
are standardized; Perm region is among them as 
this technique was first applied here in 1994 [5]. 
Experience accumulated in applying aggregated 
dispersion calculations in Perm region in 2000–
2010 was disseminated into other regions ac-
cording to the Order by the RF State Committee 
on the Environmental Protection No. 66 dated 
February 16, 19993. «The system for dynamic 
analysis of the atmosphere and standardizations 
of contaminants emissions from industrial en-
terprises in Perm» («Lada» system) was created 
in the region. Long-term experience accumu-
lated in applying a dynamic standardizing 
system that functioned in Perm region in 
1994–2010 confirmed the methodology was 
quite efficient both for system participants 
(those who somehow used the environment and 
natural resources) and controlling authorities.  

On one hand, «Lada» system gave its par-
ticipants an opportunity to substantiate any 
changes in maximum permissible emissions 

(MPE) for emission sources in case there were 
any changes in technological processes. On the 
other hand, it allowed authorities responsible 
for environmental protection to respond to 
people’s complaints and unfavorable meteoro-
logical conditions thus managing ambient air 
quality basing on the analysis of dispersion 
calculation results for specific meteorological 
conditions; it became possible due to access to 
actual data on emissions from enterprises. 

But at the same time, experience accumu-
lated over years when «Lada» system func-
tioned in Perm, apart from efficiency, also al-
lowed revealing certain drawbacks. First of all, 
there were rather few monitoring posts in the 
state network for monitoring over ground air 
and it didn’t allow fully taking into account 
background contamination thus making stan-
dardization and management less efficient. We 
should note that monitoring networks are not 
dense enough in most RF regions [6]. Sec-
ondly, monitoring posts applied for performing 
control over ground air contaminations are lo-
cated in such points that their location doesn’t 
allow identifying emissions from stationary 
sources of industrial enterprises in case winds 
blow in certain directions.  

Locations where some posts are placed ha-
ven’t been changed over the last 30 years; but 
cities and economic activities have been ac-
tively developing and it has resulted in such a 
situation when a stationary post which was pre-
viously located on an open area is now 
«closed» by high buildings or is located too 
close to sources of near-ground emissions. For 
example, the monitoring post No. 17 located on 
Svyazeva str., 52, in Industrialniy district in 
Perm was placed there in 80ties last century at 
the boundary of a housing area on leeward side 
from the «Osentsy» industrial facilities. At pre-
sent there is a busy motorway near this post, the 
traffic there is intense, and there are high local 
concentrations of toxicants emitted by motor 
transport. As a result, data obtained at this post 

__________________________ 
 
2 On standardizing emissions of adverse substances (contaminants) into the atmosphere and adverse physical impacts on 

it: The RF Government Regulation No. 183 dated March 02, 2000 г. (edited on April 22, 2009 г.). Available at: 
https://prirodnadzor.admhmao.ru/dokumenty/rf/228670/ (date of visit December 03, 2019). 

3 On applying a system of aggregated calculations when standardizing emissions: the Order by the RF State Committee 
on the Environmental Protection No. 66 dated February 16, 1999. Available at: http://docs.cntd.ru/document/901729767 (date 
of visit December 03, 2019).   
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can’t be applied for monitoring over influences 
exerted by the «Osentsy» industrial facilities on 
air contamination in the city. 

Thirdly, OND-86 procedure applied within 
«Lada» system which is a component in 
«Ecologist – city» UPRZA software package is 
aimed at standardizing emissions into the at-
mosphere. Calculation is performed either for a 
set of meteorological parameters or for a single 
wind speed and direction. Such a procedure for 
calculating doesn’t allow using historical data 
on changes in wind directions, data on a wind 
direction and speed at a specific height (wind 
profile) and temperature profile of the atmos-
phere. Still, at present there is an opportunity to 
measure a wind profile and temperature profile 
of the atmosphere in a city [7]. 

As «Lada» system didn’t provide an op-
portunity to use complete initial data, calculated 
contributions made by contamination sources 
into actual concentrations measured at monitor-
ing posts were determined only roughly; calcu-
lated concentrations didn’t correspond to those 
actually measured at monitoring posts. Data 

obtained via such calculations didn’t allow un-
ambiguous identifying sources of elevated air 
contamination and, consequently, didn’t allow 
creating relevant management activities. 

The system for dynamic standardization 
stopped its functioning in Perm in 2007 and 
providing even partial management over ambi-
ent air quality became impossible. At present 
air contamination is only measured by the Perm 
Center for Hydrometeorology and Environ-
mental Monitoring (hereinafter called CHEM).  

As per data provided by the Perm CHEM, 
there are seven posts for ground air monitoring 
now functioning in Perm [8]; their locations 
are shown in Figure 1. Table 1 contains a list 
of admixtures controlled at these posts; a post 
number corresponds to its number given in 
Figure 1. 

According to accreditations granted to the 
Perm CHEM «ROSS RU.0001.512591»4, con-
taminants are analyzed with conventional 
techniques within ranges given in Table 2. 
Techniques applied for measuring concentra-
tions of all substances, excluding carbon

 

 
Figure 1. Location of monitoring posts aimed at controlling ambient air pollution in Perm 

__________________________ 
 
4 Competency certification PKZ-100 issued on November 08, 2019. The Federal Accreditation Service official web-site. 

Available at: https://pub.fsa.gov.ru/ral/view/6754/current-aa (date of visit December 05, 2019). 
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T a b l e  1  
A list of admixtures controlled at monitoring posts in Perm 

A post No., analysis performance Admixtures that are subject to control 12 13 14 16 17 18 20 
Sulfuric anhydride Х   Х Х  Х 
Nitrogen dioxide Х Х Х Х Х Х Х 
Carbon oxide Х Х Х Х Х  Х 
Ammonia Х Х Х Х Х Х  
Formaldehyde Х Х Х Х Х Х  
Xylol Х Х Х Х Х Х  
Toluene  Х Х Х Х Х  
Benzene  Х Х Х Х Х  
Ethyl benzene Х Х Х Х Х Х  
Phenol Х  Х Х Х Х Х 
Hydrogen sulphide     Х Х  
Metals (Manganese, Copper, Nickel, Lead,  
Chromium, Zink, Cadmium, Iron)   Х  Х   

Hydrogen chloride Х  Х Х  Х Х 
Chlorine      Х  
Hydrogen fluoride Х  Х   Х  
Particulate matter Х Х  Х  Х  
Nitrogen oxide   Х Х    

T a b l e  2  
List of contaminants, techniques and detection ranges  

(according to accreditation granted to the Perm CHEM) 

Detected contaminants Documents that fix rules and techniques for research 
and measuring 

Detection range, 
mg/m3 

Sulfuric anhydride RD 52.04.822-2015 0.0025–8.0 
Nitrogen dioxide RD 52.04.792-2014 0.021–4.3 
Carbon oxide «Elan» gas analyzer User manual EKIT 5.940.000RE 0.6–50.0 
Ammonia RD 52.04.791-2014 0.02–5.0 
Formaldehyde RD 52.04.824-2015 0.01–0.3 
Xylol 0.02–5.0 
Toluene 0.02–5.0 
Benzene 0.02–5.0 
Ethyl benzene 

RD 52.04.838-2015 

0.01–5.0 
Phenol RD 52.04.799-2014 0.003–0.1 
Hydrogen chloride RD 52.04.795-2014 0.006–0.1 
Hydrogen chloride RD 52.04.793-2014 0.04–2.0 
Chlorine «Elan» gas analyzer User manual EKIT 5.940.000RE 1.0–10.0 
Hydrogen fluoride RD 52.04.797-2014 0.002–0.2 
Particulate matter RD 52.04.186-89 part 1 sec. 5.2.6 0.26–50.0 
Nitrogen oxide RD 52.04.792-2014 0.028–2.8 
Chromium 0.01–1.5 
Lead 0.06–1.5 
Manganese 0.01–1.5 
Nickel 0.01–1.5 
Zink 0.01–1.5 
Copper 0.01–1.5 
Iron 0.01–1.5 
Cadmium 

RD 52.04.186-89 part 1 sec. 5.2.5.2 

0.002–0.24 
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monoxide and chlorine monoxide, involve labo-
ratory analysis of samples taken on absorbers. 
Therefore, the existing monitoring system 
doesn’t allow uninterrupted obtaining of data 
on ground air contamination. 

As dynamic standardization of emissions 
into the atmosphere is no longer performed, ac-
tual data on emissions from enterprises are also 
not collected in real time mode; data that are 
submitted every 5 years to substantiate standards 
for MPE can’t be applied for modeling actual 
ambient air contamination. It partly explains sub-
stantial differences between calculated and actual 
data. Let us illustrate this situation with an exam-
ple of an oil-processing plant located in Perm. 

Data obtained via inventories performed at 
the said oil-processing plant revealed that emis-
sions from contamination sources that were de-
termined mostly with instrumental techniques 
changed considerably even when there were no 
changes in technological processes and the 
plant operated in its normal regime. This 
changeability is due to oil-processing being 
flexible as it allows satisfying changing market 
demands for a wide range of oil products with 
minimal costs taking into account changes in 
raw materials structure. For example, SO2, and 
NOx emissions from smoke pipes of techno-
logical furnaces can vary considerably as there 
are wide ranges for regulated changes in the 
structure of fuel that is manufactured by the 
plant, consumption of flows that are heated in 
these furnaces, and their structure. There are 
several factors that explain it, for example, a 
change in a share of liquid fuel that is used 
when gas fuel doesn’t have sufficient heat-
producing capacity; a change in production 
processes loading resulting in intermediate 
flows changing their direction and this, in its 
turn, leads to a change in the structure of gas 
fuel used in technological furnaces; a change in 
consumption of flows that are heated in fur-
naces and in their structure.  

Emissions can be changeable not only in 
oil-processing but also at any other large indus-
trial production. However, the existing stan-
dardization system doesn’t allow taking into 
account possible changes in emissions and it 
makes its participants (economic entities or in-
dustries) fix higher standards for emissions than 

it is required in order to minimize risks of vio-
lating MPE.  

Trying to take into account emissions 
changeability that can occur in future, economic 
entities develop their standards with MPE fixed at 
their maximum possible level for the maximum 
number of emission sources. Therefore, any re-
port on an inventory basically contains only data 
on maximum emissions out of large data arrays 
obtained via measuring. As a result, even when 
maximum permissible level is reached at not 
more than 10 per cent of all the emission sources, 
dispersion calculation is based on modeling a 
situation when maximum number of emissions 
sources (ideally, all of them) emit maximum pos-
sible quantities of contaminants. Obviously, such 
a situation is impossible in real life.  

The situation with fixing higher standards 
for emissions which is described above, apart 
from emission changeability, is due to the fol-
lowing drawbacks related to standardizing: 

– firstly, as standards are fixed for a fu-
ture period of time but on the basis of emis-
sions measuring performed in the past, than, 
obviously, when instrumental control tech-
niques are applied, it is necessary to predict 
that previously fixed operating conditions will 
be repeated; the task seems labor-consuming 
and sometimes even impossible;  

– secondly, even if emissions are rele-
vantly predicted, it is next to impossible to take 
into account all permissible emissions when 
calculating their dispersion as a number of 
emissions combinations that are to be modeled 
given a great number of emissions sources goes 
to infinity. Let us illustrate the last postulate 
with the following example. 

Let us assume that there are two techno-
logical furnaces at an enterprise; they can emit 
nitrogen oxide (NOX) in a quantity up to 5 g/sec. 
Changes in emissions are caused by changes in 
fuel consumption that occurs due to changes in 
heated hydrocarbons flows. Probable combina-
tions of emissions from the furnaces correspond 
to points located within the square area limited 
with the coordinate grid given in Figure 2 with 
its sizes being 55 g/sec. Let us assume that an 
enterprise is located in an area where high back-
ground NOX concentrations don’t allow provid-
ing air quality that conforms to sanitary stan-
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dards at the boundaries of a sanitary protection 
zone and beyond it when both furnaces emit 
their maximum quantity of 5 g/sec. 

 
Figure 2. Illustration for combined emissions  

from two sources 

In this case, to fix MPE standards for this 
enterprise, we should limit a possible emissions 
area with a certain line and coordinates axes. 
Hereinafter in this paper we call it «a permissible 
area». Boundaries of «a permissible area» for 
two emissions sources can be limited with a line 
given in Figure 2 as «max». Boundaries of this 
«permissible area» are determined with some 
UPRZA dispersion calculations performed with 
a conventional technique5. 

The existing standardization system fixes 
that there is the only possible choice of emis-
sions combination given in Figure 2 and it is 
«MPE» point with its coordinated being 
2.5 g/sec, 2 g/sec. And here a set of points that 
are located in areas limited in Figure 2 with 
coordinates 2.5 g/sec, 2 g/sec and «max» line 
corresponds to actually permissible emissions 
that are considered to be violations if the exist-
ing standardization system is applied.  

If we apply the same logic to three emission 
sources, we will obtain a permissible area and a 
point that corresponds to MPE within a three-
dimension coordinates system. In real life, an 
oil-processing plant can have more than a dozen 
smoke pipes only, and similar assumptions will 

lead to n-dimension image of permissible emis-
sions combinations and MPE standards. 

As a result, despite there is a theoretical pos-
sibility to develop MPE with a great number of 
emission combinations, experts usually prefer to 
fix greatest possible MPE but confine themselves 
to only one dispersion calculation variant. There-
fore, authentic data obtained via inventories of cer-
tain air contamination sources that are applied for 
substantiating standards don’t allow estimating 
actual emissions from an enterprise and perform 
relevant calculations of ground concentrations thus 
detecting sources that cause elevated ambient air 
contamination. Ultimately, it doesn’t allow envi-
ronmental authorities to take well-grounded deci-
sions related to managing ambient air quality.  

Sanitary standards for ambient air quality 
are to be met; provision of that remains one of 
the most significant tasks all over the world, 
including Russia [9]. As per WHO data, more 
than 92 % people in the world live on territories 
where ambient air contamination exceeds offi-
cial safety standards [10]; therefore, tools for 
monitoring and managing ambient air quality 
are to be constantly developed and the task will 
become even more vital in the future [11–13]. 

Suggested tools for monitoring and 
management. Given all the above mentioned 
drawbacks that the existing standardization and 
monitoring system has, it seems advisable to 
perform the following tasks in order to provide 
proper functioning of a system for managing 
ambient air quality in any industrial center: 

1. To provide a monitoring system with the 
most detailed and operative data on emissions 
from industrial enterprises and motor transport; 

2. To provide a monitoring system with 
data that are uninterruptedly obtained from 
stationary monitoring posts; these are data on 
ground concentrations of contaminants emitted 
from enterprises located in a region including 
substances with a foul smell such as hydrogen 
sulphide, thiols, etc.; 

3. To provide a monitoring system with ac-
tual data on temperatures as well as wind speeds 
and directions at a height up to 1,000 meters; 

__________________________ 
 
5 On approving techniques for calculating dispersion of adverse substances (contaminants) emitted into the atmosphere: 

The Order by the RF Ministry for Natural Resources and Ecology No. 273 issued on June 06, 2017. Garant: information and 
legal portal. Available at: https://www.garant.ru/products/ipo/prime/doc/71642906/ (date of visit December 03, 2019). 
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4. To apply mathematical tools and pro-
cedures that have already been tested in the 
world practice and applied for modeling dis-
persion of contaminants. And here we should 
remember that calculation techniques applied 
for standardizing including aggregated dis-
persion calculations can’t be used in operative 
monitoring as they are aimed at calculating 
maximum concentrations under the worst 
possible combinations of meteorological pa-
rameters and they don’t allow taking into ac-
count winds with changing speeds and direc-
tions occurring in various layers of the at-
mosphere. 

The first task can be solved due to emission 
sources being equipped devices for with uninter-
rupted control; these devices are to be applied at 
objects that belong to the first hazard category 
(in other words, they can cause the most adverse 
effects) in conformity with amendments made 
into the RF legislation in 20186. 

We should note that there should be data 
on emissions of SO2, NOX, and CO from 
smoke pipes in a monitoring system as these 
contaminants make the greatest contribution 
into aggregated emissions; probably, it will 
allow applying emissions of these contami-
nants as indicators for adjusting models for 
contaminants dispersion. Any conclusion on 
whether data coming from uninterruptedly 
controlled sources are sufficient can be made 
only after tasks 2–4 are also fulfilled. 

An oil-processing plant was assessed re-
garding how well it was equipped with meters 
described in the RF Government Orders dated 

March 13, 2019 No. 262 and 428-r7; the as-
sessment revealed that uninterrupted control 
devices should be placed on smoking pipes of 
technological furnaces as they account for 
80 % of such contaminants as SO2, NOX, and 
CO emitted into the atmosphere. However, 
according to a preliminary assessment, such 
meters will uninterruptedly control not more 
than 46 % of the aggregated emissions from a 
given enterprise. Therefore, even when the 
above-mentioned RF Government Orders are 
met, data on emissions that account for 53 % 
of the overall atmospheric contamination will 
not be included into uninterrupted monitoring. 
Monitoring won’t either cover sources that 
emit substances with foul smell (hydrogen sul-
phide, thiols, etc.) and it is these substances 
people mostly complain about.  

A lot of authors note that recently motor 
transport has been making the greatest contribu-
tion into ambient air contamination in cities [14] 
so it can’t be neglected within a monitoring sys-
tem. To take emissions from motor transport 
into account, experts can apply a procedure for 
uninterrupted monitoring of emissions based on 
uninterrupted measuring of transport flows in 
a city; the procedure was tested in Saint Peters-
burg8. To measure transport flows, experts ap-
plied data on speed of movement shown in 
internet resources such as «Yandex. Traffic 
Jams»9. An these data on how fast transport 
flows move can be bound to data on quantity 
and types of transport obtained as per data col-
lected with video-registration devices with im-
age recognition10 [15]. 

__________________________ 
 
6 On making alterations into the Federal law “On environmental protection” into Clauses 1 and 5 of the Federal law “On 

making alterations into the Federal law “On environmental protection” and certain legislative acts of the Russian Federation” as 
regards creating systems for automated control over emissions and discharges of contaminants: the federal law issued on July 29, 
2018 No. 252-FZ (the last edition). KonsultantPlus. Available at: http://www.consultant.ru/document/cons_doc_LAW_303483/ 
(Date of visit December 04, 2019). 

7 Technical devices, equipment or their combinations that should be places at objects belonging to the 1st hazard category, 
stationary sources of contaminants emissions and discharges that are to be equipped with automated devices for measuring con-
taminants emissions or discharges as well as with technical means for fixing and transferring data on contaminants emissions 
and discharges into the state register of objects that exert negative influence on the environment: The RF Government Order 
No. 428-r dated March 13, 2019. Available at: https://rulaws.ru/goverment/Rasporyazhenie-Pravitelstva-RF-ot-13.03.2019-N-
428-r/ (date of visit December 04, 2019). 

8 The procedure for detecting emissions of adverse substances (contaminants) from transport flows on motor ways in 
Saint Petersburg into ambient air / confirmed by the Order by the Committee on use of natural resources, environmental protec-
tion and ecological safety provision in Saint Petersburg No. 23-r dated February 17, 2012. SPb, 2012, 46 p. 

9 Yandex.Traffic jams. Wikipedia. Free encyclopedia. Available at: https://ru.wikipedia.org/wiki/Yandex.Trafficjams 
(date of visit December 05, 2019). 

10 Kuz’min D.M. Technologies and procedures for intellectual monitoring over transport flows and motorways condi-
tions: abstract of the thesis. … Candidate of Technical Sciences. Moscow, 2008, 191 p. 
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To solve the task II, we need data on ground 
concentrations of contaminants emitted from en-
terprises and motor transport that are measured on 
monitoring posts either uninterruptedly or with a 
periodicity nor exceeding 60 minutes. As at the 
moment there are no technical devices for unin-
terrupted control over ground air, we suggest 
starting with data obtained from additional posts 
for uninterrupted automated control placed by 
large industrial enterprises in zones influenced by 
their activities. All the monitoring posts within 
Rosgidromet system where sampling is per-
formed only periodically should be obligatorily 
equipped with devices for uninterrupted control 
and data transfer; it is also necessary to place ad-
ditional posts with uninterrupted measuring and 
data transferring into a unified information and 
analytical center.  

To control ground concentrations of sub-
stances with a foul smell, in our opinion, it is 
necessary to equip all the posts with devices for 
uninterrupted measuring of total concentrations 
of sulfur-containing substances, hydrogen sul-
phide, thiols, and sulfur dioxide.  

Bearing in mind, that locations where some 
monitoring posts are placed no longer conform 
to requirements fixed in RD 52.04.186-8911 due 
to changes in a city environment, it is necessary 
to move CHEM monitoring posts to places de-
termined as per calculations of contaminants 
dispersion taking into account location of motor 
ways and houses.  

Experts in Perm accumulated certain ex-
perience in placing additional posts for control 
over ambient air quality within a zone influenced 
by an oil-processing plant. This experience re-
vealed that there was an obstacle in selecting the 
most optimal location for placing a monitoring 
post; namely, it was impossible to get an agree-
ment from Rosreestr authorities to make 
amendments into a list of activities that could be 
performed on a land spot in order to locate a 
monitoring post (a pavilion, fence, or a device 
for remote protection and data transfer) on it. To 
avoid the problem in future, there should be 
amendments made into the legislation; these 
amendments are to allow making priority 
changes into permitted activities on land spots 

thus granting permission to acquire or rent land 
spots for placing monitoring posts on them. 

To complete Task III, we should start with 
data on temperature profiles applied for monitor-
ing over contaminants spread. Taking into ac-
count analysis of temperature profiles it is possi-
ble to obtain a relevant model for contaminants 
transfer; it seems to be incorrect to neglect data 
on temperature profile of the lower troposphere. 

In our opinion, we should also use data of 
wind aerostatic sounding obtained twice a day 
together with data on temperature profiles. How-
ever, according to modeling results [16] con-
firmed with results of temperature-wind atmos-
phere sounding [17], zones with elevated change-
ability in wind direction can occur over urban and 
industrial territories; therefore, existing periodic-
ity applied for obtaining data on wind profiles is 
insufficient for operating management of ambient 
air quality. Nevertheless, data obtained via aero-
static sounding can be applied at a primary stage 
in adjusting dispersion models.  

There are tools for uninterrupted remote 
wind sounding of the atmosphere applied in 
the world; they are so called wind profilers. 
The most widely used technology here is ap-
plication of acoustic or radar phase-locked an-
tenna arrays in ultrasound sodars or radars op-
erating within a range from 1 mm to 30 cm. 
There are also lidars or profilers that measure 
Doppler shift in laser radiation frequency to 
obtain data on a wind and temperature profile 
as per atmospheric height [18]. 

A cost-saving choice on equipment can be 
«XFAS» sodar with phase-locked antenna ar-
ray produced by Scintec AG (Germany) (ac-
cording to the manufacturer’s data, it costs ap-
proximately 100 thousand EUR). 

To fulfill Task IV, we suggest using freely 
available software packages that are described in 
detail on the web-site of the Support Center for 
Regulatory Atmospheric Modeling (SCRAM) 
that belongs to the US Environmental Protection 
Agency [19]. 

These packages apply a combination of 
the following calculation techniques: 

– Receptor Modeling including PMF or 
Positive matrix factorization that are based on 

__________________________ 
 
11 RD 52.04.186-89. Guide on control over ambient air contamination (Part I. Sections 1–5). Available at: http://

docs.cntd.ru/document/1200036406 (date of visit December 03, 2019). 
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chemical and physical properties of contami-
nants measured directly on their sources to de-
termine a contribution made by a source into 
concentrations at monitoring posts for control 
over ground air (receptors); 

– together with PFM, «HYSPLIT» (Hybrid 
Single Particle Lagrange Integrated Trajectory) 
software package is applied; this package allows 
modeling dispersion of contaminants taking into 
account meteorological data such as profiles of 
wind speeds and directions  as well as tempera-
tures at various heights; 

– Modeling dispersion and turbulent dif-
fusion of contaminants using Euler, lagrange, 
and Gauss models. 

B.Kh. Sandjapov [20] describes experience 
related to applying software packages for dis-
persion modeling WRF and CALPUFF that can 
be found on SCRAM web-site in Volgograd. 

Difference solutions to turbulent diffusion 
equation reduced to a sequence of analytic expres-
sions obtained via approximation and linearization 
of solutions to equations within Gauss model for 
dispersion are also applied in the methodology 
called «Techniques for calculating dispersion of 
adverse substances (contaminants) emitted into the 
atmosphere»6 fixed by the RF Ministry for Natural 
Resources and Environmental Protection No. 237 
issued on June 06, 2017.  

We think that when the above-mentioned 
tasks are fulfilled, it will allow obtaining data 
that are sufficient for identifying sources of 
elevated ambient air contamination in order to 
work out relevant management activities 
aimed at ambient air quality in cities meeting 
all the sanitary standards. 

These management activities can be both 
operative measures, for example, a decrease in 
emission capacities of specific air contamina-

tion sources or imposing limits on motor 
transport traffic, and strategic ones, for exam-
ple, instructions issued for economic entities to 
develop environmental protection measures or 
construction of new motorways to redirect 
traffic flows. 

To perform operative and strategic man-
agement of ambient air quality based on data 
obtained via monitoring and modeling, probably 
certain changes into ecological legislations are 
required; however, only time can tell whether 
they are necessary and what exactly should be 
changed in ecological laws and legislative acts. 

Conclusion. To achieve relevant func-
tioning of a system for managing ambient air 
quality in large industrial cities, it is necessary 
to perform the following steps: to equip emis-
sion sources located at objects belonging to the 
1st hazard category with devices for uninter-
rupted on-line automated control over con-
taminants emissions; to develop a system of 
stationary monitoring posts as regards a wide 
range of contaminants including substances 
with a foul smell supplemented with a system 
for temperature-wind atmospheric sounding in 
the lower troposphere; the given systems 
should use conventional techniques for model-
ing contaminants dispersion tested in world 
practice and receptor data analysis taking into 
account air movement trajectories in a moni-
toring zone. Should all the steps be fulfilled, it 
will allow making ambient air quality conform 
to sanitary standards for the sake of people 
who live in large industrial cities. 

 
Funding. The research was not granted any 

sponsor support. 
Conflict of interests. The authors state there 

is no any conflict of interests. 

References 
1. Zaitseva N.V., May I.V., Kleyn S.V., Goryaev D.V. Methodical approaches to selecting observa-

tion points and programs for observation over ambient air quality within social and hygienic monitoring 
and «Pure Air» Federal project. Health Risk Analysis, 2019, no. 3, pp. 4–17 (in Russian). DOI: 
10.21668/health.risk/2019.3.01.eng 

2. Kiselev A.V., Grigor'eva Ya.V. The use of results of the calculation of atmospheric pollution for the 
social hygienic monitoring. Gigiena i sanitariya, 2017, vol. 96, no. 4, pp. 306–309 (in Russian). 

3. Vinokurova M.V., Vinokurov M.V., Gurvich V.В., Kuzmin S.V., Malykh O.L. Assessment of ambi-
ent air quality in the localities by the calculation method in the sociohygienic monitoring. Gigiena i sanitariya, 
2004, no. 5, pp. 25–26 (in Russian).  

4. Klepikov O.V., Mamchik N.P., Kolnet I.V., Kurolap S.A., Khorpyakova T.V. Application of geoinfor-
mation technologies in regional systems of environmental monitoring and population health monitoring. Vestnik 
Udmurtskogo universiteta. Seriya Biologiya. Nauki o zemle, 2018, vol. 28, no. 3, pp. 249–256 (in Russian).  



Analysis of tools aimed at managung ambient air qyality in Perm city    

ISSN (Print) 2308-1155    ISSN (Online) 2308-1163    ISSN (Eng-online) 2542-2308 59

5. Kostyleva N.V., Gileva T.E., Oputina I.P. Summary calculations of pollution of atmospheric air. 
Antropogennaya transformatsiya prirodnoi sredy, 2017, no. 3, pp. 106–107 (in Russian).  

6. Igonin E.I., Shlychkov A.P., Shagidullin A.R., Shagidullin R.R. Optimization of the regional atmos-
pheric air monitoring system on the example of Nizhnekamsk. Rossiiskii zhurnal prikladnoi ekologii, 2016, 
vol. 7, no. 3, pp. 33–39 (in Russian). 

7. Shklyaev V.A., Kostareva T.V. Characteristics of the temperature in versions and the irrelationship 
with atmospheric air pollution in Perm. Geograficheskii vestnik, 2019, vol. 48, no. 1, pp. 84–92 (in Russian).  

8. Gosudarstvennaya set' nablyudenii Permskogo kraya [The State monitoring system in Perm region]. 
Sait Permskogo tsentra po gidrometeorologii i monitoringu okruzhayushchei sredy. Available at: http:// 
meteo.perm.ru/gosudarstvennaya-set-nablyudenij-permskogo-kraya (05.12.2019) (in Russian). 

9. Ayusheeva S.N., Botoeva N.B., Mikheeva A.S. Analysis of the impact of economic activity on at-
mospheric air quality in Ulan-Ude. IOP Conference Series: Earth and Environmental Science, 2019, vol. 320, 
no. 1, 8 p. DOI: 10.1088/1755-1315/320/1/012009 

10. WHO releases country estimates on air pollution exposure and health impact. World Health Or-
ganization, 2016. Available at: https://www.who.int/news-room/detail/27-09-2016-who-releases-country-
estimates-on-air-pollution-exposure-and-health-impact (05.12.2019). 

11. Chernyaeva V.A., Wang D.H. Regional Environmental Features and Health Indicators Dynamics. 
Pollution of the Earth's Atmosphere and International Air Quality Standards. IOP Conference Series: Earth 
and Environmental Science, 2019, vol. 267, 6 p. DOI: 10.1088/1755-1315/267/6/062012 

12. Nguyen N.P., Marshall J.D. Impact, efficiency, inequality, and injustice of urban air pollu-
tion: variability by emission location. Environmental Research Letters, 2018, vol. 13, no. 2, 9 p. DOI: 
10.1088/1748-9326/aa9cb5  

13. Butt E.W., Turnock S.T., Rigby R., Reddington C.L., Yoshioka M., Johnson J.S., Regayre L.A., 
Pringle K.J. [et al.]. Global and regional trends in particulate air pollution and attributable health burden over 
the past 50 years. Environmental Research Letters, 2017, vol. 12, no. 10. DOI: 10.1088/1748-9326/aa87be  

14. Nikiforova V.A., Vidishcheva D.D., Podoinitsyna N.A., Gleba V.S. Avtotransport i ego vliyanie na 
okruzhayushchuyu sredu [Motor transport and its effects on the environment]. Trudy Bratskogo gosu-
darstvennogo universiteta. Seriya: Estestvennye i inzhenernye nauki, 2017, vol. 1, pp. 192–194 (in Russian).  

15. Golikov A.A., Abrosimova E.M. Prospects of development of monitoring complexes of mobile 
vehicles. Okhrana, bezopasnost', svyaz', 2019, vol. 1, no. 4 (4), pp. 37–40 (in Russian).  

16. Lenskaya O.Yu., Abdullaev S.M., Prikazchikov A.I., Sobolev D.N. Modeling study of amospheric 
boundary layer characteristics in industrial city by the example of Chelyabinsk. Vestnik Yuzhno-Ural'skogo go-
sudarstvennogo universiteta. Seriya: Vychislitel'naya matematika i informatika, 2013, vol. 2, no. 2, pp. 65–82 
(in Russian). 

17. Doronin A.P., Timoshchuk A.S., Shabalin P.V. Rezul'taty issledovaniya meteorologicheskikh us-
lovii formirovaniya vysokikh urovnei zagryazneniya atmosfernogo vozdukha v Sankt-Peterburge po dannym 
za 2017 god [Results of the study on meteorological conditions that cause occurrence of substantial ambient 
air contamination in Saint Petersburg based on data collected in 2017]. Trudy Voenno-kosmicheskoi akademii 
im. A.F. Mozhaiskogo, 2018, no. 662, pp. 129–134 (in Russian).   

18. Krasnenko N.P. Metody i sredstva distantsionnogo monitoringa i prognozirovaniya sostoyaniya 
nizhnei troposfery [Methods and tools for distant monitoring and predicting the situation in the lower tropo-
sphere]. Sovremennye problemy distantsionnogo zondirovaniya, radiolokatsii, rasprostraneniya i difraktsii 
voln: materialy vserossiiskoi otkrytoi nauchnoi konferentsii «Vserossiiskie otkrytye Armandovskie chteniya». 
Murom, 2019, pp. 20–29 (in Russian). 

19. Support Center for Regulatory Atmospheric Modeling (SCRAM). EPA. Available at: https://www. 
epa.gov/scram (05.12.2019). 

20. Sanzhapov B.Kh., Sinitsyn A.A., Rashevskii N.M. Usage of complex of open-source software 
WRF and CALPUFF for dispersion modeling of atmospheric pollutants in Volgograd. Izvestiya Volgo-
gradskogo gosudarstvennogo tekhnicheskogo universiteta, 2017, vol. 196, no. 1, pp. 46–49 (in Russian).  

 
Zhizhin N.N., D'yakov M.S., Khodyashev M.B. Analysis of tools aimed at managung ambient air qyality 

in Perm city. Health Risk Analysis, 2019, no. 4, pp. 50–59. DOI: 10.21668/health.risk/2019.4.05.eng   
 
Received: 02.11.2019 
Accepted: 19.12.2019 
Published: 30.12.2019 



I.V. Tikhonova, M.A. Zemlyanova 

Health Risk Analysis. 2019. no. 4 60 

UDC 504.064: 614.7  
DOI: 10.21668/health.risk/2019.4.06.eng 

Read 
online 

SOCIAL-HYGIENIC MONITORING SYSTEM UPDATING BASED ON HEALTH 
RISK ANALYSIS (at the municipal level) 

I.V. Tikhonova1, M.A. Zemlyanova2 
1Federal Service for Surveillance over Consumer Rights Protection and Human Wellbeing, Krasnoyarsk Region 
office, 21 Karatanova Str., Krasnoyarsk, 660049, Russian Federation 
2Federal Scientific Center for Medical and Preventive Health Risk Management Technologies, 82 Monastyrskaya Str., 
Perm, 614045, Russian Federation 
 

  
In order to increase efficiency of activities aimed at reducing impacts exerted by leading health risk factors it is 

necessary to optimize observation over the existing social and hygienic situation within social and hygienic monitoring 
(SGM). It is also necessary to substantiate reference points where monitoring posts for controlling ambient air quality 
should be located within zones influenced by industrial enterprises, primarily those ranked as economic entities that 
could cause extremely high or high potential health risks.  

Methodical approaches to optimizing monitoring programs and location of monitoring posts within SGN system at the 
municipal level were implemented with complex analysis of health risk factors occurring due to economic activities by an 
enterprise that dealt with alumina production (Achinsk city in Krasnoyarsk region). The analysis included assessing and 
ranking potential threats to population health, first of all, to the respiratory organs; substances emitted into the atmosphere 
by the examined enterprise; consolidated calculations of ground concentrations diffusion; instrumental monitoring and field 
observations; hazard indexes under acute and chronic combined exposure to substances with one-way damaging impacts on 
the respiratory organs. 

 The obtained results allowed creating a specific list of admixtures that should be observed systematically (particulate 
matter, PM2.5 and PM10, formaldehyde, manganese, copper, aluminum, nitrogen dioxide, sulfur dioxide, hydrofluoride, xy-
lene, and toluene) and periodically (vanadium (V), nickel, and chromium (IV)). We substantiated two reference points where 
monitoring posts for controlling ambient air quality should be located within SGM system (instead of 5 existing mobile 
points) with specific fix-up on a territory; these points characterized a zone influenced by an alumina-producing enterprise. 
Control over ambient air quality at the chosen reference points within SGM does not require any interaction with an eco-
nomic entity when surveillance and control activities are being performed; it is advisable to apply an extended program for 
monitoring over ambient air quality at these points and assess residual risks caused by exposure to substances that could be 
potentially hazardous for the respiratory organs as such risks can occur when an enterprise develops and implements activi-
ties aimed at achieving acceptable levels of risks. 

Key words: ambient air quality, social and hygienic monitoring, chemical factors, risks for the respiratory organs, 
monitoring posts, monitoring program, stationary monitoring posts.  
 

 
Social and hygienic monitoring pursues 

the following major goals when performing all 
its activities: assessing public health and the 
environment, revealing any changes in their 
state and making predictions on a future situa-
tion, detecting and eliminating hazardous im-
pacts exerted on human health by environ-
mental factors. All these goals are fixed in the 
RF Federal Law No. 52-FZ “On sanitary-
epidemiologic welfare of the population” 

(Clause 45). Achieving these goals requires 
solving such basic tasks as revealing cause-
and-effect relations between public health and 
impacts exerted by environmental factors bas-
ing on systemic analysis and health risk as-
sessment. These tasks can be solved only pro-
vided that systemic instrumental measuring of 
environmental objects quality yields adequate 
results, that is, allows obtaining current, rele-
vant, and authentic data [1]. Collected data 
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should fully provide necessary foundation for 
full-fledged hygienic assessment of environ-
mental factors; that is, they are to provide not 
only insight into concentrations of this or that 
component (substance or admixture) in an en-
vironmental object but also into health pa-
rameters associated with a given factor and 
exposure to it [2]. 

Given that, it is necessary to constantly 
improve approaches to selecting control points 
and to optimize monitoring programs per-
formed within SGM activities [3–6]. A lot of 
research has proven that when substantiating 
reference points for control over ambient air 
quality, a special attention should be paid to 
housing areas where exposure factors create 
the greatest health risks and the density of 
population exposed to such factor is also the 
highest. When giving grounds for lists and 
scales of monitoring, it is necessary to spot out 
chemicals with additivity and/or potentiating 
of adverse effects under simultaneous long-
term introduction into a body and, conse-
quently, imposing the greatest threats for hu-
man health [7–9].   

Ambient air contamination with chemi-
cals is a persistent health risk factor which has 
long been considered a significant one among 
other environmental factors [10–12]. Over the 
last decade Rospotrebnadzor’s bodies and or-
ganizations have taken a substantial amount of 
efforts to develop a unified list of parameters 
for monitoring over ambient air quality in 
order to make social and hygienic monitor-
ing more efficient [13–15]. Scientifically 
grounded methodical approaches to selecting 
control points and programs for monitoring 
over ambient air have been developed and 
tested as a result of activities performed within 
“Pure air” Federal project; they took into ac-
count specific features of already existing so-
cial and hygienic monitoring networks; tests 
have been carried out in several RF regions (at 
the municipal level)  [1]. Such activities be-
come especially significant in industrially de-

veloped regions where a lot of admixtures are 
emitted into the atmosphere with dust and gas 
emissions; concentrations of these admixtures 
create unacceptably high health risks, primar-
ily for the respiratory organs. Such regions are 
cities where metallurgic enterprises are located 
including those producing alumina. Major 
economic activities performed in such regions 
belong to processing industries and economic 
entities operating there are assigned into a 
category of objects with extremely high and 
high potential health risks borne by exposed 
population [16]. Most chemical factors that 
contaminate ambient air are components of 
dust and gas emissions; specific features of 
technological processes applied at alumina 
production result in emissions containing par-
ticulate matter, di-aluminum-trioxide, gaseous 
fluorides, nitrogen oxide and dioxide, sulfur 
dioxide, dimethylbenzene, manganese, etc. 
Inhalation exposure to such chemical factors is 
primarily characterized with summation and 
synergy of adverse impacts exerted by them on 
the respiratory organs and it causes elevated 
risks of diseases among exposed population 
[11, 17–20]. Children who live in housing ar-
eas influenced by emissions from industrial 
enterprises are the most sensitive to such ex-
posures and run the highest health risks caused 
by chemical factors1. A child’s body, including 
the respiratory system, has certain age-related 
structural and anatomic peculiarities and its ad-
aptation and detoxification mechanisms are not 
completely developed [21] thus making it more 
sensitive to ambient air quality and shortening a 
period of time during which a response occurs 
in the respiratory organs to adverse effects pro-
duced by exposure to chemical factors. 

 Given all the above stated, we believe it is 
necessary to make social and hygienic monitor-
ing aimed at control over ambient air quality 
more efficient on territories where large indus-
trial facilities are located; these improvements 
should also cover activities performed within 
existing programs for regular monitoring.  

__________________________ 
 
1 G 2.1.10.1920-04. Guide on assessing population health risks caused by exposure to chemicals that pollute the envi-

ronment. Moscow, The RF Public healthcare Ministry’s Federal Center for State Sanitary and Epidemiologic Surveillance, 
2004, 143 p. 
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Our research goal was to update an ex-
isting SHM system based on health risk analy-
sis at the municipal level.  

Data and methods. Methodical ap-
proaches to optimizing SHM activities at the 
municipal level were implemented in a region 
where a large alumina-producing enterprise was 
located (a city called Achinsk in Krasnoyarsk 
region). Achinsk has a population equal to 
105.25 thousand people and its territory is 
103.2 square kilometers. Major industries in the 
city are fuel and energy production, metallurgy, 
oil-processing and wood-processing. The larg-
est enterprise is an alumina-producing plant 
which is assigned into a category of economic 
entities with the extremely high potential health 
risks. We accomplished complex analysis of 
health risk factors related to economic activities 
performed by the given enterprise; our analysis 
included identifying potential threats, primarily 
for the respiratory organs. We also identified 
components of emissions from stationary 
sources in Achinsk and from the alumina-
producing enterprise basing on assessing data 
on actual gross emissions into the atmosphere 
(Statistical reports 2-tp (air) submitted in 2012–
2017). To assess exposure and analyze spatial 
distribution of all obtained parameters, we took 
initial cartographic information, namely, an 
electronic map of the city territory (scaled 
1:10000). Then we used GIS ArcView 3.2 and 
ArcGIS 9.3, ESRI to put different objects on it, 
plotting them in separate layers; these objects 
were houses, industrial objects, industrial facili-
ties and areas, motorways and streets, monitor-
ing points etc. To select priority admixtures for 
control, we performed aggregated calcula-
tions of ground concentrations dispersions for 
26 substances as per data taken from the latest 
reference book on maximum permissible emis-
sions from the alumina-producing enterprise 
(2016). The reference book included invento-

ries that listed stationary sources of contami-
nants emissions. We performed our calculations 
according to “Procedures for calculating disper-
sions of adverse substances (contaminants) 
emissions in ambient air” (MRR-2017)2 apply-
ing “Ecolog 4.50” unified UPRZA software 
package. We applied “Ekolog – Gorod” UPRZA 
software package to calculate average annual 
contaminants concentrations as it had a section 
for calculating “average values”. A meteofile 
with data on typical meteorological conditions 
in Achinsk was obtained from Voeykov’s Ma-
jor Geophysical Observatory. Dispersions were 
calculated at 6,630 calculation points (nodes) in 
the regular grid; having done that, we applied 
the results to calculate risk parameters under 
acute and chronic introduction for each sub-
stance according to GР 2.1.10.1920-04. It al-
lowed us to obtain exposure fields that created 
health risks; we put them on the vector map of 
the examined territory.  

The next step was to select a number of 
monitoring points and places where to locate 
them; to do that, we standardized spatially-
distributed parameters and performed cluster 
analysis on them with STATISTICA software 
for statistic analysis. This analysis involved 
applying “nearest centroid classifier” proce-
dure. A number of clusters (a number of sta-
tionary posts for monitoring over ambient air 
quality) required for each territory was deter-
mined as per population living there3: one post 
was required per a territory with its population 
being lower than 50 thousand people; 2 posts, 
up to 100 thousand people; 2–3 posts, 100–200 
thousand people; 3–5 posts, 200–500 thousand 
people; 5–10 posts, more than 500 thousand 
people; 10–20 posts (stationary and mobile), 
more than 1 million people. An optimal (refer-
ence) point for locating a monitoring post was 
a point located in a housing area where there 
was the greatest aggregated risk for the respi-

__________________________ 
 
2 On approval of procedures for calculating dispersions of adverse admixtures (contaminants) emissions in ambient air: 

The Order by the RF Ministry for Natural Resources and the Environment No. 273 dated June 06, 2017. Garant. Information 
and legal portal. Available at: https://www.garant.ru/products/ipo/prime/doc/71642906/ (date of visit October 15, 2019). 

3 On organizing laboratory control when performing social and hygienic monitoring activities: The Letter by the Federal 
Service for Surveillance over Consumer Rights and Human Well-being dated October 2, 2006 No. 0100/10460-06-32. Moscow, 
Moscow Regional Office of the Federal Service for Surveillance over Consumer Rights and Human Well-being. Available at: 
http://50.rospotrebnadzor.ru/293/-/asset_publisher/U8Fg/content (date of visit September 20, 2019). 
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ratory organs which occurred due to all the 
substances with the same effects and where 
density of exposed population was the highest 
in the cluster (more than 75 %).  

To optimize the existing monitoring pro-
gram, we assessed the current ambient air qual-
ity over 2012–2017 and compared calculated 
and instrumental data. We analyzed information 
provided by the Federal Information Center of 
Social and Hygienic Monitoring on a list of 
points where ambient air quality was controlled 
by the “Krasnoyarsk Regional Center for Hy-
giene and Epidemiology” in Achinsk; the given 
organization controlled ambient air quality 
within the current social-hygienic monitoring 
network as per 8 substances. We also took data 
obtained via instrumental research by the Fed-
eral Scientific Center for Medical and Preven-
tive Health Risk Management Technologies 
accomplished in 2017; the research covered 
concentrations of 15 substances. We statisti-

cally processed and analyzed all the data with 
STATISTICA software package.  

Results and discussion. As a whole, our 
analysis of gross emissions from industrial en-
terprises in Achinsk revealed that actual emis-
sions into the atmosphere form stationary 
sources amounted to approximately 45 thousand 
tons annually (the third place in Krasnoyarsk 
region); emissions from alumina production 
made the greatest contribution into it account-
ing for 85–86 %. There were approximately  
85–88 types of chemicals in the list; 45 chemi-
cals out of them were emitted from the major 
economic entity on the territory. 23 substances 
were priority ones as per potential hazards of the 
respiratory organs diseases among population 
including silicon-containing dusts, nitrogen ox-
ide, sulfur oxide, copper oxide, aluminum oxide, 
nickel oxide, sodium hydroxide, sulfuric acid, 
soot, manganese compounds, gaseous fluorides, 
hydrogen chloride, formaldehyde, etc. (Table 1). 

T a b l e  1  
List of chemicals that were contained in emissions from the alumina-producing enterprise 

ranked as per potential hazards of respiratory organs diseases (as per data collected in 2017) 
Hazard index for a chemical Chemicals Non-carcinogenic Carcinogenic 

Non-organic dust: SiO2 lower than 20 % (dolomite) 11,611,372.5 – 
Nitrogen dioxide 9,571,171.4 – 
Black oil ash from a thermal power station (recalculated per vanadium) 7,131,550.0 – 
Nitrogen oxide 6,441,603.3 – 
Sulfur dioxide 4,870,348.9 – 
Non-organic dust: SiO2  20–70 % (fire clay) 4,682,106.0 – 
Aluminum oxide (recalculated per aluminum) 379,543.1 – 
Sodium hydroxide 232,457.5 – 
Non-organic dust: SiO2  higher than 70 %  76,139.0 – 
Sulfuric acid 28,755.8 – 
Back carbon (soot)  21,279.3 – 
Manganese and its compounds (recalculated as per manganese oxide) 7,918.0 – 
Copper oxide 1,065.0 – 
Easily soluble gaseous fluorides  (hydrofluoride) 368.1 – 
Hydrogen chloride  225.8 – 
Formaldehyde 191.7 19.2 
Никель оксид 106.5 10.7 
Particulate matter 85.2 – 
Hydrogen sulfide 63.1 – 
Nitric acid 28.8 – 
Chromium (VI) (recalculated per chromium oxide) 10.7 10,666.7 
Methyl benzene (toluene) 0.55 – 
Dimethyl benzene (xylol) 0.11 – 
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We compared a list of priority contami-
nants emitted into ambient air by aluminum-
producing enterprises and a list of substances 
which were subject to control within SHM sys-
tem for monitoring air contaminants; it allowed 
us to reveal certain items in the existing pro-
gram for control over ambient air quality which 
were not relevant to the current situation. 

We determined that regular control cov-
ered only 4 admixtures (17.4 %) out of 23 sub-
stances that were potentially hazardous for the 
respiratory organs and were emitted into ambi-
ent air by the alumina-producing enterprise in 
2012–2018; these 4 admixtures were nitrogen 
dioxide, sulfur dioxide, particulate matter, and 
formaldehyde. 

In 2017 the monitoring program included 
aluminum and easily soluble gaseous fluo-
rides. We detected significant discrepancies 
between calculated and instrumental data on 
admixtures concentrations in ambient air. Cal-
culated data didn’t reveal any concentrations 
which exceeded hygienic standards for most 
examined substances excluding nitrogen diox-
ide and non-organic dusts that contained less 
20 % silicon. Dispersion calculations predicted 
violations of hygienic standards (in zones 
where monitoring posts were located) only as 
per contents of silicon-containing dusts (up to 
1 single maximum MPC) and nitrogen dioxide 
(up to 3.2 average daily MPC). But still there 
were substances detected at SHM posts for 
control over ambient air in actual concentra-
tions being higher than single maximum 
and/or average daily MPC; these elevated con-
centrations were detected in housing areas in 
the city in the examined period and a list of 
substances with such concentrations included 
nitrogen oxide, particulate matter, formalde-
hyde, and gaseous fluorides (on average from 
4.16 to 10.4 single maximum MPC and from 
1.38 to 43.6 average daily MPC); aluminum 
and sulfur dioxide (from 1.16 to 3.6 average 
daily MPC). Experts from the Federal scien-
tific Center for Medical and Preventive Health 
Risk Management Technologies accomplished 
field observations in 2017 and detected violations 
of hygienic standards as per concentrations of 
toluene and xylol (from 3.04 to 4.32 single 

maximum MPC); solid and gaseous fluorides, 
particulate matter and its fractions PM2.5 and 
PM10 (from 1.78 to 4.97 single maximum 
MPC and from 3.11 to 8.92 average daily 
MPC); aluminum and manganese (from 1.12 
to 3.06 average daily MPC). These violations 
were detected at 2 out of 4 mobile SHM posts 
and they were not predicted by any dispersion 
calculations. The experts also registered per-
sistent occurrence of vanadium (V), chromium 
(VI) (up to 0.03–0.06 average daily MPC), and 
copper (up to 0.44 average daily MPC) in am-
bient air. 

Aggregated calculations of dispersion 
didn’t predict hygienic standards being vio-
lated practically as per all the components in 
emissions from the alumina-producing enter-
prise. But in spite of that, taking risk criteria 
into account, we assumed there was an unac-
ceptable risk of respiratory organs diseases for 
children under combined acute inhalation ex-
posure (HI is up to 11.2) and chronic inhala-
tion exposure (HI is up to 5.02) to priority po-
tentially hazardous chemicals (Figure 1). 

Results of monitoring and field observa-
tions allowed revealing substantially elevated 
chronic risks of respiratory organs diseases 
(HI is up to 31.2–49.9) due to simultaneous oc-
currence of a wide range of substances with 
similar adverse effects on the respiratory organs.  

The greatest contribution into hazard index 
are made by particulate matter and their fractions 
PM2.5 and PM10, formaldehyde, manganese, 
copper (9.05–17.91 %), aluminum, nitrogen di-
oxide, sulfur dioxide, easily soluble gaseous 
fluorides (1.82–5.57 %). Contributions made by 
vanadium (V), chromium (VI), xylol, toluene, 
and sodium hydroxide amount to 0.44–0.92 %.  

Given all the above mentioned, the moni-
toring program aimed at control over ambient 
air quality and accomplished within SHM ac-
tivities in a zone influenced by the alumina-
producing enterprise needs to be expanded as 
it should necessarily include regular control 
over concentrations of manganese, copper, 
toluene, and xylol. These substances, accord-
ing to data collected via field observations, are 
registered at monitoring posts in concentra-
tions which are higher than hygienic standards  
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Figure 1. Map showing spatial distribution of hazard index for children’s respiratory organs  

created by emissions from alumina-producing enterprise 

(manganese, xylol, and toluene) and/or allow 
predicting a substantial contribution into ag-
gregated non-carcinogenic risks for the respi-
ratory organs (copper). Such admixtures as 
vanadium (V), nickel, and chromium (VI) be-
long to the 1st hazard category and are car-
cinogenic (nickel and chromium); therefore, it 
is advisable to include them into systematic 
monitoring programs to perform control over 
sanitary-hygienic situation and to determine 
residual risks in exposure zones. 

We determined reference points which 
were the most suitable for locating monitor-
ing posts included into SHM system for con-
trol over ambient air quality in a zone influ-
enced by the alumina-producing enterprise; 
overall, there were 6 such points for SHM 
monitoring posts which characterized 2 clus-
ters. Cluster No. 1 was characterized with 
only 1 point whereas cluster No. 5 was char-

acterized with the remaining 5 points. Expert 
estimates and population density analysis al-
lowed substantiating a choice on only 1 point 
which was the most representative one in 
cluster No. 2 (Figure 2; Table 2). 

We compared places where proposed 
monitoring posts would be located and mobile 
monitoring posts where control over ambient 
air quality was performed within SHM activi-
ties as we tried to make recommendations on 
how to optimize the monitoring program for a 
territory influenced by the examined alumina-
producing enterprise. We revealed they were 
convergent; consequently, it was quite possible 
to use data which were obtained at already ex-
isting monitoring posts. 

Conclusions. We accomplished a piece 
of research at the municipal level in a region 
where a large alumina-producing enterprise 
was located; that enterprise could potentially
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Figure 2. Representative points for locating ASHM monitoring posts aimed at control  
over ambient air quality in a zone influenced by alumina-producing enterprise 

T a b l e  2  
Points proposed for locating SHM monitoring posts for control over ambient 

 air quality in Achinsk 
Coordinates, m Point 

No. Cluster X Y 
Rank 
sum 

Population  
density quotient 

Address of the closest  
apartment block 

4163 1 14,800 35,700 186 1.0 Stroitelei str. 25 
4478 2 15,600 36,300 188 0.87 The 5th micro-district, 19 
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cause extremely high health risks. Our re-
search allowed us to substantiate two refer-
ence points for control over ambient air qual-
ity (instead of existing 5 mobile control posts) 
with a concrete location; these two points 
characterized a zone influenced by the exam-
ined alumina-producing enterprise. 

It is advisable to apply an expanded pro-
gram for control over ambient air quality in 
recommended monitoring points within SHM 
system which is implemented without any in-
teraction with the alumina-producing enterprise 
being subject to surveillance within control and 
surveillance activities. This expanded program 
should include systematic monitoring over par-
ticulate matter, PM2.5 and PM10 fractions, 
formaldehyde, manganese, copper, aluminum, 
nitrogen dioxide, sulfur dioxide, easily soluble 
gaseous fluorides (hydrofluoride), xylol, and 

toluene; and periodical monitoring (once a three 
years) over vanadium (V), nickel, and chro-
mium (VI). It is also necessary to assess resid-
ual risks caused by exposure to substances 
which are potentially hazardous for the respira-
tory organs when experts at the examined en-
terprise develop and implement activities aimed 
at reducing risks up to their acceptable levels. 
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ASSESSING RISK FACTORS THAT CAN CAUSE ALIMENTARY-DEPENDENT  
DISEASES AMONG STUDENTS DUE TO THEIR NUTRITION 

O.V. Mitrokhin, A.A. Matveev, N.A. Ermakova, E.V. Belova 
I.M. Sechenov First Moscow State Medical University, bld. 2, 2 Bol'shaya Pirogovskaya Str., Moscow, 119435, 
Russian Federation 
 

 
This research can be considered quite vital due to digestive organs diseases being widely spread among young students. 

We chose students attending I.M. Sechenov’s First Moscow State Medical University as our research object. We questioned 
840 students who attended the above-mentioned higher education establishment and assessed their medical check-ups data; having 
done that, we analyzed risks of alimentary-dependent diseases among students related to impacts exerted by their nutrition. 

Our research goal was to assess students’ nutrition, its structure, frequency, and conditions; to determine priority risk 
factors for students’ health; and to develop recommendations on healthy nutrition provided for them as a factor related to 
pursuing healthy lifestyle. 

We detected that about 20 % students didn’t have breakfast; about 8 % didn’t have lunch or dinner (and it meant 
they had less than 3 meals a day; however, half of the students had 3 meals a day. 65.7 % of the students had their last 
meal a day after 9 p.m., and about 20 %, after 23 (late meal). We ranked a correlation between nutrition-related risk 
factors and existing nosologies and revealed that 3 factors exerted the most significant influence on the digestive or-
gans diseases; they were late meals, irregular hot meals, and a number of meals taken a day. Endocrine system dis-
eases were mostly influenced by 2 factors, late meals and a number of meals a day. Number of meals a day was also 
correlated to respiratory organs diseases and urogenital system diseases; late meals, to diseases in the nervous and 
cardiovascular systems.  

Key words: risk assessment, students, number of meals a day, nutrition regime, late meals, meal, morbidity, health 
preservation, healthy lifestyle, prevention. 
 

 
Nowadays an issue related to rational and 

balanced nutrition consumed by various popu-
lation groups as well as adherence to good nu-
trition is a priority in research accomplished in 
the sphere of nutrition including studies aimed 
at preventing the most widely spread non-
infectious diseases [1]. 

Given that, it is necessary to accomplish 
task-oriented applied scientific research 
aimed at detecting and assessing influences 
exerted on population health by food prod-
ucts which are able to create intolerable  

(unacceptable) risks for people’s life and 
health1. 

As a result, such research should allow 
achieving mass adherence to good nutri-
tion as a factor that helps pursue healthy 
lifestyle2. 

Methodology for assessing risks caused 
by impacts exerted by environmental factors 
on population health is an efficient tool for 
assessing influence on a human body includ-
ing adverse impacts exerted on health by non-
rational and imbalanced nutrition. 

__________________________ 
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Assessment of health risks caused by ex-
posure to adverse environmental factors is 
given in details in multiple publications that 
focus both on assessing health risks themselves 
and assessing efficiency of accomplished con-
trol and surveillance activities aimed at pre-
venting non-infectious diseases [2, 3]. 

Great attention has been paid to nutri-
tion provided for children and teenagers in 
educational establishments. Annual State re-
ports “On sanitary-epidemiologic welfare of 
the population in the Russian Federation”2 
contain data on nutrition provided for chil-
dren and teenagers including senior school-
children as well as on nutrition provided for 
students who attend vocational schools. 
However, nutrition provided for students at 
higher educational establishments (HEE) is 
not given proper attention though they were 
school children only “yesterday” and are of 
the same age as students who attend voca-
tional schools. 

A growth in morbidity with gastrointesti-
nal diseases among young students is a serious 
issue as 65 % of them already suffer from 
chronic diseases; it can be due to either im-
proper nutrition regimes or imbalanced daily 
rations consumed by students and it exerts 
negative influence on macro- and micro-
nutrient structure of consumed food [4, 5]. 

An issue related to providing students 
attending a medical HEE with regular and 
balanced nutrition is rather outstanding as 
their educational system is quite peculiar. 
A peculiarity is related to educational de-
partments being located at a distance from 
each other and any student who attends a 
medical HEE has to spend a lot of time mov-
ing from one department to another; it leaves 
smaller amount of available time that could 
be spent on taking a meal. Due to it a lot of 
students have their meals at fast-food cafes 
or even “on foot”. Besides, senior students 
spend a lot of time on duties and meals are 
not regular during them; hot meals are not 
always available [6–8].  

Students’ lifestyle has such peculiar fea-
tures as untimely meals; systematic lack of 
sleep; too little time spent outdoors; necessity 

to study during night hours when a student 
should be in bed sleeping; absence of any 
physical exercise or activities aimed at health 
strengthening; smoking, etc. [9, 10]. 

All the above mentioned creates elevated 
risks of non-infectious diseases among stu-
dents caused by both improper nutrition and 
other factors that are not in line with “healthy 
lifestyle” postulates [11, 12]. 

Besides, more and more foreign students 
have been attending Sechenov’s Medical 
University over the recent years; they have 
their own tastes and nutrition habits due to a 
national nutrition culture. At the same time 
a range of food products and cooked meals 
provided for students at the University can-
teens, cafes, and cafeterias doesn’t necessar-
ily take into account their existing nutrition 
preferences and habits. 

Despite there are multiple scientific re-
search works on students’ nutrition, assess-
ment of risks related to bad nutrition and, con-
sequently, non-infectious morbidity among 
students haven’t been given proper attention or 
studied in greater detail. 

Our research goal was to assess nutri-
tion consumed by students who attended 
Sechenov’s Medical University; to spot out 
priority risk factors that could cause health 
disorders in them; and to give recommenda-
tions on good nutrition as a healthy lifestyle 
factor. 

Data and methods. Our research was 
based on reports that contained data obtained 
via periodical medical examinations of stu-
dents performed at the Clinical and Diagnostic 
Center of the First Moscow State Medical 
University (Sechenov’s Medical University) 
and on questioning results; overall, 840 stu-
dents were questioned, 280 males and 560 fe-
males; they were 2–4 year students attending 
the Medical Faculty. Observation period was 
2012–2017. 

We determined an actual body mass of all 
the examined students and calculated their 
body mass index (BMI). 

In our research we applied a correlation as 
per body mass index; determined a correlation 
between specific nutrition factors and existing 
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nosologies as well as between students’ com-
plaints and specific nutrition factors. 

When assessing risks caused by influences 
exerted by food products on students’ health, 
we applied procedures and techniques fixed in 
methodical guidelines approved by Rospotreb-
nadzor’s Order dated January 18, 2016 No 16 
and in several research works3, 4 [14–17]. 

Results and discussion. We analyzed stu-
dents’ nutrition regimes and revealed several 
violations. First of all, 20 % students didn’t have 
breakfast, about 8 % didn’t have either lunch or 
dinner; consequently, these students had less 
than 3 meals a day (each 10th student), and only 
half of students had 3 meals a day (Figure 1). 

Meals taken at home or dormitories were 
mostly breakfast or dinner (82–88 %). Most 
students (78 %) had their lunch at catering fa-
cilities. From 5.6 % to 11.3 % students had 
their lunch at the University canteens or cafes. 

Besides, we detected that more than 30 % 
questioned students had only one or two meals 
a day; most students (79.9 %) had one or two 
hot (cooked) meals a day. Figure 2 shows stu-
dents’ answers regarding a number of hot meals 
they have a day. 

The next vital issue is time when students 
have their last meal a day. It has been proven 
and substantiated from a physiological point of 
view that if a person is active during 10 hours 
and has his or her meals in this period of time 
than the next 14 hours, starting from the last 
meal a day to the first meal the next day, should 
be a break for rest. 14 hours is a period that is 
considered to be quite sufficient for all the food 
consumed a day to be digested by a body. This 
approach to distribution of meals over a day is 
based on human biorhythms theory [18, 19]. 

A late meal is a significant factor that can 
cause alimentary-dependent diseases. Thus, 
65.7 % questioned students had their last meal 
rather late, at 9 p.m. and even later; about 
20 % had it after 11 p.m. (Figure 3). 

 
Figure 1. Answers given by students regarding 

 their nutrition regime 

 
Figure 2. Number of hot meals students  

have a day 

 
Figure 3. Distribution of the last meal taken  

by students a day (%) 

__________________________ 
 
3 On implementation of the methodical guidelines “Classification of food products distributed on the market as per poten-

tial health risks and property losses borne by consumers for organizing scheduled control and surveillance activities”: Rospot-
rebnadzor’s Order dated January 18, 2016 No. 16. KODEKS: The electronic fund for legal and reference documentation. Avail-
able at: http: //docs.cntd.ru/document/420332234 (date of visit September 03, 2019). 

4 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, pp. 52–64. 
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This situation results in insulin being pro-
duced in greater amounts in a body; it makes 
for fat preservation in it and can lead to obe-
sity. A late meal (after 9 p.m.) is a risk factor 
that can cause pancreatic diabetes and cardio-
vascular diseases. 

As a body produces gastric juice and 
hormones more actively during the first half 
of a day, food consumed during it is digested 
rapidly and efficiently. A human body tends 
to function slower in the evening and at 
night, therefore, late dinners or suppers in-
crease a load on the gastrointestinal tract. 
Too much food consumed in the evening can 
cause gastrointestinal diseases (gastritis, in-
testinal allergies, dysbacteriosis, etc.) [20, 21]. 
We should note that nutrition regimes exert 
direct impacts on students’ body mass. 
Given that, we examined body mass of all 
questioned students and calculated their body 
mass index (Figures 4 and 5). 

These data reveal that students’ body 
mass is within average standards values for 
male and female students. At the same time 
students’ body mass tends to grow which is 
more apparent among male students (regres-
sion quotient b1=1.5), than among female 
ones (b1 = 1.1). 

We analyzed dynamics of body mass in-
dex (BMI) and concluded that the parameter 
was within its standards both for male and fe-
male students. However, average BMI values 
for men were detected close to the upper limit 
of its standard value. Should the detected trend 
be extrapolated to the future, we can obtain a 

prediction that after three next periods an av-
erage BMI among male students will exceed 
its standard value. These results can be ex-
pected if male students’ nutrition continues to 
be improper. 

Our next goal was to reveal specific risk 
factors related to students’ nutrition that could 
cause relevant nosologies; to do that, we as-
sessed correlations between them (Table 1). 

 

 
Figure 4. Body mass of students at the Medical 

 faculty taken in dynamics (kg) 

 
Figure 5. Body mass index taken in dynamics 

T a b l e  1  
Assessment of correlations between specific nutrition-related factors and relevant nosologies 

Regression quotients for correlations 
Nosologies Number  

of meals a day 
Hot 

 meals 
Meals taken after  

9 p.m.–11 p.m. (late meals) 
Energy drinks 
consumption 

Respiratory organs diseases 0.52 0.20 0.21 -0.15 
Urogenital system diseases 0.30 0.26 0.23 0.16 
Nervous system diseases 0.29 0.13 0.63 0.16 
Cardiovascular diseases 0.30 0.25 0.66 0.02 
Gastrointestinal diseases 0.50 0.60 0.66 -0.10 
Endocrine system diseases 0.32 0.27 0.64 0.13 
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T a b l e  2  
Assessment of correlations between students’ complaints and specific nutrition-related factors 

Коэффициенты регрессии зависимостей b1 Complaints (indicating  
there are health disorders) Number  

of meals a day Hot meals Meals taken after  
9 p.m.–11 p.m. (late meals) 

Energy drinks 
consumption 

Fatigue 0.59 0.19 0.49 -0.06 
Flabbiness 0.35 0.27 0.57 0.37 
Headache 0.31 0.27 0.10 0.26 
”Heart” ache 0.12 0.24 0.41 -0.16 
Unpleasant feeling in the eyes 0.26 -0.20 -0.21 0.12 
Dizziness 0.52 0.12 0.25 -0.21 
Noises in the eras 0.15 -0.19 0.09 -0.08 
Numbness in the extremities 0.12 0.22 0.09 -0.08 
Dyspnea 0.12 0.23 0.63 -0.18 
Heavy legs 0.03 0.09 0.71 -0.10 

 
These data indicate that respiratory organs 

diseases are predominantly influenced by a 
number of meals (b1 = 0.52). Urogenital system 
diseases also have the greatest correlation with 
a number of meals a day (b1 = 0.30). Diseases 
of the central nervous system are predominantly 
influenced by late meals (b1 = 0.63). The most 
significant factor that causes cardiovascular 
diseases is also late meals (b1 = 0.66). Gastro-
intestinal diseases occur mostly due to late 
meals (b1 = 0.66), a number of hot meals taken 
a day (b1 = 0.60), and overall number of meals 
a day (b1 = 0.50). Endocrine system diseases 
are predominantly caused by late meals (b1 = 
0.64) and a number of meals a day (b1 = 0.32). 

We ranked correlations between nutrition-
related factors and relevant nosologies and re-
vealed that gastrointestinal diseases were in-
fluenced by three major factors, late meals, a 
number of hot meals a day, and overall num-
ber of meals a day; endocrine system diseases 
were influenced by two factors, late meals and 
a number of meals a day. Respiratory organs 
diseases were influenced by a number of meals 
a day; urogenital system diseases, a number of 
meals a day; central nervous system diseases, 
late meals; cardiovascular diseases, late meals. 

We also assessed correlations between 
students’ complaints and specific nutrition-
related factors (Table 2). 

Out of all the examined factors, increased 
fatigue is predominantly related to a number of 

meals a day (b1 = 0.59), and late meals (b1 = 
0.49); flabbiness is influenced by late meals 
(0.57), a number of meals a day (0.35), and 
energy drinks consumption (0.37). Complaints 
about pains “in the heart” are related to late 
meals (0.41). Dizziness is most closely corre-
lated to a number of meals a day (0.52). Dysp-
nea is most frequently met among those who 
take their last meal after 11 p.m. (0.63). Heavy 
legs are also most tightly correlated with late 
meals (b1 = 0.71). 

We ranked correlations between students’ 
complaints and specific nutrition-related fac-
tors and revealed that flabbiness was influ-
enced by three factors, namely late meals, a 
number of meals a day, and energy drinks con-
sumption; increased fatigue was related to two 
factors, a number of meals a day and late 
meals; complains about pains “in the heart” 
correlated with late meals; dizziness, with a 
number of meals a day; dyspnea, with late 
meals; heavy legs, with late meals. 

In order to help students get acquainted 
with nutrition habits and tastes of their for-
eign counterparts, there is ‘Unity Food Fest’ 
annual festival organized at Sechenov’s 
Medical University. During the festival stu-
dents from Malaysia, China, Iran, Kuwait, 
Bahrain, Tajikistan, Uzbekistan, Kazakhstan, 
Abkhazia, Russia, and other countries present 
a great variety of dishes cooked by students 
themselves. Foreign students tell guests about 
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existing food preferences and nutrition habits 
in their national nutrition cultures. The festi-
val is also visited by those who organize 
meals for students at the University buffets 
and canteens and they can learn some recipes. 
This event is a significant factor that can help 
pursuing healthy lifestyle by foreign students 
as it stimulates workers at the University can-
teens and buffets to cook national dishes. 

Conclusions. Actual students’ nutrition is 
improper due to its regime being violated as 
about 20 % students don’t have breakfast, about 
8 % don’t have lunch or dinner, and only half of 
students actually have three meals a day. 

Late meal is a risk factor that can cause 
alimentary-dependent diseases as 65.7 % ques-
tioned students have their last meal a day late 
in the evening, at 9 p.m. or even later; about 
20 % have it after 11 p.m. 

Students’ body mass is within average stan-
dard values both for male and female students 
but it tends to grow, Rx/y = 1.5 and Rx/y = 1.1 
accordingly. 

Body mass index is within its standard 
values both among male and female stu-
dents. However, its average values in male 
students are close to the upper limits of its 
standard value. 

We ranked correlation between nutrition-
related factors and relevant nosologies and re-
vealed that gastrointestinal diseases were in-
fluenced by three major factors, late meals, a 
number of hot meals a day, and overall num-
ber of meals a day; endocrine system diseases 
were influenced by two factors, late meals and 
a number of meals a day. Respiratory organs 
diseases were significantly influenced by a 
number of meals a day; urogenital system dis-
eases, a number of meals a day; central nerv-
ous system diseases, late meals; cardiovascular 
diseases, late meals. 

We also ranked correlations between 
students’ complaints and specific nutrition-
related factors and revealed that flabbiness 
was influenced by three factors, namely late 
meals, a number of meals a day, and energy 
drinks consumption; increased fatigue was 
related to two factors, a number of meals a 
day and late meals; complains about pains 
“in the heart” correlated with late meals; 
dizziness, with a number of meals a day; 
dyspnea, with late meals; heavy legs, with 
late meals. 

The greatest adverse effects were pro-
duced on health by nutrition conditions such as 
too few meals a day (mostly, two meals a day), 
late meals, too few hot meals a day, and en-
ergy drinks consumption. 

Recommendations. To increase a num-
ber of hot meals a day, we recommend equip-
ping the University canteens and buffets with 
microwave ovens so that students could warm 
up cooked dishes they buy there or bring in 
lunch boxes from home. 

To make cooked dishes more consistent 
with foreign students’ nutrition habits, we rec-
ommend making a range of cooked dishes more 
variable taking into account food preferences 
and nutrition habits as well as national cultures 
of foreign students who attend Sechenov’s 
Medical University. 

To make students pursue healthy lifestyle 
and to prevent alimentary-dependent diseases, 
it is necessary to organize and hold lectures, 
discussions, and consultations on rational and 
balanced nutrition for students who attend 
a medical HEE. 
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The publication presents the results of the exposure assessment within the framework of a joint Russian-Vietnamese 

study aimed at children’s health risk assessment associated with the N-nitrosamines contamination in food. People who per-
manently cared for children aged from six months to three years were questioned in two urbanized areas of Vietnam and 
Russia – in the cities of Hanoi (n=481) and Perm (n=183). It is shown that the structure of food consumption among chil-
dren up to three years differs significantly. Children’s nutrition in Russia is includes a lot of dry soluble cereals and canned 
meat/vegetables. The most common product in children's nutrition in Vietnam has no analogues in Russia: it is purchased 
cereals prepared in specialized stores. Canned foods and dry soluble cereals are also included in the diet of children in Viet-
nam, but the share of consumers and consumption volumes for them are significantly lower than in Russia. Thus, in the age 
group of 6–12 months, the share of consumers in Russia is 53 %, in Vietnam – 21 %, the median distribution of average daily 
consumption in Russia is 152 grams, in Vietnam – 28 grams. Taking into account the share of consumers, as well as the vol-
ume and frequency of consumption, we determined the priority products for the children’s health risk assessment associated 
with the N-nitrosamines contamination in food. They are canned meat and dry soluble cereals in Russia; grilled meat and 
sausages; in Vietnam. 

Key words: children, food, consumption, risk assessment, Russia, Vietnam, children’s nutrition, risk assessment, expo-
sure assessment, questioning. 
 

 
Introduction. Food-borne diseases have 

high medical, sanitary and social importance 
for all modern countries [1]. The WHO Re-
gional Europe Office keeps stressing the im-
portance of achieving higher food products 
quality and improving nutrition status, espe-
cially for vulnerable groups such as elderly 
people, pregnant women and children [2]. 
Quality of nutrition provided for children 

draws special attention of the Regional Bureau 
programs for East Asia countries, for which 
nutrition security of infants and young children 
is one of the top priorities together with im-
munization and better access to qualified 
healthcare [3]. Providing adequate nutrition 
support for children and food-borne diseases 
prevention are among the top priorities in na-
tional policies adopted in different countries, 
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for example, of Food quality improvement 
strategy in Russian Federation till 20301 and 
National strategy of Vietnam in nutrition sec-
tor in 2011–20202. 

One of the main problems related to nu-
trition for children is food contamination [4]. 
Consequently, there is a pressing issue whether 
it is possible to produce contamination-free 
organic food for children, taking into account 
the intensive pollution of the environment 
(soil, water, and air) [5]. Among foreign 
chemical substances, found in food, nitrates 
are especially hazardous [6], as they deoxi-
dize to nitrites in human body, thus making a 
base for carcinogenic N-nitrosamines occur-
rence [7]. Russian researchers have fixed ni-
trate contamination of drinking water [8, 9] 
and others nutrition products (vegetables 
[10, 11], greenery [12], and fruit [13]). Within 
joint studies of Russian and Vietnamese re-
searchers N-nitrosamines were detected in 
canned meat for babies [14] and in baby cere-
als with and without milk [15].  

Assessment of health risks caused by food 
contamination with hazardous chemical sub-
stances, which include N-nitrosamines, allows 
not only to define the quantitative measure-
ment of food contamination but also to charac-
terize the different groups of products con-
sumed by the population. 

The purpose of the study was to com-
paratively examine actual food consumption 
by children younger than 3 in Russia and Viet-
nam in order to assess health risks associated 
with influence exerted by contaminated food 
on children’s health. 

Data and methods. The object of the 
study was child population living on urbanized 
territories in Russia and Vietnam. In Vietnam 
the study was organized in Hanoi (the capital 
city, huge financial and industrial centre with 
its population being equal to 7.7 million peo-
ple), In Russia it was organized in Perm (huge 

industrial centre with its population being 
equal to 1 million people). Necessary data 
were collected via questioning conducted 
among people who took care of children aged 
from 6 months to 3 years. At the first stage 
(summer – autumn 2018) the questioning was 
organized in Perm and analysis procedures 
and tools were tested. At the second stage 
(winter – spring 2019). after the procedures 
and tools had been corrected and adapted, the 
questioning was organized in Hanoi. 

In Perm the questioning was organized in 
six random polyclinics for children in six dis-
tricts of the city (except the Lenin district, due 
to low population number living there and 
specific low-rise housing). In these polyclinics 
random pediatricians gave out questionnaires 
to adult visitors with children younger than 3. 
Total sampling included 183 people (children 
aged from 6 months to 3 years accounted for 
35 %; children aged 13–24 months, 36 %; 
children aged 25–36 months, 29 %; 49 % chil-
dren were boys, and 51 %, girls). 

In Hanoi, the questioning was organized 
in child health and nutrition centers in two dis-
tricts of the city (Dong Da and Bac Tu Liem) 
and two counties (Dan Phuong and Thanh Tri), 
which were parts of Hanoi in order to provide 
a representative population sampling accord-
ing to social and economic characteristics. To-
tal sampling included 481 people (children 
aged from 6 months to 3 years accounted for 
30 %; children aged 13–24 months, 46 %; 
children aged 25–36 months, 24 %; 51 % chil-
dren were boys, and 49 %, girls). 

Research tools included two general sets 
of questions: a) one concerning eating meat, 
meat and vegetable, vegetable canned baby 
food and baby cereals with milk (food prod-
ucts with detected N-nitrosamines contamina-
tion [14, 15]), b) demographical questions (sex 
and age of a child, social and economic status 
and members of the family). Questionnaires in 

__________________________ 
 
1 Food quality improvement strategy in Russian Federation till 2030 year. Approved by the Order of Russian Federation Gov-

ernment dated of 29 June 2016 No. 1364-r. Available at: http://www.garant.ru/products/ipo/prime/doc/71335844/ (01.12.2019). 
2 Food quality improvement strategy in Russian Federation till 2030 year. Approved by the Order of Russian Federation Gov-

ernment dated of 29 June 2016 No. 1364-r. Available at: http://www.garant.ru/products/ipo/prime/doc/71335844/ (01.12.2019). 
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Vietnam included questions aimed at estimat-
ing consumption of products that were typical 
for the country. Those products were cooked 
cereals (fresh cereals), which could be bought 
in specific retail outlets, grilled sausages and 
meat. The reason for these products being in-
cluded into the questionnaire was a hypothesis 
that they might include N-nitrosamines. 

Questioning results were processed elec-
tronically with SPSS Statistics 22 software 
package (descriptive statistics, central ten-
dencies measures definition, and correlation 
analysis). 

Results. The structure of food consump-
tion, which is of interest as regards assessing 
risks associated with the impacts exerted by 
N-nitrosamines on children's health in Russia 
and Vietnam, has significant differences al-
ready in the youngest age group. Among Rus-
sian children aged from 6 to 12 months, 61 % 
have experience in consuming canned meat 
and vegetable products, while in Vietnam 
only 36 % consumers in this age group eat 
such products. At the same time, fresh cooked 
cereals (both cereals without admixtures or 
ones with the beef, pork, turkey, fish, crab 
meat and shrimp) are highly popular in Viet-
nam; from 90 % to 98 % of Vietnamese chil-
dren in the examined age groups and 95 % in 
the overall sampling have eaten this type of 
product. Fresh cereals cooked in retail outlets 
have no analogues in Russia (the closest type 
of product is cereals that are cooked at home 
or at catering companies, but in Russia meat 
and poultry are usually added only to buck-
wheat cereal, and fish and seafood are not 
added at all). 

The average daily consumption of fresh 
cooked cereals in Vietnam is quite large – the 
median of distribution among children aged 
6–12 months was 92.8 grams; among those 
aged 13–24 months, 200 grams; among chil-
dren aged 25–36 months, 171.4 grams. The 
consumption volume of this product among 
boys aged from 6 to 12 months was signifi-
cantly higher than among girls of the same 
age (Cramer’s V = 0.211 at p 00.05); the pro-
portion of consumers with an average daily 
volume being equal to 300 grams or more 
among boys aged 6–12 months was by 10 % 
higher than among girls of the same age. The 
most popular cereals were beef (from 55 % 
to 78 % consumers in the examined age sub-
groups) and turkey (from 58 % to 80 % con-
sumers). 

Differences in food consumption pat-
terns in Russia and Vietnam were also ob-
served concerning dry instant cereals as con-
sumers of this product among Russians in 
the age group from 6 to 12 months accounted 
for 53 %, and among Vietnamese only 21 % 
(Table 1). 

As Table 1 shows, the proportion of children 
consuming canned industrially manufactured 
products is gradually growing in Vietnam (up to 
67 % among children aged 25–36 months), 
while in Russia it remains almost permanent 
among children aged 6–24 months, and then 
increases to 75.5 % for the oldest children 
aged 25–36 months. At the same time, a sig-
nificant part of canned food consumed in 
Russia is canned meat (in the age group of 
6–12 months, 88 % of consumers preferred one-
component canned meat), while in Vietnam

T a b l e  1  
A share of consumers eating various products in Russia and Vietnam 

 (as a percentage of all respondents in group)  
6–12 months 13–24 months 25–36 months Food product type Russia Vietnam Russia Vietnam Russia Vietnam 

Grilled meat No data 10.5 No data 52.9 No data 74.1 
Sausages No data 11.9 No data 61.5 No data 87.9 
Canned food 60.7 35.7 54.1 57.5 75.5 67.2 
Dry instant cereals 53.0 21.0 40.0 44.8 26.0 45.7 
Fresh cereals cooked in retail outlets No data 90.9 No data 95.0 No data 98.3 
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T a b l e  2  
The average daily consumption of various food products in Russia and Vietnam  

(distribution median)  
6–12 months 13–24 months 25–36 months Food product type Russia Vietnam Russia Vietnam Russia Vietnam

Grilled meat No data 21.4 No data 23.6 No data 35.7 
Sausages No data 28.5 No data 17.1 No data 28.6 
Canned food 50.1 14.2 104 21.4 58.0 15.7 
Dry instant cereals 152.4 28.5 200.0 50.0 280.0 78.5 
Freshly cooked cereals in store production No data 92.8 No data 200.0 No data 171.4 

 
this type of canned food is absolutely not 
popular as all consumers of canned food con-
sumed meat and vegetable or multi- and one-
component vegetable canned food. 

Children in Russia eat less dry instant 
cereals with aging and the share of consum-
ers is gradually reducing to 26 % in the  
25–36 months subgroup, and in Vietnam, 
this share rises to 46 % for the elder group, 
while it remains permanent in the previous 
two subgroups. 

The average daily consumption of 
canned food and instant cereals in the studied 
samples also varies significantly. Thus, in the 
25–36 months subgroup, where the share of 
canned food consumers is the largest in both 
countries, the distribution median of the aver-
age daily consumption of canned food was 
58 grams in Russia and only 15.7 grams in 
Vietnam. The median distribution of the aver-
age daily consumption of dry instant cereals 
in the middle age group of 13–24 months was 
200 grams in Russia and only 50 grams in 
Vietnam (Table 2).  

Significant differences are observed in 
the average daily consumption of dry instant 
cereals by 13–24 months old boys and girls in 
Vietnam (Cramer’s V = 0.258 at p  0.05). 

Starting from 13 months sausages and 
grilled meat are actively included into nutri-
tion provided for Vietnamese children. So, 
61.5 % of 13–24 months old children and 
88 % of 25–36 months old children have ex-
perience in eating sausages, the share of grilled 
meat consumers in these groups amounts to 
53 % and 74 %, respectively. The average daily 
consumption of grilled meat increases with 
aging: the median value among children aged 

6–12 months was 21.4 grams; 13–24 months, 
23.6 grams; 25–36 months, 35.7 grams. The 
average daily consumption of sausages was 
the same in the youngest and oldest age 
groups (distribution medians were 28.5 and 
28.6 grams, respectively), and it was signifi-
cantly lower in the 13–24 months group 
(17.1 grams). 

Discussion. The structure of nutrition 
provided for children younger than three years 
in Russia and Vietnam is different due to eco-
nomic, historical and cultural reasons. The low 
popularity of canned baby products in Vietnam 
is due to a rather small number of local pro-
ducers (two brands against four in Russia), the 
high cost of imported products in relation to 
the average per capita income in the country (it 
results in its low physical availability, poor 
assortment offered by retail outlets and super-
markets), as well as due to preference for more 
high-calorie meat products. As a 2013 study in 
the Dong Da area (central Hanoi, also included 
in the survey sampling) showed, parents in 
Vietnam often implement «intensive feeding 
practices» for their preschool children, want-
ing their children to eat more high-calorie 
foods. This behavior pattern may be associated 
with historical experience of surviving starva-
tion during wars, when children were the most 
vulnerable group [16]. 

The intensive inclusion of the products 
that are not recommended for preschool chil-
dren (sausages, grilled products, or sweets) 
into children’s ration has been noted in sev-
eral other studies in Vietnam. Thus, a survey 
conducted in five urban areas of Central and 
South Vietnam revealed a high level of con-
sumption sweets by children aged from two to 
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five years [17]. However, misbalance in chil-
dren’s ration among children aged from one 
to three years is also typical for Russia.  
According to the data provided by the Rus-
sian Pediatricians Union, 56 % children began 
to receive confectionery products and “not-
for children” products (snacks, mayonnaise, 
or semi-finished products) when they were 
about two years old [18]. The data of the 
RAMS Institute of Nutrition indicate that 
there are sausages in ration offered to 23.4 % 
of Russian children aged 1–2 years [19]. 

The tendency among Russian parents to 
use ready meals for children (canned food, dry 
instant cereal) detected during the study is as-
sociated with a desire to reduce an amount of 
time spent on cooking. A similar behavior is 
observed when analyzing the results obtained 
via examining the Vietnamese sampling as 
fresh cooked cereals produced by retail outlets, 
which are popular in Vietnam, are an alterna-
tive option of «fast food» and similarly help 
saving time spent on cooking. 

Conclusions. The study allowed us to 
draw a number of conclusions regarding the 
characteristics of food consumption by children 
younger than three in Russia and Vietnam: 

1. Children in Russia and in Vietnam eat 
canned baby food. Children in Russia start eat-
ing meat and vegetable canned food earlier. In 
two of the three age children subgroups, the 
proportion of canned baby food consumers in 
Russia is higher than in Vietnam. The differ-
ence is especially apparent in the age group of 
6–12 months: in Russia 61 % children in this 
age group consume this type of products, and 
in Vietnam their share is almost two times 
lower (36 %); 

2. The average daily consumption of 
canned baby food in Russia is higher than in 
Vietnam. While in all age groups in Vietnam 
children receive no more than 30 grams of 
canned food per day, in Russia the average 
daily consumption is 88 grams (arithmetic av-
erage for the sampling as a whole); 

3. Dry instant cereals are a typical 
choice for the first supplemental feeding for 
6 to 12 months old children in Russia. Over 
half (53 %) of children in the youngest age 

group received this food product. In Vietnam, 
the proportion of consumers who eat dry instant 
cereals amounted to months 21 % among chil-
dren aged 6–12. With aging, the share of prod-
uct consumers in Russia decreases (to 26 % in 
the group of children 25–36 months old). In 
Vietnam, in groups of 12–24 months and 25–36 
months, the proportion of children who ate dry 
instant cereals is approximately 44–45 %; 

4. Average daily consumption of instant 
cereals by children in Russia is higher than in 
Vietnam in all age groups. The differences are 
especially apparent in the youngest group  
(6–12 months), 191 grams in Russia against 
42 grams in Vietnam (arithmetic mean distri-
butions). In general, instant cereals are the 
main (daily) food product for children in Rus-
sia, while in Vietnam this type of product is 
not included in children’s ration, the frequency 
of its consumption is low; 

5. Grilled sausages and meat (products 
potentially contaminated with N-nitrosa-
mines) are actively introduced into children’s 
ration in Vietnam from the age of 12 months. 
In a 12–24 months subgroup, sausages are 
consumed by 61 % children, and grilled meat, 
by 53 %. In the age group of 25–36 months, 
the proportion of children who have eaten 
these types of products increases to 88 % and 
74 %, respectively; 

6. The priority products for research in the 
framework of evaluation the risk associated 
with the impact of chemical contamination of 
food products with N-nitrosamines on the 
health of children under three years are: meat 
and vegetable canned food and dry instant ce-
reals in Russia, grilled meat and sausages in 
Vietnam; 

7. When performing studies to evaluate 
health risks caused by chemical contamination 
of food products, including food for young 
children, estimation of their actual consump-
tion is a key condition for reducing exposure 
estimation uncertainty. 
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RISK FACTORS CAUSING HEALTH DISORDERS AMONG WORKERS INVOLVED 
IN OIL EXTRACTION AND PERFORMING THEIR WORKING TASKS OUTDOORS 
DURING A COLD SEASON 

E.M. Polyakova1, 2, A.V. Mel'tser1, V.P. Chashchin1 
1North-Western State Medical University named after I.I. Mechnikov, 41 Kirochnaya avenue, Saint Petersburg, 
195067, Russian Federation 
2North-West Scientific Center for Hygiene and Public Health, Russia, 191036, Saint Petersburg, 2 Sovetskaya Str., 4 
 

 
The research focuses on a vital issue related to preserving health of workers who perform their working tasks outdoors 

in regions with cold climate. 
Our research goal was to examine influence exerted by working conditions and working experience length on prevalence of 

chronic diseases and other health disorders among workers who performed their working tasks outdoors during a cold season. 
We accomplished a cross (one-moment) epidemiologic study aimed at assessing adverse impacts exerted by weather 

and climatic factors on workers who performed their working tasks on open grounds in regions with cold climate. We con-
ducted hygienic assessment of working conditions for 1.647 workers employed at oil-extracting enterprise in Nizhnevartovsk 
and analyzed results obtained during their regular medical check-ups. 

We analyzed average number of diseases per 1 worker; it varied from (0.45 ± 0.06) among workers dealing with elec-
trogas welding to (0.27 ± 0.022) among compressor unit operators. Each additional 5 years of working experience resulted 
in an ascending trend for a number of detected diseases per 1 worker (p = 0.0015).  

We also revealed that workers who maintained oil-extracting machinery ran the greatest health risks as they had to 
spend the greatest amount of time outdoors (on average, 27 hours out of 40 hours per 1 working week) during a cold season. 
Besides, our research showed that exposure to cold potentiated adverse impacts exerted by other occupation factors on 
workers’ health. Thus, given the same amount of time spent outdoors during a cold season for different occupational groups, 
welders ran the greatest risks of circulatory system diseases (AR = 2.0), ear and mastoid diseases (AR = 5.0), digestive or-
gans diseases (AR = 2.2) due to the air at their working places being contaminated with welding aerosol. 

When working tasks are performed outdoors in regions with cold climate, it leads to elevated risks of chronic health 
disorders that occur due to long-term occupational exposure to uncontrollable meteorological factors and simultaneous air 
contamination with welding aerosols. 

Key words: working conditions, oil-industry workers, adverse working conditions, work on open grounds, cold, work-
ers’ health, cold injuries, cold stress, cold and carbohydrate metabolism. 
 

 
Oil extraction plays the leading role in 

the economy of northern regions in West Si-
beria. A significant number of employable 
people work in the branch. Technologies that 
are applied at oil-extracting enterprises are 
developing rapidly; still, s lot of workers em-
ployed at such enterprises in West Siberia 
work in adverse working conditions. A spe-
cific weight of workers who were employed 

at fuel and energy resources extraction (in-
cluding oil and gas) and performed their work 
tasks in adverse or hazardous conditions in-
creased from 44.1 % in 2012 to 54.7 % in 
2018 [1]. There are several risk factors that 
cause general and occupational diseases: they 
are overall and local vibration, noise, adverse 
chemicals and aerosols, physical strain, work 
in forced and uncomfortable postures, as well 
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as some other factors related to working envi-
ronment or work processes. And we should 
note that these adverse occupational factors 
exert their influence in specific natural and 
climatic conditions existing in the Polar Re-
gions. Cold season is very long there and air 
temperatures are low [2–4]. An enterprise 
which we examined in the present work was 
located in an area where average long-term 
temperature was equal to –24,4 С during three 
coldest months, and snow cover didn’t melt for 
200–210 days1. In 2018 workers employed at 
mining and extracting enterprises had the great-
est specific weight of occupational diseases, 
47.59 % of all the first registered morbidity 
cases. In 2018 occupational morbidity per 10 
thousand workers registered at mining enter-
prises held the first rank place among all types 
of economic activities; it was equal to 25.012. 

We examined impacts exerted by working 
conditions existing on open-air facilities in the 
Polar Regions on health of workers employed 
by an oil-extracting company; those workers 
had to spend a lot of time outdoors during their 
working week. 

Our research goal was to examine influ-
ence exerted by cold factor on workers em-
ployed by an oil-extracting enterprise when 
they had to work outdoors in cold season and 
were exposed to adverse occupational factors 
related to specific working environment. 

Data and methods. We examined influ-
ence exerted by working conditions in cold 
season on health of workers employed by an 
oil-extracting enterprise depending on a period 
of time they had to spend outdoors during a 
working shift. We analyzed structure and in-
tensity of effects produced by adverse occupa-
tional factors and results obtained during peri-
odical medical check-ups of 1,674 workers 
employed by “Samotlorneftegaz” public com-
pany (located in Nizhnevartovsk, the Khanty-

Mansi Autonomous Area). Basing on a per-
formed time study, we divided all workers into 
three groups with different amount of time 
spent outdoors in cold season and taking into 
account exposure to adverse occupational fac-
tors. The first group included 344 people (about 
30 % of a working shift spent outdoors); the 
second one was made up of 647 people (about 
50 % of a working shift spent outdoors); there 
were 689 people in the third group (60–75 % of 
a working shift spent outdoors). 

We assessed impacts exerted by working 
experience on workers’ health after all the ex-
amined workers had been divided into four 
groups: with working experience not exceed-
ing 5 years (n = 796); 6–10 years (n = 238); 
11–15 years (n = 201); and longer than  
16–20 years (n = 441). When assessing work-
ing conditions, we took into account labor 
hardness and intensity, microclimate at work-
places, and exposure to physical and chemical 
factors [5–8]. We performed statistical analy-
sis with Statistica 12.0 for Windows; we de-
termined Student’s t-test for independent 
samplings, goodness-of-fit test χ2, attribut-
able risk (AR), and Pearson’s linear correla-
tion quotient (r). Numeric data were given as 
a mean value and its standard error (M ± m). 
Discrepancies were considered to be signifi-
cant at р < 0.05. Data on working conditions 
were assessed as per reports of special assess-
ment of working conditions accomplished in 
2016 at workplaces where workers from the 
selected occupational groups performed their 
work tasks as well as basing on industrial control 
protocols issued in 2010–2018. Prevalence of 
diseases among workers employed by “Samot-
lorneftegaz” public company was assessed bas-
ing on results of periodical medical check-ups 
collected in 2017–2018 (Appendix No. 1). 

Results and discussion. We assessed 
working conditions and revealed that noise and 

__________________________ 
 
1 CSaR 23-01-99. Construction climatology (with Amendment No. 1). Construction standards and rules in the Rus-

sian Federation. Construction climatology. Electronic fund for legal and reference documentation, 2000. Available at: 
http://docs.cntd.ru/document/1200004395 (date of visit June 19, 2019). 

2 On sanitary-epidemiologic welfare of the population in the Russian Federation in 2018. The State report. The Federal 
Service for Surveillance over Consumer Rights Protection and Human Well-being, 2019. Available at: https://rospotreb-
nadzor.ru/documents/ (date of visit June 19, 2019). 
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overall vibration at them exceeded acceptable 
levels, and certain adverse chemicals were de-
tected in working area air in quantities higher 
than hygienic standards. Overall vibration ex-
ceeded hygienic standards (working condi-
tions belonging to 3.1 hazard category) for 
operators who handled pumping units (PU) 
and compressor units (CU) (workers from the 
1st group); oil-extracting devices handled by 
those workers included units for pumping 
working substance into a bed, vacuum com-
pressors, units for pumping trapped oil, deposit 
water, outer drainage, storm drainage, and de-
hydrating and desalting units (DDU). Adverse 
chemical factors included substances belong-
ing to 1–4 hazard categories (oil and its com-
ponents, dihydrosulfate, sulfur dioxide, carbon 
oxide, nitrogen oxide, and ozone). Maximum 
manganese concentrations that existed at 
workplaces of repairmen were up to 1.17 times 
higher than MPC (working conditions belong-
ing to 3.1 hazard category) with maximum 
single MPC being equal to 0.6 mg/m3. Electro-
gas welders were also exposed to increased 
manganese concentrations that exceeded MPC. 
When performing their work tasks, welders 
were exposed to ozone concentrations that 
were 1.13 times higher than MPC. Techno-
logical processes applied in oil extraction 
involved working in forced and uncomfort-
able postures and a worker had to move a lot 
during a working shift sometimes covering 
a distance equal to 8.4 km. Overall, working 
conditions for workers from the 1st group 
were the most hazardous (3.3 category) than 

for those from the 2nd and the 3rd ones 
(3.2 category) (Table 1). 

We accomplished a time study of work 
processes in the examined occupational groups 
basing on observation checklists or working 
day profiles; it allowed us to determine that 
workers from the 3rd group had to spend the 
longest period of time outdoors or in cold 
rooms during a 40-hour working week among 
all the examined groups (27 ± 0.23 hours). 

We analyzed results obtained via periodi-
cal medical examinations of workers from the 
selected occupational groups in 2017–2018. 
There were no authentic differences among 
workers as per their age; we revealed a distinct 
correlation between an average number of de-
tected diseases per one worker and an amount 
of time workers had to spend outdoors in cold 
season during a 40-hour working week. Thus, 
there was a strong direct correlation between 
periods of time spent outdoors by workers from 
the 3rd group and a number of diseases per one 
worker (0.37 ± 0.02); it was the strongest 
among all the examined groups (r = 0.74). 
Also, a fraction of practically healthy people 
was authentically lower (70.5 %) than in the 2nd 
group (χ2 = 11.422; p = <0001) (Table 2). 

We examined morbidity among workers 
from the examined occupational groups as per 
their age and sex depending on their working 
experience, a number of diseases per one 
worker, and average amount of time spent out-
doors in cold season. 

Circulatory system diseases were the most 
frequently detected in all three examined 

T a b l e  1  

Assessment of working conditions for workers from the examined occupational groups 
employed at an oil-extracting enterprise 

Parameter 
Group 1 

CU operators  
and PU operators 

Group 2 
DDU operators 

Group 3 
Repairmen /  

Elector-gas welders 
Chemical factors 2.0 2.0 3.1 
Noise 3.3 3.2 3.2 
Overall vibration 3.1 2.0 2.0 
Labor hardness 2.0 3.1 3.1 
Working conditions category 3.3 3.2 3.2 
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T a b l e  2  

Sex and age characteristics of the examined occupational groups depending on work experience, 
a number of diseases per one worker, and average amount of time spent outdoor in cold season 

Parameter 
Group 1 

CU operators  
and PU operators

Group 2 
DDU operators 

Group 3 
Repairmen /  

Elector-gas welders 
Total 

Sex, men 299 (87 %) 352 (54.92 %) 688 (99.85 %) 1,339 (80 %) 
Sex, women 45 (13 %) 289 (45.08 %) 1 (0.15 %) 335 (20 %) 
Average age, years 42.89 ± 0.55 40.16 ± 0.4 40.42 ± 0.41 40.83 ± 0.26 
Average work experience 10.32 ± 0.37 9.88 ± 0.27 7.65 ± 0.29 9.05 ± 0.16 
AS number of practically 
healthy workers 252 (73.3 %) 504 (78.6 %) 486 (70.5 %) 1,242 (74.19 %)

An average number of 
diseases per one workers 0.33 ± 0.034 0.27 ± 0.022 0.37 ± 0.02 0.32 ± 0.014 

Average amount of time 
spent outdoors in cold 
season during a 40-hour 
working week 

14.1 ±  0.013 24.5 ±  0.07 27 ±  0.23 23.4 ± 0.15 

 
groups and held the 1st rank place accounting 
for 24.8 %; the 2nd rank place belonged to en-
docrine system diseases (18 %). The 3rd rank 
place was taken by symptoms, signs, and de-
viations from physiological standards revealed 
via clinical and laboratory research, namely, 
deviations in tolerance to dextrose (17.4 %). 
There were no statistically significant discrep-
ancies between three groups regarding these 
three rank places. Ear and mastoid diseases 
accounted for 15.6 % in morbidity structure in 
all three groups of workers employed by 
“Samotlorneftegaz” public company and it 
was the 4th rank place. 

Overall, prevalence of diseases was the 
same in all three occupational groups, the 1st 
rank place taken by cardiovascular diseases; 
the 2nd rank place in the 1st and 2nd group taken 
by endocrine diseases, and by ear and mastoid 
diseases in the 3rd group; the 3rd rank place be-
longed to deviations in tolerance to dextrose in 
all three occupational groups. 

Prevalence of ear and mastoid diseases 
per 100 workers was 1.875 and 2.8 times au-
thentically higher in the 3rd group that in the 1st 
and 2nd one accordingly (χ2 = 17.61, df = 2, 
р < 0.001). Digestive organs diseases held the 

5th rank place and their prevalence in the 3rd 
group (4.4 %) was authentically higher than in 
the 1st one (3.8 %) and in the 2nd one (1.2 %) 
accordingly (χ2 = 11.633, df = 2, р = 0.003). 

We revealed substantial discrepancies in 
prevalence of blood and blood-making organs 
diseases between the examined groups; thus, 
morbidity in the 2nd group (8.2 %) was authen-
tically higher than in the 1st (6.9 %) and the 3rd 
one (1.6 %) accordingly (χ2 = 7.274, df = 2, 
р = 0,027). 

Some chronic diseases tended to prevail 
in workers from the 3rd occupational group and 
were the most frequent among them, in par-
ticular, circulatory organs diseases, ear and 
mastoid diseases, digestive organs diseases, 
skin and subcutaneous tissues diseases, as well 
as symptoms, signs, and deviations from 
physiological standards revealed via clinical 
and laboratory research. Those diseases ac-
counted for the biggest part of all diseases de-
tected among workers from the examined oc-
cupational groups (Table 3). 

We calculated attributable risk and re-
vealed that influence exerted by longer overall 
exposure to cold during a working week was 
accompanied with excessive morbidity3 with

__________________________ 
 
3 Metody obrabotki informatsii [Information processing techniques]. In: A.G. Sysa, R.A. Dudinskaya. Minsk, IVTs Min-

fina Publ., 2018, 20 p. 
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T a b l e  3  
Prevalence of diseases among workers employed at oil-extracting enterprise that had  

to work in different working conditions (number of cases per 100 workers) as per results  
of periodical medical examinations 

Disease category as per ICD-10 Group 1 Group 2 Group 3 Total 
Diseases of the circulatory system 8.4 ± 1.49 6.7 ± 0.98 8.7 ± 1.07 7.9 ± 0.66 
Endocrine, nutritional, and metabolic diseases 6.1 ± 0.52 6.4 ± 0.97 4.9 ± 0.82 5.7 ± 0.57 
Symptoms, signs and abnormal clinical and 
laboratory findings, not elsewhere classified 5.5 ± 1.2 4.2 ± 0.79 6.8 ± 0.96 5.5 ± 0.55 

Diseases of the ear and mastoid process 4 ± 1.06 2.5 ± 0.55 7.5 ± 1 4.9 ± 0.53 
Diseases of the digestive system 3.8 ± 1.03 1.2 ± 0.43 4.4 ± 0.78 3 ± 0.42 
Diseases of the blood and blood-forming organs 
and certain disorders involving the immune 
mechanism 

2.3 ± 0.8 2.2 ± 0.58 0.6 ± 0.29 1.6 ± 0.3 

Diseases of the genitourinary system 2 ± 0.75 1.6 ± 0.49 0.9 ± 0.36 1.4 ± 0.29 
Diseases of the musculoskeletal system 1.5 ± 0.65 0.8 ± 0.36 1 ± 0.38 1 ± 0.37 
Diseases of the skin and subcutaneous tissue 0 0.3 ± 0.22 0.7 ± 0.32 0.4 ± 0.15 
Other diseases 0 0.5 ± 0.28 0.3 ± 0.2 0.3 ± 0.13 

 
ear and mastoid diseases (AR = 3) as well as 
more frequent deviations in tolerance to dextrose 
(AR = 1.3). Therefore, excess annual frequency 
of ear and mastoid diseases amounted to 2.4 cases 
per 100 workers in the occupational group who 
had to spend the longest period of time outdoors. 
Excess annual frequency of deviations in toleran-
ce to dextrose amounted to 1 case per 100 work-
ers in the occupational group who had to spend 
the longest period of time outdoors. 

Long periods of time spent outdoors in 
cold season combined with exposure to adverse 
chemicals detected in working area air lead to a 
substantial increase in morbidity with circula-
tory system diseases (AR = 2.0), ear and mas-
toid diseases (AR = 5.0), digestive organs dis-
eases (AR = 2.2) as well as to an increase in 
number of workers with deviations in tolerance 
to dextrose (AR = 2.6). Discrepancies in mor-
bidity detected among exposed and non-exposed 
workers as per overall vibration were determined 
by combined exposure to cold and overall vi-
bration which substantially increased preva-
lence of digestive organs diseases (AR = 2.6), 
circulatory system diseases (AR = 1.7), and ear 
and mastoid diseases (AR = 1.5). 

We examined influence exerted by work 
experience on health of workers employed at 
oil extraction and revealed that a number of 
practically healthy people was the highest 
among those with their work experience not 
exceeding 5 years (76.7 %) against workers 
with longer work experience. Circulatory sys-
tem diseases prevailed among detected health 
disorders including primary hypertension 
with predominant damage to the heart with 
(congestive) heart failure (Table 4). Still, we 
didn’t detect any growth in morbidity with 
circulatory system diseases among workers 
with longer work experience and there were 
no statistically significant discrepancies as 
per this parameter between groups of workers 
with different work experience. It is probably 
due to a so called “healthy worker” effect 
when there is a trend for a decrease in number 
of workers who work in harmful working 
conditions and suffer from chronic diseases4 
[9, 10]. As a rule, nosologies that predomi-
nantly occur at an older age, including car-
diovascular pathologies, characterize “healthy 
worker” effect during later periods of a per-
son’s work experience. 

__________________________ 
 
4 Rossiiskaya entsiklopediya po meditsine truda [The Russian encyclopedia on occupational medicine]. Rossiiskaya 

akademiya meditsinskikh nauk. In: N.F. Izmerov. Moscow, Meditsina Publ., 2005, 656 p. (in Russian). 
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T a b l e  4  
Prevalence of diseases among workers from the examined occupational groups  

as per different work experience 
Work experience / 

Clinical parameters <5 years 
(n = 866) 

6–10 years
(n = 212) 

11–15 years
(n = 164) 

16–20 years 
(n = 432) 

> 20 years 
(n = 0) 

Total 
(n = 1,674) 

Prevalence of diseases per 
100 people 27.7 22.6 34.15 43.75 0 31.8 

Number of diseases 
in 1 worker, cases 0.29 ± 0.019 0.24 ± 0.037 0.34 ± 0.049 0.44 ± 0.03 0 0.32 ± 0.014

Practically healthy people, %  76.7 80.7 73.2 66.4 0 1,244/74.3 
Age, years 37.13 ±  0.35 37.63 ± 0.59 42.31 ± 0.66 49.26 ± 0.32 0 40.83 ± 0.26

Diseases category as per ICD-10 / % in morbidity structure 
Diseases of the circulatory 
system 25.0 ± 1.5 18.7 ± 2.7 25 ± 3.4 25.9 ± 2.1 0 24.8 ± 1.05 

Endocrine, nutritional, and 
metabolic diseases 14.2 ± 1.2 25.0 ± 2.9 23.2 ± 3.2 19.6 ± 1.9 0 18 ± 0.9 

Symptoms, signs and abnormal 
clinical and laboratory findings, 
not elsewhere classified 

15.4 ± 1.2 16.7 ± 2.6 19.6 ± 3 19.6 ± 1.9 0 17.4 ± 0.9 

Diseases of the ear and mas-
toid process 14.6 ± 1.2 14.6 ± 2.4 23.2 ± 3.3 14.8 ± 1.7 0 15.6 ± 0.9 

Diseases of the digestive system 15.8 ± 1.2 10.4 ± 2 0 4.2 ± 0.96 0 9.6 ± 0.7 
Diseases of the blood and 
blood-forming organs and 
certain disorders involving 
the immune mechanism 

4.2 ± 0.7 4.2 ± 1.4 3.6 ± 1.45 6.3 ± 1.2 0 4.9 ± 0.5 

Diseases of the genitourinary 
system 4.6 ± 0.7 6.26 ± 1.7 0 4.8 ± 1.03 0 4.3 ± 0.5 

Diseases of the musculo-
skeletal system 3.3 ± 0.6 1.2 ± 0.75 1.8 ± 1.04 3.7 ± 0.9 0 3.2 ± 0.4 

Diseases of the skin and 
subcutaneous tissue 1.7 ± 0.4 0 3.6 ± 1.45 0.5 ± 0.3 0 1.3 ± 0.28 

Other diseases 1,25 ± 0,38 1,2 ± 0,75 0 0,5 ± 0,3 0 0,9 ± 0,23 
 
We detected statistically significant in-

crease in prevalence of all the diseases per 100 
workers among those with their work experi-
ence being equal to 16–20 years against work-
ers with short work experience (χ2 = 15.806, 
df = 1, p < 0.001). We also detected an authen-
tic fall in number of people without any diag-
nosed diseases / practically healthy people 
among workers with 16–20 years of work ex-
perience against workers with short work ex-
perience (χ2 = 15.806, df = 1, p < 0.001). 

As work experience grew, there appeared 
a growing trend in average number of detected 
diseases per 1 worker (p = 0.0015). Endocrine 
diseases took the 1st rank place in workers with 

6–10 years of work experience, and their share 
increased considerably from 14.2 % to 25 %; 
however, as work experience grew by each 
5 years, there was a substantial decrease in 
morbidity with such diseases (p = 0.007). 
Prevalence of symptoms, signs and abnormal 
clinical and laboratory findings (deviations in 
tolerance to dextrose) persistently took the  
3rd rank place in morbidity among workers and 
as their work experience reached 11–15 years 
it leveled off (19.6 %). According to scientific 
research results there is a statistically signifi-
cant increase in dextrose concentration in 
blood under exposure to extreme cold [11, 12]. 
It can be caused by substantial activation of 
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thermogenesis and peculiarities of nutrition in 
cold season that result in elevated concentra-
tions of glycation end products in tissues and 
increase risks of II type pancreatic diabetes. 

As work experience reached 11–15 years, 
there was a significant growth in prevalence of 
ear and mastoid diseases, from 14.6 % to 
23.2 % (p = 0.028) (Table 4).  

We detected a weak direct correlation be-
tween work experience and an average number 
of diseases (r = +0.091). There was also a cor-
relation between work experience and preva-
lence of the most frequent diseases that took 
the 1st, 2nd, and 3rd rank places such as cardio-
vascular diseases (r = +0.0564), and endocrine 
system diseases (r = +0.0691), as well as de-
viations in tolerance to dextrose (r = +0.08) 
(a correlation is direct and weak). 

Diseases in the digestive organs tended 
to become less prevalent as work experience 
grew longer. Circulatory diseases were at the 
same level regardless of work experience be-
coming longer. As for other diseases, such as 
endocrine system diseases, ear and mastoid 
diseases, blood and blood-making organs dis-
eases, and musculoskeletal system diseases, 
there was a stable growth in their prevalence, 
although not the same for all the nosologies. 
Prevalence of arterial hypertension with pre-
dominant damage to heart and (congestive) 
heart failure grew by 1.4 times against its ini-
tial level when work experience reached  
16–20 years [13, 14]; insulin-independent pan-
creatic diabetes, by 2.75 times; hypercholes-
terolemia, by 1.8 times; deviations in tolerance 
to dextrose, by 2.2 times; iron-deficiency ane-
mia, 3.5 times; two-sided conductive deafness, 
by 2 times. When work experience exceeded 
20 years, prevalence of insulin-independent 
pancreatic diabetes grew by 3 times; iron-
deficiency anemia, by 4 times; prevalence of 
two-sided conductive deafness amounted to 
7 people per 100 workers. 

Conclusions 
1. Our research on influence exerted by 

working conditions on workers’ health re-
vealed that a period of time spent outdoors in 
cold season was a significant risk factor that 
could cause health disorders among workers 

from the 3rd occupational group employed by 
“Samotlorneftegaz” public company. 

2. Such health disorders as ear and mas-
toid diseases as well as deviations in toler-
ance to dextrose were the most frequent 
among workers who had to spend the longest 
period of time outdoors or in cold rooms in 
cold season; prevalence of those disorders 
was the greatest among them. 

3. There was a growth in prevalence of 
ear and mastoid diseases among workers 
who repaired and maintained drilling and 
oil-extracting equipment such as repairmen 
and electro-gas welders; this growth was due 
to long-term exposure to adverse uncontrol-
lable occupational factors such as cold and 
simultaneous contamination with welding-
produced aerosols. 

4. Non-occupational two-sided conduc-
tive hearing loss was the most prevailing pa-
thology among ear and mastoid diseases; it 
was widely spread among workers who had to 
spend the longest period of time outdoors. 
This pathology was usually caused by com-
plications after acute otitis media or by 
chronic otitis media [15, 16]. 

5. High frequency of tolerance to dextrose 
deviating from physiological standards among 
workers who had to perform their work tasks 
outdoors in cold season was associated with a 
growth in insulin-independent pancreatic dia-
betes occurring in workers with longer work 
experience; it grew by 3 times when work ex-
perience exceeded 16–20 years. Disorders in 
tolerance to dextrose are compensated when 
adverse cold factor is removed and are cor-
rected by healthy nutrition in case test results 
deviate from physiological standards. 

6. When workers are simultaneously ex-
posed to cold weather and contamination of 
working area air with adverse chemicals and 
welding-produced aerosols, it leads to a sig-
nificant increase in prevalence of circulatory 
diseases (AR = 2), ear and mastoid diseases 
(AR = 5), and digestive organs diseases 
(AR = 2.2), and it is consistent with results 
of several previous works [17–20]. 

Therefore, our research results indicate it 
is necessary to develop a specific recovery and 
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health-improving program for workers from 
senior age groups who have to spend a lot of 
time outdoors in cold season in areas with cold 
climate. This program should be oriented at 
primary and secondary prevention of health 
disorders that are very likely to occur among 
workers from such occupational groups; first 
of all, it should cover II type pancreatic diabe-
tes, ear and mastoid diseases, and circulatory 

diseases. Also it is necessary to organize 
groups of workers who run high occupational 
risks of cold-induced diseases and therefore 
should undergo regular medical check-ups. 
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MORBIDITY WITH ARTERIAL HYPERTENSION AMONG WORKERS  
INVOLVED IN NUCLEAR WEAPONRY UTILIZATION 

K.V. Briks, M.V. Bannikova, T.V. Azizova, G.V. Zhuntova, E.S. Grigor'eva 

The Southern Urals Biophysics Institute of the RF Federal Medical and Biological Agency, 19 Ozerskoe drive, 
Ozersk, 456780, Russian Federation 
 

 
Cardiovascular diseases remain a basic socially significant issue in most countries all over the world. Our research 

goal was to comparatively assess morbidity with arterial hypertension (ICD-9 codes 401–404 or ICD-10 codes I.10 –I.14) 
among workers involved in nuclear weaponry utilization. We examined an occupational cohort that included workers 
employed at chemical-metallurgical production of “Mayak” Production Association (PA). They were all employed in 
1949–2014 and observed by medical personnel up to December 31, 2017; overall, the cohort included 10,908 people. We 
analyzed morbidity parameters taking into account both radiation factors (external gamma-irradiation and internal al-
pha-irradiation caused by incorporated plutonium) and basic non-radiation ones. Standardization was accomplished 
indirectly with an internal standard. Morbidity was calculated with medical statistics tools per 1,000 workers. We also 
assessed excess relative risk per one dose (ERR/Gy). As a result, we revealed that on December 31, 2017 2,270 arterial 
hypertension cases were registered in the examined cohort that included workers employed at “Mayak” PA who were 
involved in utilizing nuclear weaponry. We showed that standardized morbidity with arterial hypertension among workers 
employed at “Mayak” PA and involved in utilizing nuclear weaponry statistically significantly depended on non-
radiation factors (sex, age, smoking status, attitude towards alcohol intake, body mass index, and pancreatic diabetes) 
and didn’t depend on total dose of external gamma-irradiation and internal alpha-irradiation absorbed in the liver.  

Key words: arterial hypertension, morbidity, external gamma-irradiation, internal alpha-irradiation, occupational ir-
radiation, cohort study, “Mayak” PA, nuclear weaponry utilization. 
 

 
Cardiovascular diseases (CVD) remain a 

most socially significant problem in many 
countries all over the world. In particular, in 
Europe 4 million people annually die due to 
CVD; 1 million out of them are deaths in Rus-
sia [1]. In 2011 in Russia CVD-related mortal-
ity accounted for 55.9 % out of overall mortal-
ity while in Europe the figure was 47 % [2]. 

Circulatory system diseases (CSD) cause 
more than 1/3 deaths among employable 
population, and mortality among men is 
higher than among women. It is 4.7 times 
higher for CSD as a whole; 7.2 times, for 
ischemic heart disease (IHD); 9.1, for cardiac 
infarction; and 3.4 times, for cerebrovascular 

diseases [3]. Despite a decrease in CVD-
caused mortality that has occurred in devel-
oped countries and over the last few years in 
Russia also, the situation in the country re-
mains serious as it is highlighted in multiple 
domestic and foreign research works [1, 4, 5]. 

Arterial hypertension (AH) is a leading 
risk factor causing cardiovascular diseases 
(cardiac infarction, stroke, IHD, and chronic 
heart failure), cerebrovascular diseases 
(ischemic or hemorrhagic stroke, transient 
ischemic attack), and renal diseases (chronic 
renal disease). 

AH prevalence in the world is different in 
different countries and varies from 27 % in 
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Iran to 67 % in Poland; in developed countries 
it is approximately 41 % [6, 7]. In the Russian 
Federation AH prevalence also amounts to ap-
proximately 42 % [8]. 

Our research goal was to assess impacts 
exerted by radiation and non-radiation factors 
on morbidity with AH among workers em-
ployed at Mayak PA who took part in nuclear 
weaponry (NW) utilization. 

Data and methods. Mayak Production 
Association or Mayak PA was the first 
atomic enterprise in the former USSR. Long-
term chronic irradiation has always been the 
major occupational hazardous factor for 
workers employed at it. We selected a cohort 
that included workers employed at a chemi-
cal and metallurgic plant of the whole PA 
who started their work in 1949–2004 and 
took part in NW utilization. To do that, we 
used the Mayak PA medical and dosimetric 
register that contained data on each worker 
and was created and kept by the Radiation 
Epidemiology Laboratory of the Southern 
Urals Institute for Biophysics [9]. 

We observed workers included into the 
cohort for a period that started from their em-
ployment date and finished on either of the 
following days: a day when a circulatory sys-
tem disease was diagnosed; a day of a 
worker’s death; December 31, 2017 for those 
who were alive on that day; a date for which 
“the last medical data” were available for 
those workers who had moved from Ozersk to 
other places, or in case we couldn’t find out 
whether a person was dead or alive on De-
cember 31, 2017. 

There were 10,908 people in the exam-
ined cohort, 27.6 % of them were females. We 
determined whether a person was dead or alive 
in 96.6 % cases; 49.1 % of them were dead, 
and 50.9 %, alive. A share of women ac-
counted for 54.6 % on the date when the ob-
servation finished. All the workers in the ex-
amined cohort had been exposed to occupa-
tional long-term irradiation (external gamma-
irradiation and/or internal alpha-irradiation). 
As of state on December 31, 2017, data on 
diseases which workers in the examined cohort 
had suffered from during the overall observa-

tion period were available for 5,877 (94.65 %) 
men and 1,764 (94.385) women. 

Within our research, we analyzed morbid-
ity with AH among workers employed at Ma-
yak PA who had taken part in NW utilization as 
per 401–404 codes in ICD-9 or I 10–I 14 codes 
in ICD-10: 

– Essential hypertension (401 in ICD-9 or 
I-10 in ICD-10); 

– Hypertensive heart disease with con-
gestive heart failure (402 in ICD-9 or I-11 in 
ICD-10); 

– Hypertensive renal disease with con-
gestive renal failure (403 in ICD-9 or I-12 in 
ICD-10); 

– Hypertensive heart and renal disease 
with both congestive heart failure and renal 
failure (404 in ICD-9 or I-13 in ICD-10). 

Initial data were statistically processed 
with Statistica 10 standard software. We calcu-
lated both non-standardized (“rough”) morbid-
ity parameters and standardized (as per sex 
and age) ones. We applied indirect standardi-
zation techniques to standardize the examined 
parameters. To do that, we applied an internal 
standard distributing the overall examined co-
hort of workers employed at Mayak PA as per 
their age. Morbidity parameters were calcu-
lated per 1,000 workers according to medical 
statistics techniques [10]. 

Parameters of morbidity with AH were 
analyzed taking into account both radiation-
related factors (external gamma-irradiation and 
internal alpha-irradiation caused by incorpo-
rated plutonium) and basic non-radiation ones 
(sex, age, smoking status, attitude towards al-
cohol intake, body mass index or BMI, as well 
as diagnosed pancreatic diabetes). 

Data on attitudes workers had towards 
smoking were taken for the whole observation 
period and assessed with a qualitative parame-
ter (smoked / didn’t smoke). 

Data on attitudes workers had towards al-
cohol intake were taken for the whole observa-
tion period and assessed with a quantitative 
parameter (chronic alcoholism; drank reasona-
bly; didn’t drink). 

BMI was assessed over 5 years prior to a 
date when AH was first diagnosed. Body 
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mass index was measured as a ratio of body 
mass in kilos (KG) and height (m2). BMI = 
= 18.5–24.99 kg/m2 was considered to be 
normal, BMI = 25.00–29.99 kg/m2 meant a 
person had overweight, and BMI ≥ 30 kg/m2 
meant a person suffered from obesity. 

The tables below contain non-standar-
dized (“rough” or “intensive”) and standard-
ized (as per age) mortality and morbidity pa-
rameters ± standard error (SE). We applied 
Student’s t-test to assess whether discrepan-
cies between mean values were statistically 
significant. Significance level was taken at 
p < 0.05 [11]. 

Results and discussion. As of state on 
December 31, 2017, 2,270 AH cases were 

registered among workers from the examined 
cohort who had been employed at Mayak PA 
and taken part in NW utilization. Table 1 
shows AH cases distribution depending on a 
person’s sex and age at the moment AH was 
diagnosed. The obtained data indicate that the 
greatest number of AH cases was registered 
among men aged 31–60 (70.56 %); and 
among women aged 41–70 (79.55 %). 

Table 2 contains standardized parameters 
of morbidity with AH among the examined 
workers employed at Mayak PA who had 
taken part in NW utilization; parameters are 
standardized depending on a sex and age. 
Morbidity with AH statistically significantly 
increased both among men and women in the 

 

T a b l e  1  
Workers suffering from AH distributed as per age and sex on a date the disease was first diagnosed 

Men Women Both sexes Age on a day AH  
was first diagnosed Number  %  Number  %  Number  %  

 20 5 0.31 0 0 5 0.23 
21–30 151 9.44 13 1.94 164 7.22 
31–40 303 18.93 52 7.76 355 15.64 
41–50 416 26 160 23.88 576 25.37 
51–60 410 25.63 195 29.1 605 26.65 
61–70 232 14.5 178 26.57 410 18.06 
> 70 83 5.19 72 10.75 155 6.83 
Total 1,600 100 670 100 2,270 100 

 

T a b l e  2  
Morbidity with AH among workers employed at Mayak PA who had taken part  

in NW utilization depending on sex and age at which the disease was first diagnosed 
Men Women Morbidity  

parameters Age Number of cases Morbidity Number of cases Morbidity 
< 20 5 1.4 ± 0.62а 0 0 ± 0 

20–29 151 4.69 ± 0.38аb 13 2.13 ± 0.59b 
30–39 303 9.48 ± 0.54аb 52 5.09 ± 0.71b 
40–49 416 16.39 ± 0.8b 160 14.54 ± 1.15b 
50–59 410 28.43 ± 1.4b 195 26.31 ± 1.88b 
60–69 232 40.68 ± 2.67аb 178 53.53 ± 4.01b 
> 70 83 58.24 ± 6.39b 72 67.98 ± 8.01 

Intensive 

Total 15.11 ± 0.36 13.93 ± 0.59 

Standardized Internal  
standard 

1,600 13.96 ± 0.35а 670 17.02 ± 0.66 

Note: 
а means discrepancies are statistically significant when compared as per sex; 
b means discrepancies are statistically significant against the previous age group. 
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examined cohort as they grew older. Morbidity 
with AH was statistically significantly higher 
among men aged 20–39 than among women in 
the same age group. However, among people 
aged 60 and older the situation changed com-
pletely and morbidity with AH became statis-
tically significantly higher among women than 
it was among men in this age group. 

As life expectancy has been persistently 
growing, a share of elderly people in popula-
tion structure has also been increasing. An 
increase in AH numbers among older people 
is considered to be well-proven and con-
firmed by results obtained via multiple re-
search works, both in Russia and abroad; it 
was first highlighted in Framingham Heart 
Study. Arterial hypertension (AH) prevalence 
among people who are older than 60 is more 
than 2 times higher than this parameter for the 
overall population [12]; ⅔ people older than 
65 have AH [13]. 

Gender-related peculiarities in arterial 
hypertension (AH) are determined not only 
with biological but also with social and cul-
tural factors, namely different lifestyles, nu-
trition, and behavior patterns; different ways 
to fight stress; social and economic inequal-
ity; sleep disorders; mood disorders; differ-
ent attitudes towards treatment and preven-
tion of diseases etc. [14]. Besides, pregnancy 
or use of oral contraception and hormonal 
substitute therapy during menopause can in-
fluence mechanisms that regulate blood 
pressure (BP) in female bodies. All this con-
tributes into cardiovascular pathology occur-
rence [15, 16]. 

There are also sex- and age-related dif-
ferences in AH prevalence. According to 
some authors, women aged younger than 
40 tend to suffer from AH not as frequently as 
men [15–19]. Besides, young women usually 
have lower systolic BP than men. Diastolic 
BP, as a rule, is lower in women than in men 
regardless of an age. But the situation changes 
to an opposite one when it comes to 50 years 
of age. Morbidity among women starts to 
grow more intensively than among men and 
the parameter becomes comparable in both 
groups as they reach 60 years of age. After 

this age, AH prevalence is higher among 
women than among men. Therefore, favor-
able sex-related differences level off as 
menopause occurs [13, 15]. Higher blood 
pressure and arterial hypertension prevalence 
among women grows considerably after 
menopause starts [20, 21]. Sex hormones de-
ficiency leads to disorders in vascular endo-
thelium functioning, balance between various 
vasoactive substances, and functioning of 
cells in smooth muscles of vessels; it results 
in higher peripheral vessels resistance and, 
consequently, higher blood pressure [22]. 

In this research we focused on a dynam-
ics of morbidity with AH among workers 
employed at Mayak PA over the whole ob-
servation period, starting from January 01, 
1948 and till December 31, 2017 (Figure 1). 
“Rough” morbidity with AH increased by 
the end of the observation period due to an 
increase in workers’ age in the examined co-
hort (that is, workers became “old enough” 
to have an age-associated pathology). 

An increase in standardized morbidity 
with AH in 1986–2000 was probably due to a 
complicated social and economic situation in 
the country that was caused by perestroika in 
1985–1991 and all the events that followed 
the collapse of the USSR in 1990-ties [23]. 

We analyzed dependence between mor-
bidity with AH and smoking status; the results 
are given in Table 3. We detected that there 
were no statistically significant discrepancies 
in standardized morbidity with AH among 
smoking and non-smoking men in the exam-
ined cohort. However, we detected statistically  

 
Figure 1. Dynamics of morbidity with AH  

over the whole observation period 
(01.01.1949–31.12.2017) 



Morbidity with arterial hypertension among workers involved in nuclear weaponry utilization   

ISSN (Print) 2308-1155    ISSN (Online) 2308-1163    ISSN (Eng-online) 2542-2308 97

T a b l e  3  
Morbidity with AH among workers employed at Mayak PA who had participated  
in NW utilization depending on a worker’s sex and smoking status at the moment  

the disease was first diagnosed (per 1,000 workers)  
Smoking status 

Non-smokers Smokers Sex 
Number of cases Morbidity Number of cases Morbidity 

Men 350 15.72 ± 0.81 (14.45 ± 0.77) 1246 15.28 ± 0.42 (14.31 ± 0.41) 
Women 626 14.58 ± 0.65 (18.07 ± 0.72) 41 9.28 ± 1.54а (10.48 ± 1.64а) 

Note: 
а means statistically significant discrepancies against non-smokers. 
Rough morbidity is given in brackets. 
 

significantly lower morbidity with AH among 
smoking women in the examined cohort 
against their non-smoking counterparts. 

Morbidity with AH among men and 
women in the examined cohort who suffered 
from chronic alcoholism was statistically sig-
nificantly lower than among those who drank 
reasonably or rarely (Table 4). 

The data we obtained on impacts ex-
erted by smoking status and alcohol intake 
on morbidity with AH are not consistent 
with results obtained by many domestic and 
foreign researchers [24–34]. These facts re-
quire further profound investigations and we 
plan to accomplish them at the next stage in 
our analysis of AH risk among workers em-
ployed at Mayak PA who had participated in 
NW utilization. 

Our analysis revealed that morbidity with 
AH was statistically significantly higher 
among men in the examined cohort who suf-
fered from pancreatic diabetes (PD) than 
among those who didn’t have this disease. 
The same trend among women was detected 
only when rough morbidity with AH was ana-
lyzed (Table 5). 

Our results are well in line with existing 
literature data. Arterial hypertension is the 
most widely spread cardiovascular disease and 
at the same time it is a significant risk factor 
that causes cardiovascular complications; 
when it is combined with PD, the risk grows 
considerably [35, 36]. Besides, AH is consid-
ered to be a most widely spread complication 
of PD [37]. AH prevalence among patients 

with PD is three times higher than among 
those who don’t suffer from it [38]. A 10-mmHg 
increase in systolic blood pressure in patients 
suffering from PD leads to a 20 % rise in a risk 
that cardiovascular complications occur. When 
AH occurs in a patient with PD, it leads to an 
elevated risk of not only macrovascular 
(ischemic heart diseases or IHD, heart failure, 
and stroke) but also microvascular complica-
tions (diabetic nephropathy, retinopathy). Dam-
age to coronary, cerebral, and peripheral ves-
sels results in macrovascular complications in 
case a person suffers from PD II; it to a great 
extent determines a clinical course of the dis-
ease. AH considerably increases risks of mor-
bidity and mortality among patients with PD 
which are high as it is. Overall mortality 
among patients suffering from both AH and 
PD II is 4–7 times higher than among patients 
who have normal blood pressure and don’t 
suffer from PD [39, 40]. 

Table 6 contains data on morbidity with 
AH among workers employed at Mayak PA 
who had participated in NW utilization de-
pending on their BMI. Morbidity with AH was 
statistically significantly higher both among 
men and women who had BMI ≥ 25 than 
among those who had normal body mass. 

Each fourth person in the world suffers ei-
ther from overweight or obesity. There has 
been an increase in number of people suffering 
from obesity all over the world, both among 
adults and children. Prevalence of obesity and 
diseases associated with it has been steadily 
growing in the Russian Federation. As per data 
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T a b l e  4  
Morbidity with AH among workers employed at Mayak PA who had participated 

 in NW utilization depending on a worker’s sex and attitudes towards alcohol intake  
at the moment the disease was first diagnosed (per 1,000 workers)  

Attitudes towards alcohol intake 
Never / rarely drinks Reasonably Chronic alcoholism Sex Number  

of cases Morbidity Number 
of cases Morbidity Number 

of cases Morbidity 

Men 147 14.41 ± 1.07  
(11.6 ± 0.96) 1,046 17.66 ± 0.54* 

(17.12 ± 0.53*) 365 12.35 ± 0.65§ 
(12.33 ± 0.65§) 

Women 407 13.84 ± 0.77  
(17.29 ± 0.86) 241 15.62 ± 1.11 

(19.09 ± 1.23) 10 8.03 ± 2.76*§ 
(9.47 ± 2.99*§) 

Note:  
а means statistically significant discrepancies against those who didn’t drink; 
b means statistically significant discrepancies against those who drank reasonably. 
Rough morbidity is given in brackets. 

T a b l e  5  
Morbidity with AH among workers employed at Mayak PA who had participated 
 in NW utilization depending on a worker’s sex and diagnosed pancreatic diabetes  

at the moment AH was first diagnosed (per 1,000 workers)  
Pancreatic diabetes 

PD diagnosed PD not diagnosed Sex 
Number of cases Morbidity Number of cases Morbidity 

Men 1,562 14.93 ± 0.36 
 (13.69 ± 0.35)  38 30.35 ± 7.46a  

(69.68 ± 11.3a)  

Women 646 13.69 ± 0.59  
(16.57 ± 0.65)  24 26.11 ± 8.38  

(64.49 ± 13.16a)  

Note: 
а means statistically significant discrepancies against those who didn’t suffer from PD. 
Rough morbidity is given in brackets. 

T a b l e  6  
Morbidity with AH among workers employed at Mayak PA who had participated 

 in NW utilization depending on a worker’s sex and BMI at the moment the disease  
was first diagnosed (per 1,000 workers)  

Body mass index 
18.50–24.99 25.00–29.99 ≥ 30.00 Sex Number  

of cases Morbidity Number  
of cases Morbidity Number  

of cases Morbidity 

Men 353 15.49 ± 0.77  
(13.6 ± 0.72)  653 19.9 ± 0.72а 

(17.03 ± 0.67а) 275 18.18 ± 1а  
(15.11 ± 0.91) 

Women 52 8.15 ± 1.19 
 (9.07 ± 1.26)  208 15.81 ± 1.16а 

(17.65 ± 1.22а) 218 17.75 ± 1.29а 
(20.45 ± 1.39а) 

Note: 
а means statistically significant discrepancies against workers with BMI equal to 18.50–24.99. 
Rough morbidity is given in brackets. 
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T a b l e  7  
Morbidity with AH among workers employed at Mayak PA who had participated 

 in NW utilization depending on a worker’s sex and total dose of external  
gamma-irradiation absorbed in the liver (per 1,000 workers)  

Total dose of external gamma-irradiation absorbed in the liver, Gy 
< 0.2  0.2–0.5  ≥ 0.5 Sex 

Number of cases Morbidity Number of cases Morbidity Number of cases Morbidity 
Men 1,108 17.69 ± 0.53  238 18.52 ± 1.33 176 19.12 ± 1.6 

Women 486 17.26 ± 0.92  76 17.87 ± 2.25 76 17.74 ± 2.18

Т а б л и ц а  8  
Morbidity with AH among workers employed at Mayak PA who had participated 

 in NW utilization depending on a worker’s sex and total dose of internal  
alpha-irradiation absorbed in the liver (per 1,000 workers)  

Total dose of internal alpha-irradiation absorbed in the liver, Gy 
< 0.025  0.025–0.05  ≥ 0.05 Sex 

Number of cases Morbidity Number of cases Morbidity Number of cases Morbidity 
Men 731 18.96 ± 0.69 119 19.08 ± 2.13 253 17.12 ± 1.38 

Women 364 18.21 ± 1.08 42 15.71 ± 3.19 146 19.97 ± 2.08 
 

obtained via ESSE-RF epidemiologic research 
(2013), prevalence of obesity tends to grow 
with age, both as per BMI and waist circumfer-
ence (WC) [28]. Thus, in Russia 26.6 % men 
and 24.5 % women aged 35–44 suffer from 
obesity; 31.7 % and 40.9 % among those aged 
45–54; and 35.7 % and 52.1 % among those 
aged 55–64 accordingly. 

Obesity is a significant risk factor that can 
cause AH. It was proven that AH in 85 % de-
veloped in people with their BMI >25 kg/m2 
and it was 5 times more frequent among such 
people than among those with normal body 
mass [41]. Literature data confirm that AH de-
velops together with abdominal obesity in 
48.7 % cases [42]. 

There is a tight pathogenetic relation be-
tween obesity and AH [43]. AH combined 
with obesity is drawing attention of public 
healthcare experts due to it causing early dis-
ability, elevated risks of cardiovascular com-
plications and untimely deaths among people 
who suffer from it as compared with popula-
tion in general. Obesity is both an independent 
factor that causes cardiovascular complications 
and a probable trigger mechanism that stimu-
lates AH occurrence [44]. 

As workers in the examined cohort had 
been exposed to occupational long-term ex-
ternal gamma-irradiation or internal alpha-
irradiation caused by incorporated plutonium, 
we analyzed morbidity with AH depending 
on radiation factors (Tables 7 and 8). We 
didn’t reveal any statistically significant in-
fluence exerted by either external gamma-
irradiation or internal alpha-irradiation on 
morbidity with AH among workers who had 
participated in NW utilization. 

Experts are still arguing whether irradia-
tion exerts any influence on blood pressure in 
spite of all their efforts to clarify it [45–47]. 
A possible increase in morbidity with cardio-
vascular diseases caused by irradiation in 
small doses first attracted scientists’ attention 
when they were analyzing several categories 
of non-carcinogenic diseases in people who 
had survived atomic bombing in Japan and had 
had their whole bodies irradiated within a 
range of doses less than 5–6 Gy [48]. Excess 
mortality caused by AH with damage to the 
heart associated with irradiation was detected 
in a cohort in a life span study (LSS cohort); 
an excess relative risk per a unit of a dose 
(ERR / Gy) amounted to 0.21 (90 % CI: 0.00; 
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0.45; р = 0.003) [45]. Later, when an observa-
tion period was extended up to 2008, a statisti-
cally significant dose – effect dependence was 
detected in the same cohort for AH-caused 
mortality as ERR / Gy amounted to 0.36 (95 % 
CI: 0.10; 0.68; р = 0.004) [49, 50]. In the last 
Adult Health Study (AHS) Yamada et al. [46] 
detected excess risk of morbidity with hyper-
tension that was related to irradiation. That 
risk was in general statistically insignificant; 
however, quadratic dose dependence for mor-
bidity with hypertension turned out to be sta-
tistically significant. There was also an exami-
nation conducted on a cohort that included 
61,017 liquidators of Chernobyl Disaster; the 
results indicated there was a statistically sig-
nificant elevated risk of essential hyperten-
sion (ERR / Gy = 0.36 (95 % CI: 0.05; 0.71; 
р = 0.04)) [47]. When an observation period 
for the same cohort was extended up to 2012, 
experts revealed a statistically significant trend 
in morbidity with AH, namely its dependence 
on an irradiation dose as ERR / Gy amounted 
to 0.26 (95 % CI: 0.12; 0.41; р ˂ 0.001) [49]. 

Sasaki et al. were the first to describe statisti-
cally significant relationships between systolic 
and diastolic blood pressure and an irradiation 
dose [50]. 

Therefore, we plan to assess risks of mor-
bidity with AH under chronic irradiation expo-
sure at the next stage in our research and to 
determine a dose – effect relationship taking 
into account non-radiation factors. 

Conclusion. We calculated standardized 
morbidity with AH for workers employed at 
Mayak PA who had participated in NW utili-
zation. The results revealed that it was statisti-
cally significantly depended on non-radiation 
factors (sex, age, smoking status, attitudes to-
wards alcohol intake, body mass index, and 
pancreatic diabetes) and didn’t depend on a 
total dose of external gamma-irradiation and 
internal alpha-irradiation absorbed in the liver. 
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Atrophy of the stomach mucosa in the stomach is a significant predisposing factor that causes elevated risks of stom-

ach adenocarcinoma. It was shown that mortality caused by malignant neoplasms in the digestive organs accounted for 36 % 
of all the death cases due to solid carcinoma among workers employed at basic enterprises included into “Mayak” Produc-
tion Association (Mayak PA).  

Our research goal was to study a relation between atrophic gastritis (AG) prevalence and potentially hazardous en-
dogenous and exogenous factors among personnel employed at an atomic enterprise of Mayak PA. 

We analyzed data obtained via clinical and laboratory examinations performed on a sampling that was made of 1,116 
people, 70% of them being workers employed at Mayak PA. 

Our research allowed us to reveal and analyze 26 hazardous factors that contributed to AG development. Data array 
was processed with a modified “case – control” procedure based on well-known principal components analysis. Observation 
clusters and strata that formed certain groups in various areas of the factor space differed both as per “overloading” with 
risk factors and as per intensity of an effect. Accomplished analysis allowed us to conclude that there was a correlation be-
tween AG development and risk factors prevalence as we revealed certain factors exerting statistically significant impacts on 
AG development in the examined sampling even within the zero hypotheses H0. In order to determine how intense that rela-
tion was, in further analysis it was advisable to apply an alternative hypothesis H1 on a possible relation between an effect 
and examined factors. Application of a modified statistical procedure allowed us to make any conclusions only on certain 
trends occurring in AG risks when there were some changes in aggregated overloading with risk factors; adequate and com-
plete statistical analysis can only be multi-factor one. As “factor – effects” relations lack evidence, it creates a possibility for 
artificial neural networks approximations; we are going to demonstrate it in our future works.   

Key words: atomic enterprise, personnel, atrophic gastritis, clinical and laboratory examination, risk factors, princi-
pal component analysis, one-factor analysis, multi-factor analysis. 
 

 
 According to official statistic data stom-

ach cancer (SC) holds the third rank place in 
the structure of mortality caused by malignant 
neoplasms [1, 2]. Gastric mucosa (GM) atro-
phy is a significant predisposing factor that 
causes elevated risks of stomach adenocarci-
noma. Given that, atrophic gastritis (AG) is the 
first section in “precancerous cascade” chain 
that results in stomach cancer [3–5]. Despite 
risk factors that cause stomach cancer and AG 

being rather close [6], some of them that are 
proven to be related to SC don’t cause GM 
atrophy. Thus, for example, an established 
negative influence exerted by sex and smoking 
on SC occurrence is quite disputable in case of 
AG [7–9].  

In this relation it seems truly vital to ex-
amine a correlation between AG and poten-
tially hazardous endogenous and exogenous 
factors, especially concerning people who 
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were exposed to occupational external and in-
ternal irradiation and hazardous chemicals, in 
particular, workers employed at nuclear enter-
prises included into Mayak Production Asso-
ciation (Mayak PA). It was shown that solid 
tumors in the gastrointestinal tract held the  
3–4th rank places in the structure of mortality 
and morbidity caused by malignant neoplasms 
(MN) among workers employed at Mayak PA; 
mortality caused by MN in the digestive or-
gans accounted for 36 % among workers em-
ployed at major enterprises included into Ma-
yak PA [10, 11]. Previously we detected that 
AG prevalence among workers employed at 
Mayak PA was  statistically significantly 3–4 
times higher than among people who weren’t 
exposed to occupational risk factors [12]. Our 
present work is an attempt to perform detailed 
analysis of correlations between a great num-
ber of risk factors and AG for a more represen-
tative sampling. When atrophic state of GM is 
revealed, it can allow spotting out people who 
run elevated risks of SC occurrence; it can also 
make managing individual risks more efficient 
and allow performing prevention activities in 
order to prolong a working period for a spe-
cific worker. It will also make for a decrease in 
overall specific parameters of mortality with 
SC in the population [13]. 

Data and methods. Our sampling was 
made up of 1,116 people and consisted of 
614 workers employed at major enterprises 
included into Mayak PA, 181 workers em-
ployed at auxiliary enterprises in Mayak PA, 
and 320 people who worked in non-
industrial establishments. The structure of 
our sampling proved it was a heterogeneous 
one in terms of epidemiologic research. 
Demographic data and data on occupational 
and non-occupational risk factors (F) that 
caused gastric diseases were obtained via 
questioning and case histories examination. 
All people included into the sampling un-
derwent laboratory examinations to check 
functional state of the stomach with “sero-
logic biopsy” (“Gastro Panel”, Finland). We 
identified various phenotypes of GM state as 
per a combination of pepsinogen-1, gastrin-

17, and IgG antibodies to H. pylori in blood 
serum [14]. Normal stomach functioning was 
detected in 165 cases; non-atrophic Helico-
bacter pylori (H.pylori)-associated gastritis, 
in 814 cases; atrophic gastritis, in 137 cases. 

To reveal any relation between AG and 
risk factors prevalence, we applied a hybrid 
procedure which we modified ourselves; the 
procedure combined certain traits of “case – 
control” study and group factor analysis based 
on principal components technique [15]. Our 
modification was primarily about “cases” and 
“controls” not being divided into pairs of tradi-
tional groups that either had or didn’t have an 
examined risk factor; we divided them into 
several fixed strata that had different “burden” 
with all the factors with a relevant difference 
in a significance of an observed effect. This 
procedure can be considered as a certain sub-
stitute to multi-factor analysis applied to ex-
amine a relation between an effect and factors; 
this analysis, just as “case – control” analysis, 
is applied for groups with different effects; it 
allows analyzing a nature of distribution for 
each factor separately (a one-factor analysis). 
Within a zero hypothesis (H0) which assumes 
there is no correlation between an effect and 
factors there should be no statistical difference 
in prevalence of factors or an effect between 
strata. On the contrary, statistical significance 
of discrepancies between factors, provided that 
there are differences in an effect, will allow 
not only revealing potentially hazardous fac-
tors but also ranking them and comparing a 
risk trend with a factor prevalence trend. In 
addition to that, group prevalence and inter-
group relative AG risks were estimated within 
Bayesian approach as per relevant beta-
distributions [16, 17]. 

Results and discussion. Table 1 contains 
factors (F) that can exert their influence on AG 
occurrence according to our own data and 
those taken from literature [7–9, 12, 18]. We 
can assume there is a statistical correlation be-
tween AG and influencing factors as per re-
sults obtained via comparing distributions of 
all observations and specific events in the fac-
tors space.  
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T a b l e  1  
Examined factors that influence AG occurrence and their distribution in the sampling 

No. Factor Factor 
value 

Number of 
people with 
factor value 

“1” 

Per cent of 
people with 
factor value 

“1” 
1 Age at the moment of screening (years) 36–82 – – 
2 Sex (female) [0; 1] 491 44 % 
3 Alcohol intake  [0; 1] 835 74.8 % 
4 Smoking [0; 1] 350 31.4 % 

5 Exposure to radiation caused by living on territories 
contaminated due to accidents at Mayak PA [0; 1] 260 23.3 % 

6 A dose of occupational γ-irradiation on the gastroin-
testinal tract (mGy) 0–475 – – 

7 Pu contents (kBq) 0–0,78 – – 
8 Organic chemicals with carcinogenic effects  [0; 1] 306 27.5 % 
9 Organic chemicals with gastrotoxic effects  [0; 1] 171 15.4 % 
10 Generally toxic organic chemicals  [0; 1] 371 33.3 % 
11 Non-organic chemicals with carcinogenic effects [0; 1] 212 19.0 % 
12 Non-organic chemicals with gastrotoxic effects [0; 1] 408 36.6 % 
13 Generally toxic non-organic chemicals [0; 1] 295 26.5 % 
14 Extragastric precancerous diseases  [0; 1] 24 2.2 % 
15 Extragastric MN  [0; 1] 33 2.9 % 
16 Extragastric hormone-dependent benign tumors (BT) [0; 1] 73 6.5 % 
17 Extragastric hormone-independent BT [0; 1] 56 5.0 % 
18 Autoimmune diseases (AID) [0; 1] 69 6.2 % 
19 Type-II diabetes mellitus (DM) [0; 1] 89 8.0 % 
20 Gastric acid-dependent diseases  [0; 1] 261 23.4 % 
21 Non-ulcer gastric diseases  [0; 1] 223 20.0 % 
22 Maternal SC predisposition  [0; 1] 41 3.7 % 
23 Paternal SC predisposition [0; 1] 80 7.2 % 
24 Maternal gastric / duodenum ulcer predisposition [0; 1] 26 2.4 % 
25 Paternal gastric / duodenum ulcer predisposition [0; 1] 87 7.8 % 
26 Concentration of IgG antibodies to H.pylori (EIU) 0.5 – 135.5 – – 

Note: 
1. Factors No. 1,6,7,26 are quantitative; all the others are categorical; 
2. Hormone-dependent BT (benign prostatic hyperplasia, uterine myoma),  hormone-independent BT 

(all the rest, predominantly polyps);  
3. Autoimmune diseases excluding diabetes mellitus. 
 
It is geometrically impossible to show 

distribution of all 26 factors in a fully-dimen-
sional space (R26); so, to give a relevant illus-
tration, we compared one-dimension empiric 
distributions in a projection of the main trend 
in factors changeability. This analysis tech-
nique can be seen as an analogue to the sim-
plest variant of principal component analy-
sis [15]. To do that, we performed centering 
and standardizing for each factor F as per 

standard deviation value thus making each 
factor acquire a standardized weight that was 
not higher than 1 as per its module. There-
fore, each specific individual had certain con-
ditional vector “burden” with factors (aggre-
gated factor burden) within 26-dimension 
space. A shift along the first major direction 
turned out to be predominantly determined by 
a positive influence exerted on AG occur-
rence by an increase in age (F1) and hor-



Relation between atrophic gastritis and risk factors prevalence among workers employed at atomic enterprise      

ISSN (Print) 2308-1155    ISSN (Online) 2308-1163    ISSN (Eng-online) 2542-2308 107

mone-dependent benign tumors (F16) as well 
as negative contribution made by ulcer in 
mother’s case history (F24). The major trend 
in factors changeability was determined along 
a straight line that connected two extreme in-
dividuals with a maximum distance between 
state vectors with standardized coordinates; 
their initial characteristics are given below. 

The first extreme individual had the fol-
lowing risk factors that could cause AG: age 
equal to 43 (F1); proneness to regular alcohol 
intake (F3); duodenum ulcer (F20); hereditary 
predisposition to ulcer (mother had it (F24); 
substantially increased concentration of anti-
bodies to H. pylori, namely 91.4 EIU.  

The second extreme individual had the 
following potential AG risk factors: age equal 
to 73 (F1); proneness to regular alcohol intake 
(F3); benign prostatic hyperplasia (F16); non-
ulcer gastric diseases (F21); concentration of 
antibodies to H. pylori amounted to 31.1 EIU 
which was insignificantly higher than its 
threshold value (30 EIU). We should note that 
there was no AG in both cases. 

Figure 1 shows graduated graphs for two 
empiric distributions of all cases and AG cases 
in the sampling that are characterized with the 
constant sign of a shift in one distribution rela-
tive to another. Within a zero hypothesis as per 
signs criterion such an event seems to be al-
most impossible and it indicates there is a non-
random correlation between AG occurrence 
and at least several examined factors. Never-
theless, when two dispersions don’t coincide, 
it shows there is a statistic correlation between 
an effect and factors. 

Along with a graphic way applied to show 
that dispersions don’t coincide, we also ap-
plied table stratification of events in one-
dimension space of the major trend (Table 2). 
We selected stratification conditions as per the 
single uninterrupted scale showing the aggre-
gated factor burden so that discrepancies in 
AG prevalence between strata were as statisti-
cally significant as it was only possible. In this 
case discrepancies in an effect can be corre-
lated to discrepancies in distribution of both 
specific factors and the aggregated one as per 

strata. To make interpretation more conven-
ient, we assigned the aggregated coordinate  
0 to the first extreme individual, and 9.77 
(a length of difference between vectors), to the 
second extreme individual; therefore, all the 
cases along the major trend were distributed in 
the interval [0–9.77]. The section was condi-
tionally divided into 4 strata according to the 
following intervals: S1 (0–4.8); S2 (4.8–6.2); 
S3 (6.2–8.1), and S4 (8.1–9.77).  

Strata S1, S2, S3, and S4 can be described 
verbally notwithstanding the fact that they 
don’t have well-defined boundaries in the 
space of the first principal component. Thus, 
S1, unlike S2, S3, and S4, contains cases with 
the least average age, the least average  
γ-irradiation doses and radionuclides contents; 
there were no people with pancreatic diabetes, 
pre-cancer diseases and MN not located in the 
stomach in this stratum. But still, prevalence 
of gastric acid-dependent diseases was rather 
high among participants in this stratum; smok-
ing was the most widely spread in this stratum; 
it had the highest average concentration of an-
tibodies to H. pylori; and all 26 registered 
cases of ulcer in mother’s case history were 
also in this stratum. As regards the effect 
(AG), there were only 2 AG cases in S1 stra-
tum (the fraction amounted to 0.053; Table 3). 
All the rest 47 individuals had normally 
functioning stomach in 11% cases; in 89% 
cases they suffered from non-atrophic helico-
bacter gastritis.  

 
Figure 1. Empiric cumulative distributions of all cases 

and AG cases in the sampling as per projection value of 
aggregated factor burden along the major trend 
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T a b l e  2  
Distribution of cases as per strata along the major trend in factors changeability  

(as regards categorical factors)  
Strata S1 (0–4.8) S2 (4.8–6.2) S3 (6.2–8.1) S4 (8.1–9.77)

Factors Yes No Yes No Yes No Yes No n/N P-value 

2 (f = 1) 19 30 208 422 236 162 28 11 4/6 ≈ 0 
3† 38 11 499 131 276 122 22 17 2/6 0.00017 
4† 26 23 277 353 46 352 1 38 4/6 ≈ 0 
5† 5 44 66 564 174 224 15 24 4/6 ≈ 0 
8† 16 33 204 426 82 316 5 34 2/6 < 0.0001 
9 7 42 112 518 49 349 4 35 0/6 0.085 

10† 20 29 244 386 100 298 8 31 1/6 < 0.0001 
11 10 39 144 486 55 343 4 35 1/6 0.0018 
12 19 30 277 353 105 293 8 31 2/6 < 0.0001 
13 12 37 201 429 77 321 6 33 1/6 < 0.0001 
14* 0 49 4 626 7 391 13 26 3/6 ≈ 0 
15* 0 49 11 619 15 383 7 32 3/6 < 0.0001 
16 1 48 0 630 35 363 37 2 4/6 ≈ 0 
17† 3 46 39 591 13 385 1 38 0/6 0.17 
18 3 46 19 611 41 357 6 33 2/6 < 0.0001 
19 0 49 35 595 52 346 2 37 2/6 < 0.0001 
20 24 25 187 443 48 350 2 37 5/6 ≈ 0 
21 9 40 25 605 164 234 25 14 6/6 ≈ 0 
22* 0 49 21 609 15 383 5 34 1/6 0.01 
23* 1 48 35 595 35 363 9 30 2/6 0.00012 
24† 26 23 0 630 0 398 0 39 3/6 ≈ 0 
25 2 47 60 570 25 373 0 39 1/6 0.043 

Effect 
(AG) 2 47 50 580 76 322 9 30 4/6 ≈ 0 

Note: 
1 – P-value according to Pearson within zero hypothesis H0 on prevalence of each factor or effect 

(table 4×2  for each line); 
2 – n/N is a number of statistically significantly different pairs of strata n out of N possible (Bon-

ferroni corrections taken into account); 
3 P-value of statistically insignificant factors are given in semibold type; 
* means a trend in factor prevalence as per strata is similar to an effect trend 
† means a trend in factor prevalence as per strata contradicts to an effect trend 

T a b l e  3  
AG prevalence (in fractions) in different strata/clusters 

Groups 
Number of people AG cases AG prevalence, median 

[90 % confidence interval 
(CI)  of uncertainty] 

P-value 
(Pearson) 

S1 49 2 0.053 (0.017–0.121) 
S2 630 50 0.080 (0.064–0.099) 
S3 398 76 0.192 (0.161–0.226) Strata 

S4 39 9 0.240 (0.142–0.360) 

P < 610  

S5 26 2 0.098 (0.031–0.215) 
S6 1,001 121 0.121 (0.105–0.139) Clusters 
S7 89 14 0.162 (0.106–0.232) 

P = 0.46 
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Figure 2. Distribution of events without AG (crosses) and AG cases (rounds)  

within the plane of two centered principal components in the factor space 

S4 stratum was completely opposite to S1 
stratum as per a number of predisposing fac-
tors and their prevalence. It contained the 
highest share of women and elderly people; it 
had high fractions of people who contacted 
adverse chemicals, people with SC in case his-
tories of family members, people with AID 
(predominantly autoimmune thyroiditis), with 
hormone-dependent benign tumors and pre-
cancer diseases, with MN not located in the 
stomach, and with non-ulcer gastric diseases. 
But still the fraction of smoking people was 
the lowest in this stratum; there was no stom-
ach ulcer in case histories of parents, and the 
stratum also had the lowest prevalence of gas-
tric acid-dependent diseases. It should be 
noted that the highest AG share was detected 
exactly in S4 stratum (0.24). Strata S2 and S3 
had various transient states; AG prevalence in 
stratum S2 (0.08) was close to that in S1, and 
in stratum S3 (0.19), to that in S4 (Table 3).  

Obviously, it is interesting to perform 
analysis not only as per one principal compo-
nent, but also as per other ones. Thus, when 
we added other centered orthogonal compo-
nents into distributions of all cases, it allowed 
us to reveal three well-defined clusters that 
could indicate there was possibly a cause-and-
effect relation between factors (Figure 2). 
Cluster S5 turned out to be very close to stra-
tum S1 as per a set of factors and obviously it 
was completely included into this stratum. 

All statistical tests that give an opportu-
nity to “work” with zero values in cells of 
relevant tables identify a combination of these 
facts as being a non-random one. We can state 
that all the listed extreme values of signs are 
linked both to each other and to a compara-
tively low averaged value of AG prevalence in 
cluster S5 against clusters S6 and S7 (Table 3). 
Cluster S7 also has a common sign, namely, 
all the cases with pancreatic diabetes are lo-
cated in it. Independent grouping performed 
for S7 cluster indicates that there is a link to 
other signs but it is not as obvious as it is the 
case with cluster S5. We should note that links 
between certain factors/signs don’t necessarily 
mean a link between them and the effect (AG) 
is obvious; it is proven by estimates of how 
statistically significant AG prevalence is in 
strata S5, S6, and S7 (Table 3). Despite there 
is a monotonous growth in median AG preva-
lence from S5 to S7, strata sizes and distribu-
tion of specific events in them were not suffi-
cient for Pearson’s P-value to surmount con-
ventional decision-making level 0.05 for each 
of the pairs S5–S6, S6–S7 and S5–S7.  

So, basing on the applied procedure that 
was a substitute to multi-factor analysis, we 
can only conclude that there are certain trends 
in risks of AG occurrence when aggregated 
factor burden changes. Risk values could be  
4–5 times higher or lower between certain sub-
groups in the examined sampling. For exam-
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ple, relative risk (RR) of AG in strata S4:S1 
reached 4.49 (90 % CI: 1.70–15.37). As S1 
and S2 strata were heterogeneous, ratios of 
individual risks could be substantially higher. 
Nevertheless, we can’t neglect a possible 
multi-factor influence exerted on AG preva-
lence as such influence is confirmed by statis-
tical criteria calculated for two pairs of non-
crossing strata S9-S8 and S11-S10 which were 
artificially selected as per a combination of 
several factors.  

Factors that could have either positive or 
negative influence on AG risks were selected 
according to our own data and those available 
in literature. It was shown that smoking didn’t 
exert any influence on occurrence of atrophic 
changes in GM; there was even lower AG 
prevalence among smoking people [9, 12]. In 
our opinion, this peculiar “protection” of gas-
tric mucosa from atrophic changes that occurs 
due to smoking results from competing interre-
lations at the regulatory level or genetic domi-
nating for binding places between effects pro-
duced by nicotine and humoral factors causing 
GM atrophy. There are data that autoimmune 
diseases (especially autoimmune thyroiditis 
and diabetes mellitus) and gastric pathology 
are correlated and mutually determined. Over 
the last decade experts have even applied “thy-
rogastric syndrome” definition [19]. Indeed, 
AG fraction was the lowest in stratum S1 
where there were no DM cases while it was 
the highest in cluster S7 where all the DM 
cases were located (Table 3). 

 Taking into account all the given data 
and results of estimating correlations between 
factors and the effect (Table 2), some strata 
were made up of people who had factors with 
their prevailing trend being opposite to AG 
trend; alternative strata included people with 
“pro-atrophic” factors. Thus, if stratum S8 was 
made up of only smoking men who didn’t suf-
fer from AID, then S9 stratum included only 
women who didn’t smoke and suffered from 
an AID. S10 stratum included predominantly 
men who worked in various non-industrial es-
tablishments and didn’t have any contacts with 
adverse chemicals without any AID in their 
anamnesis. On the contrary, S11 stratum in-

cluded predominantly women employed at 
Mayak PA who were exposed to chemical car-
cinogens, suffered from gastric acid-dependent 
diseases and had hereditary predisposition to 
ulcer (Table 4). AG prevalence in pairs of 
strata S8-S9 and S10-S11 had significant inter-
group discrepancies (P < 0.001 according to any 
existing statistical criteria) (Table 4). Bayesian 
median estimate of relative risk amounted to 
4.38 for S8-S9 pair (90% CI: 2.75–6.89); and to 
11.0 for S11-S10 pair (90 % CI: 5.22–26.9), and 
we certainly can’t neglect that. 

T a b l e  4  
AG prevalence (in fractions) in S8–S11 strata 

Strata Number 
of people

AG 
cases

AG prevalence, 
median  

(90% CI of 
uncertainty)  

 RR  
(90% CI) 

S8 282 22 0.080  
(0.056–0.109) 

S9 49 17 0.351  
(0.247– 0.465) 

4.38  
(2.75–6.89) 

S10 106 4 0.043  
(0.019–0.083) 

S11 27 13 0.482 
 (0.333–0.634) 

11.0  
(5.22–26.9) 

 
We examined AG prevalence in case people 

in the sampling were grouped only as per their 
place of work; this examination revealed that it 
amounted to 4.8 % among people who were not 
exposed to technogenic irradiation and harmful 
chemicals (people working in non-industrial es-
tablishments) [12]. It is consistent with a fraction 
prevalence of the effect observed in strata S1 and 
S10 within uncertainty limits (0.053 and 0.043 
accordingly) (Tables 3 and 4). At the same tine 
AG prevalence among workers employed at Ma-
yak PA (14.8 %–20 %) [12] corresponded to the 
results of fraction estimates of the effect in stra-
tum S4 and cluster S7 (0.24–0.16) (Table 3). In 
our opinion, this coincidence in an increase in AG 
prevalence in industrial workers sub-group and in 
created stratum S4 and cluster S7 confirms that 
workers employed at nuclear production are more 
quantitatively “burdened” with factors that pre-
dispose AG occurrence as well as that there are 
qualitatively other factors that cause higher AG 
prevalence among them.  
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We should note that our exploratory analy-
sis didn’t allow us to reduce a list of factors that 
could potentially influence risks of AG occur-
rence. Basing on factors distribution as per dif-
ferent strata, we can conclude that only two fac-
tors, namely F9 and F17, didn’t exert any statis-
tically significant influence on AG occurrence 
within the limits of our examined sampling (Ta-
ble 2). “Pro-atrophic” effects are most likely to 
be produced by such factors as age (F1), external 
irradiation dose (F6), pre-cancer diseases (F14), 
MN not located in the stomach (F15), hormone-
dependent benign tumors (F16), non-ulcer gas-
tric diseases (F21), and hereditary predisposition 
to stomach cancer (F22-23). The first major 
trend has a single vector with projections having 
such value and sign that it allows us to assume 
changes in these factors occurring in consistency 
with an increase in risks of AG. At the same 
time such factors as alcohol intake (F3), smok-
ing (F4), acid-dependent gastric diseases in case 
history (F20), ulcer in mother’s case history 
(F24), and concentration of antibodies to 
H. рylori (F26) had a direction that was opposite 
to risks of AG occurrence. For these factors, AG 
risks trend was also opposite even as per a sign 
of a factor prevalence trend. Such an opposite 
direction detected for impacts exerted by certain 
organic chemicals (F8, F10) is not consistent 
with conventional opinion on adverse effects 
produced by them; the issue requires further in-
vestigation. Probably a distribution of factors 
which we obtained doesn’t give us a correct pic-
ture due to cases being grouped arbitrarily or 
mutual correlations between factors when im-
pacts exerted by one factors were somehow dis-
guised by those exerted by another.  

It came out that both procedures which 
we applied (graphs and tables) didn’t allow 

giving a complete picture due to probable cor-
relations between factors and even their mu-
tual dependence. Another circumstance that 
makes any analysis even more difficult is an a 
priori assumption that factors make equal con-
tributions into the overall “burden”; it means 
an issue related to mathematic standardizing of 
R26 space is not properly regulated. However, 
individual data on factors occurrence in each 
stratum allowed making direct comparisons 
between AG prevalence in strata with hetero-
geneous distribution of factors. Besides, bas-
ing on our pilot research, we can assume that 
observed prevalence of atrophic gastritis in the 
examined sampling can’t correspond to a typi-
cal zero hypothesis H0 that there is no correla-
tion between the effect and factors. Given that, 
we should take another basic hypothesis for 
making any probabilistic estimates; this alter-
native hypothesis H1 states there is a correla-
tion between the effect and almost all the ex-
amined factors. It is advisable to perform rele-
vant estimates with maximum-likelihood 
techniques applying a distribution that is typi-
cal for en empirical sampling itself, and con-
sidering alternatives to H1 comparing them 
with it. It necessarily leads us to Wilkes or 
Kullback tests [20]. Obviously, full-fledged 
statistical analysis should be only multi-factor 
one. Nature of “factor – effects” relations is 
usually intricate and not obvious, and it gives 
opportunities for artificial neural networks ap-
proximations. We are planning to dwell on it 
in our future works. 
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PECULIARITIES OF MORBIDITY AND ASSESSMENT OF OCCUPATIONAL 
HEALTH RISKS FOR WORKERS WHO CONTACT AEROSOLS OF MAN-MADE 
MINERAL FIBERS 

E.A. Hutsich, G.E. Kosiachenko, S.I. Sychik 
Scientific Practical Centre of Hygiene, 8 Akademicheskaya Str., Minsk, 220012, Belarus 
 

 
Our research focused on health of workers who had contacts with aerosols of man-made mineral fibers. 
Our research goal was to determine peculiarities related to dynamics and structure of morbidity with temporary dis-

ability and to assess occupational health risks for workers who had contacts with aerosols of man-made mineral fibers. 
The paper dwells on the results obtained via in-depth interpretation analysis of morbidity with temporary disability 

among workers who were permanently involved in manufacturing heat insulating boards from mineral wool (the test group); 
morbidity was analyzed over a 5-year period taking into account workers’ sex, age, and working experience. Occupational con-
ditionality of morbidity was assessed via comparative analysis as the test group was compared with the conditional reference 
group (workers employed at a workshop where cell concrete blocks were manufactured), overall morbidity parameters taken for 
the whole country, and morbidity parameters taken for construction materials manufacturing. Risk was assessed via applying 
occupational risk index, calculated on the basis of relative risk and total coefficient of working conditions.  

We detected that morbidity with temporary disability among workers from the test group was authentically higher than 
morbidity among workers from the conditional reference group, regarding both all disease categories, and respiratory or-
gans diseases in particular. Relative risk and etiological fraction of morbidity caused by working conditions indicates that 
such conditions have direct influence on morbidity with respiratory organs diseases among workers from the test group. 
Occupational risk index characterizes occupational risk for workers from the test group as being moderate but still requiring 
specific activities aimed at reducing it, although there is no urgent necessity to perform them. Workers from the test group 
also tended to have lower “health index” than those form the conditional reference group.  

Morbidity with temporary disability among workers from the test group was authentically lower than in the Republic 
of Belarus on average as well as than standard parameters fixed for construction materials manufacturing; but it was statis-
tically significantly higher than both in the country on average and in the branch for respiratory organs diseases, muscu-
loskeletal and connective tissue diseases; it was also statistically significantly higher than on average in the country for di-
gestive organs diseases and diseases of skin and subcutaneous tissue.  

Key words: mineral wool manufacturing, man-made mineral fibers, industrial aerosols, working conditions, morbidity, 
occupational risk, occupational diseases, morbidity dynamics. 
 

 
The World Health Organization esti-

mates 2.1 % of all the death cases all over the 
world to be caused by occupational risks;  
a share of global disease burden associated 
with exposure to occupational factors reaches 
2.7 % [1]. Industrial aerosols traditionally 
take the 1st rank place among adverse indus-
trial factors for workers from various occupa-
tional groups. 

There has been a drastic increase in ap-
plication of various synthetic fibers over the 
recent years especially after asbestos was com-
pletely banned in many countries or its appli-
cation was significantly limited [2]. These 
data are confirmed by official statistics in 
Belarus; according to it, volumes of mineral 
cotton production increased by 266.5 % from 
2005 to 20171, 2. 
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Production processes applied in manufac-
turing products out of synthetic mineral fibers 
involve formation of fine-disperse dust with its 
particles diameter being less than 10 µm. This 
dust deposits in calm air due to gravity force at 
a speed being less than 1 cm/sec; consequently, 
mineral cotton particles persist in working area 
air and penetrate workers’ bronchopulmonary 
system and gastrointestinal tract [3]. Impacts 
exerted on a body by such aerosols depend not 
only on fibers size but also a degree of their bio-
logical persistence [4]. And even though several 
research works indicate that mineral cotton fibers 
have low biological persistence [5], we should 
note that production processes for manufacturing 
ready products based on these fibers involve ap-
plying binding components with different struc-
ture (phenol-formaldehyde resins are often used). 
It can substantially change their solubility thus 
increasing their biological persistence [2, 6]. 

There was a monograph issued by the In-
ternational Agency for Research on Cancer 
(IARC) that focused on assessing carcinogenic 
risks caused by synthetic mineral fibers; ac-
cording to its authors, glass cotton, mineral 
cotton, and slag cotton were moved from the 
group 2B (“probably carcinogenic for people” 
into the group 3 (“not classified as having car-
cinogenic effects on a human body”). It was 
substantiated by research results that indicated 
there was no increase in frequency of tumors 
in the lungs and mesothelioma under inhala-
tion exposure to them and their intratracheal 
penetration into a body [7]. However, there are 
several works mentioning a correlation between 
exposure to synthetic mineral fibers and pleura 
mesothelioma and lung cancer [8–14], as well as 
cytotoxic and genotoxic effects produced by 
mineral cotton [15, 16]. Exposure to synthetic 
mineral fibers is also considered to be correlated 
to high risks of pneumoconiosis [17], cardiovas-
cular pathology [3], and hyperkeratosis with 
highly probable malignant change [18]. 

Official statistical data collected in Bela-
rus give evidence that occupational morbidity 
annually decreases; in 2017 there were 84 oc-
cupational diseases cases registered in the re-
public (there were 97 such cases in 2016), and 
it is not consistent with working conditions 

existing in the country as 65.4 % work places 
are estimated as having harmful working con-
ditions [19]. Given that, it becomes truly vital 
to examine morbidity with temporary disabil-
ity (morbidity with TD) and to determine an 
extent to which diseases are caused by occupa-
tional factors and occupational health risks ex-
isting at work places. 

Our research goal was to determine pe-
culiarities related to dynamics and structure of 
morbidity with TD and to assess occupational 
health risks for workers who had contacts with 
synthetic mineral fibers aerosols. 

Data and methods. We accomplished our 
research at the largest industrial enterprise dealing 
with construction materials production in Belarus, 
“Gomel’stroimaterialy” public company located 
in Gomel; among other products, it manufactured 
heat insulating boards made of mineral cotton. 

To examine morbidity with TD among 
workers who contacted synthetic mineral fibers 
aerosols, we created our basic test groups that 
included workers employed at a workshop 
where heat-insulating materials were produced 
(Workshop No. 1) in a quantity equal to 1,096 
year-round person-years. Our reference group 
(conventional control) was made up of workers 
employed at a workshop where cell-concrete 
blocks were produced (Workshop No. 2) in a 
quantity equal to 848 year-round person-years. 

Groups were created taking into account 
differences between them as per leading ad-
verse industrial factors existing at work places 
and similarities as per non-industrial factors 
(the same locations, communal conditions, and 
medical support). To create the reference group, 
we chose a workshop with working conditions 
which were comparable as per their hazard 
category at most work places (1st and 2nd hazard 
categories). What mattered a lot here was a fact 
that both groups being exposed to industrial 
aerosols with fibrogenic effects; however, that 
factor was predominantly caused by synthetic 
mineral fibers aerosols while workers from the 
reference group were primarily exposed to fi-
brous silicon-containing aerosols occurring in 
working area air. 

We statistically analyzed both samplings 
and revealed that they were comparable as per 
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sex as men accounted for 85.3 % in the test 
group (n = 278) and for 81.5 % in the refer-
ence group (n = 221, р = 0.275, Fisher’s two-
tailed exact test); age (age distribution median 
amounted to 38 in the test group (31; 46), and 
to 41 in the reference group (33; 49), р = 0.229, 
Mann-Whitney); work experience (work ex-
perience median amounted to 8 years in the 
test group (4; 12), and to 11 years in the refer-
ence group (5; 16), р = 0.498, Mann-Whitney); 
and as per workers’ occupations. 

To obtain data on morbidity with TD, we 
examined 2,120 sick leaves issued over a period 
from 2012 to 2016. We didn’t include tempo-
rary disability (TD) cases caused by home inju-
ries, sick leaves given to take care of a sick 
family member, as well as TD cases for work-
ers with their working experience not exceeding 
1 year at the moment a disease occurred. 

We analyzed morbidity with TD and as-
sessed statistical significance of discrepancies 
between examined TD parameters according 
to MG No. 112-9911-99 “In-depth analysis of 
morbidity with temporary disability”3. 

Relative risk (RR), 95 % confidence in-
terval of RR, and etiological fraction (EF) 
were calculated according to the Application 
Instruction No. 062-1109 “Assessment criteria 
and occupational morbidity parameters for 
complex analysis of impacts exerted by work-
ing conditions on workers’ health and occupa-
tional risks assessment”4. 

To assess long-term morbidity dynam-
ics, we calculated growth rates as per geo-
metric mean. 

Obtained data were statistically treated 
and analyzed with STATISTICA 10 applied 
software. Initial data were given as absolute 
and relative values with confidence intervals 
[CI 0.95]. Central trends and spreads of quanti-
tative parameters that had approximately nor-
mal distribution were given with mean value 
(М) and error of the mean (m) as М±m. Cen-

tral trends and dispersions of quantitative signs 
with their distribution not being normal were 
given with median and inter-quartile spread 
(the 25th and 75th percentiles) as Ме (25; 75). 

We applied Kolmogorov-Smirnov test, 
Lilleiefors test, and Shapiro-Wilk test as crite-
ria showing that signs were normally distrib-
uted in the examined groups. Confidence in-
tervals for frequencies and fractions were cal-
culated as per Wald procedure. We applied 
Mann-Whitney criterion to compare two inde-
pendent groups as per quantitative signs with 
their distribution not being normal. Signifi-
cance of discrepancies between two independ-
ent groups was estimated with Chi-square and 
Fisher’s exact two-tailed test). Critical signifi-
cance (p) applied to test statistical hypotheses 
was taken as 0.05. 

Results and discussion. Having analyzed 
morbidity with TD among workers from the 
test group taken in dynamics over the exam-
ined 5-year period, we detected there was a 
descending trend in number of TD cases by 
22.3 % from 102.3 (95 % CI 88.78–115.89) 
cases per 100 workers to 72.4 (95 % CI  
60.87–83.89) cases; on average, a number of 
cases decreased by 8.3 % a year (Table 1). 
A number of TD days also tended to go down by 
10.0 % from 843.5 (95 % CI 617.44–1,069.48) 
days per 100 workers to 639.5 (95 % CI 
466.53–812.52); however in2013 there was a 
3.2 % growth in number of TD cases against 
2012, and average duration of a TD case was 
the longest in 2013 over the examined period 
and amounted to 10.0 (95 % CI 8.57–11.44) 
days. Overall, a number of ND cases regis-
tered in 2012–2016 was considered to be 
“above average” in 2012 according to E.L. 
Notkin’s scale for assessing morbidity with 
temporary disability; 2013–2014, “average”; 
2015–2016, “below average”; and a number of 
TD days was estimated as “average” (2012–
2014) and “below average” (2015–2016). 

__________________________ 
 
3 In-depth analysis of morbidity with temporary disability of workers: methodical guidelines. Approved by the Belarus 

Public Healthcare Ministry on November 30, 1999, No. 112-9911. A collection of official documents on occupational medicine 
and industrial sanitary. Minsk: The Republican center for Hygiene and Epidemiology, Scientific research Institute for Sanitary 
and Hygiene, 2001, vol. 8, pp. 79–100. 

4 “Assessment criteria and occupational morbidity parameters for complex analysis of impacts exerted by working condi-
tions on workers’ health and occupational risks assessment”: application instruction. Approved by the Belarus Public Healthcare 
Ministry on November 24, 2009, Reg. No. 062-1109; developed by R.D. Klebanov [et al]. Minsk, 2009, 33 p. 
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T a b l e  1  
Morbidity with temporary disability among workers employed by “Gomel’stroimaterialy” 

public company taken in dynamics over 2012–2016 
Workshop No. 1 

M ± m 
Workshop No. 2 

M ± m 

Year 
Cases Day 

Average 
duration 
of a TD 

case 

IP Cases Day 

Average 
duration 
of a TD 

case 

IP 

2012 102.3±6.92 843.5±11.32 8.2±0.4 293.8±16.31 90.2±7.42 742.1±115.89 8.2±0.53 258.8±15.83
2013 91.1±6.36 870.2±116.03 9.6±0.51 281.6±15.07 92.4±7.07 785.4±115.49 8.5±0.6 269.4±15.71
2014 85.9±6.25* 859.6±115.9 10.0±0.73 271.7±14.56* 66.9±6.13 619.7±92.89 9.3±0.64 203.5±10.88
2015 70.5±5.57* 693.4±92.04* 9.8±0.74* 221.1±10.86* 54.4±5.68 442.0±68.00 8.1±0.43 155.1±7.11
2016 72.4±5.87 639.5±88.26 8.8±0.55 215.2±10.86* 60.5±6.31 534.9±86.77 8.8±0.71 179.9±9.73

2012–2016 84.4±2.77* 782.0±47.24* 9.3±0.26 256.9±6.06* 73.4±2.94 628.9±43.19 8.6±0.27 214.8±5.39

Note: 
* means discrepancies between the test and the reference group (Workshop No. 2) are statistically 

significant at p < 0.05. 
 
We compared TD parameters detected in 

the test group with average long-term parame-
ters taken for the whole country and revealed 
authentically lower morbidity with TD among 
workers from the Workshop No. 1 against 
morbidity with TD in the country in general as 
per TD days (t = 2.28, p < 0.05) and as per an 
integral parameter (IP) that took into account 
both cases and days (t = 2.47, p < 0.05). We 
obtained the same results after comparing 
morbidity with TD in the test group with stan-
dards accepted in construction materials pro-
duction both as per TD days (t = 3.1, p < 0.05) 
and IP (t = 4.18, p < 0.05). 

Lower morbidity with TD among workers 
employed at the workshop where heat-
insulating materials are produced both against 
country levels and branch ones is probably due 
to qualitative occupational selection that al-
lows hiring workers with initially greater adap-
tation abilities. It is well-known that workers 
who are employed ad harmful productions are 
in general healthier than their counterparts 
who work in rather comfortable conditions and 
a share of people with functional limitations and 
weak health is usually lower among them [20]. 
We should also remember that labor turnover 
grows proportionate to working conditions be-
coming more harmful as workers with weaker 
health leave; working conditions existing in 

the workshop where heat-insulating materials 
were manufactured were assessed as having  
1–4 harmful categories for 87 % of total work 
places. 

Dynamics of morbidity with TD detected 
in the reference group revealed a trend quite 
similar to that in the test group. Thus, a number 
of TD cases detected in the Workshop No. 2 
decreased by 25.6 % over the examined 5-year 
period, from 90.2 (95 % CI 75.78–104.78) 
cases per 100 workers to 60.5 (95 % CI  
48.16–72.89); a fall in number of cases was 
more intensive than in the test group and on 
average amounted to 9.5 % a year. Duration of 
TD (number of days) also decreased by 21.5 % in 
2012–2016, from 742.1 (95 % CI 514.92–969.22) 
days per 100 workers to 534.9 (95 % CI 
364.80–704.93). In general, in 2012–2016 num-
ber of TD cases in the Workshop No. 2 were 
estimated as “average” as per E.L. Notkin’s 
scale (2012–2013); “below average” (2014, 
2016): and “low” (2015); duration of TD (days) 
was estimated as “below average” (2012–2014); 
“low” (2016); and “extremely low” (2015). 

Morbidity with TD was statistically sig-
nificantly higher in the test group than in the 
reference one. Comparative analysis of mor-
bidity with TD as per TD cases revealed au-
thentically higher levels in the test group 
against the reference one; by 28.4 % in 2014 
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(t = 2.18, p < 0.05) and by 29.6 % in 2015 
(t = 2.02, p < 0.05). Average long-term num-
ber of TD cases over the whole 5-year period 
was also higher by 15.0 % (t = 2.73, p < 0.05). 
Number of TD cases per 100 workers was by 
56.9 % authentically higher in the Workshop 
No. 1 than in the Workshop No. 2 in 2015 
(t = 2.20, p < 0.05) and on average by 24.3 % 
over the whole examined period (t = 2.39, 
p < 0.05). 

IP also was higher for morbidity with TD 
in the test group from 2014 to 2016 varying 
from 19.6 % (t = 2.42, p < 0.05) to 42.6 % 
(t = 5.08, p < 0.05), and on average by 19.6 % 
over 2012–2016 (t = 5.20, p < 0.05). We also 
calculated RR and EF as per days of TD 
(RR 1.24 [1.12; 1.38], EF 19.6 %) and as per a 
number of sick people (RR 1.17 [1.09; 1.26], 
EF 14.8 %) and revealed that morbidity with 
TD was statistically authentically higher in the 
test group than in the reference one. Occupa-
tional risk index calculated on the basis of 
relative risk and a total quotient describing 
working conditions (3.9) was equal to 3 and it 
indicated that occupational risk was moderate 
for workers from the test group; consequently, 
specific activities were required to reduce it 
but there was no necessity to implement them 
immediately. 

Shares of workers who fell sick over the 
5-year period from 2012 to 2016 were similar 
in both groups and tended to decrease just as 
other parameters of morbidity with TD. In 
general, a number of sick workers in the 
Workshop No. 1 in 2012–2016 was estimated 
as “average” and “below average’ as per 
E.L. Notkin’s scale; in the Workshop No. 2, 
“below average” and “low”. We compared av-
erage long-term “shares of workers who fell 
sick” (49.3 % in the Workshop No. 1 and 
41.4 % in the Workshop No. 2) and “health 
index” (50.7 % in the Workshop No. 1 and 
58.6 % in the Workshop No. 2) and it allowed 
us to detect a higher share of workers who 
fell sick in the test group and, consequently, 
lower “health index” (2 = 11.95, р = 0.0005, 
Chi-square). 

When examining morbidity with TD, we 
also aimed to assess gravity of diseases; to do 

that, we applied such a parameter as a number 
of workers who frequently fell sick and re-
mained on a sick leaf for a long period of time 
as well as a share of workers who were taken 
to in-hospital departments. Our analysis of 
number of workers who often fell sick and re-
mained on a sick leaf for a long period of time 
revealed that there were no statistically signifi-
cant discrepancies in overall number of work-
ers who could be ranked as “frequently sick” 
and “frequently sick for a long time” in the test 
and reference groups. A share of workers who 
could be ranked as “sick for a long time” on 
average amounted to 3.1 % in the Workshop 
No. 1 over the examined period and it was au-
thentically higher than in the reference group 
where it was equal to 1.5 % (2 = 4.99, р = 0.026, 
Chi-square). A share of workers who were 
taken to in-hospital departments amounted to 
13.3 % in the Workshop No. 1 over the whole 
examined period and there were no statistically 
significant discrepancies between both groups 
as per this parameter as it was equal to 11.9 % 
among workers form the Workshop No. 2. 

We also examined morbidity structure as 
per specific nosologies using average long-
term number of TD cases and duration of TD 
cases in days in the Workshop No. 1; the re-
sults are shown in Figure 1. Respiratory organs 
diseases took the 1st rank place in morbidity 
with TD, both as per a number of cases and 
days of TD, with their specific weight being 
equal to 52.5 % and 40.8 % accordingly. 
Acute respiratory infections accounted for the 
highest specific weight among such nosolo-
gies, 95.9 % as per TD cases and 93.1 % as per 
TD days. 

 
Figure 1. Structure of Td cases and TD days  

In the test group over 2012–2016 (%) 
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The 2nd rank place belonged to diseases of 
the musculoskeletal system and connective tis-
sue, their specific weight being equal to 27.1 % 
as per cases and 29.8 % as per TD days. Diges-
tive organs diseases took the 3rd place both as 
per cases (6.7 %) and days (9.7 %). 

We performed comparative assessment of 
morbidity with TD as per specific nosologies 
and it allowed us to reveal that morbidity with 
respiratory organs diseases was authentically 
higher among workers form the Workshop 
No. 1 than among their counterparts from the 
Workshop No. 2, as per TD cases (t = 3.04, 
p < 0.05), TD days (t = 3.21, p < 0.05) and IP 
(t = 14.64, p < 0.05). Calculation of RR and 
EF as per a number of workers who fell sick 
(RR 1.20 [1.04; 1.38], EF 16.5 %) also allowed 
detecting impacts exerted by working conditions 
existing in the Workshop No. 1 (the test group) 
on occurrence of respiratory organs diseases. 

It is important to note that in spite of gen-
erally lower morbidity with TD in the Work-
shop No. 1 against country and branch levels, 
morbidity with respiratory organs diseases was 
authentically higher among workers from the 
Workshop No. 1 than in the country in general 
(as per cases, t = 2.51, p < 0.05; days, t = 2.10, 
p < 0.05; IP, t = 11.89, p < 0.05) and in the 
branch (as per cases, t = 3.66, p < 0.05; as per 
days, t = 4.55, p < 0.05; as per IP, t = 15.59, 
p < 0.05). Peculiarities in occurrence of respi-
ratory organs diseases detected in the test 
group indicate that this pathology is an occu-
pational one. 

Morbidity with diseases in the muscu-
loskeletal system and collective tissue were 
also statistically authentically higher among 
workers from the test group than in the coun-
try in general (as per cases, t = 6.84, p < 0.05; 
TD days, t = 6.13, p < 0.05; IP, t = 19.89, 
p < 0.05) and standards fixed for the branch 
(as per cases, t = 8.66, p < 0.05; TD days, 
t = 3.41, p < 0.05; IP, t = 28.69; p < 0.05). 
Workers from the test group also suffered 
from digestive organs diseases (as per cases, 
t = 2.22, p < 0.05; TD days, t = 6.51, p < 0.05; 
IP, t = 5.63, p < 0.05) and skin and subcuta-
neous tissue diseases (as per days, t = 6.74, 
p < 0.05; IP, t = 3.58, p < 0.05) authentically 

more frequently than the country population 
in general. 

We analyzed data on morbidity with TD 
in both groups depending on gender differ-
ences and it allowed us to reveal the following 
peculiarities. Number of TD days and IP cal-
culated for year-round female workers form 
the Workshop No. 1 were authentically lower 
than the same parameters calculated for male 
workers (as per days, t = 2.77, p < 0.05; IP, 
t = 2.84, p < 0.05). We compared the parameters 
in the test and reference groups and revealed that 
morbidity among men form the Workshop No. 1 
was higher than among their counterparts from 
the Workshop No. 2 (as per cases, t = 3.89, 
p < 0.05; days, t = 2.60, p < 0.05; IP, t = 6.32, 
p < 0.05). On the contrary, morbidity among 
female workers from the test group was lower as 
per TD cases than among their counterparts from 
the reference group (t = 2.05, p < 0.05). The de-
tected peculiarities may also indicate that regis-
tered diseases are occupational. 

We examined age-related labor losses in 
the test and reference group and revealed that 
as workers’ age grew, TD parameters went 
down in both groups. The highest morbidity in 
the Workshop No. 1 was registered among 
workers younger than 30 and was equal to 131.5 
(95 % CI 115.75–147.30) TD cases per 100 
workers and 958.1 (95 % CI 694.52–1,221.74) 
TD days per 100 workers. The lowest morbid-
ity with TD was registered among workers 
aged “50 and older” and was equal to 63.5 
(95 % CI 51.78–75.19) TD cases per 100 work-
ers and 769.7 (95 % CI 543.52–995.80) TD 
days per 100 workers. These peculiarities re-
vealed via analysis that took workers’ age into 
account can be explained by activation of ad-
aptation mechanisms in young workers who 
had to work in adverse working conditions. 

We examined morbidity among workers 
as per different age groups and revealed that 
morbidity in the test group was authentically 
higher than in the reference group among 
workers younger than 30 (as per cases, 
t = 2.86, p < 0.05; IP, t = 2.98, p < 0.05); work-
ers aged 40–49 (as per cases, t = 2.07, p < 0.05; 
TD days, t = 2.12, p < 0.05; IP, t = 4.43, 
p < 0.05); workers aged 50 and older (as per 
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TD days, t = 2.33, p < 0.05; IP, t = 4.89, 
p < 0.05). However, morbidity with TD among 
workers from the Workshop No. 2 aged 30–39 
was higher than in the same age group in the 
Workshop No. 2 (as per cases, t = 2.12, 
p < 0.05; IP, t = 2.59, p < 0.05). 

We analyzed labor losses depending on 
work experience and revealed that the highest 
morbidity in the test was detected among 
workers with their work experience being 
shorter than 5 years; it was equal to 112.6 
(95 % CI 100.12–125.06) TD cases per 100 
workers and 951.8 (95 % CI 728.03–1,175.57) 
TD days per 100 workers. As working ex-
perience became longer, morbidity with TD 
went down and it was minimal among work-
ers with their work experience being 15 years 
and longer; it was equal to 50.5 (95 % CI 
40.95–59.99) TD cases per 100 workers and 
685.5 (95 % CI 502.50–870.39) TD days per 
100 workers. These trends in labor losses de-
pending on work experience are probably due 
to a period during which a worker’s body 
adapted to apparent impacts exerted by adverse 
occupational factors and labor processes and 
development of compensatory mechanisms 
as their contacts with those adverse factors 
grew longer. 

Comparative analysis of morbidity with 
TD in both groups depending on work experi-
ence revealed that it was authentically higher 
among workers from the test group than from 
the reference group for workers with their 
work experience being equal to 1–4 years (as 
per cases, t = 2.23, p < 0.05; IP, t = 2.78, 
p < 0.05) and 5–9 years (as per IP, t = 2.59, 
p < 0.05). 

We calculated occupational health losses 
for workers from the Workshop No. 1 and No. 
2 basing on average annual morbidity with TD 
and data on age and work experience of work-
ers from the test and the reference group using 
a constant regression coefficient that charac-
terized morbidity among workers who per-
formed their tasks in optimal working condi-
tions. We analyzed the obtained results and 
revealed that occupational health losses 
amounted to 32.3 % in the test group over the 
examined period (substantial losses, the 3rd 

category) and it was higher than in the reference 
group where they amounted to 14.9 % (accept-
able losses, the 2nd category) (2 = 523.9,  
р < 0.00001, Chi-square). 

Conclusions. Therefore, we analyzed dy-
namic processes and structure of morbidity with 
TD among workers employed at the workshop 
where heat-insulating materials were produced 
and compared the results with the reference 
(conventional control) group that included 
workers employed at the workshop where cell-
concrete blocks were produced. We also com-
pared the results with average country levels 
and standards fixed for the construction materi-
als production branch; we assessed occupa-
tional risks and occupational morbidity. All that 
allowed us to make the following conclusions. 

1. Analysis of morbidity with TD in the 
test group taken in dynamics over the exam-
ined 5-year period revealed an descending 
trend in number of TD cases that went down 
by 22.3 % and number of TD days that de-
creased by 10.0 %. 

2. Morbidity with TD among workers 
from the test group was authentically higher 
than in the reference group over the whole  
5-year period, by 15.0 % as per TD cases; as 
per TD days, by 24.3 %; as per IP, by 19.6 %. 
Morbidity with respiratory organs diseases 
was higher among workers from the Workshop 
No. 1 than among those from the Workshop 
No. 2 as per TD cases, TD days, and IP. Cal-
culation of relative risk and etiological fraction 
as per a number of sick workers (RR 1.20 
[1.04; 1.38], EF 16.5 %) also allowed estab-
lishing that working conditions exerted their 
influence on occurrence of respiratory organs 
diseases among workers from the test group. 

3. Analysis of average long-term morbid-
ity with TD allowed revealing statistically 
significantly higher number of workers who 
fell sick and accordingly lower “health index” 
in the test group against the reference one 
(2 = 11.95, р = 0.0005, Chi-square). 

4. Morbidity with TD among workers 
from the test group was authentically lower as 
per TD days and IP than average annual mor-
bidity taken for the country as a whole and 
standards fixed for construction materials pro-
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duction. However, morbidity taken as per spe-
cific nosologies was statistically significantly 
higher in the test group than in the country and 
the branch as regards respiratory organs dis-
eases, diseases of the musculoskeletal system 
and connective tissue; it was also higher than 
in the country as a whole as per digestive or-
gans diseases and skin and subcutaneous tissue 
diseases. 

5. RR and EF as per TD days (RR 1.24 
[1.12; 1.38], EF 19.6 %) and as per a number 
of sick workers (RR 1.17 [1.09; 1.26], EF 
14.8 %) indicate that morbidity with TD was 
statistically authentically higher in the test 
group than in the reference group. Occupa-
tional risk index indicates that occupational 
risk in the test group is moderate and spe-
cific measures are required to reduce it but it 
is not necessary to implement them immedi-
ately. Average long-term occupational health 
losses amounted to 32.3 % in the test group 
(substantial losses, the 3rd category) and it 
was higher than in the reference group where 
they amounted to 14.9 % (acceptable losses, 
the 2nd category) (2 = 523.9, р < 0.00001, 
Chi-square). 

6. Overall number of workers who were 
ranked as “frequently sick” and “frequently 
sick for a long time” didn’t have any discrep-
ancies in the test group against the reference 
one; but an average long-term share of year- 

round workers from the Workshop No. 1 who 
were considered “sick for a long time” was 
authentically higher than in the reference 
group (2 = 4.99, р = 0.026, Chi-square).  
A share of workers form the Workshop No. 1 
taken to in-hospital departments didn’t have 
any statistically significant discrepancies from 
a number of TD cases that involved a worker 
from the reference group being taken to an in-
hospital department. 

7. Morbidity with TD in the test group 
had gender-related differences. Detected pecu-
liarities could also indicate that registered dis-
eases were occupational. 

8. Morbidity with TD in the test group 
depended on a worker’s age and work experi-
ence. As age and work experience grew, mor-
bidity with TD tended to decrease; it is due to 
activation of adaptation mechanisms in young 
workers who had to work in adverse working 
conditions and development of compensatory 
mechanisms as their contacts with adverse fac-
tors grew longer. 
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There is a pressing issue related to biological factors that influence medical workers’ health and cause risks of 

hospital-acquired infections including those occurring among patients. Given that, we applied conventional techniques 
to perform microbiological examinations aimed at detecting and identifying microorganisms that circulate in the air 
inside hospitals. Microorganisms detected in the air in areas where medical personnel performed their working tasks 
were identified with chromogenic nutrient media and microbiological analyzers. To fully characterize microorgan-
isms, we performed certain tests that allowed determining how sensitive the detected strains were to common anti-
bacterial preparations. 

As a result, we revealed that priority strains detected in the air inside medical organizations were those belong-
ing to Staphylococcaceae and Micrococcaceae families. These microorganisms caused high risks of purulent septic 
infections. We also detected bacteria that belonged to normal human microflora such as Acinetobacterspp. and Strep-
tococcusspp., as well as gram-negative bacteria, notably Stenotrophomonasmaltophilia, Ochrobacteriumspp., Pan-
toeaspp., and Pausterellaspp.  

Staphylococcusspp. and Micrococcusspp. turned out to be resistant to oxacillin and erythromycin; gram-negative bac-
teria, to ceftazidime and amikacin; non-fermentative bacteria and Enterobacteriaceae family, to a combination of anti-
bacterial preparation. It proves there is a necessity to examine qualitative properties of biological factors existing in medical 
organizations. We revealed that Streptococcusspp. were strongly resistant to ampicillin, clindamycin, imipenem, and ce-
fepime; Acinetobacterspp., strongly resistant to cephalosporin (ceftazidime, cefepime), and they were moderately resistant to 
monobactam (aztreonam); Stenotrophomonasmaltophilia,  to ceftazidime and aztreonam, and in certain cases, to cefepime, 
amikacin, imipenem, gentamicin, and ciprofloxacin; Ochrobacteriumspp., to cefepime, aztreonam, ciprofloxacin, amikacin, 
gentamicin, imipenem, and ceftazidime; Pantoeaspp. and Pausterellaspp. tended to have various resistance. All it means that 
the given strains circulating in the air inside medical organizations are more resistant than they are considered to be ac-
cording to literature data. 

Key words: microorganisms, air, biological factor, medical workers, resistance to antibiotics, microbiological exami-
nations, antibiotics, medical organizations, hospital-acquired infections, resistance of microorganisms. 
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Biological factor or a biological agent is 
a spectrum of microorganisms, pathogenic 
and opportunistic pathogenic bacteria, vi-
ruses, fungi, helminthes, protozoa, live cells, 
spores, etc., that exert adverse impacts on 
human health. 

Microbiological monitoring over species 
of infectious agents and their resistance to 
antibacterial preparations that is performed 
in medical organizations is a reliable tool for 
assessing this biological factor and its quali-
tative properties; it should be done in order 
to determine its influence on medical per-
sonnel and to select proper antimicrobial 
therapy for patients in a specific medical or-
ganization [1]. 

In the past antibacterial preparations were 
frequently used rather irrationally (they were 
admitted to be prescribed to patients unrea-
sonably in 50–70 % in Canada, the USA, and 
Vietnam) [2]; antibiotics have been widely 
used in animal breeding; there has been an ac-
tivation of adaptation mechanisms in in-
hospital bacterial communities as they mutate 
and transfer extrachromosomal in heritance 
factors to each other. All these events result in 
a persistent growth in resistance of various in-
fectious agents and circulation of resistant 
strains in medical organizations causing occu-
pational diseases among medical personnel 
and hospital-acquired infections among pa-
tients [3, 4]. 

Over the last years there have been a lot 
of changes in the structure of etiologically 
significant agents that cause infections, puru-
lent diseases, and postoperative diseases; at 
present a number of such species is growing, 
and there are changes in microorganisms’ 
properties that cause postoperative and post-
injection complications; poly-etiologic dis-
eases are becoming more and more widely 
spread among purulent and septic infections 
including hospital-acquired ones [1]. 

Circulation of resistance to antibiotics 
among opportunistic pathogenic in-hospital 
strains is becoming more and more pressing 
in spite of certain activities being accom-
plished at the moment [5, 6]. Nowadays resis-
tance to antibacterial preparations is consid-
ered to be an objective sign of genotypic and 
phenotypic peculiarities of a specific micro-
organism that causes a biological risk of hos-
pital-acquired infections and occupational 
diseases [3]. 

Data and methods. Our goal was to ex-
amine properties of a biological factor exist-
ing in medical organizations. To do that, we 
accomplished microbiological examinations 
of air inside medical organizations in Kazan 
within state surveillance performed by the 
Federal Service for Surveillance over Con-
sumer Rights Protection and Human Well-
being. Air samples were taken prior to a 
working shift started and during it according 
to MG 4.2.2942-11 “Procedures for sanitary-
bacteriological examinations of environ-
mental objects and air and for controlling ste-
rility in medical organizations”1. Microorgan-
isms extracted from air inside treatment 
rooms in different medical organizations were 
identified up to their species (n = 62). Identi-
fication was performed with chromogenic nu-
trient media produced in India and Spain and 
tests with microbiological analyzers produced 
in Czech Republic and France. We applied 
the disk diffusion test to check how sensitive 
microorganisms were to antibacterial prepara-
tions according to MG 4.2.1890-04 “Deter-
mining sensitivity of microorganisms to anti-
bacterial preparations”2. 

Results and discussion. Figure 1 shows 
the structure of microorganisms that were ex-
tracted from air inside medical organizations. 

The given data make it obvious that mi-
croorganisms from Staphylococcus species 
prevailed in microflora existing in medical

__________________________ 
 
1 MG 4.2.2942-11. Procedures for sanitary-bacteriological examinations of environmental objects and air and for 

controlling sterility in medical organizations. Moscow, The Rospotrebnadzor’s Federal Center for Hygiene and Epidemi-
ology, 2011, 12 p. 

2 MG 4.2.1890-04. Determining sensitivity of microorganisms to antibacterial preparations. Methodical guidelines. 
Moscow, The Federal Center for State Sanitary and Epidemiologic Surveillance of the RF Public Healthcare Ministry, 
2004, 91 p. 
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Figure 1. The structure of microorganisms that were extracted 

 from air inside medical organizations (%) 

organizations in Kazan as there were totally 
28 strains such as S.hominis (11.3 %), S. epi-
dermidis (9.7 %), S. haemolyticus (8.1 %), 
S.saprophyticus (4.8 %), S.aureus (1.6 %) and 
some others (6.4 %). Data on Staphylococcus 
resistance were different for different medical 
organizations; in most cases such difference, 
as Afanasiev et al. think (2014), is due to 
a policy on how to apply antibacterial prepa-
rations. 

When we characterize a biological factor 
in a medical organization, we should note that 
Staphylococcus spp. were resistant to Eryth-
romycin (in 50 % cases), Oxacillin (in 28.6 % 
cases), and to Fluoroquinolones (up to 7.1 % 
cases). It results in a high risk of infections 
caused by resistant strains including Methicil-
lin-resistant Staphylococcus aureus (MRSA). 
Catalase-positive cocci belonging to this stem 
were the most sensitive to Vancomycin, Clin-
damycin, and Gentamicin (96.4–100 % cases). 
Our data are consistent with research works 
accomplished by most authors in the field who 
established that Staphylococcus spp. is resis-
tant to Erythromycin and Oxacillin and sensi-
tive to Vancomycin and Clindamycin [7–10]. 
Resistance to Oxacillin that has been examined 
by many experts is a marker showing that a 
Staphylococcus has a Penicillin-binding pro-
tein. There is an assumption based on research 
data that there are genetic data reservoirs for 
S.aureus coagulase-negative S.haemolyticus 

and S.epidermidis due to genes determining 
resistance to antibiotics being widely-spread in 
the population [3]. 

High resistance of Staphylococci to Ox-
acillin as a marker showing there is MRSA 
(Methicillin Resistant Staphylococcus Aureus) 
proves that all β-lactams are inefficient for 
treating infections caused by the given micro-
organisms and that it is necessary to develop 
more efficient therapeutic and anti-epidemic 
activities accomplished in medical organiza-
tions [1, 10]. 

Together with Staphylococcus spp., bacteria 
from Micrococcaceae family accounted for a 
considerable share among detected microorgan-
isms (40.4 %). Micrococcusspp., that are fre-
quently extracted from objects located inside 
medical organizations according to foreign ex-
perts [11–13], in all cases were sensitive to 
Ciprofloxacin and Clindamycin, not so fre-
quently to Vancomycin, Levofloxacin, and Gen-
tamicin (in 92.3 % cases), and Erythromycin 
(84.6 %) and they were resistant to Oxacillin 
(69.2 % strains). This fact proves that microflora 
circulating inside medical organizations is nor-
mal and highly resistant to Oxacillin; it requires 
further investigations of biological risks related 
to infections caused by Micrococcusspp. 

There are representatives from Kocuri-
aspp. family that, in foreign researchers’ opin-
ion, cause catheter-associated endocarditic, 
urinary tract infections, peritonitis, and other
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Figure 2. Specific weight of certain microorganisms’ strains extracted  

from air that are resistant to antibacterial preparations (%)

purulent and septic infections and are resistant 
to [14–16] Fluoroquinolones, Tetracycline, 
Oxacillin, and Cefazoline and intermediately 
resistant to Cefotaxime [17]; in our research 
they turned out to be the most resistant to Ox-
acillin (62.5 % cases), Erythromycin (37.5 % 
cases), and were rarely resistant to Fluoroqui-
nolones (12.5 % to Levofloxacin). Occurrence 
of Oxacillin-resistant strains inside hospitals 
creates a biological risk of infections caused 
by Methicillin-resistant microorganisms. 

Other bacteria from Micrococcaceae–
Dermacoccusspp. family extracted from air in 
4 cases were also the most resistant to Oxacil-
lin (resistance in all 4 cases), Erythromycin (in 
1 case), and Levofloxacin (in 1 case). Data on 
Dermacoccus being sensitive to antibiotics are 
rarely found in literature sources available to 
us; however, there was a research work ac-
complished in Poland (2003) where the author 
showed that bacteria from this stem were resis-
tant to Erythromycin [18]. 

Similar to other researchers’ results, Strep-
tococcusmitis, extracted from air in one case, 
was resistant to Ampicillin, Clindamycin, 
Imipenem, and Cefepime and sensitive to 
Vancomycin and Levofloxacin [3, 7]. As per 
data acquired by Afanasiev et al (2014), vari-
ous resistances to Penicillin preparations as 
well as to Cephalosporin develop in Strepto-
coccus due to lower affinity of Penicillin-
binding proteins caused by mutations in bacte-
ria’s genome. It has been proven that interspe-
cies transfer of genetic material occurring be-
tween commensal species of Streptococcus 

and S. pneumonia stems contributes to selec-
tion and creation of Penicillin-resistant strains 
of the latter [3]. 

Over the last years, gram-negative non-
fermenting bacteria have been occupying the 
second place among agents causing different 
infections, including hospital-acquired ones, 
right after gram-positive cocci as it has been 
confirmed by our research [19]. 

When we characterize a biological factor 
that can cause HAI occurrence, we should note 
that gram-negative organisms that are a part of 
normal human microflora, such as Acineto-
bacterspp., extracted from air inside medical 
organizations, were sensitive to Ciprofloxacin 
(57.1 %), Amikacin, Imipenem, and Gen-
tamicin, were moderately resistant to Mono-
bactam (Aztreonam) and highly resistant to 
Cephalosporin (Ceftazidime and Cefepime). 
Research works performed by many authors 
prove that Acinetobacterspp. Extracted from 
human biological materials are the most resis-
tant to Cephalosporin [19, 20]. We didn’t re-
veal resistance to Carbapenem and Monobac-
tam in this stem though it was previously de-
tected by various authors in 35.6 % – 70.5 % 
bacteria belonging to various human biotopes 
[1, 6, 9, 19, 21]. Occurrence of resistant mi-
croorganisms from the given stem can cause 
infections both among medical personnel and 
patients. 

Other gram-negative non-fermenting bac-
teria such as Stenotrophomonasmaltophilia that 
have been examined in multiple foreign re-
search works are agents that cause hospital-
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acquired infections and are poly-resistant to 
antibiotics, including Cephalosporin [22]. In 
both cases in our research they turned out to 
be resistant to Ceftazidime and Aztreonam; in 
one case, to Cefepime, Amikacin, Imipenem, 
Gentamicin, and Ciprofloxacin. As opposite 
to the research accomplished by HuangY.W. 
et al. (2017), we revealed that in both cases 
this microorganism was sensitive only to 
Erythromycin [23]. 

Ochrobacteriumspp., that have low viru-
lence for healthy people and high one for those 
with weak immunity [8, 24], were extracted 
from air in medical organizations in tow cases. 
One strain was resistant to antibacterial prepa-
rations in all cases (Cefepime, Aztreoname, 
Ciprofloxacin, Amikacin, Gentamicin, Imipe-
nem, and Ceftazidime); the other was resistant 
only to Amikacin. Pantoeaspp. and Pausterel-
laspp. that cause various diseases have been 
given a lot of attention by researchers in 
Europe and America; in our research they 
were revealed to have different resistance to 
antibacterial preparations. In one case we de-
tected that Pantoeaspp. was resistant to Ampi-
cillin, Ceftazidime, Amikacin, and Imipenem 
[25, 26]. The fact that the given strains are 
poly-resistant proves it is necessary to perform 
further investigations of this biological factor 
that exerts its influence on medical personnel 
and patients in hospitals. 

Conclusions 
1. Priority microorganisms extracted from 

air in medical organizations in Kazan in 2016 
were bacteria from Staphylococcaceae (45.2 %) 
and Micrococcaceae (40.4 %) families; 

2. Staphylococcusspp. and Micrococ-
cusspp. were most resistant to Oxacillin 
(28.6 % – 100.0 % cases) and Erythromycin 
(5.4–50.0 %). Gram-negative bacteria ex-
tracted from air in medical organizations in 
rare cases were most resistant to Cef-
tazidime (Acinetobacterspp., Stenotropho-
monasspp., and Pantoeaspp.) and Amikacin 
(Ochrobacteriumspp and Pantoeaspp.); sev-
eral non-fermenting bacteria and bacteria 
from Enterobacteriaceae family tended to be 
resistant to different combinations of anti-
bacterial preparations; 

3. Occurrence of strains that are resistant 
to various antibacterial preparations and circu-
late in air inside medical organizations causes 
a high biological risk of hospital-acquired in-
fections and occupational diseases among 
medical personnel including infections caused 
by MRSA (Methicillin-resistant Staphylococ-
cus aureus). 
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Tick-borne encephalitis (TBE) as an infectious disease remains a significant issue in the Urals Federal District (the 

UFD). To correctly describe impacts exerted by risk factors on TBE epidemic process, it is necessary to analyze both com-
mon and individual peculiarities related to how TBE epidemic process develops on endemic administrative territories. 

We assessed impacts exerted by biological and social factors on morbidity with TBE in four endemic regions in the 
UFD (Sverdlovsk, Chelyabinsk, Tyumen, and Kurgan regions) over 2007–2017. 

To quantitatively assess contributions made by specific factors into morbidity with TBE, we calculated chances for 
people who suffered tick bites to fall ill with TBE; it allowed us to apply standard procedures within generalized linear 
models theory (GLM), namely logistic regression. Our analysis included aggregated data on quantity of people who were 
bitten by ticks and fell will with TBE in all the examined regions. We also assessed data for each specific region as all 
these endemic territories had both common and specific regularities related to TBE endemic process development. 

We showed statistically significant impacts exerted by specific manageable risk factors (vaccination, immune preven-
tion, and acaricide treatment performed on a territory) on a possibility of TBE occurrence among people bitten by ticks on 
endemic territories. The examined UFD regions differ as per effects produced by natural and social risk factors on TBE de-
velopment. Mass vaccine prevention is a key factor in the control over morbidity with the disease.  

Risk-oriented approach provides significant additional data for analyzing an epidemiological situation and planning 
efficient preventive activities in TBE natural foci. 

Key words: tick-borne encephalitis, the Urals federal District, logistic regression, morbidity, odds ratio, natural and 
social risk factors, statistical modeling, specific prevention. 
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Domestic and foreign scientists have man-
aged to achieve excellent results in examining 
epidemic processes occurring in natural foci in-
fections and their determinants. Despite that, 
tick-borne encephalitis (TBE) is a still persisting 
transmissible infection transmitted by ticks. 

48 out of 85 regions in the Russian Fed-
eration (RF) are endemic as per TBE [1]. The 
Urals Federal District remains a territory 
where the situation with TBE is the worst as 
most administrative regions included into it 
have high morbidity with TBE among their 
population. Over the last years the structure of 
this morbidity has been changing as large foci 
have occurred due to urban population being 
infected; the endemic process has been involv-
ing new groups of employable population [2]. 
TBE has ceased to be a solely occupational 
disease which was typical for workers with 
specific (forest-related) occupations [3]. 

Endemic regions located on huge areas in 
Russia and intra-regional foci differ both as 
per cyclic nature of morbidity and a risk for 
population to catch TBE virus. It makes it nec-
essary to work out a differentiated approach to 
determining administrative territories and a set 
of anti-epidemic activities [4]. 

TBE epidemic process is a complicated 
and multifactor phenomenon. There are sev-
eral factors that are conventionally considered 
to determine morbidity with TBE: they are 
number of ticks, dynamics in number of ticks-
feeding animals, spread of contamination 
among carriers, vaccination scopes, efficiency 
of immune prevention and acaricide treat-
ments, changes in the structure of reservoir 
animals, as well as climatic and heliogeo-
physical (solar activity) conditions [5–10]. 

Correct description of impacts exerted 
on TBE epidemic process by the above-
mentioned factors as well as by any other 
unaccounted ones requires analyzing general 
and regional regularities in epidemic process 
development for endemic administrative ter-
ritories [11]. 

Our research goal was to assess effects 
produced by natural and social risk factors on 
morbidity with TBE in Sverdlovsk, Chelyabinsk, 
Tyumen, and Kurgan regions in 2007–2017. 

Data and methods. We analyzed morbid-
ity with TBE among people living in Sverd-
lovsk, Chelyabinsk, Tyumen (without autono-
mous areas), and Kurgan regions in 2007–2017 
basing on data taken from the Form No. 2 of 
the State Statistical Reports which is called 
“Data on infectious and parasitic diseases”1. We 
also analyzed data from annual reports issued 
by Rospotrebnadzor regional offices over the 
same period on sanitary-epidemiologic welfare 
of the population, specifically: people applying 
for medical aid after they had been bitten by 
ticks; number of vaccinated and revaccinated 
people and people who were injected with anti-
tick immunoglobulin as emergency prevention. 
We assessed a share of infected ticks as well as 
data on acaricide treatment scopes in the exam-
ined regions. 

In order to quantitatively assess contribu-
tions made by specific risk factors into morbid-
ity with TBE, we calculated what chances there 
were for people who had been bitten by ticks to 
fall sick with TBE. These chances were a ratio 
of a number of sick people (N1) to the overall 
number of people who had been bitten but 
didn’t fall sick after it (N0). It allowed us to ap-
ply such a standard tool of generalized linear 
models (GLM) [12] as logit regression: 

 Ln (N1/N0) = b0 + ΣbiXi.   (1) 

We assessed effects produced by the fol-
lowing predictors (Xi): a region (Sverdlovsk, 
Chelyabinsk, Tyumen, or Kurgan region); 
number of vaccinated and revaccinated people; 
a per cent of people who were injected with 
anti-tick immunoglobulin; a share of infected 
ticks in natural populations; and an area where 
there were acaricide treatments against the 
overall territory of a region (в ‰). Uninter-
rupted variables which were measured with 

__________________________ 
 
1 Form No. 2 “Data on infectious and parasitic diseases”. Medicine & Practice: Practical application of regulatory docu-

ments in public healthcare. Available at: http: //mpraktik.ru/forma-2-svedeniya-ob-infekcionnyx-i-parazitarnyx-zabolevaniyax/ 
(date of visit June 18, 2019). 
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different scales were standardized (we cen-
tered them with a mean value and standardized 
with standard deviation). As a result, all unin-
terrupted variables were reduced to a more 
convenient dimensionless scale. A zero value 
at the transformed scale corresponded to a 
simple mean in an initial data series. And here 
a free member in a regression equation became 
interpreted and gave a possibility to estimate 
an expected value of a dependent variable 
when all the predictors were equal to zero (to 
mean values for uninterrupted signs). 

Odds ratios (OR) and their confidence in-
tervals (95 % CI) were given after the follow-
ing transformation: OR = exp (bi) or OR = 
= 1/exp (bi), where bi are logit regression pa-
rameters (odds ratio logarithms). 

As both common and individual regulari-
ties related to TBE epidemic process develop-
ment are typical for endemic territories, we 
needed to raise statistic reliability of logit re-
gression results; to do that, we jointly analyzed 
data on the examined regions as well as gave 
results for each specific one. 

We statistically processed and visualized 
all the obtained results with “Statistica v. 10.0” 
applied software (StatSoft, Ink) and the statis-
tical medium R (v. 3.4.4) [13]. 

Results and discussion. We created sta-
tistical models showing TBE probability for 
people who had been bitten by ticks with mul-
tiple logit regression. It allowed us to estimate 
a specific effect produced by each factor to-
gether with performing control over effects 
produced by other predictors. Overall, almost 

all effects turned out to be statistically signifi-
cant for four regions in the Urals Federal Dis-
trict (UFD), namely, Sverdlovsk, Chelyabinsk, 
Tyumen, and Kurgan region, excluding only 
a share of ticks infected with TBE (Table 1). 

Prevailing predictors (risk factors given 
with descending significance) are the follow-
ing: “Acaricide treatments”; “Number of vac-
cinated and revaccinated people”; “A share of 
bitten people who were injected with Ig”. 
When a square where acaricide treatments 
took place increased by a standard deviation 
(0.19 ‰ from the overall territory of a region), 
a person who had been bitten by a tick ran 1.4 
times lower risk to fall sick with TBE (confi-
dence interval (CI): 1.26–1.45) (Figure 1–D). 
If a number of vaccinated and revaccinated 
people grew by 308 thousand people (one 
standard deviation), a person who had been 
bitten by a tick ran 1.21 times lower risk to 
have TBE (CI: 1.18–1.25). Should a number of 
vaccinated and revaccinated people exceed 
one million, chances to get TBE would de-
crease by 2 times on the examined territory, CI 
(CI): 1.78–2.18 (Table 1 and Figure 1–А). 

Provided that a number of people who 
were provided with emergency immune pre-
vention increased by 21 % (a limit of one 
standard deviation), chances to get TBE 
would fall by 1.2 times with CI: 1.16–1.25 
(Table 1 and Figure 1–B). Overall, our calcu-
lations revealed that a share of ticks infected 
with TBE didn’t exert any significant impacts 
on TBE probability on all the examined terri-
tories (totally). 

T a b l e  1  
Assessing impacts exerted by risk factors on TBE probability for people bitten by ticks 

 in the UFD in 2007–2017 (logit regression: LR (4) = 767.24; p < 0.0001)  
Odds ratio Predictor b SE (b)  Z-Wald 

statistics p-value OR 95 % CI 
b0 – 5.00 0.02 – 322.48 < 0.0001 – – – 

1.21 1.18 1.25 Кол-во V и RV – 0.19 0.01 – 13.42 < 0.0001 1.94® 1.78® 2.18® 
 % people who got Ig – 0.18 0.02 – 10.35 < 0.0001 1.20 1.16 1.25 
A share of TBE-infected ticks 0.01 0.02 0.91 0.37 1.02 0.98 1.05 
Acaricide treatments (‰)  – 0.34 0.02 – 19.41 < 0.0001 1.40 1.36 1.45 

N o t e : b0 is a free member; V is a number of vaccinated people, RV, revaccinated; ® – odds ratio, when 
V and RV quantity grows by 3.5 standard deviations (provided that more than 1 million people are vaccinated); 
LR (df) likelihood ratio test, with degrees of freedom number being equal to a number of factor in a model 
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Figure 1. Impacts exerted by risk factors on TBE occurrence among tick-bitten people 

 in the UFD regions in 2007–2017 

We created statistical models for an epi-
demiologic situation in a specific region and 
revealed that TBE probability for people living 
in Sverdlovsk region who had been bitten by 
ticks was substantially associated with vacci-
nation and acaricide treatments scopes. Should 
squares exposed to acaricide treatments in-
crease by one standard deviation (0.1 ‰ of the 
overall region territory); than a chance that the 
disease occurred would go down by 1.26 times 
(CI: 1.20–1.33; Table 2 and Figure 2–D). 
Should a number of people vaccinated against 
TBE grow by 141 thousand, TBE probability 
would go down by 1.09 times (Figure 2–А). 
Should a number of vaccinated people increase 
up to 1 million people (more than by two stan-
dard deviations), TBE probability would de-
crease by 1.19 times (Table 2). 

In Chelyabinsk region, similar to Sverd-
lovsk region, vaccination and acaricide treat-
ments scopes were the primary factors influ-
encing TBE probability. We should note that 
the said predictors had a more apparent posi-
tive effect. Thus, if a number of people who 

had been vaccinated and revaccinated in-
creased by 23 thousand people (Figure 3–A), 
TBE probability dropped by 1.2 times. Should 
a number of vaccinated people reach 210 thou-
sand people (two standard deviations), a share 
of those who fell sick with TBE would de-
crease by 1.44 times. If squares exposed to 
acaricide treatments increased by 0.15 ‰, 
TBE probability would fall by 1.32 times  
(Table 2, Figure 3–D). 

The situation existing in Tyumen region 
was rather opposite to those in Sverdlovsk and 
Chelyabinsk regions. As per our calculations, 
we determined that a share of infected ticks 
and emergency immune prevention were the 
primary predictors there. Vaccination and 
acaricide treatments didn’t exert any statisti-
cally significant impacts on a growth or fall in 
TBE probability. Over 11 years a number of 
vaccinated people in Tyumen region was sev-
eral times lower than in Sverdlovsk and 
Chelyabinsk regions (68 thousand people 
against 780 and 164 thousand accordingly). 
Probably, it was this fact that determined ab-
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sence of any statistically significant effects 
produced by vaccination on TBE probability 
on this territory (Table 2, Figure 4–A). A wide 
scope of emergency immune prevention is 
quite typical for Tyumen region as on average 
over 11 years 93 % people who had been bit-
ten by ticks got injected with anti-tick Ig. 
Should this figure grow by 4 % (one standard 
deviation and a probable limit for the predictor 
effect to level out when it has been reached), 
TBE probability in Tyumen region would go 
down further by 1.1 times. Average share of 
infected ticks amounted to 2.77 % (data col-
lected in 2007–2017); a further increase in the 
parameter by 1.37 % would result in a 1.13 
time growth in number of people sick with 
TBE (Table 2, Figure 4–С). 

In Kurgan region the existing situation is 
the most adverse at present as regards morbid-
ity with TBE. Average long-term morbidity 
(per 100 thousand people) is 1.3–2.6 times 
higher than in other regions (7.82 0/0000). As 
per predictive estimates only effects produced 
by acaricide treatments can influence morbid-
ity with TBE and somehow reduce it. Should 
squares exposed to such treatments increase by 
0.05 ‰, TBE probability would go down by 
1.6 times (Table 2, Figure 5–D). A share of 
infected ticks which was 6.44 % on average 
over 11 years was also the highest in Kurgan 
region. Should there be a rise in a share of in-
fected ticks by 4.23 %, we can expect a 1.13-time 
growth in number of people who fall sick with 
TBE (Figure 5–C). 

T a b l e  2  
Assessment of impacts exerted by risk factors on TBE probability for people bitten by ticks 

in four UFD regions in 2007–2017 (logit regression)  
Odds ratio Predictor b SE (b)  Z-Wald statistics p-values OR 95 % CI 

Sverdlovsk region; LR (4) = 83.52; p < 0.0001 
b0 – 5.39 0.02 – 216.06 < 0.0001 –– –– –– 

1.09 1.03 1.15 Number of V and RV – 0.09 0.03 – 3.08 0.002 1.19® 1.06® 1.32® 
 % of bitten people who got Ig 0.02 0.03 0.88 0.38 1.03 0.97 1.08 
A share of infected ticks 0.03 0.03 0.97 0.33 1.03 0.97 1.08 
Acaricide treatments (‰)  – 0.23 0.03 – 8.87 < 0.0001 1.26 1.20 1.33 

Chelyabinsk region; LR (4) = 60.68; p < 0.0001 
b0 – 5.29 0.03 – 170.72 < 0.0001 –– –– –– 

1.20 1.11 1.30 Number of V and RV – 0.18 0.04 – 4.59 < 0.0001 1.44® 1.12® 1.69® 
 % of bitten people who got Ig 0.003 0.05 0.06 0.95 1.00 0.91 1.11 
A share of infected ticks 0.02 0.04 0.52 0.60 1.02 0.94 1.10 
Acaricide treatments (‰)  – 0.28 0.06 – 4.31 < 0.0001 1.32 1.16 1.50 

Tyumen region; LR (4) = 46.07; p < 0.0001 
b0 – 5.11 0.03 – 148.86 < 0.0001 –– –– –– 
Number of V and RV – 0.15 0.10 – 1.44 0.15 1.16 0.95 1.41 
 % of bitten people who got Ig – 0.10 0.05 – 2.11 0.04 1.10 1.01 1.20 
A share of infected ticks 0.12 0.04 3.13 0.002 1.13 1.05 1.22 
Acaricide treatments (‰)  – 0.01 0.10 – 0.05 0.96 1.01 0.83 1.23 

Kurgan region; LR (4) = 125.81; p < 0.0001 
b0 – 4.36 0.04 – 100.07 < 0.0001 –– –– –– 
Number of V and RV 0.18 0.06 2.85 0.004 1.20 1.06 1.36 
 % of bitten people who got Ig 0.11 0.04 2.62 0.01 1.12 1.03 1.21 
A share of infected ticks 0.12 0.05 2.59 0.01 1.13 1.03 1.23 
Acaricide treatments (‰)  – 0.47 0.05 – 9.39 < 0.0001 1.59 1.45 1.77 

N o t e : b0 is a free member; V means vaccinated people, RV means revaccinated; ® – odds ratio, when V and 
RV quantity grows by 2 standard deviations (provided that more than 1 million people are vaccinated); LR (df) like-
lihood ratio test, with degrees of freedom number being equal to a number of factor in a model 
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Figure 2. Impacts exerted by risk factors on TBE occurrence among people bitten  

by ticks in Sverdlovsk region in 2007–2017 

 
Figure 3. Impacts exerted by risk factors on TBE occurrence among people bitten  

by ticks in Chelyabinsk region in 2007–2017 
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Figure 4. Impacts exerted by risk factors on TBE occurrence among people bitten  

by ticks in Tyumen region in 2007–2017 

 

 
Figure 4. Impacts exerted by risk factors on TBE occurrence among people bitten 

 by ticks in Kurgan region in 2007–2017 
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As regards such factors as vaccination and 
emergency immune prevention, logit regres-
sion results revealed a rather paradox situation 
that existed in Kurgan region. When there was 
an increase in number of vaccinated people 
and people provided with immune prevention, 
TBE probability also grew (Figure 5–A, B). 
However, we should note that a number of 
vaccinated people and immune preventions 
scopes were the lowest in Kurgan region over 
the examined 11-year period. 

Therefore, the examined regions in the 
UFD differ in terms of effects produced by natu-
ral and social risk factors on TBE occurrence. 

In Sverdlovsk and Chelyabinsk regions 
mass immunization program for population 
has been implemented since 2009 and 2012 
accordingly and it is a key component in the 
system of measured aimed at preventing the 
disease; it influences epidemiologic process 
substantially [14]. 

Despite emergency prevention is also im-
plemented in wide scopes in Sverdlovsk re-
gion, according to our calculations it doesn’t 
have any significant effects on TBE probabil-
ity, and it requires further and more profound 
investigation. 

L.I. Volkova et al. [15] also revealed that 
emergency prevention was inefficient in Sverd-
lovsk region. They determined that only active 
immunization provided for population in an en-
demic region would allow achieving a substan-
tial decrease in morbidity with TBE [15, 16]. 

Significant effects produced by acaricide 
treatments on TBE occurrence are most likely 
to be indirectly caused by their influence on 
infection carriers (ticks). Nevertheless, it is 
well known that it is rather difficult to esti-
mate contribution made by these prevention 
activities into a fall in morbidity with TBE. 
Squares exposed to acaricide treatments are 
substantially smaller that the square of a 
whole region; besides, such treatments are 
usually accomplished in places specifically 
designed for people’s rest (forest camps, for 

example) and people usually get infected be-
yond such places [17]. 

Literature data and long-term observa-
tions allow concluding that immune preven-
tion against TBE in Tyumen region is accom-
plished in a scope that is one of the highest in 
Russia and it obviously indicates that results 
of laboratory examinations performed on 
ticks removed off bitten people are not taken 
into account when immunoglobulin is pre-
scribed [18]. 

A significant effect produced by a share 
of infected ticks in morbidity in Tyumen and 
Kurgan regions is, in our opinion, caused by 
two basic reasons: population living in steppe 
and forest-steppe zones contact ticks more fre-
quently (people who fall sick pare predomi-
nantly from rural areas). Several species of 
infections carriers (ticks) are typical for south-
ern steppe and forest-steppe zones in Tyumen 
and Kurgan regions (Ixodes and Dermacentor 
families). Periods when a lot of people apply 
for medical aid as they have been bitten by 
ticks are determined by female ticks from both 
families being extremely active. Ticks from 
Dermacentor family are an additional TBE 
vector; they are more numerous and their sea-
sonal activity is longer and it can make for 
a growth in a share of infected Ixodes [19, 20]. 

In Kurgan region on average over 11 years 
only 69 thousand people were vaccinated and 
it amounted to 7.6 % of the overall region 
population; probably, insufficient vaccination 
and small scopes of immune prevention (only 
39 % of all the people who had been bitten by 
ticks got immunoglobulin) [20] result in an-
nual high morbidity with the disease among 
population and, consequently, in a growth in a 
share of people who fall sick after being bitten 
by ticks2. Low number of population vacci-
nated against the disease and violations in ac-
complishing official vaccination schemes can 
lead to a decrease in immunity against TBE in 
the nearest future and make effects produced 
by vaccination more remote [21]. 

__________________________ 
 
2 The Order by the deputy to the Chief Sanitary Inspector in Kurgan region “On enhancing surveillance over diseases 

caught from tick in Kurgan region” No. 71 dated April 22, 2016. Available at: http://www.45.rospotrebnadzor.ru/rss_all/-
/asset_publisher/Kq6J/content/id/470206 (date of visit June 18, 2019). 
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Conclusions: 
1. We created a common logit regression 

model to assess effects produced by risk fac-
tors on TBE probability for people bitten by 
ticks in four regions located in the UFD. The 
model revealed statistically significant influ-
ence exerted by such manageable factors as 
vaccination, immune prevention, and acaricide 
treatments. Mass vaccination provided for 
population in these regions is a key component 
in control over morbidity with TBE. 

2. The examined regions located in UFD 
are different regarding contributions made by 
risk factors into morbidity with TBE. In Sverd-
lovsk and Chelyabinsk regions primary im-
pacts on any changes in TBE probability are 
exerted by vaccination and acaricide treat-
ments. In Tyumen region primary factors are 
high scopes of emergency immune prevention 
and a share of infected ticks in natural foci. In 

Kurgan region the existing situation regarding 
morbidity with TBE is rather adverse and it is 
caused by insufficient vaccination and immune 
prevention as well as by a high share of in-
fected ticks and infection carriers (ticks) being 
highly active. 

3. Our analysis of social and biological 
factors in UFD regions with different morbid-
ity indicates it is truly vital to implement a 
risk-oriented approach for planning efficient 
prevention activities. 
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ASSESSING SENSITIVITY OF CAMPYLOBACTER JEJUNI TO ANTI-MICROBE  
EFFECTS TO REDUCE RISKS OF FOOD PRODYCTS CONTAMINATION  
WITH CAMPYLOBACTERIOSIS AGENTS 

N.R. Efimochkina, V.V. Stetsenko, Yu.M. Markova, L.P. Minaeva, I.B. Bykova,  
T.V. Pichugina, S.A. Sheveleva 
Federal Research Center for Nutrition, Biotechnology and Food Safety, 2/14 Ust'inskiy proezd, Moscow, 109240, 
Russian Federation 
 

 
We aimed to assess efficiency of various anti-microbe effects on pathogenic microflora; to do that, we performed com-

parative study on how sensitive Campylobacter jejuni test strains were to ultraviolet radiation and biocides based on perace-
tic acid (PAA). PAA-based biocides suppressed significant numbers of Campylobacter; however, preset treating modes 
didn’t allow achieving complete inactivation of the test strains. Efficiency of effects produced by ultraviolet radiation on 
C.jejuni strains depended on exposure duration: 20-minute treatment of plates with broth bacterial suspensions caused a 
decrease in a number of viable cells which was equal to 1.5–2,0 logarithmic orders; 60-minute treatment resulted in a de-
crease in C.jejuni contents that amounted to less than 200 CFU/cm3.  

Polypeptide antibiotics produced by lactic-acid bacteria (bacteriocins, nisin, etc.) have some useful properties and it 
makes them applicable for suppressing adverse microflora in food products manufacture. We applied an ‘associate growth” 
model to examine peculiarities related to C.jejuni growth in milk that, beside this pathogen, was simultaneously inoculated 
with mesophilic lactic-acid lactococci or thermophilic lactic-acid bacteria that were bacteriocins producers. Depending on 
quantity of introduced lactic-acid bacteria, such as Lactobacillusplantarum, Lactobacilluslactis and Lactococcuslactis, 
C.jejuni growth was substantially inhibited. We revealed a relationship between anti-bacterial activity and nature of inhibit-
ing effects and concentrations of the above-mentioned lactic-acid microorganisms, temperature, an amount of time during 
mixed cultures were cultivated together, and properties of used strains which became the most apparent when lactobacteria 
were introduced in a dose equal to 108 CFU/cm3.  

Our study on an ability of C.jejuni to survive under exposure to an adverse environment revealed that microbe popula-
tions had variable physiological properties, Campylobacter were greatly resistant, and it was difficult to make a relevant 
choice on efficient tools and procedures for anti-microbe treatment. 

Key words: Campylobacter jejuni, in vitro model, biocides, anti-microbe effects, ultraviolet radiation, contamination, 
biofilms, lactic-acid bacteria. 
 

 
Bacteria from Campylobacter stem have 

considerable epidemiological significance 
and it makes it necessary to establish 
whether these microorganisms are able to 
survive contemporary technological proc-
esses in food products manufacturing under 

exposure to various technogenic or biologi-
cal factors. It is advisable to examine how 
bacteria from Campylobacter stem develop 
their stress tolerance as it allows more effi-
cient assessment of microbiological risks and 
more efficient monitoring over food products 
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contamination with campylobacteriosis-in-
ducing agents.  

Bacteria from Campylobacter stem are 
widely spread in the environment and can be 
found on surfaces of any equipment and tools 
applied at food manufacturing enterprises [1, 2]. 
As objects located within production work-
shops are frequently contaminated with live 
Campylobacter bacteria, there is a potential 
hazard that they can be additionally infected 
due to non-cultivated forms and biofilms oc-
curring under exposure to technological stress 
factors such as sub-lethal doses of antibiotics, 
acids, disinfectants, biocides, etc. [2–4]. This 
process is seen as a mechanism microorgan-
isms apply to adapt and survive in natural and 
artificial ecosystems [5–7]. Irradiation that is 
widely used to perform bactericidal treatment 
of objects at production facilities and packing 
materials can also stimulate a stress response 
in bacteria; this response not only induces 
tolerance in bacteria to such exposure but also 
make them resistant to other techniques ap-
plied to treat raw materials and finished prod-
ucts [8, 9]. 

Influence exerted by adverse environ-
mental factors on vital functions performed 
within a bacterial cell occurs at various regula-
tory levels and it can be accompanied with in-
duced tolerance of microorganisms to expo-
sure to these or those bactericidal factors. Bac-
teria can become tolerant in nature or during 
sanitary treatment of water or equipment under 
exposure to different antibacterial agents in-
cluding chlorine, acids, alkali, preservatives, 
antioxidants, bacteriophages, colicins, acry-
lates, and metal ions [10–12].  

At present treatment with chlorine-con-
taining substances is quite often used in food 
production as a tool to decrease contamination 
with pathogenic microorganisms [8, 9, 13, 14]. 
Free chlorine and substances that evolve it 
(sodium hypochlorite, calcium hypochlorite, 
magnesium hypochlorite, chlorinated lime, 
chloramines, chlorine dioxide, sodium di-
chloroisocyanurate, and calcium dichloroiso-
cyanurate) have substantial anti-microbe 
properties and are efficient against most 

pathogenic bacteria; they are widely used as 
disinfectants in medicine and veterinary, to 
treat drinking water and sewage waters, as 
well as in food production where they are 
applied to treat equipment and even to re-
duce microbe contamination on surfaces of 
raw materials [13–15]. 

Treatment with chlorine-containing bio-
cides prevents cross contamination of prod-
ucts with infectious agents that cause alimen-
tary infections and toxic infections and allows 
achieving longer shelf life for food products. 
However, application of chlorine also pro-
duces certain adverse effects such as occur-
rence of trihalomethanes that are toxic and 
carcinogenic, for example, chloroform, di-
chlorobrommethane, di bromchloromethane, 
and bromoform [6, 13]. In general, when such 
compounds are found in residual quantities 
conforming to maximum permissible levels, it 
allows avoiding direct health risks such as 
toxic, allergic or any other reactions when 
people consume food products that contain 
such residual quantities. However, at present 
it is proven that potentially microorganisms 
that contaminate food and drinks can have 
both acquired lower sensitivity to biocides 
and co-resistance to anti-microbe preparations 
[10, 16]. Experts also think that biocides ap-
plication can have several negative conse-
quences, for example, making bacterial 
pathogens evolve faster and causing occur-
rence of new infections that are hazardous for 
people [11, 12].  

These phenomena indicate that remote 
risks related to application of anti-microbe 
means in technological processes are some-
what underestimated. Such issues as whether 
conventional concentrations of biocides ap-
plied in food industry are safe or various con-
taminants becoming tolerant to them as well 
as changes in phenotypic properties of the 
most significant microorganisms groups ha-
ven’t been studied in depths.  

To reduce risks caused by the given ad-
verse impacts, it is vital to make a well-
substantiated choice on efficient and safe tools 
for decontamination of raw materials and sani-
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tary treatment of equipment used in food 
manufacturing. 

Data and methods. We assessed how ef-
ficient various anti-microbe preparation were 
in terms of suppressing pathogenic micro-
flora; to do that, we comparatively analyzed 
how sensitive test-strains of Campylobacter 
and salmonella (bacteria-indicators of food 
pathogens) were to exposure to biocides 
based on hypochlorite and technological aux-
iliary agents “Food Clean Peroxy” and “Krio-
dez” based on peracetic acid (PAA). We ap-
plied a previously developed laboratory 
model in vitro [17] to determine how sensi-
tive С. Jejuni bacteria were to adverse im-
pacts; to do that, we simultaneously culti-
vated several sub-populations of the exam-
ined strains under different parameters of gas 
medium and incubation regimes. We deter-
mined a ratio of viable colony-forming units 
(CFU) to overall number of cells in a popula-
tion via calculating genome DNA contents in 
samples with qualitative real-time PCR [18]. 

We assessed efficiency of anti-microbe 
effects produced by active chlorine solutions 
on salmonella as per occurrence or absence of 
growing test-strains in dextrose-peptone me-
dium with bromthymol blue indicator after a 
biocide had been introduced and samples had 
been cultivated for 18 hours under 37 оС. To 
vary two factors, namely biocide concentra-
tion and bacterial suspension density, we ap-
plied 96-well sterile immunologic plates [19]. 
A medium becoming turbid and changes in its 
color from blue-green to yellow indicated 
there was growth. We measured optical den-
sity of media with “Sunrise” automated plate 
spectrophotometer.  

We determined С. jejuni strains ability to 
create biofilms with a previously developed 
in vitro laboratory model [20]. Strains were 
cultivated on polystyrene 96- and 24-well 
plates; we applied Mueller-Hinton broth as a 
cultivating medium with 5 % defibrinated 
blood being added into it as well as growth 
additives “Mersk” and “HiMedia” that con-
tained sodium pyruvate, sodium metabisul-
fite, and iron sulfate. We determined film 

creation intensity with chromogenic tech-
nique using a plate spectrophotometer. 

Obtained results were statistically treated 
with Student’s t-test and Mann-Whitney non-
parametric rank test. Discrepancies were con-
sidered to be authentic at P < 0.05. We made 
all the calculations with EXCEL and SPSS 
18.0 software packages. 

Results. We assessed inhibiting effects 
produced by disinfectants as per intensity of 
test strains growth depending on biocides 
concentrations and bacterial population den-
sity (Table 1). 

Figure 1 shows assessment of effects pro-
duced by active chlorine on salmonella in a 
chromogenic model in vitro. 

“Kriodez” had weaker effects on campy-
lobacter in comparison with “Food Clean 
Peroxy” and its application resulted in a fall 
in test-strains quantity that was equal only to  
1–2 logarithmic orders (from 1.0 х 109 CFU/cm3 

to 1.0 х107–8 CFU/cm3). Results obtained via 
our comparative assessment of anti-microbe 
effects produced by PAA-based biocides 
prove that it is necessary to optimize modes 
of contact cooling that are applied to cool raw 
materials at poultry-processing enterprises; it 
is also necessary to make relevant selection 
on working concentrations of disinfectant so-
lutions. 

After S.enteritidis and S.typhimurium 
strains were treated with chlorine, we de-
tected that there was no film-creating whereas 
C. jejuni tended to have stronger ability to 
created biofilms (Figure 2). 

So, as we concluded, application of chlo-
rine-contained disinfectants didn’t provide 
proper and efficient treatment of substrates 
contaminated with campylobacter; therefore, 
we tested other anti-microbe impacts. To do 
that, we examined how sensitive campylobac-
ter test strains were to UV-radiation as com-
pared with affects produced by PAA-based 
biocides. 

We assessed inhibiting effects produced 
by bactericidal means as per intensity of test 
strains growth depending on UV treatment du-
ration and PAA concentration (Table 2). 
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T a b l e  1  
Effects produced by biocides on C. jejuni and Salmonella spp. 

Cultivation of initial test-cultures suspension * Test strains 10-1 10-2 10-3 10-4 10-5 10-6 10-7 10-8 10-9 10-10 

Control (without biocides) 
Salmonella enteritidis + + + + + + + + + + 
Salmonella typhimurium + + + + + + + + + – 
С.jejuni 13p + + + + + + + + + – 
С.jejuni 5p + + + + + + + + – – 

Hypochlorite (active chlorine concentration is 50 mg/dm3, exposed for 25 minutes at +2оС) 
Salmonella enteritidis + + + + + – – – – – 
Salmonella typhimurium + + – – – – – – – – 
С.jejuni 13p + + + – – – – – – – 
С.jejuni 5p + + – – – – – – – – 

“Food Clean Peroxy” (0.04%-solution, exposed for 25 minutes at +2оС) 
Salmonella enteritidis – – – – – – – – – – 
Salmonella typhimurium – – – – – – – – – – 
С.jejuni 13p + + + + – – – – – – 
С.jejuni 5p + + + – – – – – – – 

“Kriodez” (0.04%-solution, exposed for 25 minutes at +2оС) 
Salmonella enteritidis – – – – – – – – – – 
Salmonella typhimurium – – – – – – – – – – 
С.jejuni 13p + + + + + + + – – – 
С.jejuni 5p + + + + + + – – – – 

Note:  
+/– means absence or occurrence of growth in relevant cultivated test-strains suspensions after ex-

posure to a biocide;  
* means that initial broth culture contains bacteria in a quantity not less than 1 х 109 CFU/cm3. 
 

 

  
                          S. enteritidis                                                          S. typhimurium 

Figure 1.  Growth in collection salmonella test strains under exposure to active chlorine  
within concentrations range equal to 10–200 mg/dm3 in an experimental chromogenic model 
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Figure 2. Ability of campylobacter  
and salmonella strains to form biofilms 

Figure 3. Bactericidal impacts on С.jejuni survival 
 

 

PAA-based biocides with working solu-
tion concentration being equal to 0.04% in-
hibited a considerable number of C.jejuni 
bacteria (from 106.5-8 to 102-3 CFU/cm3); how-
ever, preset treatment modes didn’t make 
test-strains completely inactive. Efficiency of 
impacts exerted by UV-radiation on campy-
lobacter strains depended on exposure dura-

tion; after plates with broth bacterial suspen-
sion were treated for 20 minutes, quantity of 
viable cells went down by 1.5–2 logarithmic 
orders from their initial concentration which 
was equal to 107–108 CFU/cm3; after 60-mi-
nute treatment C.jejuni concentration de-
creased drastically and amounted to less than 
200 CFU/cm3 (Figure 3).  

T a b l e  2  
Growth of C.jejuni strains under exposure to different anti-microbe impacts 

Number of strains / repetitions 
Determined parameters NCTC 11,168 

(control) n = 3
17p 

n = 3 
23p 

n = 3 
5.2 

n = 3 

Mean values, 
М ± m (test) 

Test strains cultivation at +37оС under microaerophilic conditions (control) 
Bacterial suspension density, lg 
CFU/cm3 7.99 6.9 6.8 6.6 7.07±0.31 

PCR results / (Сt) + 
(14.5) 

+ 
(14.8) 

+ 
(17.5) 

+ 
(16.3) (15.78 ± 0.7) 

Treatment with PAA  (0.04%-solution, exposed for 25 min at +2оС) 
Bacterial suspension density, lg 
CFU/cm3 3.6 2.6 2.1 3.3 2.90 ± 0.34 

PCR results / (Сt) + 
(21.6) 

+ 
(17.3) 

+ 
(23.1) 

+ 
(21.0) (20.75 ± 1.2) 

Inhibition, lg orders from initial 
level 4.4 4.3 4.7 3.3 4.1 

Exposed to UV-radiation for 20 min 
Bacterial suspension density, lg 
CFU/cm3 4.3 5.6 5.1 4.3 4.83 ± 0.32 

PCR results / (Сt) + 
(28.8) 

+ 
(29.8) 

+ 
(28.6) 

– 
(32.7) (29.07±0.37) 

Inhibition, lg orders from initial 
level 3.7 2.3 1.7 2.3 2.1 

Exposed to UV-radiation for 60 min 
Bacterial suspension density, lg 
CFU/cm3 1.9 2.1 1.1 <1.0 1.53 ± 0.28 

PCR results / (Сt) + 
(29.0) 

+ 
(26.2) 

+ 
(27.1) 

+ 
(30.7) 

+ 
(28.25 ± 1.0) 

Inhibition, lg orders from initial 
level 6.09 4.8 5.7 5.6 5.4 
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T a b l e  3  
Detection of С.jejuni during souring of experimentally contaminated raw milk 

С.jejuni concentration, cells/cm3 
102 103 104 Lactic-acid  

microorganisms 

Lactic-acid  
microorganisms  

concentration, cells/cm3 6 h 24 h 6 h 24 h 6 h 24 h 
104 + – + + + + 
106 – – + + + + Lactobacillusplantarum 
108 – – – – + – 
104 – – + – + + 
106 – – + – + + Lactobacilluslactis 
108 – – – – + – 
104 + – + + + + 
106 – – + – + + Lactococcuslactis 
108 – – – – – – 

Note: “+” means С.jejuni grow , “–” means С.jejuni don’t grow. 

We performed comparative examinations 
aimed at assessing anti-microbe impacts on 
bacteria from Campylobacter stem; the results 
indicate it is necessary to select up-to-date 
and more efficient means for decontaminating 
industrial environment at food-making pro-
ductions.  

Available data on impacts exerted by 
physical, chemical, and biological factors 
on bacteria from Campylobacter stem 
stimulated research on abilities possessed 
by certain microorganisms, namely their 
ability to demonstrate symbiotic or antago-
nistic properties within complicated bio-
cenosis with food pathogens. The greatest 
attention here is paid to lactic-acid bacteria 
with apparent anti-microbe effects and sub-
stances extracted from them. Antagonism 
that lactic-acid bacteria seem to have is pre-
dominantly explained by specific antibiotic 
substances with polypeptide essence; these 
substances can produce certain anti-microbe 
effects and have different chemical struc-
ture. Bacteriostatics produced by lactic-acid 
bacteria (bacteriocin, nisin, etc.) have a set 
of benign features and it gives an opportu-
nity to use them for inhibiting adverse mi-
croflora in food production.  

Data on interactions between campylo-
bacter and lactic-acid microorganisms are 

scarce due to difficulties related to simulat-
ing a natural microbial background of this 
complicated biotechnological process in ex-
perimental conditions. A model of “associ-
ated growth” was applied to examine pecu-
liarities of C.jejuni reproduction in milk 
that was, in addition to this pathogen,  
simultaneously inoculated with either 
mesophilic lactic-acid lactococcus or ther-
mophilic lactobacillus.  Campylobacter re-
production was inhibited considerably de-
pending on a quantity of lactic-acid bacteria 
introduced into a culture and incubation 
temperature (Table 3). 

Anti-bacterial impacts exerted by Lacto-
bacillusplantarum cultures were similar to 
those produced by bacteriocin; they were de-
tected in experiments in vitro, but C. jejuni 
bacteria didn’t die, that is, the effect was only 
bacteriostatic. Growth of pathogenic campy-
lobacter strains was also detected when they 
were cultivated in milk together with Lacto-
bacilluslactis and lactic-acid lactococcus Lac-
tococcuslactis. C. Jejuni were inactivated af-
ter 6–24 hours of incubating in mixed popula-
tions as their initial level dropped by 1–3 lg. 
Anti-bacterial activity and essence of inhibit-
ing effects were established to depend on 
concentrations of the above-mentioned lac-
tic-acid microorganisms, temperature, a pe-



Assessing sensitivity of Campylobacter jejuni to anti-microbe effects to reduce risks of food prodycts contamination…   

ISSN (Print) 2308-1155    ISSN (Online) 2308-1163    ISSN (Eng-online) 2542-2308 145

riod during which mixed cultures were culti-
vated, and properties of used strains which 
became the most apparent when lactic-acid 
bacteria were introduced in a dose equal to 
108 CFU/cm3.  

Studies on C. Jejuni ability to survive un-
der adverse environmental exposure revealed 
that physiological properties of microbe popu-
lations were variable and bacteria from Cam-
pylobacter stem were highly resistant; there-
fore, it was difficult to select relevant and effi-
cient means and procedures for anti-microbe 
treatment. So any further research should con-
centrate on transferrable resistance of bacteria 
from Campylobacter stem and influence ex-
erted on their survival and transfer into non-
cultivated forms by stress factors in industrial 
environment; it is also important to examine 
specific mechanisms of phenotypic adaptation 
(tolerance) to sub-lethal concentrations of anti-
microbe agents. 

Conclusion. General protective properties 
possessed by Campylobacterspp. can become 
apparent via different interactions between 
bacteria and the environment thus making for 
occurrence of resistant microorganisms both  
in vitro and in real industrial conditions under 
exposure to stress technogenic or biological 
factors.  

The most apparent trend in changes that 
occur in C. jejuni properties is an increase in  

 

their resistance to bactericidal effects caused  
by wide use of anti-microbe preparations 
(AMP), including antibiotics and biocides. 

A model of “associated growth” was ap-
plied to show dependence between antibacte-
rial activity and inhibiting effects and concen-
trations of lactic-acid bacteria  

Lactobacillusplantarum, Lactobacillus-
lactis and Lactococcuslactis, temperature, 
a period during which mixed cultures were 
cultivated, and properties of used strains 
that became the most apparent when lactic-
acid bacteria were introduced in a dose 
equal to 108 CFU/cm3.  

To assess efficiency of impacts exerted by 
pathogenic microflora by various anti-microbe 
means, we conducted a comparative study on 
how sensitive campylobacter test-strains were 
to UV-radiation and PAA-based biocides. 
PAA-based biocides inhibited a considerable 
number of C.jejuni bacteria; however, preset 
treatment modes didn’t make test-strains com-
pletely inactive. Efficiency of impacts exerted 
by UV-radiation on campylobacter strains de-
pended on exposure duration and anti-microbe 
exposure conditions.  
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In Russia geochemical provinces where arsenic is found are located in Yakutia, Siberia, Transbaikalia region, the 

Primorye, in the Urals, and Chukotka. Our research goal was to give sanitary-hygienic characteristics of health risk and 
perform clinical assessment of health damage done to population living in a specific geochemical province under long-term 
exposure to arsenic introduced with drinking water. We conducted our research in settlements where increased arsenic con-
centrations were detected in drinking water taken from centralized water supply systems taking into account also hygienic 
standards for arsenic contents in non-centralized water sources; those increased concentrations were caused by the struc-
ture of deep underground layers in the earth crust. We applied a set of sanitary-hygienic techniques and performed clinical 
examination of 147 people living in a specific geochemical province. We detected excessive arsenic concentrations in drink-
ing water taken from centralized water supply systems; those concentrations were equal to 50–86 MPC whereas arsenic 
contents didn’t exceed 1 MPC in water taken from non-centralized water sources. We revealed that long-term consumption 
of water with arsenic contents being equal to 2.5 mg/dm3 and higher caused unacceptable carcinogenic (up to 4.09·10–2) and 
non-carcinogenic (HQ up to 494.4) population health risk. Potential risk turns into health damage when arsenicosis occurs; 
it usually happens after 17–19 years of exposure among adults and after 2–3 years among children. There are several basic 
clinical types of diseases caused by exposure to increased arsenic concentrations; adult people suffer from skin arsenicosis 
as per poikiloderma type or arsenic melanosis, polyneuropathy, cardiovascular pathology, ands carcinogenesis; children 
mostly suffer from skin arsenicosis that is usually leucomelanosis. Arsenicosis occurrence is 1.3–9.0 times more frequent 
among people living in a specific geochemical province who consume water with arsenic concentrations being equal to 
2.5 mg/dm3 and higher in comparison with people who consume drinking water with arsenic contents being within their hy-
gienic standards. Health damage is assessed as grave in 44.4 % cases (oncologic processes, polyneuropathy, and arsenic 
melanosis); as average, in 46.3 % cases (arsenic dyschromia); and as insignificant, in 9.3 % cases (vegetative-vascular 
dystonia or autonomous dysfunction, and functional disorders of the nervous system).  

Key words: geochemical province, arsenic, drinking water, health risk, health damage, population morbidity, arsenic 
melanosis, arsenic polyneuropathy, oncologic processes. 
 

 
Millions of people all over the world are 

chronically exposed to increased arsenic con-
centrations caused by geochemical peculiari-

ties existing on territories where they live. At 
present large geochemical provinces of copper 
and arsenic ores are detected in Italy, the USA, 
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Sweden, Norway, Japan, Georgia, and Ka-
zakhstan; arsenic and cobalt ores, in Canada; 
arsenic and tin ores, in Bolivia, Chile, and 
England; gold and arsenic ores, in the USA 
and France. In Russia there are arsenic geo-
chemical provinces in Yakutia, Siberia, Trans-
baikalia, Primorye, Urals, and Chukotka [1]. 

According to scientific research, drinking 
water is a primary way for arsenic to be intro-
duced into a human body in geochemical prov-
inces; the leading hygienic problem on such 
territories is drinking water supply sources be-
ing contaminated with arsenic [2–5]. Nowa-
days the situation with drinking water quality 
as per arsenic contents is the most serious in 
Bangladesh and the East Bengal (India) where 
its concentration in drinking water reaches 
50 µg/l or even higher while the WHO rec-
ommendations fix this concentration at 10 µg/l 
maximum. According to official statistic data 
more than 20 % deaths in rural areas in Bang-
ladesh are caused by consuming drinking wa-
ter with high arsenic contents [6]. The existing 
situation in several districts in Dagestan is also 
rather serious as arsenic contents in drinking 
water reaches 222–504.1 µg/dm3 there [7]. In 
Canada standardized permissible arsenic con-
centration should not exceed 25 µg/l; in Russia 
and the USA, 10 µg/l [8, 9]. 

Data obtained via clinical research per-
formed in various RF regions prove that mor-
bidity among population living in geochemical 
arsenic provinces is 1.3–3.8 times higher re-
garding diseases of the endocrine, urogenital, 
nervous, and cardiovascular system as well as 
the gastrointestinal tract diseases and skin dis-
eases; mortality caused by oncologic patholo-
gies is also 1.2–4.7 times higher than in the 
country on average [10]. Experts revealed an 
authentic correlation between increased arsenic 
concentrations in drinking water and occur-
rence of skin diseases, immune system diseases, 

and cardiovascular pathology in population ex-
posed to them [11]. 

When arsenic enters a body, it disinte-
grates or destabilizes more than 200 enzymes 
that participate in different metabolic cell 
processes and DNA synthesis; activates per-
oxidation; binds thiol (sulfhydryl) groups in 
tissue proteins thus causing multi-system dam-
ages involving the cardiovascular and nervous 
systems, liver, lungs, kidneys, spleen, gastroin-
testinal tract, and skin, carcinogenesis being 
the most serious outcome [12, 13]. 

At the same time our analysis of domestic 
and foreign literature sources indicates there 
hasn’t been a sufficient scope of complex hy-
gienic and clinic research describing correla-
tions between health disorders among popula-
tion living in geochemical provinces and long-
term consumption of drinking water with in-
creased arsenic concentrations [13]. 

Our research goal was to give sanitary-
hygienic characteristics of health risks and 
clinically assess damage to health of popula-
tion living in a specific geochemical province 
caused by long-term exposure to arsenic intro-
duced with drinking water. 

Data and methods. We performed our 
research in a geochemical province located in 
Transbaikalia (an urban village) where drinking 
water from centralized water supply sources 
contained increased arsenic concentrations 
while water supplied from non-centralized 
sources contained the chemical in standardized 
concentrations1, 2. A well for centralized water 
supply system was usually 100–120 meters 
deep; non-centralized underground water sup-
ply sources (wells at private houses) were usu-
ally not deeper than 10–20 meters. We as-
sessed quality of drinking water taken from 
centralized water supply systems and non-
centralized water sources as per data of moni-
toring research obtained from the Regional 

__________________________ 
 
1 SER 2.1.4.1074-01. Drinking water. Hygienic requirements to quality of water from centralized drinking water supply 

sources. Quality control. Hygienic requirements to providing safety of hot water supply systems (last amended on April 2, 
2018) / approved by the Order by the RF Chief Sanitary Inspector No. 74 on June 28, 2010. Available at: https: //files.
stroyinf.ru/Index2/1/4294846/4294846957.htm (date of visit December 01, 2019). 

2HS 2.2.5.1315-03. Maximum permissible concentrations (MPC) of chemicals in water from water objects aimed at drinking 
and communal water supply (last amended on July 13, 2017) / approved by the Order by the RF Chief Sanitary Inspector No. 78 on 
April 30, 2003. Available at: http: //www.dioxin.ru/doc/gn2.1.5.1315-03.htm (date of visit December 01, 2019). 
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Center for Hygiene and Epidemiology as well 
as per field observations performed by certi-
fied laboratories at the Federal Scientific cen-
ter for Medical and Preventive Health Risk 
Management Technologies with their results 
obtained with licensed equipment. Arsenic 
concentration was determined in drinking wa-
ter samples, food products manufactured in the 
examined province, and biological media 
(blood) with mass-spectrometry with induc-
tively coupled plasma according to conven-
tional procedures with a ICP-MS spectrometer. 

We assessed potential carcinogenic and 
non-carcinogenic health risks caused by in-
creased arsenic concentrations in drinking 
water taken from centralized water supply 
systems according to conventional procedures 
fixed in the Guide 2.1.10.1920-043.  

To comparatively assess structure and pe-
culiarities of morbidity (as damage to people’s 
health) among population who consumed 
drinking water with different arsenic concen-
trations, we created a test group consisting of 
115 people living in houses with centralized 
water supply and consuming water with in-
crease arsenic concentrations. Our reference 
group was made up of 21 people who lived in 
houses without centralized water supply and 
consumed water with arsenic concentrations in 
it not deviating from hygienic standards. 

80.9 % people in the test group were adults 
aged from 16 to 81 (their average age was 
51.8 ± 3.6); children (aged 5–15) accounted for 
19.1 % (their average age was 8.3 ± 1.2). In the 
reference group adults (aged 16–57) accounted 
for 46.9 % (their average age was 40.7 ± 7.5; 
р = 0.67 against the test group); children (aged 
5–11) accounted for 53.1 % (their average age 
was 7.2 ± 0.7; р = 0.71 against the test group). 

A period of time during which adults 
lived in houses with centralized water supply 
varied from 6 months to 47 years (on average 
22.0 ± 3.1); this period was longer than 10 
years for 70.8 % examined people. Children 

from the test group lived in such houses for a 
period of time that varied from 9 months to 
13 years (on average 6.6 ± 1.5), and 73.3 % of 
them lived in such houses for more than 
5 years. Adults from the reference group lived 
in their houses for a period of time that varied 
from 1 to 57 years (on average 21.1 ± 6.6 years; 
р = 0.54 against the test group), and 83.3 % of 
them lived in their houses for longer than 10 
years. Children from the reference group lived 
in their houses for a period of time that varied 
from 3 to 15 (on average 6.3 ± 1.5; р = 0.83 
against the test group), 76.5 % of them lived in 
their houses for more than 5 years. 

There were no authentic differences be-
tween the test and reference groups in terms of 
their socioeconomic and gender characteris-
tics, ethnic structure and medical aid availabil-
ity (р = 0.01–0.03). 

Average daily consumption of drinking 
water by people from both groups varied from 
1 to 5 liters and didn’t differ between two 
groups; on average it was equal to approxi-
mately 2 liters (1.9 ± 0.2 liters in the test 
group; 1.9 ± 0.4 liters in the reference group; 
р = 1.0); children consumed from 1 to 2 liters 
depending on their age and there were no dif-
ferences between two groups (1.3 ± 0.2 liters 
in the test group; 1.2 ± 0.3 liters in the refer-
ence one; р = 1.0). 

We performed clinical and functional ex-
aminations of people from both groups (clini-
cal examination by a therapist, pediatrician, 
neurologist, and oncologist; tonometry; EKG) 
according to conventional procedures and in 
conformity with ICH GCP4 and ethical stan-
dards fixed in Helsinki Declaration (last edited 
in 2008). 

Data were analyzed with variation and fre-
quency analysis taking into account Pearson’s 
test; authenticity of numerical values was esti-
mated with Fischer’s and Student’s tests. 

Results and discussion. We analyzed 
monitoring data on quality of water taken from 

__________________________ 
 
3 G 2.1.10.1920-04. Guide on assessing population health risks caused by exposure to chemicals that pollute the environment. 

Moscow, The RF Public Healthcare Ministry, Federal Center for State Sanitary and Epidemiologic Surveillance, 2004, 143 p. 
4 State Standard52379-2005. Good Clinical Practice: The RF National Standard / approved by the Order by the Federal 

Technical Regulation and Metrology Agency issued on September 27, 2005. No. 232-st. (ICH E6 GCP). Available at: https: 
//dokipedia.ru/document/5324107 (date of visit December 01, 2019). 
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centralized water supply system in the exam-
ined settlement and revealed persistent arsenic 
concentration in it varying from 0.002 to 
4.3 mg/dm3 (up to 86 MPC) while it was just 
above 1 MPC in water taken from non-
centralized water sources. Field observation 
results also confirmed that arsenic occurred in 
water from centralized water supply systems in 
increased concentrations which were equal to 
2.5 mg/dm3 (50 MPC) while its contents in 
water from non-centralized water sources 
didn’t deviate from hygienic standards (less 
than 0.05 mg/dm3). We also examined food 
products that were locally manufactured and 
determined that arsenic contents in them con-
formed to hygienic standards; its contents in 
carrots amounted to 0.0042 ± 0.0003 mg/kg; 
potatoes, not found; beetroot, not found (MPL 
is lower than 0.2 mg/kg for vegetables); fish 
from local water basins, not found (MPL is 
lower than 1.0 mg/kg for fresh-water fish). 

We assessed lifetime cancer risk caused 
by consuming drinking water with increased 
arsenic concentration and revealed that it was 
unacceptable in the test group and amounted 
to 4.09×10–2 for adults and –1.91×10–2 for 
children. Regarding non-carcinogenic risks, 
we revealed that they were substantially 
higher than acceptable quotient for arsenic 
both for adults and children (HQ = 494.4 and 
HQ = 211.9 accordingly); it indicated that 
people ran risks of skin diseases, diseases of 
the cardiovascular, nervous, and immune sys-
tems, and the gastrointestinal tract. 

We assessed health risks for people in the 
reference group and it allowed us to reveal that 
cancer risks varied from negligible to maxi-
mum permissible ones both for adults and 
children (1×10–6 < CR < 1×10–4); however, 
hazard quotient for children that described 
non-carcinogenic risks exceeded its permissi-
ble level (HQ = 1.1). It indicated that there 
was a risk of skin diseases (HI = 1.66); dis-
eases in the immune, nervous, (HI = 1.14–1.66) 
and cardiovascular systems (HI = 1.10), and 
the gastrointestinal tract (HI = 1.1). 

Our next task was to reveal damages to 
health of people living in the examined settle-
ment caused by chronic oral exposure to arse-
nic; to do that, we performed comparative 
analysis of the results obtained via chemical-
analytical and clinical examinations of people 
from the test and reference groups. 

Chemical and analytical examination of 
blood serum revealed that arsenic contents me-
dian for adults from the test group amounted to 
0.0065 mg/l, and to 0.0049 mg/l for children 
and it corresponded to average country level 
(0.0017–0.0154 mg/l)5. At the same time 7.9 % 
adults and 18.8 % children in the test group 
had arsenic in their blood serum in concentra-
tions higher than the hygienic standards; these 
concentrations varied from 0.0171 mg/l to 
0.0636 mg/l in adults’ blood and from 
0.0162 mg/l to 0.0377 mg/l in children’s blood. 
As for the reference group, only one adult per-
son from it had arsenic in his blood in concen-
tration higher than on average in the country 
and it was equal to 0.0162 mg/l; all the exam-
ined children from the reference group had ar-
senic in their blood serum in concentrations 
which were 4.7–15 times lower than average 
arsenic contents in human blood plasma. 

We examined case histories of people 
from both groups and revealed that each fifth 
person (18.3 % in the test group and 18.8 in 
the reference group; р = 0.88) had hereditary 
load with oncologic pathology as it was de-
tected in the closest relatives (the 1st and 2nd 
degree). Mammary gland, digestive organs, 
and lungs were the most frequent organs 
where oncologic processes were localized for 
both groups; however, we didn’t detect any 
skin cancer cases in family case histories. 

We performed retrospect analysis of data 
on diseases people from both groups had suf-
fered from in the past and revealed that 6.1 % 
patients from the test group had previously had 
oncologic diseases (basal cell carcinoma and 
melanoma, uterine cancer, kidney cancer, 
mammary gland cancer); only one female pa-
tient from the reference group (3.1 %; р = 0.72) 

__________________________ 
 
5 Toxicological chemistry. Metabolism and analysis of toxicants: manual. In: N.I. Kaletina, Moscow, GEOTAR-Media 

Publ., 2008, 1016 p. (in Russian). 
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had suffered from basal skin cancer in the past. 
Overall, oncologic processes occurred 2.0 times 
more frequently in the test group than in the 
reference one (OR = 2.12; р = 0.04). 

Patients from the test group most fre-
quently complained about changes in color of 
their skin, namely occurring hyperpigmenta-
tion spots (0.2–0.7 cm) or depigmentation 
spots (0.3–0.4 cm, more frequently in chil-
dren) which could be located discretely or eve-
rywhere; intense pigmentation of nipples in 
female patients with their color changing to 
dark brown or even black; axillary and ingui-
nal folds becoming pigmented and coarse; 
pigmented spots (more rarely hyperemic ones) 
with their diameter up to 5.0 cm occurring on 
the face, neck, breast, and un the occipital re-
gion. Dermatological symptoms in adult pa-
tients were combined with hyperkeratosis of 
palms and/or feet in each third case. 44.4 % 
patients out of 115 people in the test group 
(9 children and 42 adults) had clinical signs of 
skin arsenicosis as per poikiloderma type or 
arsenic melanosis (leukomelanosis) at the 
moment they were examined (Photo 1). 

Most patients stated that the first changes 
in their skin had occurred 3.5 years prior to our 
research. Polyneuropathy symptoms were de-
tected in 9.6 % patients during clinical exami-
nations, and ⅔ of them had clinical signs of 
polyneuropathy combined with damages to 

skin. There were no complaints about skin 
pigmentation/depigmentation made by exam-
ined people from the reference group; besides, 
clinical examinations didn’t reveal any con-
vincing signs of skin arsenicosis and/or poly-
neuropathy in them. 

To get more precise data on prevalence 
of a pathology that was co-morbid with skin 
arsenicosis, we performed clinical and func-
tional examinations of patients and studied 
their case histories. The examinations revealed 
that 44.9 % patients from the test group had 
elevated blood pressure (higher than 140/90 mm 
Hg); 8.2 % suffered from hypotonia (blood 
pressure was lower than 100/60 mm Hg). 
15.7 % patients suffered from chronic cardio-
vascular diseases (primary hypertension, 
ischemic heart disease). Only 43.3 % children 
had their electrocardiogram conforming to 
physiological standards whereas 56.7 % had 
various sinus rhythm disorders. Only 27 % 
adults had standard ECG. Dysmetabolic and 
cicatrical changes were prevailing pathologies 
(39.9 %); 18.6 % patients suffered from func-
tional disorders in the sinus node; 14.4 % had 
cardiac conduction system pathology. In the 
reference group only 21.9 % patients had ele-
vated blood pressure, and only 3.1 % suffered 
from hypotonia; it was 2–3 times less frequent 
than in the test group (р = 0.02). Chronic car-
diovascular diseases were diagnosed in 12.5 %

 

.        
                                                                   a                                                                   b 

Photo 1. Skin arsenicosis as per poikiloderma type (a) and leukomelanosis (b) 
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patients from this group and it didn’t have any 
discrepancies with the test one (р = 0.78). 
55.0 % children from the reference group had 
standard ECG (р = 0.69 against the test group); 
however, prevailing pathology (40.0 %) was 
only various sinus rhythm disorders (р = 0.38). 
Adults from the reference group had standard 
ECG 2.7 times more frequently (71.0 %) than 
their counterparts from the test one; they suf-
fered from dysmetabolic and cicatrical changes 
in their cardiac muscle 2 times less frequently 
(19.4 %; р = 0.04); functional disorders in the 
sinus node (3.2 %) and cardiac conduction sys-
tem pathology (6.4 %) were rare exceptions for 
people in the reference group (р = 0.02–0.03). 
Overall, people from the test group suffered 
from arterial hypertension 2 times more fre-
quently (OR = 2.14; р = 0.03), and cardiac 
muscle damages, 9 times more frequently 
(OR = 9.23; р = 0.01) than people from the ref-
erence one. 

20.0 % people from the test group and 
18.8 % from the reference one had clinical 
signs of gastric diseases (chronic gastritis, 
duodenitis, stomach and duodenum ulcer, en-
terocolitis) and hepatobiliary diseases (chronic 
cholecystitis, cholangitis) (р = 0.92). The ex-
aminations revealed signs of mental and emo-
tional instability, namely astheno-vegetative 
syndrome and astheno-neurotic syndrome, in 
17.4 % people from the test group and 12.5 % 
people from the reference one (р = 0.81). 

Overall, damage to health was estimated as 
grave in 44.4 % cases (oncology, polyneuropa-
thy, arsenic melanosis); average, in 46.3 % 
cases (arsenic dyschromia); insignificant, in 
9.3 % cases (vegetative-vascular dystonia, func-
tional disorders in the nervous system). 

Results and discussion. Research results 
revealed that people who lived in the exam-
ined geochemical province and consumed wa-
ter from deep wells were more significantly 
exposed to arsenic than their counterparts who 
consumed water from shallow wells. It is 
likely due to arsenic ore deposits lying deep. 
Other authors who have examined peculiarities 
of geochemical provinces in India and Chile 
give similar data [3, 4]. According to the ob-
tained results, water taken from a depth of 

100 meter and more had arsenic in concentra-
tions that reached 50–86 MPC whereas water 
taken from a depth of 10–20 meters corre-
sponded to hygienic standards. Hazards caused 
by deep underground waters are also con-
firmed by examinations performed on locally 
produced food such as vegetables watered by 
local population with water taken from surface 
water basins and shallow wells as well as fish 
from local fresh-water basins; arsenic was con-
tained in such products in concentrations that 
conformed to safety requirements. 

Chemical and analytical research revealed 
that people who consumed drinking water 
from centralized water supply systems with 
elevated arsenic contents had arsenic concen-
trations in their fast-reacting biological media 
(blood serum) which were authentically higher 
than arsenic concentrations in blood serum of 
people who lived in houses without centralized 
water supply. Besides, we detected that each 
forth examined person in the test group 
(26.7 %) had arsenic in his or her blood in 
concentration which was substantially higher 
than on average in the country. 

We assessed potential health risks caused 
by elevated arsenic contents in water taken 
form centralized water supply systems in the 
examined settlement and revealed that both 
carcinogenic risks (up to 4.09×10–2) and non-
carcinogenic ones (HQ up to 494.4) were un-
acceptable. As regards non-carcinogenic risks, 
we detected hazard quotients related to arsenic 
that were substantially higher than their per-
missible level both for adults and children 
(HQ = 494.4 and HQ = 211.9 accordingly) and 
it indicated that population ran elevated risks 
of skin diseases, cardiovascular, nervous, and 
immune system diseases, and gastric diseases. 
We should point out that carcinogenic risks for 
people who consumed water from non-
centralized water sources didn’t exceed maxi-
mum permissible levels; hazard quotients for 
non-carcinogenic risks were not higher than 
1.1 (HQ = 1.1). 

As per literature data chronic intoxication 
with arsenic has a diverse clinical picture due 
to systemic damages to a human body5 [13]. 
Also, clinical signs of arsenicosis usually beco-
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me apparent under long-term exposure [14–16]. 
Latent period can last for a long time, up to 
60 years after exposure [17]. Our research al-
lowed us to establish that average duration of 
exposure to arsenic amounted to more than 
20 years for adults living in the examined geo-
chemical province, and about 7 years for chil-
dren; the first clinical signs of the diseases be-
came apparent after 15–17 years for adults and 
after 4 years for children. 

Dermatological signs of arsenicosis and 
polyneuropathy are the most frequent manifes-
tations of the disease [14, 16]. Our research 
revealed arsenicosis symptoms in 44.4 % pa-
tients who consumed water from centralized 
water supply systems. These symptoms were 
hyperpigmentation or depigmentation spots 
located discretely or everywhere; intense pig-
mentation of nipple in female patients; axillary 
and inguinal folds becoming pigmented and 
coarse; pigmented (less frequently hyperemic) 
spots occurring on the face, neck, breast, and 
in the occipital region; 9.6 % patients had 
polyneuropathy signs. We should point out 
that people who consumed water from non-
centralized water sources didn’t have any signs 
of skin arsenicosis or polyneuropathy. There-
fore, people who consumed water with arsenic 
contents being equal to 50 MPC or even higher 
had dermatologic or neurologic arsenicosis in 
each second case. 

Chronic intoxication with arsenic can be 
accompanied with damages to the gastrointes-
tinal tract and in this case gastrointestinal pa-
thology is combined with skin changes and 
polyneuropathy [18]. In West Bengal 248 pa-
tients with chronic intoxication who had been 
consuming drinking water with elevated arse-
nic contents for 1–15 years had hepatomegaly 
in 76.6 % cases; biopsy results revealed that 
91.3 % patients suffered from non-cirrhotic 
portal fibrosis [19]. In other research arsenic 
was established to be an etiological agent in 
5 out of 42 patients with incomplete septal cir-
rhosis, non-active macronodular cirrhosis, and 
with frequent bleedings from varicose veins 
[20]. In our research we revealed clinical signs 
of gastrointestinal pathologies (chronic gastri-
tis, duodenitis, stomach and duodenum ulcer, 

enterocolitis) in 18.8 % patients, and hepato-
biliary pathologies (chronic cholecystitis / cho-
langitis), in 20 %. 

As per literature data, chronic exposure to 
elevated arsenic concentrations is accompa-
nied with an increase in cardiovascular pa-
thologies [21–23]. There was a research work 
accomplished in “arsenicosis – hyperendemic 
villages” in Taiwan; it revealed a correlation 
between ischemic heart disease diagnosed in 
people living there and long-term exposure to 
arsenic [24]. Results of clinical and pathomor-
phological research indicate that arsenic 
causes direct damage to the cardiac muscle, 
heart rate disorders, and cardiomyopathy 
[25, 26]. We obtained the same results in our 
research as we established that adults and chil-
dren who had been consuming water with ele-
vated arsenic concentrations for a long time 
(the test group) suffered from arterial hyper-
tension, dysmetabolic changes in the cardiac 
muscle, and functional disorders in the sinus 
node and cardiac conduction system 2–9 times 
more frequently than their counterparts from 
the reference group. 

Carcinogenic effects produced by arsenic 
are one of the most serious consequences that 
chronic exposure to it might have [27]. In 
Bangladesh and India arsenic is associated 
with skin cancer, lung cancer, liver cancer, 
kidney cancer, and urinary bladder cancer 
[28, 29]. The same data have been obtained in 
South America, Central Africa, and European 
countries [30]. Though mechanisms of arsenic-
related carcinogenesis have not been clearly 
identified, they probably exert adverse impacts 
on DNA reparation and methylation; stimulate 
free radicals production; activate c-myc proto-
oncogene; act as co-carcinogen or promoter of 
tumors or progressing tumor processes [31]. 
Our research results revealed that chronic ex-
posure to arsenic resulted in 2.0 times more 
frequent oncology occurrence in people who 
consumed water with increased arsenic con-
centrations than in those who consumed water 
that conformed to hygienic standards. 

To sum up our research results, we should 
note that in specific geochemical provinces 
where drinking water contains arsenic in ele-
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vated concentrations (50–86 MPC), lifetime 
cancer risk for population who consume this 
water reaches 4.09×10–2 and results in on-
cologic diseases with various localizations 
among adults 2 times more frequently than 
among adult people who consume water that 
conforms to hygienic standards. Non-carcino-
genic health risks for population are unaccept-
able in such conditions (HQ = 211.9 for chil-
dren; HQ = 494.4 for adults) and 2–3 times 
more frequently result in the diseases of the 
nervous and cardiovascular system and non-
carcinogenic skin pathologies. Overall, dam-
age to health is grave in 44.4 % cases; average, 
in 46.3 % cases; insignificant, in 9.3 % cases. 

Conclusions: 
1. In geochemical provinces in Transbai-

kalia arsenic contents in water taken from 
deep wells (100 meters and deeper) can reach 
50–86 MPC. 

2. Chronic consumption of drinking wa-
ter with arsenic contents being equal to 
2.5 mg/dm3 creates unacceptable carcinogenic 

(up to 4.09×10–2) and non-carcinogenic 
(HQ up to 494.4) health risk. 

3. Lifetime cancer risk caused by con-
sumption of drinking water with arsenic con-
tents being equal to 50–86 MPC results in 2 
times more frequent oncologic pathologies with 
various localization among adult population. 

4. Non-carcinogenic risk is also unaccept-
able and 2–3 times more frequently results in 
the diseases of the nervous and cardiovascular 
system and non-carcinogenic skin pathologies. 

5. On average, children have been exposed 
to increased arsenic concentrations for 4 years; 
adults, for 15–17 years; damage to their health is 
estimated as grave in 44.4 % cases (oncology, 
polyneuropathy, arsenic melanosis); average, in 
46.3 % cases (arsenic dyschromia); insignificant, 
in 9.3 % cases (vegetative-vascular dystonia, 
functional disorders in the nervous system). 

 
Funding. The research was not granted any 

sponsor support. 
Conflict of interests. The authors declare 

there is no any conflict of interests. 

References 

1. Kovshov A.A., Novikova Yu.A., Fedorov V.N., Tikhonova N.A. Diseases risk assessment 
associated with the quality of drinking water in the urban districts of Russian Arctic. Vestnik 
ural'skoi meditsinskoi akademicheskoi nauki, 2019, vol. 16, no. 2, pp. 215–222 (in Russian).  

2. Ratnaike R.N. Acute and chronic arsenic toxicity. Postgrad med journal, 2003, vol. 79, no. 933, 
pp. 391–396. DOI: 10.1136/pmj.79.933.391 

3. Matschullat J. Arsenic in the geosphere – a review. The Science of the Total Environment, 
2000, vol. 17, no. 249, pp. 297–312. DOI: 10.1016/s0048-9697(99)00524-0  

4. Gebel T. Confounding variables in the environmental toxicology of arsenic. Toxicology, 
2000, vol. 144, no. 1–3, pp. 155–162. DOI: 10.1016/s0300-483x(99)00202-4 

5. Zaw M., Emett M.T. Arsenic removal from water using advanced oxidation processes. Toxi-
col Lett, 2002, vol. 133, no. 1, pp. 113–118. DOI: 10.1016/s0378-4274(02)00081-4  

6. Korolik V.V., Al Sabunchi A.A. Sanitary-hygienic assessment of drinking water and health 
in Asia. Zdorov'e naseleniya i sreda obitaniya, 2013, vol. 239, no. 2, pp. 24–26 (in Russian).   

7. Alikberov M.Kh. O riske zdorov'yu naseleniya pri potreblenii vody iz istochnikov khozyaist-
venno-pit'evogo vodosnabzheniya v respublike Dagestan [On population health risk related to consum-
ing water from communal and drinking water supply sources in Dagestan]. Fundamental'nye i priklad-
nye aspekty analiza riska zdorov'yu naseleniya: materialy vserossiiskoi nauchno-prakticheskoi inter-
net-konferentsii molodykh uchenykh i spetsialistov Rospotrebnadzora. In: A.Yu. Popova, N.V. Zaitse-
va eds. Perm, 2017, pp. 14–19 (in Russian).  

8. Chowdhury U.K., Biswas B.K., Chowdhury T.R., Samanta G., Mandal B.K., Basu G.C., 
Chanda C.R., Lodh D. [et al.]. Groundwater arsenic contamination in Bangladesh and West Bengal, 
India. Environ Health Perspect, 2000, vol. 108, no. 5, pp. 393–397. DOI: 10.1289/ehp.00108393   

9. Kapaj S., Peterson H., Liber K., Bhattacharya P. Human health effects from chronic arsenic 
poisoning – a review. J. Environ. Sci. Health A. Tox. Hazard. Subst. Environ Eng., 2006, vol. 41, 
no. 10, pp. 2399–2428. DOI: 10.1080/10934520600873571 



O.Yu. Ustinova, P.Z. Shur, A.E. Nosov 

Health Risk Analysis. 2019. no. 4 156 

10. Dormancheva E.I. Estimation of morbidity and mortality from malignant diseases in the 
population of an area with abnormal levels of arsenic. Vyatskii meditsinskii vestnik, 2000, no. 1, 
pp. 68–70 (in Russian).   

11. Bogdanova V.D., Kislitsina L.V., Kiku P.F. Sanitarno-gigienicheskaya otsenka kachestva 
pit'evoi vody v Khasanskom raione Primorskogo kraya [Sanitary-hygienic assessment of drinking wa-
ter quality in Khasanskiy district of the Primorye]. Fundamental'naya dal'nevostochnaya nauka – med-
itsine: materialy nauchno-prakticheskoi konferentsii. Vladivostok, 2017, pp. 124–126 (in Russian). 

12. Cobo J.M., Castineira M. Oxidative stress, mitochondrial respiration, and glycemic con-
trol: clues from chronic supplementation with Cr3+ or As3+ to male Wistar rats. Nutrition, 1997, 
vol. 13, no. 11–12, pp. 965–970. DOI: 10.1016/s0899-9007(97)00338-9  

13. Hong Y.S., Song K.H., Chung J.Y. Health effects of chronic arsenic exposure. J. Prev. 
Med. Public. Health, 2014, vol. 47, no. 5, pp. 245–252. DOI: 10.3961/jpmph.14.035   

14. Guha Mazumder D.N., Haque R., Ghosh N., De B.K., Santra A., Chakraborty D., Smith A.H. 
Arsenic levels in drinking water and the prevalence of skin lesions in West Bengal, India. Int. J. Epide-
miol., 1998, vol. 27, no. 5, pp. 871–877. DOI: 10.1093/ije/27.5.871  

15. Lien H.C., Tsai T.F., Lee Y.Y., Hsiao C.H. Merkel cell carcinoma and chronic arsenicism. 
J. Am. Acad. Dermatol., 1999, vol. 41, no. 4, pp. 641–643. 

16. Mazumder D.N., Das Gupta J., Santra A., Pal A., Ghose A., Sarkar S. Chronic arsenic toxicity 
in West Bengal—the worse calamity in the world. J. Indian. Med. Assoc., 1998, vol. 96, no. 1, pp. 4–7. 

17. Abernathy C.O., Liu Y.P., Longfellow D., Aposhian H.V., Beck B., Fowler B., Goyer R., 
Menzer R. [et al.]. Arsenic: health effects, mechanisms of actions, and research issues. Environ 
Health Perspect, 1999, vol. 107, no. 7, pp. 593–597. DOI: 10.1289/ehp.99107593  

18. Poklis A., Saady J.J. Arsenic poisoning: acute or chronic? Suicide or murder? Am. J. Fo-
rensic. Med. Pathol., 1990, vol. 11, no. 3, pp. 226–232. 

19. Santra A., Das Gupta J., De B.K., Roy B., Guha Mazumder D.N. Hepatic manifestations in 
chronic arsenic toxicity. Indian J. Gastroenterol., 1999, vol. 18, no. 4, pp. 152–155. 

20. Nevens F., Staessen D., Sciot R., Van Damme B., Desmet V., Fevery J., De Groote J., Van 
Steenbergen W. Clinical aspects of incomplete septal cirrhosis in comparison with macronodular cir-
rhosis. Gastroenterology, 1994, vol. 106, no. 2, pp. 459–463. DOI: 10.1016/0016-5085(94)90605-x  

21. Axelson O., Dahlgren E., Jansson C.D., Rehnlund S.O. Arsenic exposure and mortality: 
a case-referent study from a Swedish copper smelter. Br. J. Ind. Med., 1978, vol. 35, no. 1, pp. 8–15. 
DOI: 10.1136/oem.35.1.8  

22. Lee-Feldstein A. A comparison of several measures of exposure to arsenic. Matched case-
control study of copper smelter employees. Am. J. Epidemiol., 1989, vol. 129, no. 1, pp. 112–124. 
DOI: 10.1093/oxfordjournals.aje.a115100 

23. Lewis D.R., Southwick J.W., Ouellet-Hellstrom R., Rench J., Calderon R.L. Drinking water 
arsenic in Utah: a cohort mortality study. Environ Health Perspect, 1999, vol. 107, no. 5, pp. 359–365. 
DOI: 10.1289/ehp.99107359   

24. Tsai S.M., Wang T.N., Ko Y.C. Mortality for certain diseases in areas with high levels of 
arsenic in drinking water. Arch. Environ Health, 1999, vol. 54, no. 3, pp. 186–193. DOI: 
10.1080/00039899909602258 

25. Benowitz N.L. Cardiotoxicity in the workplace. Occup. Med., 1992, vol. 7, no. 3, pp. 465–478. 
26. Goldsmith S., From H. Arsenic-induced atypical ventricular tachycardia. N. Engl. J. Med., 

1980, vol. 303, no. 19, pp. 1096–1098. DOI: 10.1056/NEJM198011063031905  
27. Everall J.D., Dowd P.M. Influence of environmental factors excluding ultra violet radia-

tion on the incidence of skin cancer. Bull. Cancer, 1978, vol. 65, no. 3, pp. 241–247.  
28. Guo H.R., Chiang H.S., Hu H., Lipsitz S.R., Monson R.R. Arsenic in drinking water and in-

cidence of urinary cancers. Epidemiology, 1997, vol. 8, no. 5, pp. 545–550. DOI: 10.1097/00001648-
199709000-00012  

29. Hood R.D., Vedel-Macrander G.C. Evaluation of the effect of BAL (2,3-dimercaptopropanol) 
on arsenite-induced teratogenesis in mice. Toxicol. Appl. Pharmacol., 1984, vol. 73, no. 1, pp. 1–7. DOI: 
10.1016/0041-008x(84)90045-0 



Sanitary-hygienic characteristics of health risk and clinical assessment of damage to health done …    

ISSN (Print) 2308-1155    ISSN (Online) 2308-1163    ISSN (Eng-online) 2542-2308 157

30. Smith A.H., Arroyo A.P., Mazumder D.N., Kosnett M.J., Hernandez A.L., Beeris M., 
Smith M.M., Moore L.E. Arsenic-induced skin lesions among Atacameno people in northern Chile 
despite good nutrition and centuries of exposure. Environ Health Perspect, 2000, vol. 108, no. 7, 
pp. 617–620. DOI: 10.1289/ehp.00108617  

31. Rahman M.M., Chowdhury U.K., Mukherjee S.C., Mondal B.K., Paul K., Lodh D., 
Biswas B.K., Chanda C.R. [et al.]. Chronic arsenic toxicity in Bangladesh and West Bengal, In-
dia – a review and commentary. J. Toxicol. Clin. Toxicol., 2001, vol. 39, no. 7, pp. 683–700. DOI: 
10.1081/clt-100108509 

 
 
Ustinova O.Yu., Shur P.Z., Nosov A.E. Sanitary-hygienic characteristics of health risk and 

clinical assessment of damage to health done to population living in a specific geochemical province 
under long-term exposure to arsenic introduced with drinking water. Health Risk Analysis, 2019, 
no. 4, pp. 148–157. DOI: 10.21668/health.risk/2019.4.16.eng   

 
 
Received: 02.10.2019 
Accepted: 03.12.2019 
Published: 30.12.2019 
 
 

 



A.G. Setko, E.V. Bulycheva, N.P. Setko 

Health Risk Analysis. 2019. no. 4 158 

UDC 613.86: 613.95/96  
DOI: 10.21668/health.risk/2019.4.17.eng Read 

online 

PECULIARITIES OF PRENOSOLOGICAL CHANGES IN MENTAL  
AND PHYSICAL HEALTH OF STUDENTS FROM GENERATION Z 

A.G. Setko, E.V. Bulycheva, N.P. Setko 
The Orenburg State Medical University, 6 Sovetskaya Str., Orenburg, 460000, Russian Federation 
 

 
Rapid digital technologies development, easily available Internet networks, and electronic gadgets being widely 

spread and extremely popular have resulted in creation of a new “digital environment”; this environment, within the theory 
of generations, has become a key factor in forming a new generation, so called Generation Z. At present children pursue a 
lifestyle that differs significantly from those of previous generations and is characterized with low physical activity, short 
amount of time spent outdoors, and great educational loads. All this, together with impacts exerted by new hygienic factors, 
for example, information and communication technologies being actively and profoundly used by modern children, causes 
risks for mental and physical health. We assessed mental and physical health of 80 children belonging to Generation Z (so 
called “indigo children”). They were all born in 2008 and were 10 years old at the moment of the examination that took 
place on April 05, 2018. We revealed that Generation Z children had certain psychological and personal traits. Here we 
should mention 3.5 times greater number of children with social-psychological deadaptation in the communicative and be-
havioral sphere; 2.4 times greater number of children with greater anxiety and 2.5 times lower sociometric status against the 
previous generation. We detected a decrease in physiometric parameters of physical development such as 14.7 % lower vital 
capacity of lungs and 22.3 % lower response hand grip strength; these negative trends were accompanied with overweight 
being more widely spread among Generation Z against the previous one. Children with normal body weight were 1.3 times 
less frequently detected among Generation Z, but 2.1 times more children had overweight than among children of the same 
age who were examined 10 years ago.  

Key words: digital environment, Generation Z, “indigo children”, Generation Y, “millennials”, a psychological pro-
file of a contemporary generation, social and psychological adaptation, anxiety, communicative efficiency, physiometric and 
somatometric parameters of physical development, body mass index 
 

 
Actuality. Rapid digital technologies de-

velopment, easily available Internet networks, 
and electronic gadgets being widely spread 
and extremely popular have resulted in crea-
tion of a new “digital environment”; this en-
vironment, within the theory of generations, 
has become a key factor in forming a new 
generation, so called Generation Z [1]. Live 
activities of children in the digital environ-
ment have no analogues in phylogenesis and 
involve persistent exposure to various physi-
cal factors (electromagnetic irradiations and 
acoustic impacts); physical strain of the nerv-
ous and muscular system caused by forced 
poses children have to assume while working 
with laptops, phones, and pads; “finger-

writing” on gadget screens; static loads occur-
ring due to necessity to hold a gadget in a po-
sition; intellectual and emotional stress [2]. 
According to foreign scientific data, contem-
porary children and teenagers have been 
growing in a hyper-information space and 
digital environment and, as it is assumed by 
foreign experts, it results in a peculiar psy-
chological profile of this contemporary gen-
eration [3–6]. Meanwhile, there are no suffi-
cient data available in domestic scientific 
works that could confirm this assumption and 
it makes our research truly vital. Data on the 
examined issue which we have managed to 
obtain from scientific literature indicate it is 
quite relevant to examine peculiarities related 
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to health formation at the prenosological stage 
making comparison between the current gen-
eration and the previous one; to reveal psycho-
logical peculiarities of a personality, character, 
and perception of the world contemporary 
children might have. All this will help to sci-
entifically substantiate efficient ways to raise 
and educate children from Generation Z. 

Our research goal was to describe men-
tal and personal peculiarities of students from 
Generation Z. 

Data and methods. We assessed mental 
and physical health of 80 children (The 1st 
group, generation Z or “indigo children”) who 
were born in 2008 and were 10 years old at the 
moment our research was performed (April 05, 
2018). Mental health was assessed via examin-
ing social and psychological adaptation, com-
municative efficiency, and anxiety during les-
sons and in everyday life. The reference group 
was made up of 100 children (the 2ns group, 
Generation Y or “Millennials”) who had been 
born in 1998 and who also had been 10 years 
old at the moment they had been examined 
(September 09, 2008). We examined social 
and psychological adaptation via questioning 
which was performed among school teachers; 
their answers were processed according to a 
procedure developed by A.A. Baranov et al 
(2005) and it allowed determining social and 
psychological adaptation in educational, com-
municative, and behavioral spheres [7]. Com-
municative efficiency of schoolchildren was 
determined via a sociometric experiment with 
a sociometric index measuring [8]. A child’s 
sociometric index is determined via calculat-
ing positive and negative choices made about 
him or her by his or her classmates. Depending 
on it a status category was calculated for each 
child; I meant high status; II, average; III, low. 
We also applied questioning to examine anxi-
ety as per СМАS questionnaire (The Chil-
dren`s Form of Manifest Anxiety Scale) 
adapted by A.M. Prikhojan (1994) [9]. Physi-
cal health of the examined children was com-
paratively estimated via comparing physical 
development parameters such as height, body 
mass, vital capacity of lungs, response hand 

grip strength, as well as body mass index ac-
cording to nomograms recommended by the 
WHO (2007). 

Obtained data were statistically analyzed 
with Microsoft-MS Office MS Exiles soft-
ware package and Statistica 7.0. Critical level 
of statistical significance was taken to be 
equal to 0.05. We controlled distribution of 
qualitative parameters in two examined 
groups with Kolmogorov – Smirnov test and 
Shapiro – Wilkes test. Qualitative parameters 
obtained for two examined groups were com-
pared via calculating Student’s t-test. 

Results and discussion. We established 
that 55 % children in the 1st group and 63 % 
children in the 2nd group were normally 
adapted socially and psychologically. Preva-
lence of social and psychological deadapta-
tion in different forms had some peculiarities 
among Generation Z children in comparison 
with the previous Generation Y (Figure 1). 
Thus, prevalence of social and psychological 
deadaptation in educational sphere amounted 
to 18.6 ± 1.2 cases per 100 children in the 1st 
group against 27.9 ± 1.1 cases per 100 chil-
dren in the 2nd group and it was 1.5 times 
lower. It is probably due to Generation Z chil-
dren being more efficient in terms of working 
with information, and their neuropsychic de-
velopment is faster; it allows them to success-
fully adapt to contemporary educational envi-
ronment which is full of digital technologies 
[3, 10]. Children from the 1st group had behav-
ioral deadaptation 3 times more frequently 
than children from the 2nd group as it amoun-
ted to 48.6 ± 2.5 cases per 100 children against 
16.2 ± 0.5 cases per 100 children (р ≤ 0.05) 
accordingly; deadaptation in communicative 
sphere was 3.5 times more frequent among 
them (66.8 ± 1.9 cases per 100 children in the 
1st group against 19.1 ± 0.9 cases per 100 chil-
dren in the 2nd one, р ≤ 0.05). 

Greater social and psychological deadap-
tation in behavioral sphere detected among 
children from the 1st group can probably be 
due to their greater individualization and in-
fantilism which is typical for Generation Z. 
They are intolerant to others, want their wishes 
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to be fulfilled at once, but fail to realize that it 
is impossible in real life and not as simple as it 
is in the digital environment. All this is con-
sistent with scientific data that contemporary 
children are being hyper-protected by their 
parents and it results in them being egoistic 
and removes any social restrictions in their 
mentality [11]. Besides, experts note that 
contemporary children are prone to autism 
and it is an extreme manifestation of how the 
mankind is evolving in the digital environ-
ment [3]. 

 
Figure 1. Prevalence of social and psychological 

deadaptation in children from the examined groups 

A decrease in communicative activity 
was confirmed by only 3.5 % children in the 
1st group having high communicative effi-
ciency whereas there were 10.2 % with such 
communication skills in the 2nd group. 78.7 % 
children in the 1st group had low communica-
tive efficiency and it was 2.6 times higher 
than in the 2nd group (30.3 %; Table 1). 

T a b l e  1  
Children in the examined group distributed  
as per their communicative efficiency (%) 

Children groups Communicative  
efficiency The 1st one The 2nd one

Average 17.8 59.5 
High 3.5 10.2 
Low 78.7 30.3 

 
It should be noted that average sociomet-

ric index was 2.5 times lower among children 
from the 1st group with high communicative 
efficiency against the children from the  
2nd group with the same parameters; 1.5 times 

lower among children with average communi-
cative efficiency; and 1.4 times lower among 
children with low communicative efficiency 
(Figure 2). Average sociometric index among 
children from the 1st group with low communi-
cative efficiency was negative and it meant that 
those children were predominantly excluded 
from communication and didn’t have any sym-
pathies from their classmates. Negative so-
ciometric index combined with 78.7 % children 
in the 1st group having low communicative effi-
ciency can indicate that examined Generation Z 
children are mostly introverts. 

 
Figure 2. Sociometric index among children  
depending on their communicative efficiency 

There was a research work published by 
the American Psychological Association; its 
authors determined that Generation Z repre-
sentatives had higher neuropsychic strain and 
emotional sufferings in their personality pro-
files than people from previous generations 
[11]. It is also confirmed by our research. 
Thus, it was shown that average scores given 
to anxiety among children from the 1st group 
amounted to 25.8 ± 0.56 against 15.6 ± 0.33 
among children from the 2nd group (р < 0.05). 
We established that only 10.3 % children from 
the 1st group had normal anxiety level whereas 
it was 40.3 % in the 2nd group. And extremely 
high anxiety was detected in 30.6 % children 
from the 1st group and only in 12.2 % children 
from the 2nd group (2.5 times lower). Appar-
ently increased anxiety was detected 1.6 times 
more frequently among children from the  
1st group against the 2nd one, 37.8 % and 23.6 % 
children accordingly (Figure 3). 
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Figure 3. Children from the examined groups  
distributed depending on anxiety level 

 We detected an authentic increase in 
scores given to anxiety in each subgroup of 
children (subgroups were singled out depend-
ing on anxiety level) from the 1st group against 
those from the 2nd one (Table 2). Thus, aver-
age scores given to anxiety in children’s sub-
group with a bit elevated anxiety amounted to 
20.3 ± 0.01 among the children from the 1st 
group against 19.8 ± 0.03 among the children 
from the 2nd one (р < 0.05); scores given to 
anxiety among children with apparently ele-
vated anxiety amounted to 25.8 ± 0.02 in the 
1st group and 24.5 ± 0.02 in the 2nd one 
(р < 0.05); average scores given to anxiety 
among children with extremely high anxiety 
amounted to 31.6 ± 0.09 in the 1st group 
against 28.3 ± 0.04 in the 2nd one. 

Recent research has revealed that life-
style pursued by contemporary children has 
changed drastically in comparison with pre-
vious generations [12]. Reduced physical 
activity and shorter periods of time spent 
outdoors make for a decrease in parameters 
that describe physical development [13, 14]; 
this phenomenon is predominantly caused by 
impacts exerted by new hygienic factors 
such as information and communication 
technologies [15, 16], and high educational 
loads as well [17–20]. Walking to school and 
back, some household chores, and physical 
training at school are often only physical ac-
tivities for a considerable number of con-
temporary children [21, 22]. Additional 
physical training with a high dynamic com-
ponent (sport clubs or dancing classes, for 

example) could somehow satisfy a biological 
need in natural locomotion; however, only 
each third contemporary child attends such 
clubs or classes [23]. 

T a b l e  2  
Scores given to anxiety among children  

from the examined groups 
Examined groups Children’s subgroups 

singled out depending 
on anxiety level:  The 1st group The 2nd group

Normal anxiety 17.5 ± 0.02 16.1 ± 0.01*
A bit elevated anxiety 20.3 ± 0.01 19.8 ± 0.03*
Apparently elevated 
anxiety 25.8 ± 0.02 24.5 ± 0.02*

Extremely high anxiety 31.6 ± 0.09 28.3 ± 0.04*

Note: * – р < 0.05 when the examined groups 
are compared. 

 
We detected that only height didn’t differ 

in two groups out of all the parameters that 
describe physical development; on average it 
was 123.8 ± 0.86 cm in the 1st group and 
124.3 ± 0.8 cm in the 2nd one (р > 0.05) (Table 3). 
Body mass was by 13.6 % authentically higher 
among children from the 1st group and amounted 
to 25.1 ± 0.83 kg against 22.1 ± 0.61 kg in the 
2nd one (р < 0.05). At the same time, physio-
metric parameters of physical development 
were lower among children from the 1st group 
in comparison with their counterparts from the 
2nd one; thus, average vital capacity of lungs 
was by 14.7 % lower, and response hand grip 
strength, accordingly, was by 22.3 % lower. 
Most experts have recently pointed out that 
this decrease in physical abilities of a body is 
caused by contemporary children having no 
interest in doing active sports, their low physi-
cal activity, wide use of gadgets in everyday 
life, and improper nutrition [24–26]. 

All the above mentioned facts allowed us 
to distribute the examined children into sub-
groups depending on vital capacity of their 
lungs and response hand grip strength (Fig-
ure 4). Thus, there were 1.6 times more chil-
dren with reduced vital capacity of lungs in the 
1st group than in the 2nd one; with reduced re-
sponse hand grip strength, 1.3 times more. 
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T a b l e  3  
Physical development of children  

from the examined groups 
Examined groups Parameters The 1st group The 2nd group

Height, cm 123.8 ± 0.86 124.3 ± 0.8 
Body mass, kg 25.1 ± 0.83 22.1 ± 0.61*
Vital capacity of 
lungs, l 

0.95 ± 0.4 1.09 ± 0.3* 

Response hand grip 
strength 

6.47 ± 0.45 8.49 ± 0.88*

Body mass index 26.3 ± 1.55 21.5 ± 1.14*

Note: * – р<0.05 when the examined groups 
are compared. 

 
Besides, only 63.1 % children from the 

1st group had normal body mass; 30.8 % had 
overweight, and 6.1 % had body mass defi-
ciency; whereas 82.8 % children from the  
2nd group had normal body mass, only 
14.7 % had overweight, and 2.5 % had body 
mass deficiency. 

Conclusion. We revealed that Genera-
tion Z children had mental and personal  
peculiarities which became apparent through  

 
Figure 4. Children from the examined groups  

distributed depending on vital capacity of their  
lungs (LVC) and response hand grip strength 

a greater number of children with socio-
psychological deadaptation in communica-
tive and behavioral environment, with high 
anxiety and lower sociometric status; there 
were also more children with a decrease in 
phylometric parameters of physical devel-
opment together with a trend for having 
overweight against the previous generation. 
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METHODICAL PECULIARITIES AND PRACTICE OF DETERMINING  
ALUMINUM IN BLOOD AND URINE VIA MASS SPECTROMETRY  
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Toxicants produce adverse effects on population health thus causing health risks; assessment of such risks is a relevant 

trend in contemporary hygienic research. A list of toxic elements that are to be controlled in biological media includes, for 
example, mercury, lead, cadmium, arsenic, and aluminum (this element belongs to the 2nd hazard category). Aluminum is one 
of those elements which are the most widely spread in nature and it most frequently occurs in emissions from aluminum, 
mining, varnish and paint, and other productions. 

We developed a procedure for determining mass concentrations of aluminum in blood and urine via mass spectrometry 
with inductively coupled plasma (ICP-MS) (FR.1.31.2017.27357); the procedure allows determining aluminum contents in 
blood within a range from 20 to 200 µg/l with 31% precision; within 200–700 µg/l, with 23% precision; in urine, within a 
range from 0.1 to 10 µg/l, with 30% precision; within 10–1,000 µg/l, with 23% precision.   

We analyzed 192 blood and urine samples taken from children (n = 96) and adults (n = 54) who lived in the Eastern 
Siberia in a zone influenced by a large metallurgic aluminum-producing enterprise. Simple mean (SM) of aluminum contents 
in children’s and adults’ blood amounted to 21 µg/l; 32 µg/l and 21 µg/l in urine respectively. The article also contains 
comparative assessment of aluminum contents in blood and urine of people living in Russia against reference concentrations 
applied in Europe and the USA when national programs for human biological monitoring (HBM) were implemented.  

Key words: aluminum, blood, urine, children, adults, mass spectrometry with inductively coupled plasma (ICP-MS), 
reference concentrations, octopole reaction system (ORS), internal standard.  
 

 
A priority task for the Russian economy is 

to intensify industrial production and imple-
ment new production technologies; it can often 
result in environmental contamination and 
produce negative effects on population health. 
Determination of chemicals in human biologi-
cal media is an objective, reliable and eviden-
tial way to reveal these negative impacts. 

Aluminum is a toxic element and one of 
the most widely spread metals in nature; it ac-
counts for 8.8 % of the earth crust [1–6]. Alu-
minum is one of primary metals contained in 
emissions from metallurgical enterprises, in-
cluding those located in cities which are in the 
priority list issued within “Pure air” Federal 

project. Aluminum toxicity is due to this metal 
being antagonistic to calcium and magnesium 
as well as its ability to easily form compounds 
with proteins and accumulate in the kidneys, 
bone, and nerve tissue [1–3]. Aluminum is 
among elements that are subject to control in 
blood and urine, together with such toxicants 
as mercury, lead, cadmium, and arsenic [1]. 
Aluminum compounds belong to the 2nd haz-
ard category1. 

Element analysis of biological media in-
volves applying practically all spectral tech-
niques with different sample preparation; as a 
rule, they are sensitive and selective [4, 5, 7, 
8–25]. The most widely used techniques are 
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electrothermal atomic-absorption spectrometry 
(ET-AAS, GFAAS), atomic-emission spec-
troscopy with inductively coupled plasma 
(ICP-АES)2, and mass spectrometry with in-
ductively coupled plasma (ICP-MS)3. At pre-
sent high resolution mass spectrometry or 
mass spectrometry with dynamic reaction cells 
(DRS) is considered the most efficient tech-
nique. ICP-MS technique has certain advan-
tages such as focus on many elements, low limits 
of detection, short period of analysis, and small 
volumes of analyzed samples. GFAAS tech-
nique is just as sensitive as ICP-MS when it is 
applied to analyze biological media; but the 
technique focuses on only one element and is 
usually applied as an alternative one to deter-
mine certain elements, including aluminum, be-
ryllium, chromium, and thallium [8, 9]. 

Aluminum is determined in biological 
media with ICP-MS with preliminary decom-
position of a sample or without it. Obviously, 
when a sample is decomposed improperly, it 
can make any high precision technique mean-
ingless [7]. Besides, recommended microwave 
mineralization can’t prevent samples from be-
ing contaminated when accompanying re-
agents are added; however, it makes decompo-
sition faster. Analysis without samples minerali-
zation is more preferable as it helps avoid 
contamination, minimizes losses, and analysis 
itself requires less time. As a rule, blood is di-
luted 10–50 times with water solutions of Triton 
X-100, 1-butanol, EDTA, NH3, or nitric acid; 
blood serum and urine are diluted 2–10 times 
with nitric acid solution thus making additional 
contamination of a sample quite possible [7]. 
Despite a great number of publications, practi-
cally all authors indicate it is difficult to deter-
mine aluminum but they often don’t give any 
comments on obtained results [9, 21, 23]. 

We developed MG 4.1.3230-144 for quan-
titative determination of 12 chemical elements 
in biological media (blood and urine) with 
mass spectroscopy with inductively coupled 
plasma. The procedure for determining 
12 elements in blood was patented5. But still, 
as determination of aluminum has its peculiari-
ties related to sampling, samples being con-
taminated during storage, and high aluminum 
contents in water and reagents, we didn’t in-
clude aluminum into the list. 

Our research goal was to develop an up-
to-date and highly sensitive procedure for 
quantitative determination of aluminum in 
blood and urine with mass spectroscopy with 
inductively coupled argon plasma; this proce-
dure could be applied in clinical laboratories 
for diagnostics, treatment, and prevention of 
health disorders caused by negative impacts 
exerted by hazardous chemicals and for health 
risk assessment. 

Data and methods. When applying ICP-
MS for quantitative determination, biomate-
rials should be preliminary prepared so that 
matrix effects and polyatomic interferences are 
eliminated; these effects and interferences are 
due to not only ions of determined elements 
occurring in plasma but also ions of argon, hy-
drogen, oxygen, etc. that are present in plasma 
in big quantities [26, 27]. A basic aluminum 
isotope 27Al has the following spectral folding: 
12C15N+,13 C14N+,12 C14NH+,12 C 2H3 

+ [28, 29]. 
We applied our procedure for determining 
12 elements which we had previously devel-
oped and it didn’t yield us expected results. 
Aluminum occurred in water in high concen-
trations even if that water was intensely puri-
fied; introduced reagents (nitrogen acid and 
hydrogen peroxide) and solutions of elements 
for internal comparison, and laboratory dishes 

__________________________ 
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also made their contributions into aluminum 
concentrations being too high in a blank sam-
ple; those concentrations were often even 
higher than in an analyzed sample. Obviously, 
to determine aluminum in blood and urine, we 
require specific conditions which will allow 
eliminating spectral and non-spectral (matrix) 
interferences. It involves specific conditions 
for samples taking and storage; particularly 
pure reagents and water; specific degree to 
which a sample is diluted; a specific procedure 
for samples preparation before they are ana-
lyzed; different ways to prepare calibration 
solutions; a choice on elements for internal 
comparison (internal standard) etc. 

We quantitatively determined aluminum 
in blood and urine with Agilent 7500cx 
(Agilent Technologies, USA) quadrupole mass-
spectrometer with inductively coupled plasma 
and octopole reaction/collision cell (ORS). 
Plasma generator had power equal to 1,400 W. 
Samples were introduced via a two-channel 
spray chamber under 2.0 °С. The mass-spectro-
meter was equipped with a plasma torch with its 
injector tube diameter being equal to 2.5 mm. 
Samples were fed into the spray chamber at a 
speed equal to 0.4 ml/min. To get plasma 
burn, we applied extremely high liquid argon 
with its purity being equal to 99.998 %  
(TC-2114-005-00204760-99) and it was fed 
at a speed up to 20 l/min. Pressure in the 
gas-feeding channel was equal to 700±20 
kPa. To calibrate the device, we applied 7Li, 
59Co, 89Y and 205Tl solution in 2 % HNO3 with 
concentration of its elements being equal to 
1 µg/l. After sufficient sensitivity was reached 
in the standard mode, we switched the mass-
spectrometer into the operation mode with re-
action/collision cell functioning. We applied 
extremely pure helium as a gas-reagent  
(TC-0271-135-31323949). Maximum suppres-
sion of the background signal with optimal 
sensitivity being reached occurred when he-
lium flow speed was equal to 4.3 ml/min. The 
distance between the plasma torch and the 
sampling cone was equal to 7.0 mm. 

It is not advisable to use quartz dishes when 
aluminum is determined [23]. We took plastic 
dishes and washed them in Elmasonic S 100H 

ultrasound cleaner (Germany) at 45–50 °С, first 
with distilled water, and then with diluted HNO3 
solution. 

We applied extremely pure polypropylene 
test tubes (Labcon, the USA, LOT 609CE-609C) 
to analyze blood and urine. 

Water was purified with Milli-Q Integral 
(Millipore SAS, France) system. However, 
background elements still persisted in concen-
trations equal to 3.0 µg/l and even higher; 
therefore, we additionally purified water with 
Vodoley system (Khimelectronica, Moscow), 
and background concentrations decreased to 
0.55 µg/l. Water should be purified directly 
before samples are diluted with it and then 
analyzed. 

To prepare solutions of standard samples, 
we applied a solution of aluminum ions with 
mass concentration being 1.0 g/dm3 (GSO -
7927-2001) and 1 % solution of high purity 
HNO3 (Sigma-Aldrich, the USA). To prepare 
Internal Standard (IS) solutions, we applied a 
complex standard solution of 209Bi, 73Ge, 115 In, 
6Li, 45Sc, 159Tb, 89 Y with its concentration be-
ing 10 mg/l in 5 % HNO3 water solution (In-
ternal Standard Mix, the USA). 

Impure dishes and an increase in aluminum 
contents that occurs when samples are stored 
make a primary contribution into blank sample 
value [30]. We prepared blank samples simulta-
neously with preparing samples for analysis. 

We prepared calibration samples for de-
termining aluminum in blood and urine out of 
aluminum solution with its mass concentration 
being 1.0 g/dm3 (GSO - 7927-2001), IS solu-
tion, 1 % HNO3 water solution, and blank 
sample solution. Concentration of aluminum in 
calibration solutions was equal to 0.0; 0.1; 0.5; 
1.0; 5.0; 10.0; 50.0 µg/l. To prepare calibration 
solutions, we applied high purity Nitric acid 
69 % (Sigma-Aldrich, the USA) or Nitric acid 
65 % (PanReac, Espana). 

Impacts exerted by non-spectral (matrix) 
interferences can usually be removed via ap-
plying calibration with a selection of calibra-
tion solutions matrix, internal standard, or both 
[10]. When selecting IS, it is necessary to ad-
here to the following rule: IS should have 
atomic mass that is as close to atomic mass of 



T.S. Ulanova, G.A. Veikhman, A.V. Nedoshitova 

Health Risk Analysis. 2019. no. 4 168 

determined elements as it’s only possible, and 
the lower atomic mass of a determined ele-
ment is, the stricter this rule should be fol-
lowed [26, 27]. 

To prepare internal standard (IS) solutions, 
we applied a complex standard solution of 
209Bi, 73Ge, 115In, 6Li, 45Sc, 159Tb, 89Y with its 
concentration being 10 mg/dm3 in 5 % water 
solution of nitric acid (Internal Standard Mix, 
the USA). Table 1 contains the results of de-
termining aluminum in standard blood samples 
SERONORM L2 and L3 (Sero AS, Billingstad, 
Norway) and urine samples SeronormTM urine 
(LOT 0511545, Sero AS, Billingstad, Norway) 
with use of various elements for internal com-
parison (IS). Prior to analysis, certified control 
materials were prepared in the same way as 
samples for analysis (working samples). 

Data in the Table 1 indicate there is quite 
satisfying coincidence between certified and 
detected concentrations without IS and with 
73Ge at blood level L2. 115In application led to 
a considerable increase in detection error. 
Therefore, we didn’t obtain any convincing 
evidence that it was necessary to apply IS 
when determining aluminum in blood and 
urine as well as this or that element for internal 
comparison having apparent advantages. 

We introduced 0.5 ml of urine into tubes 
of an automated sampler with a dosing device, 
added 4.45 ml of HNO3 water solution and 
0.05 ml of IS solution [31, 32]. Any urine 
samples with sediment were centrifuged be-
fore dilution. Diluted samples were not to be 
stored. Besides, when aluminum is determined 
in urine, water should be purified directly be-

fore analysis and samples should be diluted on 
a day they are analyzed. 

We took a blood sample with its volume 
0.1 ml and added 0.1 ml of complex IS solu-
tion and 0.2 ml of concentrated HNO3 to it. 
We then stirred a test tube with this mixture, 
kept it for 6–7 hours, added deionized water 
until mixture volume reached 10 ml and them 
centrifuged it for 10 minutes at a speed equal 
to 2,700–3,000 turns per minute on CLMN–
Р10–01–“Elekon” centrifuge (Russia). 

Simultaneously we prepared a blank test 
for each series of samples; this blank test went 
through all the stages in sample preparation 
which involved applying all the reagents as it 
was the case with analyzed samples. 

We should note that when a sample was 
dissolved with an acid, a structure of an exam-
ined sample matrix wasn’t destroyed com-
pletely; however, it helps to reduce an amount 
of time required for samples preparation and to 
save reagents. Another significant aspect is 
that a volume of sample necessary for analyz-
ing goes down to 0.1 ml and a blank test be-
comes almost insignificant when a sample is 
decomposed in such a way. It is another ad-
vantage of acid dissolution. 

The procedure for determining aluminum 
in biological media was metrologically certi-
fied; to do that, we applied calculations with a 
known concentration for an average boundary 
of a measured range and the standard addition 
technique in accordance with RM6 and GOST R 
ISO 5725–1÷GOST R ISO 5725–6–2002 (cer-
tificate No. 88-16207-11-RA.RU.310657-2017). 
The developed procedure for measuring mass

T a b l e  1  
Certified and determined average values of aluminum concentrations in standard blood 

and urine samples Seronorm TM (Norway), µg/l 
Detected average value / error of the average, ∆, % Level Certified average 

value, µg/l Without IS 73Ge 115In 
SeronormTMblood L2 (n = 18)  70.9 82.3/16.1 83.6/17.9 119.6/68.6 
SeronormTMblood L3 (n = 18)  105 106.1/1.0 117.9/12.3 – 
SeronormTM urine L2 (n = 14)  103 105.2/2.1 115.4/12.0 110/6.8 

__________________________ 
 
6 RMG 61-2003 GSI. Parameters that show precision, and correctness of procedures for quantitative chemical analysis. 

Assessment techniques [Web-source] // Kodeks: and electronic fund of legal and reference documentation. – URL: 
http://docs.cntd.ru/document/1200037651 (date of visit September 22, 2019). 
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T a b l e  2  
Aluminum contents (SM) in biological media of children and adults and validity 

of discrepancies form the reference territory, µg/l 
Analysis of frequencies against the reference group Group (medium) Test  

group, SM 
Reference 
group, SM 

Р1 

 % higher % The same % lower 
Children (blood)  21 <20 0.24 25 0 75 
Adults (blood)  21 < 20 0.01 26 74 0 
Children (urine)  32 7 0.005 90.1 6.6 3.3 
Adults (urine)  21 2.4 0.001 100 0 0 

 Note: P1 is validity of discrepancies as per SM between urban population and the reference territory 
 

concentrations of aluminum with ICP-MS al-
lows determining its contents in blood within a 
range from 20 to 200 µg/l with 31 % precision; 
within a 200–700 µg/l range, with 23 % preci-
sion. The procedure allows determining alu-
minum contents in urine within a range from 
0.1 to 10 µg/l with 30 % precision; within a 
10–1,000 µg/l range, with 23 % precision. 

We established limits of detection and 
limits of quantification for our procedure. 
LOD for determining aluminum in blood 
amounts to 7 µg/l; in urine, 0.033 µg/l; LOQ 
for determining aluminum in blood amounts 
to 21 µg/l; urine, 0.1 µg/l. 

Results and discussion. The developed 
procedure for determining aluminum in bio-
logical media (blood and urine) was tested in 
the East Siberia on population (adults and chil-
dren) who lived in a zone exposed to a large 
metallurgical aluminum-producing enterprise; 
the research involved analyzing biological 
media. Overall, we analyzed 192 blood and 
urine samples taken from children (n = 96) 
and0 106 samples taken from adults (n =  54). 
We also had two reference groups, children 
(n = 53) and adults (n = 30) who lived in a 
zone beyond exposure to the said enterprise; 
Table 2 contains the results of our analysis. 
Simple mean (SM) of aluminum contents in 
blood of children and adults form the test 
groups amounts to 21 µg/l; children and adults 
from the reference groups, < 20 µg/l. Simple 
mean of aluminum contents in urine of chil-
dren and adults amounts to 32 µg/l and 21 µg/l 
accordingly; ion the reference group, 7 and 
2.4 µg/l. Aluminum contents in urine taken 
from children from the test group had authen-

tic discrepancies from that in the reference 
group (90 % samples were higher than in the 
reference group, by 4.6 times). Aluminum 
contents in urine taken from adults form the 
test group also had authentic discrepancies 
from that in the reference group, 100 % having 
concentrations by 8.8 times higher. 

The exposed territory where the examined 
population lives takes the 3rd rank place as per 
ambient air contamination both in the Siberian 
Federal District and among the RF regions as 
well. Ambient air contamination is caused by 
an aluminum-producing enterprise and a pulp 
and paper mill. Analysis of morbidity among 
population living on this territory over the last 
five years has revealed increased morbidity 
with respiratory diseases (chronic bronchitis 
and bronchial asthma) and musculoskeletal 
system diseases both among children and 
adults; the revealed morbidity has negative 
dynamics as it tends to grow. Our research re-
sults can be used to assess sufficiency of ac-
tivities performed within “Pure air” Federal 
program in a zone influenced by metallurgic 
enterprises in the East Siberia as their emis-
sions contain aluminum and it causes ambient 
air contamination with this metal. 

Values obtained for the examined groups 
were statistically distributed; the results are 
shown in Table 3. Results were given as simple 
mean (SM); 25th, 50th, and 75th percentile; we 
also gave minimum and maximum values for a 
sampling. Median was close to a simple mean 
for aluminum contents in urine taken from ur-
ban population and it meant that distribution of 
values was normal. In all other cases values 
were in a range of smaller concentrations at
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T a b l e  3  
Aluminum contents in blood and urine of children and adults, µg/l 

Test group Reference group Reference levels (range) 

Group N AМ q25 q50 q75 Min-
Max N AM q25 q50 q75 Min-

Max 

ALS 
Scandi-
navia 

Titz HELIX ARUP Kalet-
ina 

Children 
blood 96 21 10 10 16 10–166 49 17 10 10 10 10–58.3

Adults 
blood 54 21 10 10 21 10–100 31 12 10 10 10 10–29.5

5–192 0–100 0–15 – 200 

Children 
urine 91 32 18.9 31 44.6 3.3–61.1 41 7 0.1 3.6 10 0.1–38.3

Adults 
urine 52 28 13.8 22 37.3 6.2–104 26 2.4 0.1 0.1 1.5 0.1–24.0

0.6–5.1 ≤20 0–31 0–7 5 

 
LOQ/2. To give reference values, we took data 
from well-known scientific works by N.I. 
Kaletina, N. Titz, and data presented by such 
diagnostic laboratories as ALS Scandinavia 
(Sweden), ARUP (the USA), and HELIX 
(Saint Petersburg) [1, 33–35]. There have been 
numerous works focusing on difficulties in-
volved in comparing analysis results and on 
standards for contents of many elements in bio-
logical media being only conventional [7, 36]. 
Reference values which we give in our works 
are no exception. Average aluminum contents 
in blood and urine vary within quite a wide 
range of concentrations. And if N.I. kaletina 
states that maximum permissible aluminum 
concentration in blood amounts to 200 µg/l, 
then N. Tizt gives another figure, namely 
100 µg/l. Maximum aluminum contents which 
we detected in blood of exposed population do 
not exceed reference values given by the said 
authors whereas a reference concentration 
given by HELIX is practically 10 times lower 
than the concentration which we detected in 
blood of the exposed children. Simple mean of 
aluminum contents in urine in the reference 
group doesn’t exceed reference values whereas 
aluminum contents in urine taken from urban 
population are 5–6 times higher than these values. 

Table 4 contains data on aluminum con-
tents in whole blood, blood serum, plasma, and 
urine of patients from different countries and 
RF regions obtained via variable analysis 
techniques [10, 11, 19, 20, 37–40]. These data 

are also shown in Figures 1 and 2 for adult 
population. 

Aluminum contents detected in blood of 
exposed adults from the test group were 5 
times lower than the reference level given by 
Titz but quite comparable with contents de-
tected in population in Sweden. Non-exposed 
adults living in Croatia [37] had aluminum in 
their blood in concentration that was 2 times 
higher; exposed adults, 4 times higher. At the 
same time, those concentrations didn’t exceed 
reference ones. Workers employed by alumi-
num-producing enterprises in Germany [39] 
had 2 times lower aluminum contents in their 
blood than people from the East Siberia. Alu-
minum concentrations in non-exposed people 
from France were comparable with data which 
we obtained for the reference group in our re-
search. 

Aluminum contents detected in urine of 
adults from the reference group were lower 
than reference levels given by ALS Scandina-
via and ARUP diagnostic laboratories and N. 
Titz. Aluminum contents in urine of exposed 
adults from the test group was higher than any 
reference level and quite comparable with 
aluminum concentrations detected in urine of 
workers employed by aluminum-producing 
enterprises in Germany [39] and Croatia [37]. 
Aluminum contents detected in urine of non-
exposed population in France were compara-
ble with aluminum contents which we detected 
in the reference group. 
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T a b l e  4  

Aluminum contents in biological media of exposed and non-exposed population living 
on different territories, µg/l 

Territory, procedure, presentation of results 

Group 
(medium) 

Croatia, 2010 
ICP_MS,) 

NE/E, 
Ме (range) 

[37] 

Sweden, 
2013,  

ICP-MS, 
NE, SM  

(Ме) [21] 

France, 2005,
ICP-MS, 

NE 
Ме (range) 

[12] 

Germany, 
1996, AAS 

ETA, 
NE/E, 

SM; Ме 
(range) [39]

Central Russia, 
2003, ICP-AES 
[22]*; ICP-MS, 

2010 [11]**, 
NE; 2013,  
E [40]*** 

SM (range) 

Norway, 
2013, ICP-
MS, [38]*; 
UK,2014,  
[25]**Ме 

(range) 

East  
Siberia,
2016 

ICP-MS, 
NE/E SM 

(Ме) 

Children 
(urine)  

Not  
available – Not  

available – 14±2** – 7 (3.6) / 
32 (31) 

Adults 
(urine)  

15.7  
(0–100.2) / 

46.4  
(6.3–110.2) 

– 1.9  
(0.16–11.2)

(2.4–30.8) /
29.3; 19.4 

(1.4–159.4)

54.7  
(10.5–223) *** 

3.8  
(1.3–25.73)** 

2.4 (0.1) / 
28 (22) 

Children 
(blood)  

Not  
available – Not  

available – 3.3 ± 0.3** – 17 (10) / 
21 (10) 

Adults 
(blood)  

42.75  
(8.15–108) / 

87.6  
(17.8–185.6; 

serum) 

19.2  
(17.25. blood) 

11.48  
(4.52. serum) 

1.3  
(1.3–6.4. 
blood); 

3.1  
(1.2–17.3. 
plasma) 

(1.5–11) / 
8.9; 7.3 

(2.3–30.0. 
plasma) 

56 (40–73) * 
15.5  

(10.8–21.7; 
plasma)* 

12 (10) / 
21 (10) 

 
 

 
 

Figure 1. Aluminum contents in adults’ blood, µg/l  
(E means exposed adults; NE non-exposed ones) 

Figure 2. Aluminum contents in adults’ urine, µg/l 
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Conclusions. We have developed a pro-
cedure for measuring mass concentrations of 
aluminum in biological media (blood and 
urine) with mass spectroscopy with induc-
tively coupled plasma and reaction/collision 
cell with helium applied to correct polyatomic 
interferences (FR.1.31.2017.27357). The pro-
cedure for measuring aluminum concentrations 
in blood was metrologically certified for the 
following ranges: 20–200 µg/l and 200–700 µg/l 
with its precision being 31 and 23 % accord-
ingly; in urine, for the ranges 0.1–10 µg/l and 
10–1,000 µg/l with its precision being 30 and 
23 % accordingly. We established limits of 
detection (LOD) and limits of quantification 
(LOQ) for the procedure. LOD for determin-
ing aluminum in blood is equal to 7 µg/l; in 
urine, 0.033 µg/l; LOQ for blood amounts to 
21 µg/l; urine, 0.1 µg/l. The procedure was 
applied to analyze biological media of children 
and adults living in the East Siberia who lived 
in a zone influenced by an aluminum-pro-
ducing enterprise (the examined territory). We 
analyzed 192 blood and urine samples taken 
from children (n = 96) and 106 samples taken 
from adults (n = 54). Our reference group in-
cluded 53 children (100 samples) and 30 adults 
(60 samples) who lived in a zone which was 
not influenced by the said enterprise (the ref-
erence territory). 

Simple average (SM) of aluminum con-
tends in blood of children and adults living on 

the examined territory amounts to 21 µg/l; the 
reference territory, < 20 µg/l. Simple mean 
(SM) of aluminum contents in urine of chil-
dren and adults living on the examined terri-
tory, amounts to 32 µg/l and 21 µg/l accord-
ingly; the reference territory, 7 and 2.4 µg/l 
accordingly. We detected and authentic dis-
crepancy regarding aluminum contents in 
urine between children from the test group and 
those from the reference one (concentration in 
90 % samples was 4.6 times higher in the test 
group). There also was an authentic discrep-
ancy regarding aluminum contents in urine 
between adults from the test group and those 
from the reference one (concentration in 
100 % samples was 8.8 times higher in the test 
group). The procedure for measuring mass 
concentrations of aluminum on blood and 
urine with mass spectrometry with inductively 
coupled plasma can be applied by sanitary-
hygienic, ecological, medical, and scientific 
organizations that deal with human occupa-
tional pathology and ecology; in can be used in 
evidence medicine; to organize biological 
monitoring; to assess anthropogenic loads; to 
assess efficiency of medical and innovative 
technologies; to assess population health risks. 
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The paper focuses on socializing potential than belongs to a family in creating attitudes towards health and healthy 

lifestyle among children and teenagers. The author describes basic behavioral risks for young people’s health and a role 
played by the closest social environment in minimizing or aggravating them. 

The author also provides an insight into concepts of health and healthy lifestyle and dwells on how important it is to 
perform constant monitoring over children’s and teenagers’ health as they represent quite a specific social and demographic 
group. The author analyzes data on morbidity growth among children and teenagers in Russia, how susceptible they are to 
addictive behavior and other risk factors, and also compares these parameters with world trends.  

The latest statistical data and analysis of data available from literature allowed showing that, in spite of huge socializing 
potential that a family has as a social institution, at present parents are rather limited in terms of activities that can help them 
improve and preserve their children’s health. It is caused by both transformations of a family as a social institution and weaker 
family relations in the contemporary world as well as by insufficient competences that parents have as regards health and over-
all decrease in living standards, poorer availability of medical services, unfavorable changes in the ecological situation etc. 

The author concludes that it is necessary to provide support to a family as a social institution. It should be done by a 
state and society in general as they are to establish qualitative information channels that will allow providing parents with 
the latest scientific data on the most common risk factors for children’s health and on ways how to minimize such risks. Any 
family, regardless of its social status, wealth, or any other characteristics, should be granted an opportunity to provide 
safety for their children. 

Key words: health, health risk, healthy lifestyle, family, children, teenagers, tobacco smoking, alcohol intake, over-
weight and obesity, injuries, addictive behavior. 

 
 

 
Population health is a key issue of the con-

temporary Russian society. It is especially 
alarming that health issues now occur among 
children and teenagers and not just among older 
people and it “undoubtedly contradicts any natu-
ral human development when health is deterio-
rated gradually as a person grows older” [1]. 

Population health is among the most sig-
nificant signs indicating a state is truly devel-
oped; it is not only a parameter but also a most 
necessary condition for economic development 
[2–6]. Children and teenagers health is the 
most important as it is “the most significant 
indicator of a future labor, economic, cultural, 
and defense potential of any society” [7]. 

Children and teenagers’ health in Russia 
causes a lot of concerns among medical ex-
perts, teachers and parents. Morbidity among 
children grows by 3.2 times faster, and among 
teenagers, by 4.4 times faster than among 
population in general [8]; mortality among 
children is 2 times higher in Russia than in 
“eight new EU countries” [9]. Over the last 
15 years total morbidity among teenagers and 
young people grew by 1.7 times in our country 
[10]. According to official data, 28.9 % chil-
dren aged 0–14 belong to the 1st health group 
(practically healthy); 56.2 %, the 2nd one (mi-
nor disorders); 12.6 %, the 3rd one (non-ap-
parent chronic diseases and congenital mal-
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formations); 2.3 %, the 4th and the 5th ones 
(apparent chronic diseases, grave malforma-
tions, and oncology) [11]. However, these data 
do not show a true picture and actual chil-
dren’s health is significantly worse. Thus, 
A.A. Baranov and V.Yu. Al’bitskiy claim that 
“actual morbidity among children is 1.5–2 
times higher than it is given by official statis-
tics” [12]. 

There are a lot of various risk factors that 
make for health loss. However, researchers 
have not yet reached a common conventional 
opinion regarding risk factors typology, an ex-
tent to which they influence health and a na-
ture of their influence as well as regarding pro-
cedures for examining this influence [13–17]. 
In any case, risk factors do not produce their 
effects separately but co-exist and interact with 
each other. Moreover, the same factor can si-
multaneously be a risk factor and an anti-risk 
one [18]. 

According to contemporary domestic re-
search, children’s health in Russia is signifi-
cantly influenced by environmental factors 
(adverse environment) [19–22], biological fac-
tors (genetics) [23–25], and macro-social fac-
tors (peculiarities related to social institutions 
functioning, social differentiation, socioeco-
nomic and social and political factors) [26, 27]. 
Behavioral health risk factors also play an im-
portant role; such factors are related to behav-
ioral patterns that can be modified such as im-
proper nutrition, low physical activity, smok-
ing, alcohol intake, risky sexual behavior, etc. 
These and some other adverse factors related 
to a person’s lifestyle in future will “determine 
morbidity and mortality among adults as well 
as their dynamics” [28]. It is impossible to 
completely eliminate behavioral health risk 
factors; however, an extent to which they can 
be minimized depends heavily on favorable 
environment and awareness among young 
generation about major health issues. And this, 
in its turn, depends on how competent the 
closest social relations are in the sphere. The 
primary significance here belongs to a family. 

A family is a basic social institution re-
sponsible for personality formation, for a value 
system and a culture a person has. According 

to most people living in Russia (71 %), it is in 
a family where main personality traits are 
formed and where a child acquires his or her 
habits and attitudes in life [29]. This institution 
creates behavioral stereotypes that are a part of 
a person’s lifestyle influencing his or her 
health: whether he or she has or doesn’t have 
any bad habits; doing sports; nutrition habits; 
attitudes towards prevention and treatment of 
diseases; attitudes towards all other compo-
nents of a healthy lifestyle. Results obtained 
via questioning accomplished among school-
children reveal that most of them think health 
to be the main value in life (73.4 %) and also 
consider a family to have a leading role in 
health preservation [30]. 

Decline in living standards, poorer avail-
ability of medical aid, adverse changes in the 
environment and other factors create much 
greater health risks and limit parents’ capabili-
ties to preserve and improve their children’s 
health. Moreover, parents often don’t have suf-
ficient knowledge on how to educate their 
children regarding health preservation. Parents 
often tend to underestimate “how significant 
behavioral risk factors are as they pay too 
much attention to environmental risks” [31]. 
All the above mentioned factors, together with 
a family as a social institution being trans-
formed in the contemporary world, parents be-
ing now not so authoritative as they used to be, 
and a gap between generations only growing, 
etc., lead to a significant decrease in a poten-
tial that a family has as an institution that can 
make for pursuing healthy lifestyle. Given 
that, it is quite essential to pay great attention 
to managing health, eliminating adverse fac-
tors, and making children and teenagers pursue 
healthy lifestyle. 

Our research goal was to substantiate an 
opinion that at present as a family institution is 
being transformed parents don’t have sufficient 
competence necessary for making their children 
healthy and convince children and teenagers to 
pursue a healthy lifestyle. Consequently a state 
and a society should provide a family with in-
formation and economic support. 

The authors of the present work were 
most interested in studying behavioral health 
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risk factors for Russian children (0–14 years 
old) and teenagers (15–17 years old) as they 
are a rather specific social and demographic 
group. Another important issue here is a poten-
tial that a family institution has for managing 
these health risk factors and their elimination. 

Our empiric data were taken from a 
study performed by the Department for Family 
Sociology and Demography, Sociology Fac-
ulty of the Moscow State University. It was 
entitled “Inter-regional studies on life values 
and intransitivity of attitudes towards having a 
family and children among women, men, and 
married couples based on ongoing analysis of 
comparable data” (hereinafter called CeDO for 
short). The first stage in the study was accom-
plished in summer 2018 in Moscow (CeDO-
2018) and involved married couples question-
ing. The sampling included 729 people. Data 
were statistically processed with IBMSPSS 
23.0 for Windows. In order to perform com-
parative analysis as well as obtain additional 
data on the subject, we also took data provided 
by the Public Opinion Fund, The Russian Pub-
lic Opinion Research Center (VSIOM), the 
World health organization (WHO), the RF 
Public healthcare Ministry, and the Federal 
State Statistics Service (Rosstat). 

Results and discussion. Healthy lifestyle 
is based on being educated how to preserve 
one’s health; such education should start in the 
very early childhood and only in this case it 
will yield really good results. In this context a 
family is an institution that is potentially able 
to most efficiently instill a value-oriented ap-
proach to health in its members and minimize 
related risks. 

As we have already mentioned, health to a 
great extent depends on everyday self-pre-
serving behavior, and a person and his or her 
lifestyle is its mane regulator. According to 
data obtained via CeDO-2018, most respond-
ing parents (63.5–62.1 % fathers and 64.8 % 
mothers) agreed with that and considered that 
they bore a major responsibility for their own 
health and health of their children. As per data 
provided by VSIOM, Russians also tend to 
blame themselves for feeling bad and their 
health deterioration (47 %) [32]. However, 

people’s actions aimed at their health preserva-
tion and improvement are often contrary to 
their understanding what should be done to 
achieve this goal. 

Parents believed health was on the great-
est values in life. When ranking 15 values in 
order of priority, 46 % respondents gave health 
the 1st rank place (51.9 % mothers and 39.5 % 
fathers). “health for myself” as a value had an 
average rank being equal to 3.2 (a bit lower 
than “family” as a value, 3.1; but the following 
group of values had significantly lower ranks 
with their average values being not less 
than 6). And health becomes even more valu-
able when it comes to children’s health. When 
answering a question “In your opinion, what 
should be the most valuable for your chil-
dren?” 61 % respondents stated it was “health” 
(“health for children” as a value had a rank 
equal to 2.5; for comparison, “family” had 
only 4.8). Overall, parents didn’t think their 
health was poor (only 1.6 % mothers stated it 
was, and there were no fathers who gave such 
an answer) and considered it to be good 
(53.3 %). Most parents were quite satisfied with 
their health (36.9 % completely, and 54.1 % 
partially) and their children’s health (51.2 % 
completely and 40.2 % partially) (Table 1). 

Healthy lifestyle is a rather complicated 
and multi-dimensional concept but at the same 
time it is an integral one with all its elements 
being closely interconnected. Healthy lifestyle 
includes rational nutrition, giving up bad hab-
its, physical activity, reasonable sexual behav-
ior, diseases prevention, etc. In addition to 
physical and biological aspects we should also 
mention psychological ones such as minimiz-
ing stresses, positive thinking, ability to inter-
act with other people etc. But at the same time 
it would be incorrect to reduce healthy life-
style to individual aspects only. Sociological 
approaches to studying healthy lifestyle focus 
on social reasons, social institutions and be-
havioral patterns that result in occurrence of 
various attitudes [33]. 

Table 2 contains data on distribution of 
various healthy lifestyle elements according 
to opinions given by responding parents 
(CeDO-2018). 
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T a b l e  1  
Descriptive statistics of basic CeDO-2018 results, % 

Self-evaluations of health and healthy lifestyle behavior Parents in 
general Fathers Mothers

Satisfied with my health (completely or partially)  91.0 94.8 87.5 
Satisfied with my children’s health (completely or partially)  91.4 94.0 89.1 
Think my health is good 53.3 56.0 50.8 
Take regular care of my health  41.0 36.2 45.3 
Pursue a healthy lifestyle 24.6 21.6 27.3 
Try to pursue a healthy lifestyle but don’t always succeed  61.1 62.9 59.4 
Make my children pursue a healthy lifestyle via talking to them  36.5 38.8 34.4 
Make my children pursue a healthy lifestyle via doing it myself 52.0 47.4 56.3 
Think that improper nutrition is bad for health (bad/rather bad)  93.0 90.5 95.3 
Think that low physical activity is bad for health (bad/rather bad) 98.5 96.6 97.5 
Think that alcohol intake is bad for health (bad/rather bad)  87.3 81.1 93.0 
Think that smoking is bad for health (bad/rather bad)  95.9 93.1 98.5 
Smoke 21.7 31.9 12.5 
Don’t do sports / do it less than once a month 32.4 28.3 31.6 

T a b l e  2  
Healthy lifestyle elements according to parents’ opinions, in % (CeDO-2018) 
Answering a question: “What does healthy lifestyle mean to you personally?  

(not more than THREE options should be chosen)” 

Healthy lifestyle element Parents in general Fathers Mothers 
Giving up bad habits 65.2 63.8 66.4 
Healthy nutrition 63.1 59.5 66.4 
Doing sports 42.6 44 41.4 
Keeping up healthy day regimen 33.6 29.3 37.5 
Adhering to hygiene rules 18.0 14.7 21.1 
No promiscuous sexual contacts 13.5 12.9 14.1 
Ability to manage one’s emotions 12.7 13.8 11.7 
Regular visits to a doctor to prevent diseases 9.4 6.9 11.7 
Having reliable information on healthy lifestyle 5.7 7.8 3.9 

 
Sociological concepts on health risk fac-

tors stress negative trends in lifestyles and the 
environment and include both behavioral risk 
factors and social contexts, as well as macro-
sociological factors (such as low living stan-
dards, “social differentiation, peculiarities of 
socioeconomic, social-cultural, and social-
political subsystems in a society”) [18]. 

The present work primarily focuses on 
healthy lifestyle formation and eliminating 
health risks for children and teenagers. Hence, 
it seems advisable to pay primary attention to 
risk factors that can be modified such as addic-
tive behavior, imbalanced nutrition, low 
physical activity, risky sexual behavior, risk of 
injuries, etc. 

Smoking. Excess spread of smoking in 
Russia is a major issue related to healthy life-
style. Smoking is a cause of untimely death in 
16–17 % cases in Russia [34]. As per data pro-
vided by the RF Public Healthcare Ministry, a 
number of smoking people is going down (from 
37.1 % in 2013 to 30.5 % in 2017): however, 
Russia is still among outsiders as per this pa-
rameter. Smoking is more widely spread only in 
Indonesia, Jordan, Kiribati, and Sierra Leone 
[35], and a number of cigarettes per capita 
(2,227) is one of the highest in Europe [36]. As 
per the WHO data, in 2017 in Russia 45 % men 
and 15 % women smoked. [37]. Selective ex-
aminations of female reproductive behavior in 
Russia revealed that 11.5 % women didn’t 
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quit smoking even after they found out they 
were pregnant [38]. As per data obtained in 
international research, those women who 
managed to quit smoking during pregnancy 
were likely to start smoking again after a 
child was born (43 % during the first 6 months 
since delivery) [39]. 

According to the WHO, most adults started 
smoking when still being teenagers. A share of 
smoking teenagers among those aged 13–15 is 
still rather high in Russia as it amounts to 
15.1 %, 17 % among boys and 13.3 % among 
girls; 26.3 % out of them started smoking when 
they were younger than 10 [40]. There is a clear 
dependence between smoking parents and a 
wish a teenager has to start smoking. “Two 
thirds of teenagers from families where parents 
smoke or used to do it in the past have tried 
smoking at least once; there are much fewer 
such teenagers in non-smoking families, only 
41 %” [41]. Children who grow in families 
with smoking parents start smoking at an ear-
lier age and they more often become regular 
smokers [42]. 

According to data obtained via CeDO-
2018, 21.7 % adults smoked among Russians 
who had children, 31.9 % men and 12.5 % 
women. Smoking people tended to neglect 
health risks caused by smoking both for them 
and their children (only 57 % smokers be-
lieved smoking was hazardous for health 
against 91.7 % of non-smokers). Besides, al-
most one fourth of smoking parents claimed 
that they tried to persuade their children to 
pursue healthy lifestyle with their own exam-
ple and it was considerably lower than among 
non-smokers (63.2 %), but still we can say it 
was rather presumptuous (Figure 1). It is inter-
esting to note that it was smokers (40 %) who 
believed that a healthy lifestyle required a lot 
of time and money against 17.5 % non-
smokers being of the same opinion. 

Alcohol intake. Alcohol abuse is the next 
health risk factor that can be modified. Contri-
bution made by alcohol into untimely death 
cases amounts to about 10 % [34]. 

According to official data provided by the 
RF Public Healthcare Ministry, alcohol con-
sumption has reduced by 40 % over the last 

 
Figure 1. Persuading children and teenagers to 
pursue a healthy lifestyle by smoking and non-

smoking parents, in % (CeDO-2018) 

five years [43]. Data provided by the WHO 
confirm these statistical reports as according to 
them Russian now consumed by 3.5 liters 
fewer per capita (8.42 in 2016) than they used 
to 10 years ago (11.83 in 2006) [44]. Still, we 
should remember that these figures include 
only alcohol that is accounted for officially 
and the WHO experts believe that 30.8 % al-
cohol consumed in Russia (3.6 liters per cap-
ita) is unaccounted for (illegal). That is, actual 
consumption is about 12 liters [45]. 

CeDO-2018 revealed that only 8.4 % par-
ents thought alcohol intake caused no health 
risks and didn’t damage health at all; 87.3 % 
stated it was hazardous (51.6 % believed it was 
extremely hazardous, and 35.7 %, rather haz-
ardous, Table 1). In spite of favorable trends 
and population becoming aware that alcohol is 
a risk factor, alcohol consumption, especially 
strong spirits consumption, is still rather high 
in Russia. 

VSIOM conducted a questioning in 2018 
entitled “What should we protect our children 
from?”; it revealed that it was alcohol and drug 
addiciton that took the 1st rank place with their 
share amounting to 37 % [46]. The research 
also revealed that, in Russians’ opinion, it was 
parents who bore the greatest responsibility for 
protecting children’s interests (44 %); how-
ever, it doesn’t always happen and a situation 
in families where a child’s relatives abuse al-
cohol is somewhat different. 

There is an undoubted relation between 
adults in a family being addicted to alcohol 
and children’s health. According to data ob-
tained via a research work performed in the 
USA that focused on short-term and remote 
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consequences of a mother being addicted to 
various substances during her pregnancy, al-
cohol took the 1st rank place as per adverse 
effects exerted on a future child’s body as it 
left behind even such drugs as marijuana, co-
caine, opiates, and amphetamines [47]. Chil-
dren of alcohol-addicted parents run greater 
risks to become alcoholics. Thus, frequency of 
alcohol addiction among adult sons who grew 
in families with alcohol-addicted parents 
amounts to 70 %; among adult daughters, from 
5 to 25 % [48]. 

A lot of risk factors exert their adverse in-
fluence over a certain time lag; on the contrary, 
alcohol produces negative effects already among 
people aged 15–29. Mortality among young peo-
ple caused by alcohol consumption reaches 
13.5 %. In 2016 578,000 deaths of young people 
were caused by alcohol intake [49]. 

Low physical activity. Low physical activity 
is another health risk factor that occurred due to 
industrial production being modernized and liv-
ing conditions having changed significantly. 

In March 2018 P.A, Kolobkov, the RF 
Minister for Sport, said that 36.6 % Russians 
aged 3–79 did some sports. 6 years ago the 
figure was by 15 % lower, that is, the parame-
ter now is closed to economically developed 
countries where it is not lower than 40 % [37] 
and where researchers detect that people, es-
pecially young ones, are becoming more and 
more involved into doing sports, attending 
sport clubs, and playing sport games [50–52]. 
According to data provided by VSIOM, over 
the last ten years sporty lifestyle has become 
much more popular in Russia. 25 % people in 
the country do sports regularly, and 30 %, 
from time to time (against 9 % and 17 % in 
2008) [53]. A share of schoolchildren and stu-
dents doing sports has also grown considera-
bly, from 47 % in 2012 to 76.8 % in 2017 [37]. 

CeDO-2018 yielded the following results: 
68 % fathers and 60 % mothers stated that they 
did some sports; 19 % fathers and 18.8 % 
mothers did it every day; 38 % and 31.3 % ac-
cordingly, several times a week; 10.3 % and 
10.2 % accordingly, once a week. About half 
of parents (42.6 %) thought doing sports to be 
an integral part of healthy lifestyle (Table 2). 

As regards influence exerted by family mem-
bers on children’s health, parents assessed 
their contribution into their children’s health 
lifestyle quite adequately. Parents who did 
some sports were inclined to think that they 
were making their children pursue healthy life-
style (62 %). Confidence in it was directly 
proportionate to frequency of doing sports; 
there were 73.7 % parents who believed in it 
among those who did sports every day; 64.7 %, 
among those who did sports several times a 
week; and 47.8 %, among those who did sports 
once a week. 30.5 % respondents among those 
who didn’t do sports also believed they per-
suaded their children to pursue healthy life-
style with their own example. 

Improper nutrition and overweight. Nowa-
days more and more people all over the world 
suffer from overweight and obesity. D. Callahan 
enlisted obesity among top five threats to the 
mankind, along with climatic changes, access to 
food and water, and diseases [54]. The problem 
is caused by people being less physically active 
and a global shift in nutrition rations towards 
high-energy products with high fat and sugar 
contents [55]. According to CeDO-2018 data, 
93 % parents thought improper nutrition to be a 
risk factor; 68.8 % out of them believed it was 
extremely hazardous, and 26.2 %, rather hazard-
ous (Table 1). 

Overweight usually occurs in childhood 
and improper nutrition both at school and at 
home makes for it as children tend to consume 
a lot of fast food and carbonated drinks. All 
over the world, a share of children and teenag-
ers aged 5–19 who suffered from overweight 
and obesity increased from 4 % in 1975 to 
18 % in 2016; four out of each five children 
with the given problem would still have it in 
their adult life [56]. 

Nowadays in Russia parents don’t think 
that their children having overweight or being 
fat is a serious problem and it is often ne-
glected. But as domestic researchers reveal, 
26.3 % schoolchildren think they are “too fat” 
[28]; a share of children aged 0–14 who suf-
fered from obesity grew by 56 % from 2005 to 
2016, and a share of teenagers aged 15–17 
who had the same problem, by 47 % [11], and 
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we should also note that not each such case is 
registered as a diagnosed disease. 

Risky sexual behavior. Sexual behavior 
has a specific role in the structure of factors 
that influence teenagers’ health. Teenagers 
who are deprived of support from their closest 
social relations run the highest risks. “Parent – 
child” relations are especially significant in 
this respect and teenagers who are sexually 
active frequently state they don’t have tight 
personal contacts with their parents. We 
should note that although most parents (68 %) 
admit they can talk with their children about 
sexual education [57], in reality only 10 % 
teenagers say that they were first enlightened 
on sexual matters by their parents [58]. 

As per data obtained in some domestic re-
search, teenagers on average have their first 
sexual contact when they are 16.8 years old; 
about 30 % girls and 45 % boys already have 
sexual experience by 16; 10–13 % children 
already have it when they are 13–14 years old; 
and 4–9 % children younger than 13 [59]. The 
first sexual contact at an early age can produce 
adverse effects on teenagers’ health as it 
causes high risks of sexual diseases, including 
HIV, as well as of early unplanned pregnan-
cies and abortions [60–62]. When a teenager 
starts his or her sexual life too early, it results 
in much greater chances that in future he or 
she will not use any contraception [59] and 
will be prone to promiscuity [62]. 

Children and teenagers injuries. Injuries 
are one of the primary risk factors for children 
as they cause the greatest life-threatening risk 
and are the primary reason for children becom-
ing disabled all over the world. As per WHO 
data, about 2,300 deaths among children 
younger than 18 are caused by injuries, and 
90 % of such injuries result from unintentional 
incidents or casualties [63], most of them be-
ing potentially preventable; 88 % of parents in 
Russia whose children suffered from injuries 
claim that the last injury could have been 
avoided [64]. The situation gets even worse 
due to low living standards of many families in 
Russia who have certain difficulty with buying 
or even can’t afford to buy such simple things 
as a car seat for a baby, or specific appliances 

or devices for providing children’s safety at 
home or outdoors, etc. Together with parents 
having low competence as regards providing 
safety environment for their children, it results 
in much greater risks of children being injured. 
Children injuries should be prevented and it is 
necessary to start with adults who are to learn 
how to control their children’s behavior more 
efficiently and adhere to basic rules for child-
care. Medical and social workers, in their turn, 
are to timely provide parents with relevant in-
formation on a situation that can result in an 
injury; they should also educate parents on 
safe behavior and on how they can educate 
their children on the matter. 

Conclusion. We have revised literature 
on the matter, analyzed data obtained via 
CeDO-2018 and other sociological research on 
parents influencing their children’s health and 
their adherence to healthy lifestyle as well as 
parents’ role in reducing adverse effects pro-
duced by health risk factors. Having done it, 
we can make the following conclusions: 

– adherence to healthy lifestyle appears 
under influence exerted by the closest rela-
tions. A family is a primary institution that in-
fluences value orientations of children and 
teenagers in the sphere of health and health-
preserving behavior; 

– children and teenagers’ orientation at 
preserving their health and pursuing healthy 
lifestyle should be an integral part of family 
education and should be based both on tar-
geted activities accomplished by parents and 
aimed at informing children about advantages 
of healthy lifestyle and on motivating children 
and teenagers to pursue healthy lifestyle by 
giving them a personal example; 

– parents are not sufficiently aware how to 
manage health risk factors that threaten their 
children’s health and how to minimize their im-
pacts; adults tend to underestimate influence ex-
erted on their children’s health by such behav-
ioral risk factors as improper nutrition, over-
weight and obesity, and low physical activity; 

– it is necessary to develop a reasoned 
policy aimed at making parents more educated 
as regards healthy lifestyle; it should include 
providing them with relevant and scientifically 
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grounded data on existing risks for their health 
and health of their children as well as on how 
to eliminate them; parents should be provided 
with such data as it is them who bear the main 
responsibility for future generations’ health; 

– the current situation in Russia with chil-
dren’s and teenagers’ health is being made 
even worse by the fact that many families in 
the country don’t have financial and other ca-
pabilities to provide basic conditions for pre-
serving their children’s health and safety for 
them; consequently, there should be aid pro-
vided directly to families depending on a spe-
cific situation; 

– it is necessary to accomplish wide-scale 
modernization of material and technical base 
and social and cultural infrastructure required 
for preserving children’s and teenagers’ health; 
it includes developing public transports, con-
structing sport facilities, organizing health nu-
trition at educational facilities, creating com-
fortable conditions for studies and leisure etc.; 

– making children and teenagers pursue 
health-preserving behavior requires combined 
efforts made by basic social institutions aimed 
at creating a common space where health-
reserving competence can be acquired; at edu-
cating young people how to pursue healthy life-
style and eliminating risk factors that threaten 
their health. All this requires a complex ap-
proach involving not only family members but 
also medical experts, sociologists, psycholo-
gists, and representatives of public and social 
organizations. 

 
Funding. The work has been accomplished 

due to financial support provided by the RFFR 
within the research project entitled “Inter-regional 
studies on life values and intransitivity of attitudes 
towards having a family and children among 
women, men, and married couples based on ongo-
ing analysis of comparable data (1976–2020) ” No. 
18-011-01037. 

Conflict of interests. The authors declare 
there is no any conflict of interests. 

 

References 
1. Rimashevskaya N.M. Russkii krest [The Russian Cross]. Priroda, 1999, no. 6, p. 7–12 (in Russian). 
2. Gorshkova I.V., Prokhorov B.B., Tarasova E.V., Shmakov D.I. Obshchestvennoe zdorov'e i eko-

nomika [Public health and the economy]. Institut narodnogo prognozirovaniya RAN, 2007. In: B.B. Prok-
horov ed. Available at: https://ecfor.ru/publication/obshhestvennoe-zdorove-i-ekonomika/ (10.05.2019) 
(in Russian). 

3. Dzhanaeva N.G., Elizarov V.V., Bobkov V.N. Zdorov'e naseleniya kak klyuchevoi factor sot-
sial'no-ekonomicheskogo razvitiya regionov Rossii [Population health as a key factor in social and eco-
nomic development of the RF regions]. Analiticheskii vestnik № 34 (518). Nauchno-ekspertnyi sovet pri 
Predsedatele Soveta Federatsii Federal'nogo Sobraniya Rossiiskoi Federatsii. In: V.D. Krivova ed.  
Moscow, 2013, pp. 10–17 (in Russian). 

4. Sachs J.D. Macroeconomics and health: investing in health for economic development: execu-
tive summary. Report of the Commission on Macroeconomics and Health. World Health Organization, 
2001, 20 p. 

5. Suhrcke M., Arce R.S., McKee M., Rocco L. Economic costs of ill health in the European Re-
gion. Health Systems, Health and Wealth: WHO European Ministerial Conference on Health Systems. 
Estonia, 2008, 24 p. 

6. Bloom D.E., Canning D., Sevilla J. The Effect of Health on Economic Growth: A Production Func-
tion Approach. World Development, vol. 32, no. 1, 2004, pp. 1–13. DOI: 10.1016/j.worlddev.2003.07.002  

7. Zhuravleva I.V. Zdorov'e studentov: sotsiologicheskii analiz [Students’ health: sociological 
analysis]. Moscow, Institut sotsiologii RAN Publ., 2012, 252 p. (in Russian). 

8. Zhuravleva I.V. Zdorov'e molodezhi: vozmozhno li ego uluchshit'? [Young people’s health: is it 
possible to improve it?]. Rossiya reformiruyushchayasya: ezhegodnik. Moscow, Novyi Khronograf Publ. 
In: M.K. Gorshkov ed., 2017, no. 15, pp. 419–436 (in Russian).  

9. Ulumbekova G.E. Zdravookhranenie Rossii: 2018–2024 gg. Chto nado delat'? [Public healthcare 
in Russia in 2018–2024: what should be done?]. ORGZDRAV: novosti, mneniya, obuchenie, 2018, no. 1, 
pp. 9–16 (in Russian).     



Role played by a family in creating healthy lifestyle and eliminating risk factors that cause threats… 

ISSN (Print) 2308-1155    ISSN (Online) 2308-1163    ISSN (Eng-online) 2542-2308 183

10. Zargarova A.E., Vladimirova E.V., Vladimirov V.V., Sachkova O.S. Epidemiology of the inci-
dence of sexually transmitted infections among young people. Sotsial'nye aspekty zdorov'ya naseleniya, 
2018, vol. 5, no. 63, pp. 10–11 (in Russian).  

11. Zdravookhranenie v Rossii: statisticheskii sbornik [Public healthcare in Russia: a statistical col-
lection]. Moscow, Rosstat Publ., 2017, 170 p. (in Russian). 

12. Baranov A.A., Albitskiy V.Yu. State of health of children in Russia, priorities of its preservation 
and improving. Kazanskii meditsinskii zhurnal, 2018, vol. 99, no. 4, pp. 698–705 (in Russian).  

13. Onishchenko G.G., Zaitseva N.V., May I.V., Shur P.Z., Popova A.Yu., Alekseev V.B., Dol-
gikh O.V., Zemlyznova M.A. [et al.]. Analiz riska zdorov'yu v strategii gosudarstvennogo sotsial'no-
ekonomicheskogo razvitiya: monografiya [Health risk analysis within the strategy for the state social 
and economic development: a monograph]. In: G.G. Onishchenko, N.V. Zaitseva eds. Moscow, Perm, 
Izdatel`stvo Permskogo natsionalnogo issledovatelskogo universiteta Publ., 2014, 738 p. (in Russian).  

14. Kiku P.F., Zhigaev D.S., Shiter N.S., Sabirova K.M., Mezentseva M.A. The concept of risk fac-
tors for the health of the population. Byulleten' fiziologii i patologii dykhaniya, 2016, no. 62, pp. 101–109 
(in Russian).  

15. Reshetnikov A.V. Evolyutsiya i problem sovremennoi sotsiologii i meditsiny [Evolution and is-
sues in the contemporary sociology and medicine]. Ekonomika i zdravookhranenie, 2000, no. 11, pp. 24–28 
(in Russian).    

16. Link B., Phelan J. Social Conditions as Fundamental Causes of Disease. Journal of Health and 
Social Behavior, 1995, pp. 80–94. DOI: 10.2307/2626958  

17. Wilkinson R.G. Socio-economic differences in mortality: interpreting the data on their size and 
trends. Class and Heath. London, New York, Tavistock Publ., 1986, pp. 1–20.  

18. Barg A.O., Nesevrya N.A. Sotsial'nye factory riska zdorov'yu: teoretiko-metodologicheskie 
problem analiza [Social health risk factors: theoretical and methodological issues of the analysis]. Vestnik 
Permskogo universiteta. Filosofiya. Psikhologiya. Sotsiologiya, 2010, no. 1, pp. 99–108 (in Russian).  

19. Keshishev I.A., Orel O.V., Smirnova V.I. Environment and health of the children’s population. 
Pediatr, 2013, vol. 4, no. 2, pp. 24–27 (in Russian). 

20. 10 facts on children's environmental health. Available at: https://www.who.int/features/fac-
tfiles/children_environmental_health/en/ (10.06.2019). 

21. Ekologiya i zdorov'e detei [Ecology and children’s health]. In: M.Ya. Studenikin, A.A. Efimova 
eds. Moscow, Meditsina Publ., 1998, 385 p. (in Russian). 

22. Vel'tishchev Yu.E., Mizernitskii Yu.L. Ekologicheskie aspekty pediatricheskoi pul'monologi-
cheskoi patologii [Ecological aspects of pediatric pulmonologic pathology]. Pul'monologiya detskogo voz-
rasta: problem i resheniya. In: S.Yu. Kaganov, Yu.L. Mizernitskii eds. Moscow, 2001, no. 1, pp. 55–67 
(in Russian). 

23. Krasnov M.V., Kirillov A.G., Krasnov V.M., Savaskina E.N., Abrukova A.V. Hereditary dis-
eases at children. Prakticheskaya meditsina, 2009, vol. 7, no. 39, pp. 22–30 (in Russian). 

24. Nikolaeva E.A., Semyachkina A.N. Sovremennye vozmozhnosti lecheniya nasledstvennykh 
zabolevanii u detei [Modern possibilities of hereditary diseases treatment in children]. Rossiiskii vestnik 
perinatologii i pediatrii, 2018, vol. 63, no. 4, pp. 6–14 (in Russian). 

25. Nasledstvennye bolezni v populyatsiyakh cheloveka [Hereditary diseases in human popula-
tions]. In: E.K. Ginter ed. Moscow, Meditsina Publ., 2002, 304 p. (in Russian). 

26. Nazarova I.B. Zdorov'e rossiiskogo naseleniya: factory i kharakteristiki (90-e gody) [Russia's 
population health: factors and characteristics in the 1990's]. Sotsiologicheskie issledovaniya, 2003, 
no. 11, pp. 57–69 (in Russian).  

27. Kislitsyna O.A. Socio-economic inequality in health: trends and hypotheses. Sotsial'nye aspekty 
zdorov'ya naseleniya, 2017, vol. 54, no. 2, pp. 1–2 (in Russian).  

28. Kuchma V.R., Sokolova S.B. Basic trends in behavioral health risks. Health Risk Analysis, 
2019, no. 2, pp. 4–13 (in Russian). DOI: 10.21668/health.risk/2019.2.01.eng 

29. Vospitanie detei. Opros naseleniya [How to educate children: opinion poll]. Baza dannykh «FOM», 
2004. Available at: http://bd.fom.ru/report/cat/famil/child_dress/dd041823 (18.07.2019) (in Russian).  

30. Polunina N.V. Sostoyanie zdorov'ya detei v sovremennoi Rossii i puti ego uluchsheniya [Chil-
dren's health in Russia: current state and ways for improvement]. Vestnik Roszdravnadzora, 2013, no. 5, 
pp. 17–24 (in Russian).  



E.N. Novoselova 

Health Risk Analysis. 2019. no. 4 184 

31. Lebedeva-Nesevrya N.A., Barg A.O. Osobennosti vospriyatiya roditelyami vneshnesredovykh i 
povedencheskikh riskov dlya zdorov'ya detei doshkol'nogo vozrasta [Peculiarities related to how parents 
perceive environmental and behavioral risks for pre-school children’s health]. Vestnik Permskogo univer-
siteta. Filosofiya. Psikhologiya. Sotsiologiya, 2011, no. 1, pp. 101–106 (in Russian).  

32. Dostupnost' i kachestvo rossiiskogo zdravookhraneniya: otsenki patsientov [Availability and qual-
ity of public healthcare in Russia: estimated by patients]. Moscow, VTsIOM Publ., 2015. Available at: 
https://wciom.ru/fileadmin/file/reports_conferences/2015/2015-09-02-zdravoohranenie.pdf (10.07.2019) 
(in Russian).  

33. Korp P. Problems of the Healthy Lifestyle Discourse. Sociology Compass, 2010, vol. 4, no. 9, 
pp. 800–810. DOI: 10.1111/j.1751-9020.2010.00313.x 

34. V 17% sluchaev tabak yavlyaetsya prichinoi prezhdevremennoi smertnosti v Rossii [In Russia to-
bacco smoking is a cause of untimely deaths in 17 % cases]. Ministerstvo zdravookhraneniya Rossiiskoi 
Federatsii: Ofitsial'nyi sait. Available at: https://www.rosminzdrav.ru/news/2018/11/15/9632-v-17-
sluchaev-tabak-yavlyaetsya-prichinoy-prezhdevremennoy-smertnosti-v-rossii (10.05.2019) (in Russian). 

35. Prevalence of tobacco smoking. WHO: official website. Available at: http://gamapser-
ver.who.int/gho/interactive_charts/tobacco/use/atlas.html (10.05.2019). 

36. Inglik T.N., Chernyavskaya N.M., Aibazova L.B. Epidemiologic aspects related to tobacco 
smoking as risk factors for female workers employed in retail trade. Health Risk Analysis, 2019, no. 1, 
pp. 109–117 (in Russian). DOI: 10.21668/health.risk/2019.1.12.eng 

37. Zdorovyi obraz zhizni: nekotorye vazhnye resheniya i pokazateli za 6 let [Healthy lifestyle: cer-
tain important decisions and parameters over the last 6 years]. Pravitel'stvo Rossiiskoi Federatsii: Ofit-
sial'nyi sait. Available at: http://government.ru/info/32118/ (10.04.2019) (in Russian). 

38. Sakevich V. Rasprostranennost' kureniya sredi rossiyanok [Prevalence of tobacco smoking 
among female population in Russia]. Demoskop Weekly, 2014, no. 603–604. Available at: http://www. 
demoscope.ru/weekly/2014/0603/reprod01.php (14.06.2019) (in Russian). 

39. Lewis S., Parrott S., Wormall S., Coleman T. Restarting smoking in the postpartum period after re-
ceiving a smoking cessation intervention: a systematic review. Addiction, 2016, vol. 111, no. 6, pp. 981–990. 
DOI: 10.1111/add.13309  

40. Pokatilov A.B., Tirichenko O.Y. Kurenie sredi nesovershennoletnikh [The problem of smoking 
among teenagers]. Glavvrach Yuga Rossii, 2017, vol. 54, no. 2 (in Russian) 

41. Vliyanie roditelei na otnoshenie podrostkov k kureniyu [How parents influence attitudes to-
wards smoking among teenagers]. Institut sravnitel'nykh sotsial'nykh issledovanii. Available at: 
http://www.cessi.ru/index.php?id=74 (12.06.2019) (in Russian). 

42. Kurenie v sem'e i vozrast nachala kureniya podrostka [Smoking in a family and an age at which 
a teenager starts smoking]. Institut sravnitel'nykh sotsial'nykh issledovanii. Available at: http://www. 
cessi.ru/index.php?id=74 (10.05.2019) (in Russian). 

43. V Moskve nachal rabotu II Vserossiiskii forum po obshchestvennomu zdorov'yu [The second 
all-Russia forum on public health has begun in Moscow]. Ministerstvo zdravookhraneniya Rossiiskoi 
Federatsii: Ofitsial'nyi sait. Available at: https://www.rosminzdrav.ru/news/2018/10/16/9243-v-moskve-
nachal-rabotu-ii-vserossiyskiy-forum-po-obschestvennomu-zdorovyu (10.05.2019) (in Russian). 

44. Global Information System on Alcohol and Health. World Health Organization. Available at: 
http://apps.who.int/gho/ 
data/node.main-euro.GISAH?lang=en (10.07.2019). 

45. Shcherbakova E.M. Mirovye tendentsii potrebleniya alkogolya, otsenki VOZ 2018 goda [World 
trends in alcohol intake: WHO estimates in 2018]. Demoskop Weekly, 2019, no. 813–814. Available at: 
http://demoscope.ru/weekly/2019/0815/barom01.php (07.08.2019) (in Russian). 

46. Ot chego nuzhno zashchishchat' nashikh detei [What our children should be protected from]. In-
fografika VTsIOM. Available at: https://infographics.wciom.ru (10.05.2019) (in Russian). 

47. Smith V.C., Wilson C.R. Families Affected by Parental Substance Use. Pediatrics, 2016, vol. 2, 
no. 138, pp. e20161575. DOI:10.1542/peds.2016-1575 

48. Merinov A.V., Lukashuk A.V., Filippova M.D. The prevalence of chemical addictions has «adult 
children of alcoholics». Tyumenskii meditsinskii zhurnal, 2015, vol. 17, no. 4, pp. 21–24 (in Russian). 

49. Global status report on alcohol and health 2018. World Health Organization, 2018, 472 p. Available 
at: https://apps.who.int/iris/bitstream/handle/10665/274603/9789241565639-eng.pdf?ua=1 (10.05.2019). 



Role played by a family in creating healthy lifestyle and eliminating risk factors that cause threats… 

ISSN (Print) 2308-1155    ISSN (Online) 2308-1163    ISSN (Eng-online) 2542-2308 185

50. Carlman P., Wagnsson S., Patriksson G. Causes and consequences of dropping out from organ-
ized youth sports. Swedish Journal of Sport Research, 2013, vol. 2, no. 1, pp. 26–54.  

51. Crane J., Temple V. A systematic review of dropout from organized sport among children and youth. 
European Physical Education Review, 2015, vol. 21, no. 1, pp. 114–131. DOI: 10.1177/1356336X14555294 

52. Fraser-Thomas J., Cote J., Deakin J. Understanding dropout and prolonged engagement in ado-
lescent competitive sport. Psychology of Sport and Exercise, vol. 9, no. 5, pp. 645–662. DOI: 
10.1016/j.psychsport.2007.08.003  

53. Zdorovyi obraz zhizni: monitoring [Healthy lifestyle: monitoring]. Infografika VTsIOM. Avail-
able at: https://infographics.wciom.ru/theme-archive/society/social-problems/smoking/article/zdorovyi-
obraz-zhizni-monitoring.html (10.07.2019) (in Russian). 

54. Callahan D. The five horsemen of the modern world: climate, food, water, disease and obesity. 
New York, Columbia University Press, 2016, 416 p. 

55. Global Strategy on Diet, Physical Activity and Health. World Health Organization. Available at: 
https://www.who.int/dietphysicalactivity/childhood_why/ru/ (10.05.2019).  

56. Adolescent obesity and related behaviours: trends and inequalities in the WHO European Re-
gion, 2002–2014. In: J. Inchley, D. Currie, J. Jewell, J. Breda, V. Barnekow eds. World Health Organi-
zation, 2017, 98 p.   

57. Seksual'noe prosveshchenie molodezhi: kak, kogda i zachem? [Sexual education for young peo-
ple: how, when, and what for?]. Infografika VTsIOM, 2018. Available at: https://wciom.ru/index.php?id 
=236&uid=9427 (10.05.2019) (in Russian).  

58. Kadoshnikova M.Yu. To the question about the need for sexual education for adolescents and 
their parents. Zdorov'e i obrazovanie v XXI veke, 2015, vol. 17, no. 1, pp. 111–118 (in Russian).  

59. Bruno V.V. Risky Sexual Behavior of Modern Teenagers in Russia. Part I. Sotsiologicheskaya 
nauka i sotsial'naya praktika, 2018, vol. 6, no. 4 (24), pp. 117–129 (in Russian). DOI: 
10.19181/snsp.2018.6.4.6089/  

60. Epstein M., Manhart L.E., Hill K.G., Bailey J.A., Hawkins J.D., Haggerty K.P., Catalano R.F. 
Understanding the link between early sexual initiation and later sexually transmitted infection: test and 
replication in two longitudinal studies. Journal of Adolescent Health, 2014, vol. 54, no. 4, pp. 435–441. 
DOI: 10.1016/j.jadohealth.2013.09.016 

61. Stöckl H., Kalra N., Jacobi J., Watts C. Is Early Sexual Debut a Risk Factor for HIV Infection 
Among Women in Sub Saharan Africa? A Systematic Review. American Journal of Reproductive Immu-
nology, 2013, vol. 69, no. 1, pp. 27–40. DOI: 10.1111/aji.12043 

62. Shafii T., Stovel K., Davis R., Holmes K. Is condom use habit forming? Condom use at sexual 
debut and subsequent condom use. Sexually transmitted diseases, 2004, vol. 31, no. 6,pp. 366–372. DOI: 
10.1097/00007435-200406000-00010 

63. 10 faktov o detskom travmatizme [10 facts about children’s injuries]. Available at: https:// 
www.who.int/features/factfiles/injuries_children/facts/ru/ (10.05.2019) (in Russian). 

64. Gorbunov V.I., Gorbunov M.V., Pluzhnik V.I. The medical social aspects of childhood trauma-
tism accounting the family type. Problemy sotsial'noi gigieny, zdravookhraneniya i istorii meditsiny, 
2012, no. 3, pp. 25–27 (in Russian). 

 
 
Novoselova E.N. Role played by a family in creating healthy lifestyle and eliminating risk factors 

that cause threats to children’s and teenagers’ health. Health Risk Analysis, 2019, no. 4, pp. 175–185. 
DOI: 10.21668/health.risk/2019.4.19.eng   

 
 
Received: 15.04.2019 
Accepted: 27.11.2019 
Published: 30.12.2019 



E.N. Novoselova 

Health Risk Analysis. 2019. no. 4 186 

NEW LEGAL, REGULATORY AND METHODOLOGICAL 
DOCUMENTS ISSUED IN THE RF IN THE SPHERE 
OF HEALTH RISK ANALYSIS 

16.09.2019-13.12.2019  
 
The Decision by the Eurasian Economic 

Commission (EEC) Council dated November 11, 
2019 No. 191 “On making alterations into a struc-
ture of data on issued certificates confirming state 
registration of products which can be provided to 
customs authorities of the EAEU member states 
and a procedure for obtaining such data” 

 The documents specifies what data on issued 
certificates confirming state registration of prod-
ucts can be provided to customs authorities of the 
EAEU member states. 

  
 The Decision by the Eurasian Economic 

Commission (EEC) Council dated November 19, 
2019 No. 198 “On the list of international and re-
gional (interstate) standards, and in case of their 
absence, national (state) standards which, when 
applied, provide voluntary conformity with the 
Customs Union Technical Regulations (CU TR) 
“On safety of meat and meat products” (CU TR 
034/2013), and the list of international and re-
gional (interstate) standards, and in case of their 
absence, national (state) standards that contain 
rules and procedures for examinations (tests) and 
measurements, including rules for sampling, nec-
essary for applying and meeting requirements 
fixed in the CU TR “On safety of meat and meat 
products” (CU TR 0.4-2013) and assessing con-
formity of objects which are subject to technical 
regulation” 

Starting from June 01, 2020 updated lists of 
standards come into force; these lists contain stan-
dards which are necessary for meeting require-
ments fixed in the CU TR “On safety of meat and 
meat products” (CU TR 034/2013). Starting from 
June 01, 2020 The Decision by the Eurasian Eco-
nomic Commission (EEC) Council dated May 26, 
2014 No. 81 which approved on similar lists of 
standards is no longer valid. 

 
The Decision by the Eurasian Economic 

Commission (EEC) Council dated November 26, 
2019 No. 201 “On the list of international and 
regional (interstate) standards, and in case of 
their absence, national (state) standards which, 

when applied, provide voluntary conformity with 
the Eurasian Economic Union Technical Regula-
tions (EAEU TR) “On requirements to mineral 
fertilizers” (EAEU TR 039/2016) and the list of 
international and regional (interstate) standards, 
and in case of their absence, national (state) stan-
dards that contain rules and procedures for ex-
aminations (tests) and measurements, including 
rules for sampling, necessary for applying and 
meeting requirements fixed in the Eurasian Eco-
nomic Union Technical Regulations (EAEU TR) 
“On requirements to mineral fertilizers” (EAEU 
TR 039/2016) and assessing conformity of objects 
which are subject to technical regulation” 

The document approves on the lists of stan-
dards which are necessary for meeting require-
ments fixed in the EAEU TR “On requirements to 
mineral fertilizers” (EAEU TR 039/2016). It con-
cerns standards that contain rules and procedures 
for examinations (tests) and measurements, includ-
ing rules for sampling, which are necessary for 
meeting requirements fixed in the Regulations and 
assessing conformity of objects which are subject 
to technical regulation. 

 
The Decision by the Eurasian Economic 

Commission (EEC) Council dated December 03, 
2019 No. 210 “On making alterations into the EEC 
Council Decision dated June 13, 2012 No. 79” 

The document supplements a list of products 
which, when being under customs procedures, should 
be provided with a document confirming their con-
formity with the requirements fixed in the CU TR 
“On safety of individual protection means” (CU TR 
019/2011). In particular, the document includes new 
subsections “Individual protection means for protect-
ing hands from water and non-toxic substances” and 
“Individual protection means for protecting feet from 
water and solutions of non-toxic substances”. The 
subsection “Crush helmets for motor bikes drivers 
and passengers” was excluded from the section “In-
dividual protection means for the head”; and the 
phrase “declaration on conformity” was replaced 
with the phrase “certificate of conformity” in the sub-
section “Individual protection means for ears”. 
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The Decision by the Eurasian Economic 
Commission (EEC) Council dated December 03, 
2019 No. 211 “On making alterations into the 
Program on developing (making alterations and 
revising) interstate standards application of 
which will provide voluntary conformity with the 
requirements fixed in the CU TR “On safety of 
toys” (CU TR 008/2011), as well as interstate 
standards that contain rules and procedures for 
examinations (tests) and measurements, includ-
ing rules for sampling, necessary for applying 
and meeting requirements fixed in the CU TR 
“On safety of toys” (CU TR 008/2011) and as-
sessing conformity of objects which are subject 
to technical regulation” 

The document supplements the program for 
developing draft standards which are necessary for 
meeting requirements fixed in the Customs Union 
Technical Regulations (On safety of toys” (CU TR 
008/2011). 

 
The Decision by the Eurasian Economic 

Commission (EEC) Council dated September 
17, 2019 No. 154 “On the reference book speci-
fying types of products which are subject to 
sanitary-epidemiologic surveillance (control)” 

The document approves on the contents of the 
reference book that specifies types of products be-
ing subject to sanitary-epidemiologic surveillance 
(control). The reference book is included as a data 
source into the unified EAEU system for regula-
tory and reference information. It is obligatory to 
use codes given in the reference book when certain 
common processes are implemented within EAEU 
member states in the sphere of sanitary measures 
application. Specifically, the reference book con-
tains the following: 

– food products (raw or manufactured / proc-
essed), including those manufactured with apply-
ing genetically modified  (transgenic) organisms; 

– perfume and cosmetics, products for oral 
hygiene; 

– materials for products (products) which come 
into contact with human skin, clothing, footwear; 

– tobacco products and raw materials; 
– pesticides and agricultural chemicals. 
 
The Decision by the Eurasian Economic 

Commission (EEC) Council dated October 08, 
2019 No. 169 “On making alterations into the list 
of standards that specify rules and techniques for 
examinations (tests) and measurements, includ-
ing rules for sampling, which are necessary for 
applying and meeting the requirements fixed in 

EAEU TR “On safety of bottled water including 
natural mineral water” (EAEU TR 044/2017) 
and assessing conformity of objects which are 
subject to technical regulation” 

The document enlarges the list of standards 
which are necessary for applying and meeting re-
quirements fixed in the EAEU TR “On safety of 
bottled water including natural mineral water” 
(EAEU TR 044/2017). 

 
The Decision by the Eurasian Economic 

Commission (EEC) Council dated October 08, 
2019 No. 172 “On approving the list of products 
which, when being declared at the customs, 
should be provided with a document certifying 
assessment of conformity (or with data on a 
document that certifies assessment of confor-
mity) with the requirements fixed in the CU TR 
“Requirements to safety of food additives, flavor-
ing agents, and technological auxiliary products” 
(CU TR 029/2012) 

The document specifies the list of products 
which, when being declared at the customs, should 
be obligatorily provided with a document that certi-
fies their compliance with the requirements fixed in 
the CU TR “Requirements to safety of food addi-
tives, flavoring agents, and technological auxiliary 
products” (CU TR 029/2012). The approved list 
includes, among other things, food additives and 
complex food additives, flavoring agents, and tech-
nological auxiliary products. 

 
The RF Government Order issued on De-

cember 05, 2019 NO. 1600 “On approving the 
Rules for granting and distributing other inter-
budgetary transfers from the Federal Budget to 
the budgets of RF regions for implementing ac-
tivities on reducing aggregated emissions of con-
taminants into ambient air, reducing ambient 
air contamination in large industrial cities, and 
activities that should make for achieving targets 
fixed in “Pure air” Federal project as an inte-
gral part of “Ecology” National project” 

Certain regions will be able to receive federal 
transfers for reducing contaminants emissions into 
the atmosphere. Transfers are to be spent on im-
plementing complex plans on reducing emissions 
by December 31, 2023 in the following cities: 
Bratsk, Krasnoyarsk, Lipetsk, Magnitogorsk, Med-
nogorsk, Nizhniy Tagil, Novokuznetsk, Norilsk, 
Omsk, Chelyabinsk, Cherepovets, and Chita. 
Complex plans include the following: a growing 
share of economical and ecologically friendly cars; 
city transport switching to ecologically friendly 
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fuel; obtaining new vehicles for public transport 
systems; road infrastructure development; wider 
use of natural gas as fuel; equipping houses, build-
ings, and industrial objects with systems for gas 
supply; reconstruction of thermal power station 
and equipping them with gas refining units; recon-
struction and building of boiler houses in cities; 
construction and reconstruction of treatment facili-
ties for centralized sewage systems in settlements 
or municipal districts in large industrial centers; 
providing people living in houses with stove heat-
ing (not considered to be dilapidated) into new 
housing; planting trees and improving territories in 
settlements or municipal districts. 

 
The RF Government Order issued on Sep-

tember 11, 2019 No. 1183 “On accomplishing an 
experiment on marking bicycles and bicycle 
frames with identification means and monitoring 
over distribution of such products” 

Starting from September 16, 2019 and up to 
May 31, 2020 there will be an experiment accom-
plished on the RF territory; the experiment will in-
volve marking bicycles and bicycle frames with iden-
tification means. The goals are to confirm authentic-
ity of products; prevent illegal imports on the RF 
territory, as well as illegal production and distribution 
of bicycles and bicycle frames (including counterfeit 
ones); standardize and unify procedures for account-
ing distribution of bicycles and bicycle frames; de-
termine whether it is advisable to introduce obliga-
tory marking of bicycles and bicycle frames with 
identification means. Authorized federal executive 
bodies (including Rospotrebnadzor), manufacturers, 
importers of bicycles and bicycle frames, retailers, 
and “Operator – CRPT” LLC as an operator of an 
information system for monitoring and approbation 
of marking are going to participate in the experiment. 
Participation in the experiment is voluntary. 

 
The RF Government Order issued on Sep-

tember 26, 2019 No. 1251 “On accomplishing an 
experiment on marking with identification 
means and monitoring over distribution of cer-
tain tobacco goods that are subject to obligatory 
marking starting from July 01, 2020” 

Starting from October 01, 2019 and up to June 
30, 2020 there will be an experiment accomplished 
on the RF territory; the experiment will involve 
marking certain tobacco products that are subject to 
obligatory marking starting from July 01, 2020 with 
identification means. Among other things, the ex-
periment goals are: to develop unified procedures 
for marking and tracking tobacco products; to de-

termine whether it is advisable to stop marking im-
ported tobacco products with excise stamps; to de-
termine what data on a product should be provided 
on a mark that allow unambiguous identification of 
a tobacco product. Authorized federal executive 
bodies (including Rospotrebnadzor), distributors, 
and an information system operator will participate 
in the experiment. The document also specifies the 
list of tobacco products which are to be marked dur-
ing the experiment. 

 
The RF Government Order issued on Octo-

ber 26, 2019 No. 1376 “On making alterations 
into the RF Government Order issued on No-
vember 22, 2000 No. 883” 

The document updates the provisions on moni-
toring over quality and safety of food products and 
population health. In particular, it specifies the fol-
lowing: authorities that are responsible for organiz-
ing and performing monitoring over quality and 
safety of food products and population health; 
sources of information required for performing 
monitoring; a responsibility borne by authorized 
state bodies to annually, by March 31,  submit nec-
essary data  to authorities responsible for monitor-
ing. The document also specifies that interaction 
between involved parties is to be performed elec-
tronically, including use of the unified system for 
interdepartmental electronic interaction. 

 
The RF Government Order issued on No-

vember 21, 2019 N 2764-r “On determining quan-
tity of specific ozone-depleting substances in per-
missible volumes of ozone-depleting substances 
consumption in the Russian Federation and per-
missible volume of ozone-depleting substances 
manufacture in the Russian federation in 2020” 

In order to meet the country obligations fixed 
by Montreal Protocol on ozone-depleting substances 
that envisages gradual reduction in ozone-depleting 
substances (ODS) quantity until a complete ban on 
them in 2030, the document fixes volumes of pro-
duction and consumption for each ozone-depleting 
substance taking into account total permissible con-
sumption volume fixed for 2020. 

 
The RF Government Order issued on No-

vember 08, 2019 No. 2647-r “On making altera-
tions into the RF Government Order issued on 
April 28, 2018 No. 792-r” 

The document fixes the date for introducing 
obligatory marking on milk products; it is June 01, 
2020. Milk products that are not marked with identi-
fication means and data on their marking are not 
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submitted into the information system for monitoring 
can be distributed only until December 21, 2020. By 
this date all milk products not marked with identifica-
tion means should be taken out of distribution.  

 
Assignments given by the RF Government 

on September 27, 2019 “On assignments given by 
Dmitry Medvedev following the discussions with 
businessmen and experts during “Dialogue” TV 
program shown by Russia 24 TV channel” 

Following the discussions between the RF 
Government Head and businessmen, certain minis-
tries and departments, among other things, will 
have to complete the following tasks: 

– working out suggestions on how to revise 
“Sanitary-epidemiologic requirements to catering 
organizations, as well as manufacture and distribution 
of food products and food raw materials by such or-
ganization”; SER 2.3.6.1079-01 “Sanitary-epidemio-
logic rules and standards “Hygienic requirements to 
safety and nutrient value of food products”; SER 
2.3.2.1078-01, "Sanitary-epidemiologic rules and 
standards SER 2.3.2.1324-03 "Hygienic requirements 
to shelf life and storage conditions for food products” 
and on how to facilitate transfer to application of re-
quirements fixed in the ESEU technical regulations in 
providing catering services to population; 

– working out suggestions on performing an 
experiment in several RF regions including Mos-
cow, Tatarstan, and Kaliningrad region; the experi-
ment starts on January 01, 2020 and involves impos-
ing a certain limit on a focus of control and surveil-
lance activities performed within the federal state 
sanitary-epidemiological surveillance regarding 
safety of food products manufactured by catering 
facilities, including manufacture, storage, transpor-
tation, and sales; 

– preparing a draft of a federal law on making 
alterations into the RF Administrative Infractions 
Code regarding administrative ban on economic 
activities imposed for violating requirements to ren-
dering catering services to population that resulted 
in damage to people’s health. 

 
The Order by the RF Chief Sanitary Inspec-

tor dated October 22, 2019 No. 15 “On approv-
ing on sanitary rules SP "Specific sanitary-
epidemiologic requirements applied when assess-
ing noise occurring due to aircraft flights” 

The document fixes that conformity of air-
craft noise to permissible levels should be assessed 
as per the standard for equivalent sound level for 
day and night time fixed for territories which di-
rectly adjoin housing districts. When aircraft noise 

levels are calculated, boundaries of the 7th zone in 
a near-aerodrome territory are to be substantiated 
taking health risks into account. Calculation and 
assessment of health risks caused by aircraft noise 
is to be performed according to the conventionally 
approved procedure taking into account all meas-
ures aimed at reducing aircraft noise. 

 
The Information Letter by Rospotrebnad-

zor “On existing procedures for obligatory sub-
mission of certificates granting permission to 
visit a swimming pool” 

Rospotrebnadzor has confirmed that a swim-
ming pool owner has the right to demand obligatory 
submission of a certificate that grants permission to 
visit a swimming pool. The Letter clarifies that, ac-
cording to item 3.12.2 SER 2.1.2.1188-03 “Swim-
ming pools. Hygienic requirements to their con-
struction, operation, and water quality. Quality con-
trol”, it is necessary to submit a certificate issued by 
a medical and prevention organization that grants 
permission to visit a swimming pool in case a sani-
tary-epidemiologic situation in a given city or city 
district is not favorable as per diseases enlisted in 
SER. In order to prevent spread of infections, au-
thorities responsible for state sanitary-epidemiologic 
surveillance give instructions to swimming pool 
managers not to allow visitors who haven’t been 
examined by medical experts and haven’t had rele-
vant tests. Regardless of sanitary-epidemiologic 
situation preschool and junior school children are to 
be obligatorily examined and given a certificate that 
they don’t have enterobiasis.  

Still, sanitary legislation doesn’t impose any 
limitations on a swimming pool owner’s right to de-
mand a certificate regardless of a sanitary-epidemio-
logic situation. There are no requirements to submit 
any other certificate apart from those enlisted in the 
SER 2.1.2.1188-03. 

 
The Information Letter by Rospotrebnad-

zor “For customers’ attention: temperature in-
side housing” 

Rospotrebnadzor reminds that there are stan-
dards for comfortable temperature in a house that 
is safe for health. Permissible temperature during 
cold season is 18-24 degrees; during hot season, 
20-28 degrees. Communal services and commu-
nal companies are to provide people with optimal 
microclimate inside their houses. There is an ad-
ministrative penalty for violating the existing 
standards. 

In case temperature in an apartment differs 
substantially from the existing standards, a person 
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should submit a written application to a communal 
company stating that inconformity. Should there be 
no satisfying results of such submission, a person 
can complain to Rospotrebnadzor Regional Office 
or Municipal Housing Inspection. 

 
The Information Letter by Rospotrebnad-

zor “On performing control over hostels in 
apartment blocks” 

Rospotrebnadzor reminds that starting from 
October 01, 2019 it is prohibited to locate hostels 
and render accommodation services in apartment 
blocks without an isolated entry to a hostel.  
Should a hostel functioning result in deteriorated 
living conditions for people living in an apartment 
block, they can complain to Rospotrebnadzor, and 
the authority will have to accomplish an inspec-
tion. Should any violations be detected, the in-
spection report is to be submitted to court for sus-
pending or completely prohibiting a hostel func-
tioning. 

 
The Information Letter by Rospotrebnadzor 

“Providing schoolchildren with drinking water” 
Schools should provide children with drink-

ing water coming from drinking fountains or bot-
tled one. The letter specifies requirements to qual-
ity of water, drinking fountains, and bottled water. 
Children should be provided with free access to 
drinking water during the whole period of time 
they spend at school. 

 
The Information Letter by Rospotrebnad-

zor “For customers’ attention: peculiarities re-
lated to buying goods via the Internet” 

In particular, Rospotrebnadzor informs that 
having studied all the information on a product and 
having ordered it online, a customer has the right 
to refuse the product at any moment prior to it be-
ing delivered and during 7 days after it has been 
delivered. Should any information about a product 
provided on a web-site not conform to a product 
delivered to a customer, or should delivery terms 
be violated, a customer has the right to refuse the 
purchase, and a seller is obliged to return any pay-
ment made for the purchase to a customer. Should 
a delivered product be of improper quality, a cus-
tomer has the right to either demand that draw-
backs are eliminated immediately and free of 
charge or that any expenses required for their 
elimination by a customer or the third party be 
compensated for; a proportionate decrease in price; 
a product be replaced with its analogue with rele-
vant recalculation of its price. 

The Letter by the RF Ministry of Natural 
Resources and the Environment dated Septem-
ber 18, 2019 No. 12-47/22545 “On the necessity 
to adjust data in emission inventories” 

The Ministry informs that the Federal Law is-
sued on July 26, 2019 No. 195-FZ “On accomplish-
ing an experiment on making quotas for contami-
nants emissions and making alterations into certain 
legislative documents in the RF regarding reduction 
of ambient air contamination” makes alterations into 
the Clause 22 of the Federal Law issued on may 04, 
1999 No, 96-FZ “On ambient air protection” regard-
ing necessary accomplishment of inventories taking 
into account emissions from mobile sources. The 
alterations come into force on November 01, 2019. 
According to item 42 in the Procedure for accom-
plishing an inventory of stationary sources and emis-
sions of adverse (contaminating) substances into am-
bient air, adjusting its data, documenting and keeping 
data obtained via such inventories and their adjust-
ment, approved by the Order issued by the RF Minis-
try of Natural Resources and the Environment on 
August 07, 2018 No. 352, data obtained via an inven-
tory of emissions from an object that exerts hazard-
ous impacts on the environment are to be adjusted, 
among other things, when there are alterations into 
the RF legislation in the sphere of ambient air protec-
tion related to inventories of hazardous objects. 

 
The Letter by the RF Ministry of Natural 

Resources and the Environment dated August 01, 
2019 No. 12-47/18168 “On using automated con-
trol system in industrial environmental control” 

The Ministry clarifies what emission sources 
should be equipped with automated tools for 
measuring and accounting of emissions and (or) 
discharges. It informs that, according to the Fed-
eral Law issued on January 01, 2002 No. 7-FZ “On 
environmental protection”, a program for industrial 
environmental control over objects belonging to 
the 1st hazard category that should be obligatorily 
equipped with automated tools for measuring and 
accounting of emissions (discharges also contains a 
supplementary program for creating an automated 
control system or data on such a system already 
existing at an industrial object. 

A program for creating an automated con-
trol system is an appendix to a program for in-
dustrial environmental control; or the above 
mentioned data should be included into a pro-
gram for industrial environmental control. The 
legislation doesn’t require obligatory reports on 
implementing a program for creating an auto-
mated control system. 
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The Letter by the RF Federal Biomedical 
Agency dated November 05, 2019 No. 32-024/758 
“On giving recommendations” 

The Letter contains recommendations on how 
to prevent and treat mycoplasmal infection. Rec-
ommendations are developed due to foci of com-
munity-acquired pneumonia with mycoplasmal eti-
ology being registered in children facilities; they are 
also aimed at timely prevention and anti-epidemic 
activities being accomplished among those people 
who caught the infections and people who contacted 
patients suffering from it. The Agency insists that 
great attention should be paid to the closest adher-
ence to the requirements fixed in the Sanitary Epi-
demiologic Rules 3.1.2.3116-13 “Prevention of 
community-acquired pneumonia” regarding timely 
anti-epidemic activities taking place.  

 
Methodical guidelines for participants in 

the experiment on marking certain light indus-
try products with identification means and 
monitoring over their distribution in the Rus-

sian Federation” (approved by the RF Ministry 
of Industry and Trade on October 28, 2019) 

The Guidelines specify the following: 
– a procedure for marking certain light indus-

try products with identification means; such prod-
ucts are clothing, including work wear, made of 
natural or composite leather, and some others; 

– a procedure for participants in an experiment 
on providing data on products distribution to an op-
erator of the state information system for monitoring 
over distribution of products that are subject to mark-
ing with identification means; 

– a description of means for products iden-
tification; 

– requirements to technical means applied by 
participants in the experiment, and to participants 
in the experiment who obtain technical means form 
an operator; 

– a procedure for interaction between the state 
information system for monitoring and other state 
information systems and information systems of 
participants in the experiment. 

  
 


