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PRIORITIES IN SCIENTIFIC SUPPORT PROVIDED FOR HYGIENIC ACTIVITIES 
ACCOMPLISHED BY A SANITARY AND EPIDEMIOLOGIC SERVICE:  
HOW TO FACE KNOWN THREATS AND NEW CHNALLANGES 
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Scientific support provided for activities accomplished by the Federal Service for Surveillance over Consumer Rights 

Protection and Human Well-being is considered to be a most significant tool for raising productivity and efficiency of the 
system functioning. A concept on scientific support provided for Rospotrebnadzor’s organs and authorities in 2021–2025 
focuses on creating an integral, coordinated, efficient, stable, and adaptive system of scientific support provided for activi-
ties aimed at securing sanitary-epidemiologic welfare of the population. A peculiar feature of this concept for 2021–2025 is 
an emphasis on science-intensive analysis technologies and predictions based on digital informational and analytical sup-
port provided for strategic and operative decisions on minimizing risks and damage to population health. Another emphasis 
is on significance of fundamental hygienic research. The concept sets the tasks to develop scientific grounds for cellular and 
sub-cellular technologies applied to diagnose health disorders under exposure to occupational and environmental factors as 
well as lifestyle-related ones. It is necessary to create a personified medical and preventive platform for preserving life and 
health; the platform should be based on risk assessing, monitoring and prediction, mathematical modeling of processes oc-
curring in a body, and the latest data on physiology and toxicology. The Concept also covers issues related to developing 
innovative technologies for preventing and rehabilitating diseases associated with environmental and occupational factors 
basing on science-intensive cross-disciplinary studies and the most up-to-date hardware and software complexes. More en-
hanced hygienic and epidemiologic research is an extremely important and promising vector in scientific development. The 
Concept outlines the necessity to promptly make new technologies available to experts who are responsible for control, sur-
veillance, inspections, licensing, and other activities within Rospotrebnadzor system.  

The Concept on scientific support is being implemented via «Scientific substantiation for the national system for pro-
viding sanitary-epidemiologic welfare, health risk management, and raising life quality of the RF population», a specialized 
scientific-research program for 2021–2025. More than 80 % resources allocated within the specialized program will be as-
signed for solving the most vital tasks and preventing future threats. Finding solutions to major strategic tasks set by the 
Concept and the specialized scientific program will allow achieving greater contributions made by organs and authorities of 
the sanitary-epidemiologic service into scientific, technological, and socioeconomic development of the country including a 
contribution into developing and implementing competitive scientific-technical products.  

Key words: Rospotrebnadzor, hygienic studies, scientific support, concept on scientific support, specialized scientific 
program. 
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At present scientific and technologic de-
velopment is becoming more and more rapid, 
competition is getting stronger, and geopoliti-
cal factors tend to exert greater influence on 
the society thus bringing about new global 
challenges; all this requires developing and 
implementing new conceptual decision-
making models as regards strategies for eco-
nomic and social development. Fundamental 
factors of the global crisis that started in 2009 
(economic instability, loss of more than 5 mil-
lion workplaces in the leading world econo-
mies [1]; growing gap between developed and 
developing countries [2]) have been aggra-
vated with epidemiological problems. Thus, 
the agenda of the World Economic Forum in 
Davos in 2021 was given with a slogan «The 
Great Reload in an epoch after COVID-19 
pandemic» even in October last year. «New 
normality» concept that came to life when the 
crisis had just begun has become wider used 
[3, 4]; it means that it is impossible to return to 
values and levels of the past; a change of para-
digms, both regarding public and individual 
behavior; and occurrence or changes in risks 
for human life, health, and well-being [5, 6]. 

The existing situation requires serious 
changes in former approaches, most of all, 
when it comes to preserving human capital and 
achieving a considerable growth in it. Most 
states, Russia included, are well aware of it: 
«Each our new step, each new law, or a state 
program should be assessed, first of all, bear-
ing in mind the top national priority which is 
preserving the country population and achiev-
ing considerable population growth» (as it was 
stated by the RF President in his Message to 
the Federal Assembly of the Russian Federa-
tion issued on January 21, 2020)1. 

In countries that are planning to invest 
into «health-oriented» projects new conceptual 
approaches are being developed to implement-
ing «reasonable regional strategies»; innova-
tive and high-tech clusters and Centers of Ex-

cellence are being created; development funds 
for priority technological, social, and ecologi-
cal projects are being organized. A greater at-
tention is being paid to increasing intensity 
and efficiency of cooperation between acade-
mician centers, centers at higher educational 
establishments, departmental centers and busi-
ness; the focus is also on developing the most 
competent and authoritative scientific schools, 
on creating new technological platforms, and 
making decisions basing on reaching a consen-
sus between all the stakeholders. Maximum 
support is being provided for development of 
high-tech services that are competitive at the 
global markets [6–8]. 

Threats and challenges related to hygienic 
safety are not so obvious and are not being dis-
cussed as vividly as ones related to biological 
(epidemiologic) safety. It is especially true in 
the current situation when the whole world is 
concentrating on issues related to COVID-19 
pandemic. But it certainly doesn’t mean that 
hygienic issues are becoming less significant in 
terms of their ability to cause medical and 
demographic losses [9–12]. 

Ambient air contamination, especially in 
large and medium-sized industrial centers, 
causes health risks including carcinogenic ones. 
In some cases these risks are assessed as intol-
erable and they result in additional deaths, res-
piratory diseases, diseases if the circulatory sys-
tem, oncologic diseases, diseases of the im-
mune and endocrine system etc. In Russia poor 
ambient air quality annually causes proximately 
3,000 deaths and more than 800 thousand dis-
eases cases2 [13–15]. 

It is still not prohibited by legislation to 
discharge contaminated sewage into water ob-
jects including those used as sources for com-
munal and drinking water supply. Consider-
able efforts made by the state authorities aim-
ing at providing people with high quality 
drinking water have yielded some positive re-
sults as there has been almost a 20 % decrease 

__________________________ 
 
1 The RF President Message to the Federal Assembly of the Russian Federation issued on January 21, 2020. Parlament-

skaya gazeta (The Parliament bulletin). Available at: https://www.pnp.ru/politics/opublikovan-polnyy-tekst-poslaniya-
prezidenta-federalnomu-sobraniyu.html (02.02.2021) (in Russian). 

2 On sanitary-epidemiologic welfare of the population in the Russian Federation in 2019. The state report. Moscow, The 
Federal Service for Surveillance over Consumer Rights Protection and Human Well-being, 2020, 299 p. (in Russian). 
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in a share of drinking water samples taken 
from centralized water supply systems that de-
viated from hygienic standards. But still, ap-
proximately 8 % people living in the country 
are not provided with drinking water that has 
proper quality and is truly safe [16, 17]. 

Accumulated industrial and consumer 
wastes (approximately 31.6 billion tons) are 
deposited on a territory with its total square be-
ing approximately equal to 4.0 million hectares. 
Since such damping grounds are usually located 
close to residential areas, they deteriorate qual-
ity of the environment and often cause social 
confrontations. Contamination of underground 
water sources and soils including agricultural 
ones is often registered in many RF regions; 
sanitary standards and requirements to agricul-
tural products as food raw materials are also 
violated rather frequently [18–20]. 

There are still issues related to persistent 
noise exposure on urban territories including 
zones influenced by airfields and airports [21]. 
Health risks caused by exposure to physical 
factors require precise quantitative assessment 
and preventive activities. 

Pesticides and agricultural chemicals are 
being produced in larger quantities, their 
range is growing as new products are being 
introduced on a market and implemented into 
everyday practice; the same goes for nanopar-
ticles and nanomaterials as new substances 
and materials are being synthesized and dis-
tributed in such industries as chemistry and 
petrochemistry, pharmaceutics, construction 
and finishing materials manufacture, agricul-
ture, etc. All this leads to a considerable growth 
in a range of chemicals that people have to con-
tact. Overall, approximately 89.1 million peo-
ple (62.6 % of the country population) live 
under exposure to complex chemical burden 
determined by contaminated food products, 
drinking water, ambient air, and soils [22, 23]. 
It requires wide-scale advanced toxicological 
and hygienic studies including those accom-
plished with the best available laboratory in-
struments and procedures. 

Workers’ health preservation and im-
provement is still a pressing issue, especially 
given a steady rise in retirement age [24]. 

Education and lifestyle of the rising gen-
eration should not be neglected. These issues 
have always been paid special attention to by 
the sanitary authorities; however, given fun-
damentally new approaches to organizing the 
educational process for children, namely, digi-
tal technologies being applied during lessons, 
changes in the structure of educational activi-
ties, less frequent and less intensive physical 
activity, etc., it is necessary to develop innova-
tive approaches to managing health risks for 
children since their health deteriorates due to 
all the above-mentioned changes in the educa-
tional process [25, 26]. 

We should also mention that the existing 
sanitary-hygienic situation is developing under 
influence exerted by climatic changes that create 
not only economic and epidemiologic risks but 
also sanitary-hygienic ones. Permafrost thawing 
in the Arctic regions imposes a threat that an 
emergency can occur at industrial objects with 
such adverse consequences as ambient air, soils, 
and water objects being contaminated with 
chemicals including extremely hazardous ones. 
In dry arid regions climatic changes aggravate 
problems related to agricultural and drinking wa-
ter supply with all negative outcomes including 
medical and demographic ones [27, 28]. 

Influence exerted by all the above men-
tioned negative trends on population health 
which is associated with risks in the sphere of 
sanitary-epidemiologic welfare of the RF popu-
lation cannot be properly assessed without 
technical support provided for the overall deci-
sion-making and practical actions. 

Obviously, the current activities performed 
by Rospotrebnadzor are provided with the up-
to-date scientific instruments and procedures 
which mostly correspond to the best available 
world practices. 

Today research and development in the 
sphere of providing sanitary-epidemiologic 
welfare for the population is accomplished by 
28 scientific organizations within Rospotreb-
nadzor structure. Approximately 5,000 people 
are employed by these scientific organizations 
including 11 RAS academicians and corre-
sponding members, 380 Doctors of Sciences, 
and more than 1,200 Candidates of Sciences. 
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Laboratory support provided for social 
and hygienic monitoring and control activities 
includes up-to-date technological base that al-
lows performing gas and high-performance 
liquid chromatography, atomic-absorption 
analysis, mass spectrometry with inductively 
coupled plasma, etc. Existing procedures for 
measuring admixtures in ambient air, air inside 
buildings, drinking water, soils, and food 
products, allow performing control over them 
in their reference concentrations that guarantee 
safety of the environment for people. Biologi-
cal monitoring is also being developed at the 
moment [29–31]. 

Science-intense procedures for analyzing 
sanitary-epidemiologic situation often involve 
using the latest geoinformation systems to-
gether with the up-to-date mathematical in-
struments (fuzzy sets theory, neural networks, 
situation modeling, etc.); it provides an oppor-
tunity to perform spatiotemporal analysis of 
how risks and damage to health are distributed 
and develop in dynamics [32, 33]. 

Cellular and sub-cellular technologies, in-
cluding proteome and metabolome analysis, 
are used to assess sanitary-hygienic situation 
and create an evidence base to prove negative 
effects produced by environmental factors on 
human health. They allow obtaining exposure 
«traces» that reflect a metabolic state of a body 
and getting an insight into pathogenesis of 
health disorders under exposure to certain sub-
stances or agents [34]. 

Scientific approaches to creating a risk-
oriented model of control and surveillance ac-
tivities performed by Rospotrebnadzor allowed 
simultaneous reduction in overall number of 

inspections and stricter control over objects 
that created major risks and threats for popula-
tion health. 

Scientific support is considered the most 
significant tool for raising efficiency and pro-
ductivity of the overall sanitary-epidemiologic 
service functioning; given that, a work group 
has developed «The Concept of scientific sup-
port provided for Rospotrebnadzor organs and 
authorities in 2021–2025 and brunch programs 
on topical issues related to provision of Ro-
spotrebnadzor activities» which was approved 
by the Head of the Service on December 21, 
2020 No. 869 (hereinafter called the Concept). 

The document was developed taking into 
account basic provisions and targets fixed by 
the strategic documents issued in the RF, in-
cluding those related to modern science devel-
opment. These documents include «The Strat-
egy for medical science development in the 
Russian Federation up to 2025 (approved on 
by the RF Government Order issued on De-
cember 28, 2012 No. 2580-r)»3; «The Strategy 
for scientific and technological development in 
the Russian Federation» (approved by the RF 
President Order on December 01, 2016 No. 
642)4; The RF President Message to the RF 
Federal Assembly on March 01, 20185 «On 
national goals and strategic tasks in the RF de-
velopment for a period up to 2024»; The RF 
President Order dated May 07, 2018 No. 2046 
«The basics of the state policy in the sphere of 
providing chemical and biological safety in the 
Russian Federation up to 2025 and further on» 
(approved by the RF President Order dated 
March 11, 2019 No. 97)7; The RF President 
Order dated June 06, 2019 No. 254 «On the 

__________________________ 
 
3 The Strategy for medical science development in the Russian Federation up to 2025: The RF Government Order issued 

on December 28, 2012 No. 2580-r. KonsultantPlus. Available at: http://www.consultant.ru/document/cons_doc_LAW_140249/ 
(02.02.2021) (in Russian).  

4 The Strategy for scientific and technological development in the Russian Federation: The RF President Order issued on 
December 01, 2016 No. 642 (last edited on March 15, 2021). KonsultantPlus. Available at: http://www.consultant.ru/docu-
ment/cons_doc_LAW_207967/ (02.02.2021) (in Russian). 

5 The RF President Message to the RF Federal Assembly on March 01, 2018. KonsultantPlus. Available at: 
http://www.consultant.ru/document/cons_doc_LAW_291976/ (02.02.2021) (in Russian). 

6 On national goals and strategic tasks in the RF development for a period up to 2024 The RF President Order dated 
May 07, 2018 No. 204. The official Internet-portal for legal information. Available at: http://www.consultant.ru/docu-
ment/cons_doc_LAW_291976/ (02.02.2021) (in Russian). 

7 The basics of the state policy in the sphere of providing chemical and biological safety in the Russian Federation 
up to 2025 and further on: The RF President Order dated March 11, 2019 No. 97. KonsultantPlus. Available at: 
http://www.consultant.ru/document/cons_doc_LAW_319787/ (02.02.2021) (in Russian). 
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strategy for the public healthcare development 
in the Russian Federation up to 2025»8; «Ba-
sics of the state policy in the sphere of provid-
ing nuclear and radiation safety in the Russian 
Federation up to 2025 and further on» (ap-
proved by the RF President Order dated Octo-
ber 13, 2018 No. 585)9. 

Primary goals set by the Concept include 
progressive development of specialized sci-
ence aimed at creating integral, coordinated, 
efficient, stable, and adaptive system of scien-
tific support provided for activities aimed at 
securing sanitary-epidemiologic welfare of the 
population. 

Priorities for scientific research in the 
sphere of hygiene, population health improve-
ment, and sanitary surveillance development 
have been determined in full conformity with 
the functions the Service performs and powers 
it possesses and taking into account challenges 
and threats, both existing and predicted ones 
(for a short-term and middle-term periods). 
These priorities include the following: 

– substantiating procedures for systemic 
assessing, predicting, and managing health 
risks and life quality related to environmental 
factors; 

– giving scientific grounds for complex 
measures aimed at assessing and managing 
health risks for employable population in lead-
ing industrial and agricultural branches; 

– developing procedures for systemic as-
sessment, predicting, and managing health 
risks for children, teenagers, and young people 
related to environmental factors, peculiarities 
of their activities and life style; 

– giving scientific grounds for risks man-
agement and assessment aimed at providing 
food safety; 

– developing scientific grounds for a digi-
tal and medical-preventive platform for health 
improvement on the basis of population and 
individual risks prediction and assessment of 

damage to health associated with environ-
mental factors and life quality; 

– developing procedures for hygienic 
standardization and control basing on interna-
tional data, mathematic modeling and health 
risk assessment methodology; 

– scientific support for providing radia-
tion safety in Russia in order to minimize 
health risks. 

Each priority is given vital tasks and sub-
jects for scientific research, for example: 

– developing new procedures for identifi-
cation and quantitative assessment of envi-
ronmental factors including screening and bio-
logical monitoring; 

– developing methodical grounds for as-
sessing and predicting influence exerted by 
various factors on health of people from differ-
ent population groups using chemical, clinical, 
functional, immunologic, genetic, cytological, 
non-invasive, and alternative procedures; 

– determining cause and effect relations and 
their parameters in development of work-related 
and occupational morbidity and developing a 
scientifically grounded risk management system 
for employable population’s health; 

– giving scientific grounds for minimizing 
risks for children and teenagers health given 
specific conditions of the modern educational 
process; 

– developing toxicological procedures for 
assessing xenobiotics, new substances and ma-
terials, including nano-sized ones, basing on 
examining overall toxic and specific effects 
(mutagenic, carcinogenic, gonadotoxic, em-
bryotoxic, teratogenic, neurotoxic ones, etc.); 

– developing theory and practice of hygi-
enic standardization taking into account the 
latest scientific advances in medicine and biol-
ogy, including those achieved at cellular, ge-
netic, and molecular levels; 

– updating state safety regulations when 
ionizing irradiation sources are used taking 

__________________________ 
 
8 On the strategy for the public healthcare development in the Russian Federation up to 2025: The RF President Order 

dated June 06, 2019 No. 254. KonsultantPlus. Available at: http://www.consultant.ru/document/cons_doc_LAW_326419/ 
(02.02.2021) (in Russian). 

9 Basics of the state policy in the sphere of providing nuclear and radiation safety in the Russian Federation up to 2025 
and further on: The RF President Order dated October 13, 2018 No. 585. KonsultantPlus. Available at: http://
www.consultant.ru/document/cons_doc_LAW_308884/ (02.02.2021) (in Russian). 
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into account the latest technical, scientific, and 
industrial developments; 

– examining mechanisms of health disor-
ders occurrence and development under expo-
sure to a set of factors (genetic, natural-climatic, 
technogenic, biological, environmental, occupa-
tional, related to life style, etc.) using science-
intense diagnostic and information platforms; 

– developing etiologic and pathogenetic 
grounds for preventing non-communicable 
diseases associated with risk factors; develop-
ing scientific grounds for a personified medi-
cal and preventive platform for life and health 
preservation based on risk assessment, moni-
toring, and prediction, etc. 

A peculiar feature of this Concept for 
2021–2025 is an emphasis on science-intensive 
analysis technologies and predictions based on 
digital informational and analytical support 
provided for strategic and operative decisions 
on minimizing risks and damage to population 
health. The Concept stipulates that it is neces-
sary to develop algorithms and procedures for 
data collection and processing, scenario model-
ing, building up intellectual hard- and software 
complexes; these complexes should have a ca-
pacity to generate new conclusions that might 
not always be obvious even for experts and they 
should be capable to do it basing on analyzing 
multi-dimensional and variable data sometimes 
even in on-line mode. 

The provisions fixed in the Concept fully 
correspond to goals and tasks set within the 
Program for fundamental scientific research in 
the Russian Federation for a long-term period 
(2021–2030) that was approved on December 
31, 2020 by the RF Government Order No. 
3684-r10, Rospotrebnadzor being an involved 
performer. 

The departmental document (The Concept) 
highlights the necessity to provide support for 
fundamental hygienic research that in future 
can give a new impulse to applied studies with 
significant practical results. It sets the tasks to 
develop scientific grounds for identifying and 

monitoring over proteomic profiles, expression, 
and polymorphism of certain genes and ultra-
structural disorders in a body occurring under 
exposure to occupational and environmental 
factors and factors related to life-style. It is also 
necessary to create a personified medical and 
preventive platform for life and health preserva-
tion basing on risks assessment, monitoring, 
and prediction, mathematic modeling of proc-
esses occurring in a human body, and the latest 
data on physiology and toxicology. The Con-
cept also fixes the tasks to develop innovative 
technologies for preventing and rehabilitating 
diseases associated with environmental and oc-
cupational factors basing on science-intensive 
cross-disciplinary studies and the most up-to-
date hardware and software complexes. A lot of 
studies concentrate on managing risks for chil-
dren’s and teenagers’ health given implementa-
tion of new information technologies and signifi-
cant changes in behavioral patterns and lifestyle. 

More enhanced hygienic and epidemi-
ologic research is an extremely important and 
promising vector in scientific development. 
First of all, in comes to scientific develop-
ments that focus on examining mechanisms 
and consequences of effects produced by envi-
ronmental contamination on post-vaccination 
immunity formation and support and on an 
epidemiologic process itself. Such borderline 
studies are especially vital both in the existing 
sanitary-epidemiologic situation and taking 
into account similar threats and risks that 
might occur in future [35–39]. 

But still it is obvious that scientific re-
search should satisfy practical needs of Ro-
spotrebnadzor. It requires making new tech-
nologies instantly available to experts who are 
responsible for control, surveillance, inspec-
tions, licensing, and other activities within Ro-
spotrebnadzor system. The latter requires cer-
tain efforts made not only by scientific organi-
zations but also workers from practical 
sections in the Service who should master new 
competences and skills (Figure). 

__________________________ 
 
10 On Approval of Program for fundamental scientific research in the Russian Federation for a long-term period (2021–

2030): The RF Government Order issued on December 31, 2020 No. 3684-r On Approval of Program for fundamental scientific 
research in the Russian Federation for a long-term period (2021–2030). Garant.Ru. Information and legal portal. Available at: 
http://www.garant.ru/products/ipo/prime/doc/400070256/ (02.02.2021) (in Russian). 



A.Yu. Popova, S.V. Kuzmin, N.V. Zaitseva, I.V. May 

Health Risk Analysis. 2021. no. 1 10 

 
Figure. A conceptual scheme showing interaction between theory  

and practice given new challenges and threats 

In its turn, mastering new procedures and 
techniques that involve work with informa-
tion flows and analysis results will allow ex-
perts employed by Rospotrebnadzor authori-
ties and centers for hygiene and epidemiology 
to provide proper feedback, when new tasks 
are set forth for scientists as per results ob-
tained via control and surveillance activities 
and social and hygienic monitoring and a de-
mand occurs for new technologies, proce-
dures, criteria, etc. 

The Concept on scientific support is be-
ing implemented via a specialized scientific 
and research program for 2021–2025 called 
«Scientific substantiation for the national sys-
tem for providing sanitary-epidemiologic 
welfare, health risk management, and raising 
life quality of the RF population». The Pro-
gram contains a list of 169 scientific research 
works that should allow solving 26 major 
tasks in 7 scientific schools in the sphere of 
hygiene. 143 research works have been in-
spected by the RAS and included into state 
tasks formulated for departmental scientific 
research that should be performed by relevant 
scientific organizations in 2021. 

The specialized program is assumed to as-
sign more than 80 % of all its resources for solv-
ing the most vital tasks and preventing future 

threats. Some scientific organizations within Ro-
spotrebnadzor system will have to change direc-
tions and contents of their scientific research. 

The specialized program is also assumed 
to simultaneously preserve basic research vec-
tors but also be dynamic to a certain extent as 
it will provide an opportunity to adjust certain 
scientific research as a response to occurring 
vital tasks and challenges. Besides, the pro-
gram will be able to react to any changes in 
provisions fixed in strategic documents such as 
«Ecology», «Demography», and «Public 
healthcare» National projects, the RF Gov-
ernment Order No. 3680-r issued on December 
20, 202011, «The activity program («road-
map») on developing and enhancing the sys-
tem of federal state sanitary-epidemiologic 
surveillance for 2021–2028», «The activity 
plan within the Childhood Decade for a period 
up to 2027» (approved by the RF Government 
Order on January 23, 2021 No. 122-r)12 etc. 

Research works being accomplished at 
present and planned for the future are diverse; 
their subjects are also diverse and there are dif-
ferent programs that cover them. It also in-
volves a necessity to solve a great number of 
tasks and engage a lot of experts as well as to 
generalize and integrate all the obtained results; 
sanitary-epidemiologic legislation is to be up-

__________________________ 
 
11 On Approval of The activity program («roadmap») on developing and enhancing the system of federal state sanitary-

epidemiologic surveillance for 2021-2028: The RF Government Order issued on December 20, 2020 No. 3680-r. Konsultant-
Plus. Available at: http://www.consultant.ru/document/cons_doc_LAW_373356/ (02.02.2021) (in Russian). 

12 On Approval of «The activity plan within the Childhood Decade for a period up to 2027»: The RF Government Or-
der issued on January 23, 2021 No. 122-r. KonsultantPlus. Available at: http://www.consultant.ru/docu-
ment/cons_doc_LAW_373356/ (02.02.2021) (in Russian). 



Priorities in scientific support provided for hygienic activities accomplished by a sanitary and epidemiologic service…   

ISSN (Print) 2308-1155    ISSN (Online) 2308-1163    ISSN (Eng-online) 2542-2308 11

dated and it will require drawing up diverse 
regulatory and methodical documents. Given all 
that, it is obvious that close contacts between 
scientific organizations and practical divisions 
of the Service call for new approaches to orga-
nizing scientific research and implementation of 
project management instruments. 

A plan is to raise efficiency of immediate 
and long-term planning and coordination be-
tween scientific research and development ac-
tivities via taking into account all obtained sci-
entific results and their implementation into 
practice. The Concept envisages development 
of monitoring activities and procedures for as-
sessing efficiency and productivity of re-
searchers, divisions, and work teams as a 
whole; new activities aimed at raising scien-
tific research to new levels are to be developed 
and implemented. 

Interaction between scientific organiza-
tions within Rospotrebnadzor system and terri-
torial bodies, including other federal executive 
authorities, is to be enhanced. An important 
tool in this interaction is creation of reference 
centers for topical hygiene issues and data ex-
change between them based on concluding 
agreements on cooperation (including those 
involving several parties). These agreements 
will contain clear substantiation for topicality 
of a problem being solved and scientific and 
practical significance of expected results. 

The Concept also determines basic trends 
in personnel policy basing on assessing effi-
ciency of each researcher and a specific share 
of researchers who are younger than 39 in the 
overall number of researchers employed by an 
organization. There will be an increase in ac-
tivities aimed at training highly qualified per-
sonnel as well as attracting young experts via 
integration of scientific research and educa-
tional activities and creation of science and 
education centers involving HEE that train ex-
perts in a required sphere. 

There is also intent to establish and develop 
partnership and accomplish joint research works 
with foreign scientific centers on basic scientific 
and practical issues that provide sanitary-
epidemiologic welfare of population. A priority 
here is cooperation with EAEU member states 

and development of interaction with the WHO, 
ILO, CCA, IAEA, UNCTAD, OECD, WTO, 
and other international organizations on topical 
issues related to sanitary-epidemiologic welfare 
and development and implementation of activi-
ties aimed at providing it. 

It seems advisable to consider a possibil-
ity to create a center for strategic planning of 
scientific research in the sphere of hygiene, 
toxicology, and chemical safety. This center 
should also have control functions, be able to 
perform intradepartmental examinations and 
analysis; it will also generalize results obtained 
via scientific works and coordinate activities 
of Problem Commissions in order to draw up 
up-to-date integrated documents in sanitary 
legislation, new procedures for sanitary-
epidemiologic surveillance, prevention pro-
grams and activities. 

Overall, it is assumed that if basic strate-
gic goals fixed in the Concept are reached and 
basic tasks set by it are solved, it will allow: 

– providing high-quality scientific and 
methodical basis and increasing efficiency of 
control and surveillance activities performed 
by Rospotrebnadzor; 

– increasing contribution made by au-
thorities and organizations within the Sanitary-
Epidemiologic Service into scientific-
technological and socioeconomic development 
of the country, including developing and im-
plementing competitive science and engineer-
ing products; 

– providing authorities and organizations 
within Rospotrebnadzor system with science-
intense efficient tools for controlling, analyz-
ing, and predicting sanitary-epidemiologic 
situation; 

– making fundamental and applied scien-
tific research correspond to up-to-date interna-
tional standards and requirements; 

– creating conditions for transition to a 
new high-quality and intense interaction be-
tween scientific research organizations and 
authorities and organizations within Rospot-
rebnadzor system; 

– using research equipment and budgets 
allocated for research organizations more effi-
ciently; 
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– increasing quality of highly qualified 
personnel training and providing support for 
young researchers and experts; 

– enhancing international scientific coopera-
tion on issues related to providing sanitary-epi-
demiologic welfare and making it more efficient. 

Activities performed by «All-Russian so-
ciety of hygienists, toxicologists, and sanitary 
inspectors» will allow consolidating resources 
and efforts made by the Service aiming at pro-

viding sanitary-epidemiologic welfare. This 
new organization was created as per the Order 
by the Head of the Service and legally regis-
tered on February 02, 2021 by the RF Ministry 
of Justice. 
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The present work focuses on building up a mathematical model showing bacteria population evolution in human 

lungs taking into account dynamics of immune processes; the model would be useful for assessing functional damage to 
the lungs. Numeric modeling of processes that occur in a human body is a promising tool for analyzing and predicting 
impacts exerted by risk factors on health. The suggested approach was developed within a concept describing a human 
body as a multi-level model that allowed for interaction between various systems and functional state of examined organs 
given effects produced on them by different adverse factors. Since direct modeling of the structure and processes occur-
ring in the lungs is rather complicated, these organs are usually described with a porous medium model and it requires a 
lot of computing resources. Damage to the lungs determined via an evolution equation was introduced into the model. 
The equation described dependence between damage and infiltrate distribution and effects produced on alveolar cells by 
toxicants excreted by bacteria. 

The work dwells on certain results that characterize how concentrations of immune system components and bacteria 
population are spatially distributed when an immune response is evolving. Our research provides a qualitative insight into 
reasons for quantitative changes in bacteria population under immune reactions occurring in a body under exposure to dif-
ferent factors. This approach can be used for obtaining more precise parameters for existing population models that show 
spread and clinical course of bacterial infections and for making a long-term prediction of an epidemiological situation. 
Results obtained with this approach can be useful for analyzing risks of communicable diseases including those occurring 
under exposure to adverse environmental factors. 

Key words: mathematical modeling, immune response, bacteria population, toxin extraction, functional damage, hu-
man lungs, porous medium, multi-component mixture flow. 
 

 
 People constantly interact with the en-

vironment throughout their lives as they get 
all the necessary substances from it and are 
exposed to its adverse effects. Influence ex-
erted on people by adverse environmental 
factors results in their deteriorating health; 
contagion with bacterial flora is a possible 
cause for health disorders. 

At present there are different clinical 
laboratory and functional techniques aimed at 
observing and examining processes that occur 
in a human body. Such techniques allow ob-
taining a complex insight into a current situa-
tion with a patient’s health. However results 
obtained via such techniques give a picture of 

a patient’s health only for a moment at which 
measurements are made and they do not pro-
vide any opportunity to make forecasts [1, 2]. 
These techniques are based on analyzing vari-
ous tests with their results being compared 
with physiological standard ranges; basing on 
it, experts make conclusions on a patient’s 
health. Besides, a lot of such techniques are 
rather expensive and labor-consuming. 

Mathematical modeling seems to be a 
completely different approach used for more 
profound examining and predicting processes 
that occur in various organs in a body. A lot 
of field observations that are rather painstak-
ing can be replaced with computing experi-
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ments that involve using mathematical mod-
els. Mathematic modeling procedures allow 
saving time and resources, changing initial 
conditions, and analyzing a disease develop-
ment as per different scenarios. It means that 
the approach is truly universal as we can use 
the same mathematical model for different 
cases of the same disease. 

Creation of a model that shows how bac-
terial population evolves in the human lungs 
is a part of the more general task which is to 
create a mathematical model for describing a 
human body as an interconnected set of or-
gans and systems; certain functional damage 
is to be introduced into it for each organ in 
order to show an extent to which functions of 
this organ are distorted [3]. Damage changes 
within a range from 0 to 1 (0 means that there 
are no functional disorders and 1 mans that an 
organ doesn’t perform its functions at all). 
This model includes sub-models showing the 
digestive, immune, endocrine, and respiratory 
systems [4–6]. 

Dynamics of pathogenic microorganisms’ 
growth and their spatial distribution can be de-
scribed with population models. Bearing basic 
principles description in mind, interesting mod-
els seem to be the Monod model [7] stating that 
number of population depends on a nutrient 
medium, and the Lotka – Volterra model [8] 
that describes competition between populations. 
Cellular automations are used in several works 
[9–12] to describe how a population is distrib-
uted in space. A modeled area is discretized, 
values of population number are assigned to 
certain meshes, and rules for a population 
movement are fixed. These models have a 
drawback which is a too complicated transfer 
from two-dimensional tasks to three-dimen-
sional ones as well as difficulties in biophysical 
interpretation of rules for cellular automations 
functioning. There are interesting models 
among those with continuous time [13, 14]; 
these works focus on evolution processes oc-
curring in bacterial populations used in oil ex-
traction industry. A bacterial population moves 
due to pressure gradient and diffusion occur-
rence. The model is described with a system of 
differential equations in partial derivatives. 

Basic principles for building up immu-
nological models are described in the work [15] 
that concentrates on population of pathogenic 
microorganisms taken in dynamics and immune 
system components. Interconnections between 
elements in the model are built as per «predator 
– prey» type and are described with a system of 
non-linear differential equations with retarded 
argument. Retardation is introduced to describe 
spatial effects that are not obviously taken into 
account in the model. The works [16–18] give 
more detailed description of immune response 
mechanisms but they fail to take into account 
spatial distribution of pathogenic population 
and immune system cells. 

Describing immune processes occurring in 
human lungs in dynamics requires taking into 
account medium behavior. There are various 
models that describe human lungs and respira-
tory processes. The work [19] dwells on actual 
respiratory tracts geometry; however, this ap-
proach to describing processes requires substan-
tial computing resources. It seems promising to 
use porous medium model and filtration theory 
to create models showing the lower respiratory 
tracts [6, 20, 21]. 

Therefore, many immunologic models do 
not obviously describe spatial distribution of 
examined features in a specific human organ. 
It seems possible to use approaches and proce-
dures related to mechanics of multi-component 
mixture flows in porous media taking influ-
ence exerted by immunologic processes into 
account. 

Our research goal was to build a mathe-
matical model showing bacterial population 
evolution in the human lungs taking into ac-
count dynamics of immune processes in order 
to assess functional damage to the lungs. 

Data and methods. Communicable dis-
eases involve pathogenic microorganisms 
penetrating and/or activating in a human body. 
This work dwells on bacterial population evo-
lution localized in the lower respiratory tracts. 
Basic features used to describe the population 
include division rate, parameters determining 
nutrient medium (substrate) quantity, bacteria 
being able to move in a medium on their own 
and to produce toxicants. 
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It is well known that it is more energeti-
cally beneficial for a body to maintain patho-
logic antigen concentration on a certain level 
than remove it completely [15]. A bacterial 
population starts to grow in case the immune 
system is weakened due to a previous disease 
or pathogenic microorganisms penetrating a 
body from the environment. Simultaneously 
an immune response mechanism is being ac-
tivated. As a result there are inflammations 
where a bacterial population concentrates. 
Discharge related to immune system reactions 
leads to a decrease in lung capacity thus re-
sulting in lower oxygen introduction and 
more frequent breathing. Bacteria produce 
toxins that have adverse effects on alveoli 
cells as they deteriorate their barrier and 
transportation functions. 

All the described processes take place in 
the lower respiratory tracts in the human lungs. 
The lungs are a set of airways with alveoli as 
their ends (Figure 1) [22]. 

Adult lungs contain approximately 600–
700 million alveoli and it creates certain diffi-
culties in direct modeling of the overall respira-
tory tracts hierarchy. And mathematical de-
scription of processes that occur in the lungs 
requires substantial computing resources. These 
computing difficulties might be overcome via 
using a porous medium model. The lungs are 
considered a continuous saturated elastically 
deformed porous medium. Deformation occurs 
due to diaphragm contraction or ribs lifting and 
as a result lung volume decreases, pressure in-
creases, and a person exhales. When a person 
inhales, lung volume increases and pressure in 
them drops lower than the atmospheric one, and 
due to it air enters a human body. This ap-
proach is described in great detail in [6]. 

Porous medium model allows replacing 
detailed structure of alveoli and alveolar chan-
nels (Figure 2) with porosity and permeability. 
Porosity is a dimensionless value that charac-
terizes a share belonging to pores in a medium 
and is equal to a ratio between volume of 
pores and overall volume of a medium that 
consists of pores and elastic cross connections. 
Permeability is capacity of a medium to let 
through liquids and gases. 

 
Figure 1. Lower airways dichotomy as per Veibel 

morphometric model [22] 

 
Figure 2. An increased fragment of alveoli [23] 

Damage to the lungs changes due to infil-
trate occurring during an immune response and 
influence exerted on alveoli cells by toxicants 
produced by bacteria. Within porous medium 
model framework porosity and permeability 
will go down during an immune response due 
to alveoli space being obstructed. 

Let us consider mathematical task setting; 
to do that, let us take the following mass bal-
ance equation: 
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where ρ  is mixture density, v  is velocity vec-
tor,   is Hamilton operator, j  is diffusion 
flow vector. Moving on to concentrations and 
assuming that the mixture is non-compressible, 
we get the following: 
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diffusion coefficient. 
Therefore, taking porosity m  into ac-

count, we get mass transfer equation in porous 
medium: 
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In our first approximation let us consider 
that the examined components move due to 
diffusion occurring due to concentration gradi-
ents. In this case overall transfer equation is as 
follows: 
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where iС  is concentration of bacterial popula-
tion (i=1), substrate (i=2), macrophages (i=3), 
plasma cells (i=4), antibodies (i=5), and toxins 
(i=6) accordingly; iS  is a mass source of the  
i-th component in the mixture. 

Bacterial population grows due to divi-
sion and substrate consumption and decreases 
due to natural lysis and effects produced by 
macrophages and antibodies: 

22
1 1 2 1 13 3 1 15 5 1

1 2

.CS C k C C C C C
k C

      


 (5) 

Substrate concentration goes down due to 
it being consumed by a bacterial population 
and recovers due to regeneration processes: 
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Changes in concentrations of immune 
system components (macrophages, plasmatic 
cells, and antibodies) are given as: 
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Toxicants concentration is proportionate 
to bacterial population concentration and goes 
down due to natural neutralization: 

6 6 1 6 6.S C C            (8) 

The equations 
Ошибка! Источник ссылки не найден.–
Ошибка! Источник ссылки не найден. 
with initial and border conditions create a sys-
tem of equations in partial derivatives that de-
scribes bacterial population evolution in a po-
rous medium. 

The functions  ξ ξ h  describe effects 
produced by damage h on the immune system 
functioning. Damage grows due to effects pro-
duced by toxicants and alveoli obstruction and 
can decrease due to self-recovery: 

1 6 2 1 .h
dh a C a C h
dt

                (9) 

Taking into account (9) the system (4)–(8) 
shows complete mathematical task setting that 
includes correlations for describing changes in 
concentration due to diffusion processes and 
correlations for mass sources occurring as a 
result of an immune response. 

Results and discussion. To test quality of 
the obtained model, numeric experiments were 
used; they allowed obtaining spatiotemporal 
distribution of bacterial population concentra-
tions and concentrations of the immune system 
components. 

At the initial time bacterial population 
distribution and concentrations were assumed 
to be known. Bacterial population localization 
was taken into account, and initial distribution 
is shown in Figure 3. We considered how bac-
terial population concentration spread in po-
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rous medium volume. The considered scenario 
described bacterial population death. 

Concentrations of the immune system 
components were distributed evenly inside the  

 

Figure 3. Initial distribution of bacterial 
 population concentration 

modeled area. Distribution of toxins concen-
tration coincided with bacterial population dis-
tribution at the initial time. 

Figure 4 shows spatial distribution of bac-
terial population concentration during an im-
mune response. Over time a bacterial popula-
tion grows in volume as its number increases. 
Then an immune response mechanism is acti-
vated and at a certain time (time = 9 day) we 
can see a decrease in a bacterial population 

due to effects produced by macrophages and 
antibodies. 

Figure 5 shows integral curves that de-
scribe immune cells population and bacterial 
population. It is obvious that a bacterial popu-
lation first grows intensely and it leads to gen-
eration and growth in number of immune cells 
population; pathogenic microorganisms are 
neutralized and bacterial population decreases. 

We also considered another scenario that 
involved bacterial population survival; it might 
result in an organ death considering its total 
inability to perform its basic functions. In this 
scenario a bacterial population starts to grow 
uncontrollably and it indicates that an immune 
response is unable to neutralize pathogenic 
flora. Integral curves showing number of im-
mune system components and bacteria popula-
tion are given in Figure 6. 

Two considered scenarios had different 
parameters that characterized the immune 
system state and parameters that described a 
bacterial population. These results give a 
qualitative picture of immune processes oc-
curring due to a bacterial disease in the hu-
man lungs. We should note that models that 
are being developed at the moment are indi-
vidual in many aspects and depend on peculi-
arities of a specific body such as age, current 
state of the immune system, genetics, and 
diseases in a case history. 
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Figure 4. Distribution of the concentration of the bacterial population in a porous medium 

 

Figure 5. Integral assessment of immune  
components concentration and bacterial population 

concentration in the examined volume of porous 
medium (bacterial population death) 

Figure 6. Integral assessment of immune 
 components concentration and bacterial population 

concentration in the examined volume of porous 
medium (bacterial population survival) 

The obtained results are well in line with 
those given in the works [14, 18]. 

Conclusion. The work dwells on the 
model showing bacterial population evolution 
in the human lungs and contains conceptual 
and mathematical setting. It also focuses on 
results obtained via numeric experiments that 
describe scenarios involving either bacterial 
population death or survival. Immune proc-
esses development is determined by a state of 
a body and bacterial population peculiarities. 

In future we plan to take into account in-
fluence exerted by breathing on bacterial 
population cells moving and to enhance a set 
of immune response elements. We plan to ac-
complish numeric examinations of effects pro-
duced by damage on the immune system func-
tioning in the human lungs. 

The described results can be seen as making 
a certain contribution into developing procedures 
for mathematical modeling aimed at describing 
immune response and physics of multi-
component mixture flow in porous media. To 
make practical use more efficient, it is advisable 
to enhance a list of immune system components 
and their interconnections. A promising trend in 
the model development might be efforts aimed 
at identifying model parameters and examining 
the model in order to detect new regularities in 
immune processes. 
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In autumn and winter 2020–2021 there was a growth in morbidity with COVID-19. Since there are no efficient medica-

tions and mass vaccination has only just begun, quarantine, limitations on travels and contacts between people as well as 
use of personal protection equipment (masks) still remain priority measures aimed at preventing the disease from spreading.  

In this work we have analyzed how the epidemic developed and what impacts quarantine measures exerted on the dis-
ease spread; to do that we applied various mathematical models. It was shown that simple models belonging to SIR-type (S 
means susceptible; I, infected; and R, recovered or removed from the infected group) allowed estimating certain model pa-
rameters such as morbidity and recovery coefficients that could be used in more complicated models. 

We examined spatio-temporal epidemiologic models based on finding solutions to non-stationary two-dimensional re-
action-diffusion equations. Such models allow taking into account uneven distribution of population, changes in population 
mobility, and changes in frequency of contacts between susceptible and infected people due to quarantine. We applied ob-
tained analytical and numerical solutions to analyze different stages in the epidemic as well as its wave-like development 
influenced by imposing and canceling quarantine limitations. 

To take into account ultimate rate at which the disease spreads and its incubation period (when an infected person is 
not a source of contagion), we suggest using equations similar to the Cattaneo-Vernotte one. The suggested model allows 
predicting where the front of morbidity spread is going to occur, that is, a moving frontier between areas where there are 
infected people and areas where they are absent. Use of such models provides an opportunity to introduce differential quar-
antine measures basing on more objective grounds.  

At the end of 2020 mass vaccination started in some countries. We estimated a necessary number of people that had to 
be vaccinated so that new waves of COVID-19 epidemic would be prevented; in our estimates, not less than 80 % of the 
country population should be vaccinated. 

Correct prediction of epidemic development is becoming more and more vital at the moment due to new and more con-
tagious COVID-19 virus strains occurring in England, South Africa, and some other countries. 

Our research results can be used for predicting spread of COVID-19 and other communicable diseases; they can make 
for taking the most efficient measures for successful control over epidemics.  

Key words: spatio-temporal modeling, epidemic, COVID-19, morbidity, non-stationary two-dimensional reaction-
diffusion equations, quarantine, contagion rate, recovery rate.  
 

 
 Researchers predict that morbidity with 

COVID-19 will grow in winter 2020–2021 [1]. 
In autumn 2020 there is an intense growth in 
number of people infected with COVID-19 
all over the world and it is the second pan-
demic wave. Lockdown is again introduced in 
some European countries and RF regions as 
well. In Israel there was a repeated rapid 

growth in morbidity in late August and Sep-
tember, and it was only strict lockdown intro-
duced at the end of September and was valid 
for the whole October that allowed reducing 
quantity of everyday contagion cases and se-
riously ill patients as well as patients who 
needed to be switched to artificial lung venti-
lation devices. 
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Since there are no efficient medications 
and vaccines against COVID-19, basic means 
that can prevent the disease spread are still 
lockdowns, limitations on travelling and con-
tacts between people, as well as personal pro-
tection means such as facial masks. On one 
hand, lockdown introduction leads to a de-
crease in number of sick people and burden on 
a public healthcare system. On the other hand, 
lockdown results in a fall in economic activi-
ties, especially regarding trade, tourism, cul-
ture, and entertainment; it also results in dete-
riorating quality of education and does certain 
damage to mental state of population. Lock-
down should be introduced basing on analyz-
ing how a disease spreads and mathematical 
models that take into account specific peculi-
arities of a given disease and are able to pre-
dict its spread. Developed procedures for 
mathematical modeling are significant not 
only for predicting COVID-19 spread and 
making for the most efficient measures being 
taken but also for successful fighting against 
future epidemics. 

Various mathematical models showing 
epidemic development were developed and ap-
plied when analyzing variable diseases spread 
(typhus, cholera, Ebola, etc.) [2–7]. These mod-
els, as well as some new ones that took into ac-
count COVID-19 peculiarities, were used for 
simulating COVID-19 epidemic [8–15]. Start-
ing from the very beginning of COVID-19 epi-
demic, more than 11 thousand articles have 
been published in scientific journals and on 
specialized web-sites, as well as in medRxiv, 
bioRxiv and arXiv archives; these works focus 
on various aspects of the disease including sta-
tistics and analysis of its spread. Most models 
are based on the SIR (S – susceptible, I – in-
fected, R – removed from infected or recov-
ered) epidemic model and its modifications. 

These models are based on an assumption 
that susceptible, infected, and recovered peo-
ple are spatially distributed evenly. But in ac-
tual conditions these population groups are 
distributed extremely unevenly even in small 
countries and megacities. There are also sev-
eral models that take into account uneven spa-
tial distribution of susceptible and infected 
people [2, 4, 7]. Reaction-diffusion epidemi-

ologic models belong to such models with a dis-
ease spread being given in them with a system of 
heat conductivity equations with chemical reac-
tion. However, these models do not take into 
account natural daily people migration (home, 
work, educational establishments, cultural insti-
tutions, etc.). Another drawback is an assump-
tion that virus is caught from infected people 
instantly and it simultaneously moves people 
from susceptible into infected ones and as a re-
sult a disease spreads with infinite rate. 

Our research goal is to analyze spread of 
COVID-19 epidemic using various epidemi-
ologic mathematical models. Spatio-temporal 
epidemic modeling is based on analytical and 
numerical solutions to non-stationary two-
dimensional reaction-diffusion equations as 
well as these equations that model a time lag 
in a disease occurrence. 

Data and methods. In the 1st section of 
Results and discussion, we used the SIR model 
and statistical data to determine morbidity and 
recovery coefficients; then, introducing de-
pendences of these coefficients on time, we 
modeled a wave-like epidemic caused by 
lockdown being introduced and canceled. In 
the next section we showed that morbidity and 
recovery coefficients determined with the SIR 
model could be used in reaction-diffusion epi-
demiologic models; we also analyzed two-
dimensional spread of the disease. In the 3rd 

section we modernized reaction-diffusion epi-
demiologic models and it allowed us to model 
spatio-temporal epidemic development taking 
into account daily population migration. In the 
4th section we introduced a reaction-diffusion 
epidemiologic model with finite contagion 
time. The suggested model predicts that a front 
of the disease spread will occur, that is, a mov-
ing frontier between areas where there are in-
fected people and areas where they are absent. 

Results and discussion. 1. SIR epidemic 
model. In this section we consider the simplest 
SIR model that allows assessing COVID-19 
epidemic dynamics in the 1st approximation 
and is a basis for developing more precise 
models. Within the SIR epidemic model popu-
lation is divided into groups that do not over-
lap and number of people in them changes 
over time [2–4, 6, 9]. A «susceptible» group 
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includes people who are prone to infection but 
who are not sick yet. The number of suscepti-
ble group S (t) goes down due to people mov-
ing to an «infected» group: number of infected 
people I (t) goes down due to people making 
full recovery or dying (R (t)). Recovered peo-
ple are assumed to have immunity; transfer 
from one group to another does not depend on 
age, sex, social status, etc. 

Basic assumptions that underlie use of 
this model are the following: 

– each person from the susceptible group 
contacts infected ones and there is a certain 
probability that he or she will also get infected, 
that probability does not depend on time; 

– infection rate is proportionate to a num-
ber of infected people as well as quantity of 
susceptible people; 

– each infected person, in his or her turn, is 
constantly likely to recover at a certain time unit; 

– recovery rate is proportionate to a num-
ber of infected people; 

– a recovered person has immunity and is 
not susceptible to repeated infection. 

SIR model equations can be given as: 

 1αds si
dt

    (1) 

    1 2α αdi si i
dt

    (2) 

 2αdr i
dt

   (3) 

where ( ) ( ) /s t S t N ,   ( ) /i t I t N , 

  ( ) / ,r t R t N  1α  and 2α  are the morbidity 
and recovery coefficients respectively. These 
coefficients usually have dimension 1/day (1/d). 
Here it is assumed that population number 

 ( ) ( ) ( )S t I t R t N     (4) 
is constant. 

Numeric solution to the equations (1)–(3) 
at 1α 0.4  1/d, 2α 0.1  1/d and initial condi-
tions  0 1s  ,   6

0 0 10i i    and  0 0r   is 
given in Figure 1. 

  60 10i   for such countries as Israel, 
Greece, Sweden, as well as for megacities 
(Moscow, Saint-Petersburg) means that an epi-

demic started with approximately 10 infected 
persons. Initial number of infected persons 
 0i  (zero patients) does not influence the 

maximum number of infected mi  and recovered 

people by the end of an epidemic  l t
r r t


  

(Figure 1). An epidemic will end up naturally 
when collective immunity is achieved and there 
are no new infected people. Variations in initial 
number of infected people lead to changes in a 
period of time during which an epidemic 
reaches its peak and then ends. 

 
Figure 1. Solution to equations (1)–(3)  
at 0 4,R   1α 0.4  1/d and 2α 0.1  1/d 

Parameters 1α  and 2α  determine growth 
rates for a number of infected  i t  and recov-
ered  r t  people. When an epidemic has just 
started and i, we can consider   1s t  . On Oc-
tober 30, 2020 approximately 45.7 million 
people out of 7.8 billion world population all 
over the world got infected starting from the 
beginning of the epidemic; approximately 
0.6 % out of them (1.2 million) died (lethality 
is equal to 2.6 %). In Israel, approximately 
314 thousand people out of 9.5 million are in-
fected, that is, approximately 3 %, and 
2,511 people died (lethality is 0.8 %). Despite 
COVID-19 epidemic has been lasting for sev-
eral months already and there are huge num-
bers of people who got infected and died from 
COVID-19, approximation   1s t   still holds 
quite satisfactorily. When performing mathe-
matical modeling, we can also assume that all 
infected people recover. 

At an initial stage in an epidemic a solution 
to the system of equations (1)–(3) is given as 
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   1s t    (5) 
    2 0α 1

0
R ti t i e    (6) 

    2 0α 1

0

1 1
1

R tr t e
R

   
  (7) 

Basic reproduction number, that is, how 
many people are infected by a single infected 

person, 1
0

2

α
α

R 
 
is a significant parameter that 

determines a character of an epidemic, maxi-
mum number of infected mi  and recovered peo-
ple by the end of an epidemic lr  (Figure 2) [10]. 

 
Figure 2. Number of recovered people by the end 
of an epidemic  l t

r r t



 
as a function of 0R  

at 2α 0.1  1/d and initial conditions  0 1s  , 
  6

00 10i i   , and  0 0r   

At 0 1R   a number of infected people 
goes down naturally without anti-epidemic 
measures being taken; an epidemic ends up. 

At 0 1R   an epidemic will develop until 
collective immunity is formed. When basic 
reproduction number is low, 0 1.1R  , collec-
tive immunity is formed when approximately 
18 % population overcame the disease (recov-
ered people) at 1α 0.11  1/d, 2α 0.1  1/d 
(Figure 2). This percent grows rapidly as R0 
increases and reaches 94 % at 0 3.R   

Computations have revealed that a share of 
infected (recovered) people that is necessary for 
collective immunity formation when a number 
of new infected people is about zero does not at 
all depend on parameters 1α  and 2α , and basi-
cally is determined by their ratio. However, 

a period of time necessary for reaching this im-
munity is inversely proportionate to these pa-
rameters: at 1α 0.3  1/d and 2α 0.1  1/d this 
period is estimated as being equal to 130 days; at 

1α 0.03  1/d and 2α 0.01  1/d, to 1,300 days. 
The maximum number of infected people 

mi  is also determined by a basic reproduction 
number R0, and a period of time necessary to 
reach it starting from the beginning of an epi-
demic is determined by 1α  and 2α   parameters. 
The maximum number of infected people mi  is 
reached at 2 1α αs   and overall number of 
infected were 0(1 1/ ).N R  Further epidemic 
development is associated with a decrease in 
number of infected people though their num-
ber can reach greater values (Figure 1). 

1.1. Model parameters assessment. Pa-
rameters that are components in SIR and other 
models cannot be measured directly since they 
depend on numerous factors, such as popula-
tion density, population mobility, social con-
tacts, lockdowns and how people adhere to 
quarantine measures, age structure of popula-
tion, etc. [8, 9, 10, 16]. Assessments are based 
on statistical data, their completeness and va-
lidity, as well as on establishing a clear corre-
lation between them and «external» factors 
such as lockdown introduction, seasonal fluc-
tuations, vacations and holidays, that deter-
mine authenticity of obtained estimations. 
Contagion intensity and, consequently, model 
parameters will depend on time [10, 16, 17]. 
Basic reproduction numbers R0 given in litera-
ture depend not only on a country and time of 
analysis but also on an applied epidemiologic 
model [10, 17]. The authors of publication 
[11] estimated basic reproduction number R0 at 
the beginning of the epidemic in European 
countries as being equal to 4.22 ± 1.69, with 
its maximum value 6.33 detected in Germany. 
By May 10, 2020 this number went down to 
0.67 ± 0.18. In October there is a new growth 
in morbidity, that is, the second epidemic 
wave [10]. 

Now we estimate SIR model parameters 
for Israel using data given on Worldometers 
web-site that allows one to track daily numbers 
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of infected, recovered, and dead people [18]. At 
the beginning of the epidemic starting from 
March 1 to 30 a number of confirmed infected 
people  i t  grows from 10 to 5,114 (Figure 3); 
there are only 244 recovered people over this 
period, that is, less than 5 %. Parameter 1α , 
a growth rate for a number of infected persons, 
is estimated as 0.21 ± 0.09; a number of in-
fected ones doubles approximately each three 
days. This estimate is well in line with figures 
given for Israel and France [16, 17]. 

 
Figure 3. Time dependence for a number 

of infected i (t) in Israel [8] 

Parameter 2α 0.045 0.03  , recovery rate, 
is obtained basing on data collected after strict 
lockdown was introduced from May 4 to 27, 
when a number of confirmed infected people 
 i t  amounted to several thousands, and average 

daily number of new infected people did not ex-
ceed 30. Typical recovery time, that is a time of 
double decrease in a number of infected amounts 
15.5 days. Further we assume that parameter 2α  
does not change during the pandemic. 

When quarantine restrictions are eased 
off, it is accompanied with the 2nd epidemic 
wave and a number of infected people grows 
exponentially as per a time depending expo-
nent: June 2–22, 0.04 1/day; June 22–27, 
0.045 1/day; June 27 – July 8, 0.079 1/day. 
Bearing in mind that the exponent characteriz-
ing an increase in a number of infected people 
is 1 2α α , parameter 1α  is estimated to be 
equal to 0.085; 0.09; and 0.124 for these time 
intervals respectively. 

At the beginning of the epidemic R0 can be 
estimated as 4.5 without any quarantine meas-
ures or individual or social protection measures 
being taken. When R0 has such a high value, col-

lective immunity will be formed only when 
more than 95 % population have been infected 
and recovered (Figure 4). 

 
Figure 4. Modeling the pandemic in Israel 

This threshold value for collective im-
munity formation is well in line with predic-
tions made in other works [19]. Some re-
searchers think that R0 goes down with time, 
and this threshold will be substantially lower, 
however, not lower than several dozen per 
cent (now registered infected and recovered 
people account for approximately 3 % of the 
population) [10, 17, 19]. At the beginning of 
the 2nd epidemic wave on June 2–22 0 1.9R  ; 
and it is growing as the pandemic develops: 
June 22–27, R0=2; June 27 – July 8, R0=2.8. 

After July 8 there are strong daily fluctua-
tions that do not allow assessing parameters 
reliably. In the next part we are planning to use 
effective values for long time intervals. 

1.2. Wave-like pandemic. Results obtained 
via modeling the pandemic in Israel and the so-
lution to the equations (1)–(3) is given in Figure 
3, and this simulation quite corresponds to mor-
bidity growth (Figure 3). The beginning of the 
epidemic is characterized with exponential grow 
thin a number of infected people over time 

 ~ αExp t  prior to strict lockdown was intro-
duced in early April and an exponential decrease 
in this number in May, 1 2α α α 0   . Step-by-
step quarantine measures cancelling in late 
May – early June resulted in a new increase in 
a number of infected people with parameter 

1α 0.1  growing over time. In July and August, 
when there are vacations in educational estab-
lishments, vacations for workers, and still valid 
quarantine measures, this number goes down. 
The beginning of the academic year causes a 
new growth in a number of infected people with 

1α 0.09   and it is only the repeated most strict 
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lockdown introduced in late September that 
leads to the disease spread slowing down. 

In Israel in November quarantine measures 
are being gradually cancelled. We can predict 
further epidemic development basing on pa-
rameter 1α  values for June-July and September. 
These values are substantially lower than at the 
beginning of the pandemic, 0.21 ± 0.09. It is 
due to people wearing face masks in public 
places, ban on any mass events, distance learn-
ing, etc. Figure 5 shows modeling results. As 
we can see, a slight change in parameter 1α  re-
sults in substantial changes in the results. Thus, 
at 1α 0.09  it is predicted that a threshold 
value for a number of infected people (ap-
proximately 75 thousand), when the second 
lockdown is introduced, is reached in 52 days, 
and at 1α 0.1  this threshold value is reached 
in 42 thousand. Figure 5 shows a range for 
probable pandemic development. 

 
Figure 5. Pandemic prediction 

After October 20 some quarantine meas-
ures were step-by-step cancelled as nonfood 
shops and trade centers were opened, children 
returned to schools, etc. In mid-November there 
was a new exponential growth (Figure 3) in a 
number of infected people, and it went up to 
17,500 over 20 days; more than 30 thousand, 
over 30 days; and approximately 49 thousand, 
over 40 days. Our predictions are well in line 
with values given in Figure 5. 

On December 28 the third lockdown 
(strict quarantine) is introduced in Israel. 

The simplest SIR model contains two pa-
rameters 1α  and 2α  that depend on many fac-
tors (type of a disease, population density, age 
structure, mobility, etc.) and in more common 
case on time. These parameters are determined 

basing on epidemic development in a given 
country, region, or a city. SIR model allows, 
assessing significant parameters at least at a 
first approximation including spread of a dis-
ease, burden on medical organizations, neces-
sary number of beds in hospitals, and expected 
mortality. The latter can be estimated as rele-
vant shares of infected people. However, this 
model does not take into account an actual 
clinical course of a disease and such factors as 
incubation, the illness itself, various clinical 
courses of a disease, age-related differences, 
etc. Several more realistic models were devel-
oped that allow one to account the above-
mentioned and other factors as well as specific 
peculiarities of various diseases [4–12, 17, 20, 
21]. These models are based on an assumption 
that susceptible, infected, and recovered peo-
ple are distributed evenly over space and a 
pandemic is described with finding solutions 
to usual differential equations of (1)–(3) type. 
However, in reality infected people, even in 
such a small country as Israel, are distributed 
extremely unevenly and their distribution is 
not proportionate to population density. Even 
on large cities there are districts with different 
morbidity levels. There are several models that 
take into account uneven distribution of sus-
ceptible, infected, and other people [2, 21–23]. 
Reaction-diffusion epidemiologic models be-
long to this category [2, 4, 7, 22]. 

2. Reaction epidemiologic model. Mathe-
matical description of reaction-diffusion epi-
demiologic models contains a system of equa-
tions in partial derivatives similar to equations 
that describe diffusion with a chemical reaction 
[2, 4, 7, 22]. A number of equations and a type 
of members that correspond to are action de-
pend on a chosen model for infection transfer, 
number of examined population groups distin-
guished as per age and activity (schoolchildren, 
working population, retired people etc.). Reac-
tion-diffusion model parameters such as diffu-
sion coefficients characterize mobility of a 
given population group. Some authors take into 
account natural changes in population number 
due to birthrate and mortality as well as mobil-
ity of recovered people who have immunity 
[22]. However, this population group does not 
influence dynamics of a disease and can be ne-
glected when an epidemic is analyzed. 
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Most research works dwell on one-
dimensional models but we are going to con-
centrate on a more realistic two-dimensional 
one [2, 22]. Let us start with a simple two-
dimensional model based on SIR model that 
allows obtaining several analytic solutions 
along with numerical ones: 

 
2 2

12 2 αn n n
s d n n

s s sa s i
t x y

   
      

  (8) 

 
2 2

1 22 2 α αn n n
i d n n d n

i i ia s i i
t x y

   
       

  (9) 

where sa  and ia  are the parameters that charac-
terize mobility of susceptible and infected people, 
respectively, ns  and ni , are their normalized den-
sities in an examined area. Let us note that density 
of recovered people ( nr ) can be determined via 
finding solutions to equations (8), (9) and 

2 2

22 2 αn n n
i d n

r r ra r
t x y

   
      

 

Let us assume that parameters sa , ia , 1αd , 
and 2αd  do not depend on time and coordinates. 

It is convenient to use dimensionless vari-

ables: τ sa t , 1αξ d

s

x
a

 , 1αη d

s

y
a

  in equa-

tions (8)–(9); the equations are rewritten as: 

 
2 2

2 2τ ξ η
n n n

n n
s s s s i  

  
  

,  (10) 

 
2 2

2
2 2

1

α
ξ η α

n i n n d
n n n

s d

i a i i s i i
a
   

       
  (11) 

In these equations there are two parameters 
that characterize spread of a disease: the first 

one i

s

a
a  

is a ratio of values that characterize 

mobility of infected and susceptible people 

(should not exceed 1); the second one, 2

1

α
α

d

d

, is 

an inverse value of R0 analogue. Boundary con-
ditions depend on what surrounds the consid-
ered territory. When it comes down to Israel 
and some other countries with relatively small 
squares that imposed strict limitations on mov-

ing into and out of country people, as well as to 
some remote Russian regions, we can believe 
that a flow of infected and susceptible people 
across a border  is equal to zero, that is: 

0ns
n 





  and 0ni

n 





 , 

where n  is a single vector which is normal to 
boundary  . 

Figure 5 shows how an epidemic develops in 
a square area  4 ξ 4; 4 η 4       with initial 
conditions     2 20,ξ,η 0.0001Exp 20 ξ ηni       

 

and 1ns   in the whole area. All calculations 
used in the present work were accomplished with 
Mathematica 12. 

As we can see, when 5  , infected people 
are distributed practically evenly, and a model 
belonging to SIR type similar to that described 
in the previous section can be applied in further 
analysis of an epidemic development. For the 
given initial and boundary conditions, a time 
needed for reaching a uniform distribution of 
infected people is estimated as several (3–5) 

characteristic diffusion time 
2

2τ
πx
L

 , where L is 

a half of a square side. 
People who were infected with coronavi-

rus infection account for a relatively small share 
of the total population, therefore COVID-19 
epidemic can be assumed to be at its initial 
stage. Non-uniform spatial distribution of in-
fected people at this stage in the epidemic that 
is observed in many countries and even in large 
cities is due to uniform distribution of infected 
people not being reached yet, and non-uniform 
distribution of susceptible people, and also pa-
rameters sa , ia , 1αd , и 2αd  being dependent on 
time and coordinates (see the next section). 

The considered example (Figure 6) has a 
certain peculiarity that is a decrease in a num-
ber of infected people in the center, despite 

1

2

α 1
α

d

d

 . To explain this phenomenon, let us 

consider an approximation that allows obtain-
ing an analytical solution. 

At an initial stage in an epidemic, just as 
it is the case with COVID-19, we can assume 
that density of susceptible people changes only 
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                              a                                          b                                                       c 

Figure 6. Epidemic development in a square area 16x16 at 1i

s

a
a

 , 1α 0.22d  , and 2α 0.048d  :  

spatial distribution of infected people:  a) at τ 0.1 ; b) at τ 0.5  and c) at τ 5  

slightly and does not depend on coordinates, 
i.e. const 1ns   . In this case, spread of a dis-
ease is described with a solution to the follow-
ing equation: 

  
2 2

1 22 2 α αn n n
i d d n

i i ia i
t x y

   
       

 (12) 

If we replace 
   1 2, , exp α αn n d di i t x y t     to solve the 

equation (12), we get a new equation for 
 , ,ni t x y  

 
2 2

2 2
n n n

i
i i ia
t x y

   
     

  
.  (13) 

Analytical solutions for the equation (13), 
depending on boundary conditions type, a 
shape of a boundary, and initial conditions, are 
given, for example, in a Handbook on linear 
equations in mathematical physics1. At an ini-
tial stage in an epidemic infected people are 
close to the first infected ones, and in this case 
we can use an approximation for an infinite 
range  ;  x y         and assume 
that at an initial moment of time 0t  infected 
people are uniformly distributed in an area 
given as  0 0 0 0;  x x x y y y      . The 
initial distribution is 

  0 0 0

0 0

at  and , 
0, ,

0 at  and .
n

n

i x x y y
i x y

x x y y
     

 

The solution to equation (12) 

 

 

 

0 0 0

0 0

1 2

, ,

4 2 2
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exp α α

n

n

i i

i i

d d

i t x y

i x x x xerf erf
a t a t

y y y yerf erf
a t a t

t



     
             
     

            
  

  (14) 

where  erf x  is the probability integral. Let us 
note that analytical solutions are more compli-
cated for other initial and boundary conditions, 
however, their qualitative behavior is similar. 

Integrating (14) over the whole area, we 
obtain time dependence for the total number of 
infected people 
    1 2α α

0 0 04 d d t
ni t i x y e    (15) 

Accounting that 0 0 0 04 ni x y i  is the nor-
malized initial number of infected people and 
comparing solutions to (6) and (15), we can 
conclude that 1 1α αd   and 2 2α αd  ; these pa-
rameters and their dependence on time can be 
estimated with the SIR model. As well within 
the SIR model, an epidemic ends up at 

1 2α α , although a disease spreads across the 
considered area and occurs in new districts. 

When performing qualitative analysis, we 
take 0 0y x  and in the center of the area 
 0;  0x y   density of the infected people is 

   
2

0
0 1 2,0,0 exp α α

2n n
i

xi t i erf t
a t

 
      

 
  (16) 

__________________________ 
 
1 Polyanin A.D. Handbook on linear equations in mathematical physics. Moscow, Phizmatlit Publ., 2001, 576 p. (in Russian). 
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In expression (16) erf  decreases with 
time, and exp  grows. It is convenient to replace 

t  with 2
0

4 iat t
x

 , then dependence of infected 

people density in the area center is character-

ized with just one parameter  
2
0

1 2γ α α
4 i

x
a

  : 

 
2

0
1,0,0 exp γn ni t i erf t
t

 
     

 



. 

Depending on   value, two scenarios are 
possible (Figure 7): the first is a monotonous 
growth with time ( γ 0.7 ) and the second 
one is a slight growth in  , 0,0ni t , and then a 
decrease with time ( γ 0.1 ). These scenarios 
are divided by γ 0.52 . The first scenario 
can become a reality when an epidemic starts 
in a densely populated area (the beginning of 
COVID-19 epidemic in China); the second, 
when a disease is brought into a country and 
starts from an airport, railway station, etc. At 
any γ  values and longtime intervals  , 0,0ni t  

grows proportionate to  1 2
1exp α α t
t

   . This 

analysis provides a qualitative description of 
the numeric results given in Figure 7. 

 
Figure 7. Initial stage of an epidemic: time 
dependence of a number of infected people 

 in the center of contagion 

It is convenient to analyze how a disease 
spreads in an assumed axially symmetrical 
spread. On one hand, spread of a disease is 
close to axially symmetrical one in certain re-
gions and cities. At an initial stage it is so even 
is a square area (Figure 8). On the other hand, 

such an approximation being considered al-
lows illustrating the results more clearly. The 
equations (8) and (9) are rewritten as 

 1ρ α
ρ ρ

n n
s n n

s sa s i
t

   
     

  (17) 

 1 2ρ α α
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n n
i n n n
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with boundary 

    
ρ 0

0
ρ
ni







;  

ρ ρ

0
ρ

m

ni







;  

 
ρ 0

0
ρ
ns







; 

ρ ρ

0
ρ

m

ns







;  (19) 

and initial 
 0,ρ 1ns  ;  

   20,ρ 0.04Exp[ ρ / 0.01]ni     (20) 

conditions. 
Here 2 2ρ x y  , ρm  is the external 

boundary radius for the considered area; it is 
assumed that there are no people moving into 
and out of it; numeric parameters 0.04 and 
0.01 in initial conditions for ni  (20) correspond 
to an initial number of infected people equal to 
10–6 from the total population in the area. Re-
sults of simulation of spatio-temporal epi-
demic development are presented in Figure 8. 

For each radius the time dependences of 
numbers of susceptible and infected people are 
similar to these presented in Figure 1. However, 
the maximum number of infected and time nec-
essary to reach it, just like in SIR model, depend 
on 1α , 2α  and their ratio as well as on a radius, 
values of parameters 1a  and 2a  (please, compare 
Figures 8b and 8c), as well as their ratio (please, 
compare Figures 8a and 8b). The same time de-
pendence exists for integral characteristics, the 
total numbers of susceptible, infected and recov-
ered people in the whole area (Figure 9).  

Despite susceptible people are distributed 
uniformly at an initial time, the maximum den-
sity of infected people decreases as a distance 
from the diseases focus grows (Figure 8, 10a). 
However, a number of infected people per a 
unit of a radius length    ,ρ 2πρ ,ρnr ni t i t  is  
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                              a                                         b                                                       c 
Figure 8. Spatio-temporal epidemic development; yellow color shows normalized density of susceptible 

people ns , blue color – infected ni : a) 1sa   and 1ia  ; b) 1sa   and 0.3ia  ; c) 0.1sa   and 0.03ia  . 
In all cases 1α 0.22 , 2α 0.048  and ρ 20m  ; sa  and ia  are values normalized by the actual 

(dimension) coefficient of the susceptible people mobility λ  for the case a), and distance ρ  
is given in units λ  

 
Figure 9. Dependence for a number of susceptible, 
infected, and recovered people in the whole area. 

Parameters are taken just as for Figure 8b, 
distribution of recovered people was determined 

by solution to equation of a type (17), in which the 
last member to the right in it being replaced by 

2α ni , with zero initial conditions 

increasing with a distance from the center 
(Figure 10b). Therefore, at the same social 
conditions (population density, mobility of 
susceptible and infected people, the same pa-
rameters that characterize infection and recovery 
rates) and in spite of active migration to the cen-
ter, number of infected people will be substan-
tially higher at the periphery than at the center. 

The higher density of infected people at 
the center is caused by the following: at the 
beginning of an epidemic density of suscepti-
ble (ρ 1 ) close to a disease focus goes down 
due to their moving into «infected» group. At 
the same time this density practically stays the 
same in remote areas where infection has not 
yet occurred. Within the model this situation  

 
a 

 
b 

Figure 10. Density of infected people a) and a 
number of infected ones per a unit of a radius 

length b) for the case shown in Figure 8b 

results in susceptible people moving to the 
center. For the case shown in Figure 7b, in an 
area limited by ρ 1 , and for 200 days 
( 200t  days)   21,1 / πρmN  – susceptible 
people migrate more than 1/3 initially being 
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there  2π / πρmN ; for the case shown in Figure 
7b, a number of migrated people is several 
times higher than  2π / πρmN . A model based 
on equations (8) and (9) can be applied only 
with certain limitations for describing spread 
of a disease in case susceptible people are dis-
tributed non-uniformly. Even in case there is 
no disease, the solution to equation (8) de-
scribes reaching uniform distribution of sus-
ceptible people regardless of their initial dis-
tribution. 

3. Heterogeneous reaction-diffusion epi-
demiologic model. Population migration can 
be divided into two types: long-distance trav-
els to other cities, regions, or countries and 
every day trips (home–work, studies, shop-
ping, etc.). The first type involves a disease 
being carried over long distances and it is ran-
dom in its nature. Such spread of a disease can 
be prevented by imposing limitations on such 
travels (limited and/or cancelled flights, clos-
ing a country completely, etc.), as well as via 
introducing sanitary-epidemic measures: pre-
liminary diagnostics and quarantine after arri-
val in a country. These measures were taken in 
Israel and some other countries at the begin-
ning of COVID-19 epidemic. In countries with 
large territories (Russia, China, Canada, and 
the USA) such measures are to be taken in 
specific regions and areas. 

Daily migration occurs within a settlement, 
in case of a megacity including its satellites (for 
example, Moscow, Tel-Aviv, or New-York). In 
the morning people flows go into downtown 
with high population density; the situation is 
inverse in the evening. The characteristic epi-
demiologic times 11/ α  and 21/ α  are signifi-
cantly longer than a characteristic time of daily 
migration that is equal to approximately half a 
day. It allows introducing averaged density of 
susceptible people as 

      , , , / 2n n ns t r s t r s t r     (21) 

where  ,ns t r  is the density of people who 
permanently live in a given district, and 

 ,ns t r  is the density of migrating people. 
The latter value can be both positive for down-

town and negative for periphery. At an initial 
time of an epidemic 

   0, 0,n ns r s r d N


     
 

where   is the square of the considered area. 
Further we assume that density of susceptible 
people changes only due to their moving into 
the infected group. Equations (8) and (9) are 
given as follows 

 1αn
n n

s s i
t


 


    (22) 

1 2α αn n n
ix iy n n n

i i ia a s i i
t x x y y

                  
  (23) 

and coefficients 1α , 2α , ixa , and iya  depend on 
time and coordinates, and coefficients ixa  and iya  
that characterize mobility of infected people 
generally depend also on a direction. Let us 
note that if susceptible people are assumed to 
be immobile, coefficients ixa  and iya  rather 
characterize local spread of a disease and not 
mobility of an infected people. 

3.1. Influence exerted by lockdown on spa-
tio-temporal spread of a disease. Both the local 
and integral maximum numbers of infected 
people account of dozens per cent of population 
(Figures 1, 8, and 9). In order to decrease a 
number of infected and dead people as well as 
to prevent medical aid collapse, limitations and 
lockdowns are introduced, when a share of in-
fected people is still insignificant, and we can 
assume that ns  depends only on implemented 
limitations and any changes in it due to conta-
gion are negligible. In this case changes in ns  
are due to changes in  ,ρns t , caused by limi-
tations or lockdown. We will assume that coef-
ficients 1α , ix iya a  depend only on time, 
 ,ρ 1ns t   and parameter 2α , that character-

izes the recovery rate is constant. For the axi-
ally symmetrical approximation within the in-
troduced assumptions, epidemic development is 
described with a solution to the equation 

  

   1 2

ρ
ρ ρ

α ,ρ ,ρ α

n n
i

n n n

i ia t
t

t s t i i

   
     

 
  (24) 
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with boundary (19) and initial (20) conditions. 
Lockdown introduction leads to lower 

population mobility, regarding both suscepti-
ble and infected people, as well as their meet-
ings and, consequently, contagion among sus-
ceptible being less probable. To demonstrate 
lockdown efficiency, we assume that: 

– lockdown is introduced at 25t  days, 
the total number of infected people is ap-
proximately 0.06 % (the first lockdown was 
introduced in Israel when a number of infected 
people was approximately 0.1 %) and is can-
celed at 55t  days; 

– after lockdown is canceled, all model 
parameters return to their initial values; 

– efficient distribution of susceptible peo-
ple density ns is given as 

  
   

 
 

2
2 2

2

exp ρ
ρ exp ρ

exp ρ 1
m

n m
m

b t b t
s b t

b t

         
   (25) 

– lockdown is characterized with a de-
crease in parameters ia  from 0.3 to 0.1;  

1α  from 0.22 to 0.02 and 2ρmb  from 0.693 to 
0.1054 (dependence of susceptible density on 
a radius prior to and during a lockdown is 
shown in Figure 11); 

– as it was above, 2α 0.048  and ρ 20.m   

 
Figure 11. Dependence of susceptible people 
density on a radius prior to (blue curve) and  
during lockdown (red curve); green dotted 

 line corresponds to even distribution 

Computation results are presented in 
Figure 12. 

In the considered range density of infected 
people does not exceed 2 % of the population 
density; it justifies our assumption that changes 
in density of susceptible people can be ne-
glected. For each radius time dependence for 
density of infected people is qualitatively similar 

to the same dependence for the total number of 
infected ones (Figure 5). There is a growth in a 
number of infected people that is close to expo-
nential prior to lockdown introduction, a de-
crease in a number of infected people during 
lockdown and a drastic rise after lockdown has 
been canceled and population got back to normal 
life (a wave-like epidemic). However, at ρ 15  
density of infected people, both prior to and dur-
ing lockdown, is finite but also negligible, ap-
proximately 10–6, it can be lower than a single 
infected person per one unit area. It indicates that 
lockdown introduction in the area ρ 15  is an 
excessive measure that does unjustified damage. 
Spread of a disease in this area is a drawback 
typical for models based on solving equations 
similar to heat conductivity ones: a paradox of 
an infinite rate at which heat spreads; when it 
comes down to an epidemic, it is a paradox re-
lated to an infinite disease spread rate. 

 
Figure 12. Spatio-temporal distribution of infected 

4. Reaction-diffusion epidemiologic 
model with finite contagion time. In the previ-
ous sections we applied parabolic equations to 
describe spatio-temporal spread of a disease; 
these equations have a physically paradoxical 
property, namely infinite rate at which distur-
bance spreads [24, 25]. When it comes down to 
epidemiologic models, it means that a disease 
spreads instantly: at an area boundary at ρ 20  
a reaction-diffusion model instantly gives insig-
nificant but still finite density of infected people. 
It results from a non-apparent assumption that 
infection spreads from infected to susceptible 
persons immediately thus making the latter 
move into the «Infected» category. In actual 
conditions a disease process is more complicated 
and can consist of at least two stages: incubation 
(an infected person is not a source of contagion 
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during a part of this period and has no apparent 
clinical signs of a disease) and a disease itself. 
SEIR model (Susceptible-Exposed-Infected-
Removed model) allows taking incubation into 
account [9, 10, 17, 20]. Three states considered 
within the SIR model are added with one more 
state, Exposed or infected in their incubation pe-
riod. To introduce this state into the system of 
equations (8)–(9) we should add one more non-
linear parabolic equation. However, this ap-
proach does not solve an issue related to infinite 
disease spread rate. To resolve the issue, we 
suggest using Cattaneo-Vernotte model [24, 25] 
that leads to a finite spread rate. Within the 
model relaxation (delay) time τrel  is introduced 
and in general case the system of equations  
(8)–(9) can be represented as 
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with its parameters depending on time and co-
ordinates. 

Equation (27) is a hyperbolic one that’s 
allows obtaining а finite rate of disturbance 
spread and is widely used for solving heat and 
diffusion tasks [24, 25]. This equation contains 
the second time derivative; to find numerical 
solution it is necessary to set an additional ini-
tial condition to all mentioned above. Relaxa-
tion time τrel  is a characteristic showing the 
process disequilibrium and it takes into ac-
count flow inertia; in our case it is a delay (in-
ertia) in contagion. At an initial moment of 
time we can consider that 

  
0

, ,
0n

t

i t x y
t







  (28) 

Solution to the system of the equations 
(26) and (27) in axially symmetry is given in 
Figure 13. 

The solution is similar to computations 
obtained for the model based on parabolic 

equations (17) and (18) (Figure 8). However, 
when a delay in contagion is taken into ac-
count, it leads to slower disease spread and a 
front of a disease spread occurs, that is, a mov-
ing frontier between an area where there are 
infected people and an area where such people 
are absent. Density of infected people goes 
down to zero smoothly as this frontier is get-
ting closer and 0ni   beyond it. This is the 
principal difference between two solutions; it 
is shown in Figure 14. 

A decrease in τrel  approximates solution 
to the equations (26) and (27) to computations 
made for equations (17) and (18). However, 
there is a frontier even for small τrel  values: at 
ρ 12b   for τ 1rel   and ρ 15b   for τ 0.1rel  . 
Predicting how this frontier is going to move 
allows scientific substantiation for gradual 
lockdown introduction. 

 
Figure 13. Simulating an epidemic taking into 

account finite contagion period. Initial and 
boundary conditions are taken from (19), (20),  

and (28); the parameters were taken as constant: 
1sa  , 0.3ia  , 1α 0.22 , 2α 0.048 , and τ 1rel   

 
Figure 14. Spatial distribution of infected  

people at 30t  : blue curve means τ 1rel  ;  
red curve, τ 0.1rel  ; black curve, τ 0rel    

(solution that does not take delay into account) 
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Conclusion. In this work we have analyzed 
spatio-temporal epidemic development and in-
fluence exerted by lockdown introduction on 
spread of a disease. Discussed reaction-diffusion 
epidemiologic models allow taking into account 
non-uniform population distribution, changes in 
population mobility and frequency of contacts 
between susceptible and infected people due to 
quarantine measures. It was shown that parame-
ters that characterized infection and recovery 
rates could be estimated with simpler models 
belonging to SIR type. A reaction-diffusion 
model that has been modified in this work al-
lows taking into account daily migration of 
population and its dependence on time. 

We suggested a spatio-temporal model in 
this work that took into account a delay in con-
tagion (incubation period when an infected 
person is not a contagion source); the model 
revealed a possibility that the front of a disease 
spread might occur. 

Model parameters depend on a country; in 
countries with large territories, on their part; they 
can be different in different districts in a megacity. 
These parameters depend on many factors such as 
population density, population mobility, age 
groups, an extent to which population is involved 
into occupational activities, and types of these ac-
tivities. Correct assessment of these parameters 
depends on statistic data being complete and reli-
able, that is correct diagnostics, proper accounting 
of infected people, etc. Thus, statistics ranks only 
those among infected people who applied for 
medical aid to medical organizations and had the 
diagnosis confirmed by medical experts. Statistical 
data do not cover infection carriers, patients with-
out any symptoms and patients with a disease in its 
mild form who didn’t apply for medical aid. A 
study that focused on antibodies occurrence re-
vealed that a number of such infected people who 
spread a disease could be several times higher than 
it is stated by official statistics [16, 26]. 

Efficiency of personal protective equip-
ment (face masks and gloves) and quarantine 
measures to a great extent depends on how 
disciplined people are; and variations in model 
parameters that occur due to limitation being 
introduced can change considerably over time 
and depend on a location. 

Correct prediction of an epidemic devel-
opment becomes more vital at the moment due 
to new and more contagious COVID-19 virus 
strains occurring in England, the SAR, and 
some other countries. 

Just as this work was being accomplished 
and prepared for publication, a number of in-
fected people grew and new limitations were 
introduced in some countries. However, an 
assumption used in this paper that a number of 
susceptible people and their density have 
changed only slightly is still valid. 

In December 2020 vaccination started in sev-
eral countries. As the equation (2) shows, vaccina-
tion will be successful when  0 1R s t   is reached, 
that is, a share of insusceptible people (recovered 
and vaccinated) is higher than  01 1/ 100 %R  . 
At 0 4.5R   the threshold amounts to 78 %. In 
case insusceptible people account for such a share 
of population, any occurred disease focus will end 
up without taking any quarantine measures. Quar-
antine measure introduction and adherence to them 
results in a decrease in R0 and a minimum number 
of vaccinated necessary for an epidemic to stop. 
However, cancellation of such measures and a lo-
cal occurred disease focus will lead to a new epi-
demic wave. 
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Rehabilitation programs for nuclear legacy objects in north-western regions in Russia involve decommissioning; 

a former coast technical support base belonging to the RF Navy and located on the Gremikha peninsula in Murmansk 
region is now being removed from service. At present spent nuclear fuel is being extracted from ship reactors with liquid-
metal coolant and nuclear wastes that have been accumulated during active operations are being treated. The current 
activities at the site result in complex influence on the environment determined by both radiation and non-radiation con-
taminants. 

The present work focuses on examining a hygienic situation existing in residential areas located close to this nuclear 
legacy object. In general, radiation situation in residential areas is determined by technogenic contaminants, basically 137Cs 
and 90Sr radionuclides. 

Our research has revealed that at the moment their contents in the environmental objects correspond to background 
levels that are typical for the examined region. Chemical contamination detected in residential areas is characterized with 
elevated heavy metals contents (Cd, As, Pb, V, Zn, Cu etc.) in soils in urban settlements that are higher than background 
levels. We detected lead and zinc concentrations that were higher than MPC. Total soil contamination with heavy metals 
(Zc) is still «permissible» in most residential areas. Carcinogenic health risk for people living in the examined residential 
areas does not exceed 10-6 as per radiation and chemical factors. 

Research results allow assessing the current hygienic situation as normal and concluding that decommissioning 
of SZC «SevRAO» objects (Gremikha section) does not exert negative impacts on the environment and health of people 
living in residential areas located nearby. The obtained data give grounds for controlling activities when environ-
mental monitoring is accomplished during works aimed at recovering contaminated areas where nuclear legacy ob-
jects are located. 

Key words: radiation-hazardous objects, nuclear legacy, SZC «SevRAO», Gremikha, carcinogenic risk, technogenic 
radionuclides, heavy metals, hygienic assessment, population health. 
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According to the Basic Principles of State 
Policy of the Russian Federation in the Field 
of Nuclear and Radiation Safety approved by 
the RF President in 20181 a set of activities is 
now being implemented that are aimed at 
remediating nuclear legacy sites and facilities. 
These include civilian and military facilities 
created before the current nuclear and radia-
tion safety requirements had been approved. 
Among them, some facilities are at the stage of 
decommissioning, disposal and burial. 

The assessment of the potential anthropo-
genic impact exerted by nuclear and radiation 
hazardous facilities on the population and the 
environment is a socially significant factor and 
a subject for studying within various research 
projects, including international ones2 [1–5]. 

The comparative analysis of the potential 
hazard caused by radiation sources and im-
pact assessment for the population and the 
environment is based on a risk approach. It is 
an advanced tool for environmental and pub-
lic health management [6–9]. The current risk 
assessment methodology is based on studying 
and analyzing all the factors affecting the en-
vironment and indirectly humans. Risk as-
sessment is also carried out for independent 
and combined impacts on population and eco-
systems. The assessment result provides the 
basis for subsequent comparative analysis and 
risk management that significantly optimize 
the nuclear legacy sites decommissioning and 
the remediation of their territories [10–14]. 

This paper presents the health physics as-
sessment of the environment. It also presents a 
study of the potential impact on the local 
population by decommissioning the Navy's 
former shore technical base (hereinafter re-
ferred to as STB) located in the northwest of 
the country (Murmansk region). In 1958, STB 
was built on the Gremikha peninsula. It was 
used for the stationing of nuclear submarines, 
recharging of reactors with water and liquid-
metal coolants, carrying out dock inspections 

and repairs. Since the base was in active op-
erations, substantial quantities of spent nuclear 
fuel (SNF) and radioactive waste (RW) were 
being accumulated on its territory. Their total 
activity is 13·1015Bq [15]. In the late 1980s it 
fell out of use after relocating the nuclear 
submarines division and removing military 
personnel from the base. It resulted in the deg-
radation of the base infrastructure and the de-
struction of engineering barriers around SNF 
and RW storage facilities, and artificial ra-
dionuclides migration into the environment. 
The facility was taken over by Rosatom Cor-
poration for decommissioning and remediation 
of contaminated territories. It is necessary to 
provide safety for the local population and 
prevent further environmental contamination. 
The Gremikha division of the North-western 
Center for Radioactive Wastes Management 
«SevRAO» (hereinafter NWC «SevRAO» 
Gremikha) was created at the territories of the 
former STB. This facility belongs to the Fed-
eral State Enterprise for RW management 
«RosRAO» (it has been called «The Federal 
Ecologic Operator» since 2020). At present, 
the main facility operations deal with RW and 
SNF management during disassembling of 
spent removable parts of nuclear submarines 
reactors with liquid-metal coolant and treating 
of high-level RW stored on an open ground. 
After removing SNF and RW, it is planned to 
remediate the contaminated territories accord-
ing to the «brownfield» scenario. Due to op-
erational specificity, the object belongs to the 
1st radiation hazard category. According to it, 
the site is divided into three zones, namely, an 
operational zone with controlled access, a 
health protection zone, and a supervision 
area. Operators monitor the radiation situation 
in all three zones following established re-
quirements. 

Previous activities at the site and ongo-
ing decommissioning measures dictate the 
necessity to consider the potential contamina-

__________________________ 
 
1 On approval of the Basics Principles of State Policy in the Field of Nuclear and Radiation safety in the Russian federa-

tion for a period up to 2025 and further on: the RF President Order issued on October 13, 2018 No. 585. The RF President. 
Available at: http://www.kremlin.ru/acts/bank/43631 (10.07.2020) (in Russian). 

2 Assessing the Long Term Safety of Radioactive Waste Management. Regulatory Guide G-320. Ottawa, Ontario, Cana-
dian Nuclear Safety Commission December Publ., 2006, 41 p. 
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tion of the site and surrounding areas with 
radioactive and non-radiological contami-
nants [16, 17]. Non-radiological contaminants 
include a wide range of organic and inorganic 
ones such as heavy metals that can be found 
in emissions from gas-cutting machinery, 
welding, painting, and deactivating works 
performed during implementation of the cur-
rent remediation activities. Therefore, the 
main goal of the research was to perform a 
complex health risk assessment of public ex-
posure to radiation and chemical environ-
mental contaminants living in the vicinity of 
NWC «SevRAO» Gremikha during decom-
missioning the nuclear legacy site. 

Materials and methods. Measurements, 
sampling, and sample analysis were performed 
following the conventional procedures ap-
proved by the certified Laboratory Centre at 
Burnasyan Federal Medical Biophysical Cen-
ter (Certificate No. RA.RU.21БУ01). 

The data were subjected to statistical 
analysis using generally accepted methods 
(GOST R ISO 16269-7-2004)3. Microsoft Ex-
cel was used for calculations. Gamma dose 
rates were measured using a portable Na-I 
scintillation detector (MCS-01A «Multirad-M» 
(NTTs Amplituda, Russia)). Gamma-spec-
trometric («CANBERRA» gamma-spectro-
meter with semi-conductor germanium detec-
tor, the USA) and radiochemical methods 
were used to determine artificial radionu-
clides in environmental media. 

Public dose assessment was performed 
according to the recommendations by the 
International Commission on Radiological 

Protection (ICRP) and the International 
Atomic Energy Agency (IAEA), taking into 
account regional background levels4 [18]. 
The average annual effective dose (hereinaf-
ter called AAED) was calculated according 
to the national radiation safety standards 
(NRB-99/2009)5. 

AAED of external exposure (both indoors 
and outdoors) was conservatively assessed by 
TLD (thermoluminescent dosimetry (TL-dosi-
meters with lithium-fluoride-based detectors 
(DTG-4), 1 g/cm2). 

Internal exposuredoses due to ingestion 
pathway were calculated according to Guide-
lines MR 2.6.1.0063-126:  

 int
, , , ),( k

i k i i j k j
k j

E e V S     (1) 

ek
i, mSv/Bq is an age- dependent dose co-

efficient for the k-th radionuclide (ingestion 
pathway), NRB-99/2009; 

Vi,j, kg/year, is annual consumption of 
the j-th product (consumed drinking water is 
730 L); 

Sk,j, Bq/kg, is average annual specific ac-
tivity of the k-th radionuclide in the j-th food 
product. 

Metals were determined with atomic-ab-
sorption spectroscopy («Kvant 2 AT», Russia). 

Chemical contamination of soil was 
evaluated via comparison with MPC7/TPC8, 
concentration factor (Кс) and cumulative pol-
lution index (Zc) according to the Guidelines 
MU 2.1.7.730-999. Concentration factor Кс is 
determined as a ratio between metal concentra-

__________________________ 
 
3 GOST R ISO 16269-7-2004. Statistical procedures. Statistical data presentation. Median. Determination of point es-

timate and confidence intervals. KODEKS: an electronic fund for legal and reference documentation. Available at: 
http://docs.cntd.ru/document/1200035332 (10.07.2020) (in Russian). 

4 Radiation Protection and Safety of Radiation Sources: International Basic Safety Standards, IAEA Safety Standards Se-
ries No. General Safety Requirements, Part 3. No GSR-3. Vienna, IAEA Publ., 2014, 477 p. 

5 Radiation Safety Standards (NRB-99/2009). Sanitary-epidemiologic rules and standards SER 2.6.1.2523-09. Moscow, 
The Federal Center for Hygiene and Epidemiology of Rospotrebnadzor Publ., 2009, 100 p. (in Russian). 

6 MR 2.6.1.0063-12. Control over radiation doses received by population living in a zone close to a radiation object, in a 
situation when it is functioning properly or when there is radiation emergency. KODEKS: an electronic fund for legal and ref-
erence documentation. Available at: http://docs.cntd.ru/document/1200095229 (10.07.2020) (in Russian). 

7 HS 2.1.7.2041-06. Maximum permissible concentrations (MPC) of chemicals in soil. KODEKS: an electronic fund for 
legal and reference documentation. Available at: http://docs.cntd.ru/document/901966754 (10.07. 2020) (in Russian). 

8 HS 2.1.7.2511-09. Tentative permissible concentrations (TPC) of chemicals in soil. KODEKS: an electronic fund for le-
gal and reference documentation. Available at: http://docs.cntd.ru/document/901966754 (10.07.2020) (in Russian). 

9 MU 2.1.7.730-99. Hygienic assessment of soil quality in settlements. KODEKS: an electronic fund for legal and refer-
ence documentation. Available at: http://docs.cntd.ru/document/1200003852 (10.07.2020) (in Russian). 
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tion in examined soil (Сi) and regional back-
ground values (mg/kg) (Сfi):  

 Кс = Ci / Cfi.  (2)  

The cumulative pollution indexis deter-
mined as a sum of concentration factors were 
determined for all chemical contaminants. 

Zc = Σ (Ксi  + … + Кcn) – (n – 1),       (3)  

n is a number of examined metals; 
Ксi is a concentration factor of the i-th 

component. 
Chemical contamination of drinking water 

was evaluated according to the Requirements 
2.1.4.1074-0110, and Hygienic Standards GN 
2.1.5.1315-0311. 

Health risk caused by radiation exposure 
was calculated using a linear risk coefficient 
for malignant neoplasms for the overall popu-
lation (5.5·10-2) according to NRB-99/2009. 
According to the guidelines (Roshydromet 
R 52.18.787-201312) on the specific content of 
artificial radionuclides in soil and drinking wa-
ter, the public risk was evaluated taking into 
account the basic exposure pathways. 

The calculation of public health risks 
caused by chemical pollutants (heavy metals) 
was performed in accordance with the guide-
lines R 2.1.10.1920-0413.The individual car-
cinogenic risk was calculated under the per-
manent residence scenario. The factors of ex-
posure which provide additional individual 
carcinogenic risk via the dermal, inhalation 
and ingestion routes of intake were taken into 
consideration. 

Results and discussion. Site characteri-
zation. According to the ecological reports 

(2017–2019), the NWC «SevRAO» Gremikha 
does not discharge radionuclides in the envi-
ronment at the current stage of decommis-
sioning. 

At the industrial site there are local areas 
under surface and depth soil contamination 
with artificial radionuclides. Gamma dose rate 
varies within the range of 0.05÷150 µSv/hour 
(median is 0.44 µSv/hour). The main artificial 
radionuclides detected in the environment 
(soil, algae, and bottom sediment) are 137Сs 
and 90Sr. There are also trace concentrations of 
154Eu (soil) and3H (subsoil waters). Ground 
water is contaminated with 90Sr and 3H ra-
dionuclides along with heavy metals in con-
centrations exceeding MPC. Subsoil- and 
ground water are polluted predominantly with 
Сd and Tl, and Cd, Ni, Al, Mn, and Zn respec-
tively. Chemical contamination of soil is het-
erogeneous and represented by the wide spec-
trum of metals, including Pb, Ni, Cu, Zn, V, 
Cd, and As [19]. 

Therefore, the paper focuses on the 
analysis of soils and drinking water in the 
residential area in the vicinity of the nuclear 
legacy site. 

A closed settlement, called Ostrovnoy, is 
located in the supervision area of the industrial 
site. The settlement includes two districts, Os-
trovnoy and Gremikha, located 1–2 km away 
from the examined site. As of 2019, the popu-
lation is 1,842 people [20]. They live in multi-
storey panel and brick houses equipped with 
centralized water supply. Water supply for 
drinking and household needs is carried out 
from the surface lake (Zmei lake) located 4 km 
away from the residential area. The terrain in 
the examined area is highly irregular; there are 
rocks, multiple lakes, and moors. Due to harsh

__________________________ 
 
10 SER 2.1.4.1074-01. Drinking water. Hygienic requirements to quality of water taken from centralized drinking water 

supply system. Quality control. Hygienic requirements to providing safety of hot water supply systems. Hygienic assessment 
of soil quality in settlements. KODEKS: an electronic fund for legal and reference documentation. Available at: 
http://docs.cntd.ru/document/901798042 (10.07.2020) (in Russian). 

11 GN 2.1.5.1315-03. Maximum permissible concentrations (MPC) of chemicals in water taken from water objects used 
for drinking and communal water supply. KODEKS: an electronic fund for legal and reference documentation. Available at: 
http://docs.cntd.ru/document/901862249 (10.07.2020) (in Russian). 

12 R 52.18.787-2013. The procedure for assessing radiation risks basing of data obtained via radiation situation monitor-
ing. Obninsk, «VNIIGMI–MCD» Publ., 2014, 116 p. (in Russian). 

13 R 2.1.10.1920-04. Guide on assessing health risks under exposure to chemicals that pollute the environment. KODEKS: 
an electronic fund for legal and reference documentation. Available at: http://docs.cntd.ru/document/1200037399 (10.07.2020) 
(in Russian). 
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T a b l e  1  

Gamma dose rate in the residential and background area 

Gamma dose rate, µSv/hour Territory Number  
of measurements Minimum Maximum Median 

Background area 131 0.06 0.20 0.11 (0.07–0.15)  
Ostrovnoy district 6,538 0.06 0.21 0.07 (0.05–0.10)  
Gremikha district 3,224 0.05 0.16 0.07 (0.05–0.10)  

 
T a b l e  2  

Specific activity of artificial radionuclides  
in ambient air in Murmansk region in 201916 

Specific activity, Bq/m3 
Radionuclides 

Average Maximum Permissible 
activity 

137Cs 7.8·10-6 18.8·10-6 27 
90Sr 6.3·10-6 9.9·10-6 2.7 
 
climate and poor soils, basic flora contains only 
lichen, shrubby birches, and shrubs. Natural 
and climatic conditions in this area do not allow 
engaging in agriculture or animal breeding. All 
the necessary food products and fuel are deliv-
ered by sea or by helicopters. People only con-
sume delivered food. 

Radiation situation in the supervision 
area. Gamma dose rate. Gamma dose rate 
measured in Gremikha and Ostrovnoy dis-
tricts corresponds to the regional background 
level (Table 1) typical for the natural back-
ground radiation existing in Murmansk re-
gion14 (0.06–0.23 µSv/hour). 

Artificial radionuclides in environ-
mental media. The dominant artificial ra-
dionuclides in the environment are 137Cs and 
90Sr. According to the data provided by the 
operator of the site15 the ambient air pollu-
tion with artificial radionuclides does not 

exceed permissible activity levels estab-
lished in NRB-99/2009. It is also confirmed 
by the data in the Radiation-hygienic profile 
issued for Murmansk region territory in 2019 
(Table 2). 

The specific activity of 137Cs and 90Sr in soil 
corresponds to the regional background values in 
the residential area (Table 3).Contamination of 
soil samples with artificial radionuclides taken in 
the vicinity to the nuclear legacy site corre-
sponds to the requirements established for 
unlimited use of solid materials AUU according to 
ОSPОRB-99/201017. 

The water samples of Zmei lake corre-
spond to the requirements established for 
drinking water quality for the artificial ra-
dionuclides. The specific activity of 137Cs and 
90Sr is three orders of magnitude lower than 
the intervention limit regulated by NRB-
99/2009 (Table 3). 

Public doses. According to the project 
documentation expected AAED for popula-
tion due to actual emissions should be 16.34 µSv 
in the normal operation mode. It is signifi-
cantly lower than the established dose limit of 
100 µSv18. Ground-level concentrations of 
contaminants outside the health protection 
zone were estimated by the qualitative and 
quantitative composition of emissions into the  

__________________________ 
 
14 Radiation situation in Russia and neighboring states in 2018. Annual edition. Obninsk, 2019, 324 p. (in Russian). 
15 There port on ecological safety issued in 2018 by the North-western Center for Radioactive Wastes Man-

agement – a branch of the «RosRAO» Federal enterprise responsible for Radioactive Wastes Management, 2018, 
32 p. (in Russian). 

16 The radiation-hygienic profile issued for Murmansk region in 2019, 2019, 11 p. (in Russian). 
17 SR 2.6.1.2612-10. Basic sanitary rules for radiation safety provision (OSPORB-99/2010). KODEKS: an elec-

tronic fund for legal and reference documentation. Available at: http://docs.cntd.ru/document/902214068 (10.07. 2020) 
(in Russian). 

18 The project for substantiating boundaries of a sanitary protection zone for the Gremikha division of the North-western 
Center for Radioactive Wastes Management, 2017, 143 p. (in Russian). 
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T a b l e  3  

The specific activity of artificial radionuclides in soils and water in the lake located nearby 
Gremikha district 

Specific activity, Bq/kg 
137Cs 90Sr Area 

Number of mes. Maximum Median Number of mes. Maximum Median 
Soil AUU=100 AUU=1,000 
Background 4 16 8 (4–12)  4 10 0.2 (0.2–0.5)  
Ostrovnoy dist. 8 29 9 (1–13)  5 1 0.4 (0.2–0.9)  
Gremikha dist. 13 31 11 (1–25)  5 0.5 0.3 (0.2–0.6)  
Water Interventional level- 11 Interventional level- 4.9 
Zmei lake 2 0.003 0.003 2 <0.001 <0.001 

 
ambient air. They correspond to hygienic re-
quirements SER2.1.6.1032-0119. Therefore, 
the main exposure pathways are external ex-
posure and internal exposure due to drinking 
water consumption. 

According to TL-dosimeters, external 
exposure AAED does not exceed 1.63 mSv 
(Table 4) with its median value by 0.98 mSv. 
External exposure dose inside houses corre-
sponds to its outdoor values. 

Considering standard time spent by the 
population indoors (6,600 hours) and outdoors 
(2,200 hours), the median AAED value for ex-
ternal exposure was 0.85 mSv, varying from 
0.40 to 1.58 mSv. 

External exposure to AAED from artificial 
sources is 10 µSv excluding regional back-
ground radiation (natural sources and artificial 
background radiation from global fallout). 

The contribution of artificial radionu-
clides with drinking water consumption to in-
ternal exposure is 0.02 µSv. 

Total AAED of external and internal ex-
posure from artificial sources is 10 µSv for 
the population and does not exceed dose lim-
its established by radiation safety standards 
NRB-99/2009. 

Heavy metal contamination of soil and 
drinking water in the residential area. 
We’ve examined the heavy metals in soil 
samples taken in Ostrovnoy and Gremikha 
districts and in drinking water samples taken 
from Zmei lake for elements from all chemi-
cal hazard categories. 

It was found that the concentrations of met-
als from the 1st hazard category (Pb, As, Cd, and 
Zn) and he 2nd hazard category (Ni, Cu, and Cr) 
in soil samples exceed the background values in 

T a b l e  4  
External exposure AAED near Gremikha district 

External exposure AAED, mSv 
Territory Number  

of measurements Minimum Maximum Median 
Background area (Zmei lake)     
– outdoors 6 0.40 1.40 0.97 (0.40–1.38)  
Ostrovnoy closed settlement:     
– outdoors 16 0.40 1.63 0.98 (0.40–1.56)  
– inside houses 6 0.40 1.56 0.80 (0.40–1.30)  

__________________________ 
 
19 SER 2.1.6.1032-01. Hygienicrequirementstoprovidingproperambientairqualityinsettlement. KODEKS: an elec-

tronic fund for legal and reference documentation. Available at: http://docs.cntd.ru/document/901787814 (10.07. 2020) 
(in Russian). 
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T a b l e  5  
The heavy metals in soil in the examined residential area and regional background 

Heavy metal, mg/kg Assessment criteria, mg/kg Element Chemical haz-
ard category Minimum Maximum Median Regional background MPC/TPC Кс 

Pb 1 35 210 120 (40–190)  18 32 6 
Cd 1 0.09 0.90 0.22 (0.09–0.63) 0.06 0.5 3 
As 1 0.1 1.2 0.6 (0.1–0.9)  0.3 2 2 
Zn 1 97 980 170 (101–680)  58 110 3 
Ni 2 23 39 34 (25–37)  20 40 2 
Cu 2 15 97 35 (20–78)  12 66 2 
Cr 2 28 120 81 (31–113)  34 – 2 
V 3 47 93 75 (49–83)  48 150 2 

Mn 3 490 610 600 (502–602)  400 1500 1 
Ba 3 620 790 700 (630–778)  720 – 1 
Sr 3 260 300 280 (265–290)  300 – 1 

      Zc 2 28 9 (2–17)  – – – 
 

soils of this region (Table 5). According to 
health physics assessment, the Pb and Zn con-
centrations in soils reached up to 7 MPC, 9 TPC, 
respectively. The soil in the most of the exam-
ined areas have a «permissible» contamination 
level by calculated Zc index (Zc < 16). The 
maximum value of Zc is 28, which characterizes 
soil contamination as «moderately hazardous». It 
caused by increased soil concentrations of Pb, 
Cd, and Zn (Table 5). 

Water from the lake contained the follow-
ing heavy metals in significant concentrations: 
Al (0.011 ± 0.004 mg/L), Fe (0.03 ± 0.01 mg/L), 
and Mn (1.0 ± 0.3 mg/L) without exceeding 
MPC. We didn’t either detect any metals of 
the 1st chemical hazard category in significant 
concentrations. Water from the lake corre-
sponds to requirements established for drink-
ing water quality by heavy metals. 

Comprehensive analysis of carcino-
genic risks for population. The experimental 
studies on the environmental pollution in the 
area close to the studied nuclear legacy site 
formed the basis for carcinogenic risk as-
sessment. Risk calculations based on data 
from field studies have some uncertainties 
related to spatio-temporal unevenness of 
contaminant distribution in the environment, 
the characteristics of individual exposure, 

and the time frame of experimental studies. 
In this work, an assessment of the public 
health risks during the active phase of SNF 
and RW management was carried out. The 
radiation and chemical risks related to envi-
ronmental contamination with heavy metals 
were determined according to a conservative 
scenario for a hypothetical person exposed to 
radioactive and chemical pollutants during 
the average life span (70 years). To avoid 
hazard underestimation, we took the upper 
limits of the median confidence interval to 
calculate tentative risks levels at Р = 0.95 
taking into account extended uncertainty of 
radiation parameters and heavy metal meas-
urements. 

We calculated tentative radiation risk lev-
els taking into account exposure to artificial 
radionuclides in soils and drinking water. Ac-
cording to the requirements R52.18.787-2013 
(Table 6) the external exposure risk was found 
to be an order of magnitude higher than the 
internal exposure risk for population living in 
the examined area. The level of the total radia-
tion risk, taking into account the uncertainty, is 
5·10–7, which corresponds to the level of «neg-
ligible» risk (lower than 1·10–6). The risk esti-
mated by the total AAED from all artificial 
sources also can be considered as «negligible». 
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T a b l e  6  
The individual radiation risk for people living 

near the Gremikha district 
Individual radiation risk 

Exposure Parameter 
Specific 
activity, 

Bq/kg (L) * internal external Total 

Soil 3·10–9 5·10–7 5·10–7 
137Cs 25 8·10–10 5·10–7 5·10–7 
90Sr 9 2·10–9 1·10–9 3·10–9 
Water 1·10–8 – 1·10–8 
137Cs 0,003 1·10–9 – 1·10–9 
90Sr 0,001 9·10–9 – 9·10–9 
Total risk 1·10–8 5·10–7 5·10–7 

N o t e : *means it is the upper limit of median 
confidence interval at Р = 0.95 allowing for extended 
measurements uncertainty. 

T a b l e  7  
Individual carcinogenic risks caused by 
chemical pollution of the environment 

Individual carcinogenic risks 
Intake Parameter 

Concen- 
tration, 
mg/kg* ingestion inhalation dermal Total 

Soil 9·10–8 2·10–8 5·10–8 2·10–7 
Pb 190 4·10–8 6·10–9 2·10–8 7·10–8 
As 0.9 3·10–8 8·10–9 6·10–9 4·10–8 
Cd 0.6 5·10–9 3·10–9 2·10–8 3·10–8 
Cr 113 1·10–6 4·10–7 5·10–6 6·10–6 

N o t e : * means the upper limit of median confi-
dence interval at Р = 0.95, allowing for extended meas-
urements uncertainty. 

 
We also assessed the tentative risks of 

carcinogenic effects caused by exposure to 
heavy metals found in soils in the residential 
area in concentrations exceeding regional 
background levels (Table 7). Since we did not 
detect any carcinogenic potential for Zn, Cu, 
and V, the assessment was accomplished for 
Pb, As, Cd and Cr. 

The calculated levels of carcinogenic 
risks taking into account all intake ways (in-
gestion, inhalation, and dermal) did not exceed 
the minimum range of carcinogenic risk (lower 
than 10–6) and corresponded to the «negligi-
ble» acceptance criterion. 

Comparing the risks caused by the studied 
contaminants, we took into account general 
linear dependence concept for assessing the 
carcinogenic risks to low exposure doses and 
low concentrations of carcinogenic chemicals. 
Our comparison indicates no prevailing con-
tributions made by radiation and chemical pol-
lutants into carcinogenic risks [10]. 

Conclusions. Health physics situation in 
the residential area located near the Navy's 
former shore technical base (Gremikha penin-
sula) is characterized by background concen-
trations of artificial radionuclides 137Cs and 
90Sr in environmental media. However, heavy 
metal soil contamination in the residential area 
is characterized by chemicals concentrations 
exceeding regional background levels. Com-
prehensive assessment of carcinogenic health 
risks to the public caused by exposure to radia-
tion and chemical factors showed comparable 
results. Risks levels did not exceed 10-6 and 
were negligible. 

The obtained results show that current 
industrial activities at the nuclear legacy site 
NWC «SevRAO» Gremikha during site de-
commissioning do not create additional risks 
of exposure to radionuclides and heavy met-
als for the population and the environment. 
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OMIC MARKERS IDENTIFICATION FOR PREDICTING RISKS OF NEGATIVE 
EFFECTS IN CHILDREN WITH ELEVATED COPPER AND NICKEL CONTENTS 
IN BLOOD 

N.V. Zaitseva1, M.A. Zemlyanova1,2, Yu.V. Koldibekova1, N.I. Bulatova1 
1Federal Scientific Center for Medical and Preventive Health Risk Management Technologies, 82 Monastyrskaya Str., 
Perm, 614045, Russian Federation 
2Perm State University, 15 Bukireva Str., Perm, 614990, Russian Federation 
 

 
Proteomic profiling is a promising procedure for examining and substantiating molecular mechanisms of body reac-

tions occurrence and development as a response to adverse impacts; it allows detecting and examining these reactions at 
early stages in their development prior to cellular damage and damage to organs. Studies aimed at increasing efficiency of 
adverse effects prediction are especially vital for solving tasks related to early detection and prevention of consequences 
associated with exposure to chemical environmental factors, first of all, ambient air. 

Our research goal was to identify omic-markers for predicting risks of negative effects in children with elevated cop-
per and nickel contents in blood. 

We performed proteomic blood plasma examination in children and modeled cause-and-effect relations. Children with 
copper and nickel contents in their blood being 3.5 times higher than physiological standard had approximately 20 protein 
stains that were authentically different from those detected in children from the reference group. We detected correlations 
between an increase in relative volume of three protein stains including apolipoprotein A-I, anchor protein of A-kinase 9, 
vitronectin, and a decrease in relative volume of one protein strain including transthyretin and elevated copper and nickel 
contents in blood (R2 = 0.300.44; р = 0.00010.008). All the above-mentioned proteins have predictive significance when it 
comes down to negative effects related to neuroregulation disorders and endothelial dysfunction. It was proven that there 
was a risk of predicted negative effects such as greater frequency of nervous and cardiovascular system diseases in case 
copper and nickel contents in blood were elevated (R2=0.350.96; р=0.00010.013). The established list of potential target 
molecules (apolipoprotein A-I, vitronectin, anchor protein of A-kinase 9, and transthyretin) and genes that coded their ex-
pression (APOA1, VTN,AKAP9,TTR) was substantiated as omic-markers indicating a possibility that negative effects might 
occur in the cardiovascular and nervous system. 

Key words: copper and nickel in blood, health risk, proteomic profile of blood plasma, nervous system, cardiovascular 
system, apolipoprotein A-I, anchor protein of А-kinase 9, vitronectin, transthyretin. 
 

 
 There are certain priorities fixed within 

national and international strategies for scien-
tific research development in fundamental 
medicine for the period up to 20251. Given 

these priorities, research that concentrates on 
specific changes in regulatory mechanisms of 
homeostasis at the molecular level becomes 
especially important since it allows efficient 
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predicting and assessing potential negative ef-
fects at the earliest stage in their development. 
This research is accomplished with «Preven-
tion medium» scientific platform. 

Extremely high ambient air contamination 
with chemicals, including highly toxic nickel 
and copper compounds, results in risks of 
negative effects produced on the respiratory 
organs, blood system, immune system, and 
nervous system2. 

Given that, it becomes especially vital to 
identify changes in homeostasis at the molecu-
lar level. Studies that focus on peptide pools 
fully correspond to these requirements since 
such pools play an exceptional role in bioregu-
lation occurring in live organisms. Proteomic 
profiling is an efficient tool that allows analyz-
ing peptides, as well as their ultimate and in-
termediate metabolites in a cell [1–4]. This 
procedure allows examining and substantiating 
etiological pathogenetic mechanisms of re-
sponses occurring and developing in a body 
due to exposure to adverse factors at their ear-
liest stages, prior to any symptoms of damage 
to cells and organs, that is, at the level where 
transformed proteomic blood plasma profile is 
examined. To predict expression of these pep-
tides, it is important to determine genes that 
code them; existing databases (for example, 
Sviss Prot) provide an opportunity to do it. 
The outlined issue confirms it is vital to per-
form studies aimed at identifying molecular 
omic-markers for early detection and preven-
tion of consequences caused by aerogenic ex-
posure to metals [5, 6]. 

Our research goal was to reveal omic-
markers for predicting risks of negative effects 
in children with elevated copper and nickel 
contents in blood. 

Data and methods. Our research objects 
were blood plasma samples taken from 
20 children aged 4–6 with elevated copper 
and nickel contents in blood (the test group) 

and 10 children with these metals detected in 
their blood in concentrations that corre-
sponded to minimal or reference values (the 
reference group). 

The present research work was accom-
plished in full conformity with ethical re-
quirements fixed in the Helsinki Declaration 
(last edited in 2013) and was approved on by 
the Ethical Committee of the Rospotrebnad-
zor’s Federal Scientific Center for Medical and 
Preventive Health Risk Management Tech-
nologies. Both groups were comparable as per 
age and gender and didn’t have any differ-
ences regarding social and economic factors 
that might cause health risks. Children’s legal 
representatives gave their voluntary written 
informed consent on underage children’s par-
ticipation in the research and publication of 
relevant data on them. 

Chemical-analytical blood examination 
aimed at determining nickel and copper con-
tents in blood was performed in conformity 
with the valid Methodical Guidelines 
MUK 4.1.3230-14 «Measuring mass concen-
trations of chemicals in biological media 
(blood and urine) with mass spectrometry with 
inductively coupled plasma»3. To do that, we 
used relevant analytical equipment, namely 
Agilent 7500cx (the USA) mass spectrometer 
with inductively coupled argon plasma. 

Proteomic blood plasma profile of chil-
dren from the test and reference groups was 
performed according to two-dimensional elec-
trophoresis procedure in polyacrylamide gel as 
per methods recommended for the equipment 
in use [7–9]. Obtained blood plasma electro-
phoregrams were visualized via dying with 
silver and documented with a system for gel-
documenting (Bio-Rad, the USA). Obtained 
proteomic maps were analyzed with PDQuest 
software (Bio-Rad, the USA). We spotted out 
significant protein stains in obtained proteino-
grams and performed subsequent analysis via 

__________________________ 
 
2 R 2.1.10.1920–04. Assessment of population health risks under exposure to chemicals that pollute the environment: 

Guide. Moscow, The Federal center for state sanitary and epidemiologic surveillance of the RF Public Healthcare Ministry 
Publ., 2004, 143 p. (in Russian). 

3 MUK 4.1.3230-14. Measuring mass concentrations of chemicals in biological media (blood and urine) with mass spec-
trometry with inductively coupled plasma. Approved by the RF Chief Sanitary Inspector А.Yu. Popova on December 19, 2014. 
KODEKS: an electronic fund for legal and reference documentation. Available at: http://docs.cntd.ru/document/495856222 
(22.09.2019) (in Russian). 
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liquid chromatography combined with mass-
spectrometry with UltiMate chromatograph 
3000 (Germany) ABSciex 4000 QTRAP tandem 
mass-spectrometer with Nanospray 3 ionization 
source (Canada). Data obtained via tandem ex-
periments were processed with ProteinPilot 
software, version 4.5 (AB SCIEX) with identifi-
cation as per UniProt_sprot_fasta database (ver-
sion issued on November 24, 2017), and with a 
sampling made as per HomoSapience taxon. 
Most data on obtained proteins were taken from 
UniProt databases. We determined genes that 
identified proteins corresponded to with HGNC 
database of human gene name. 

Sampling properties were given as simple 
mean (М) and error of representativeness (m). 
We used Mann-Whitney test to determine 
whether discrepancies between the test and ref-
erence groups were significant. Data were sta-
tistically processed with Statistica 10 software. 

To perform comparative analysis of pre-
dicted negative effects among the examined 
children aged 4–6, we took data on morbidity 
among children aged 10–12 (as per ICD-10) 
obtained via profound medical examinations. 

Marker protein stains were substantiated 
basing on detected authentic cause-and-effect 
relations described with multi-factor models 
showing «statistically significant stain – nickel 

concentration in blood» dependence with linear 
regression. To test whether the obtained models 
were valid and relevant, we performed disper-
sion analysis with Fischer’s test F, determina-
tion coefficient (R2), and Student’s t-test with 
statistical significance taken as p ≤ 0.05. 

Results and discussion. We analyzed re-
sults obtained via chemical-analytical exami-
nation aimed at determining nickel and cop-
per contents in blood; the analysis revealed 
that children in the test group had 1.2 times 
higher copper contents in blood 
(1.04 ± 0.09 mg/dm3) against the reference 
group (0.87 ± 0.09 mg/dm3) (р = 0.011); 
nickel contents in their blood was also up to 
3.5 times higher (0.007 ± 0.002 mg/dm3) against 
the same parameter (0.002 ± 0.0001 mg/dm3) in 
the reference group (р = 0.001). A share of 
samples with nickel and copper contents being 
higher than reference values4 (RfLcopper = 
= 0.09 mg/dm3, RfLnickel = 0.001 mg/dm3) var-
ied from 77.0 % to 82.0 % of all the examined 
children in the test group whereas it was only 
from 10.0 % to 20.0 % in the reference group. 

Two-dimensional electrophoresis allowed 
obtaining proteomic blood plasma maps for 
children from the examined samples; relative 
protein stains volumes were determined in 
them via densitometry (Figures 1 and 2). 

 

  

Figure 1. A part of 2DE-gel of children’s blood plasma: 
a child from the test group, number of protein stains  

are given 

Figure 2. A part of 2DE-gel of children’s blood 
plasma: a child from the reference group, number  

of protein stains are given 
__________________________ 
 
4 N.U. Tits. Clinical guide on laboratory tests. Moscow, UNIMED-press Publ., 2003, 570 p. (in Russian). 
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We performed comparative analysis of re-
sults obtained via densitometry measuring of 
proteomic blood plasma maps obtained for the 
examined children; the analysis allowed re-
vealing authentic discrepancies in relative vol-
umes of approximately 20 protein stains be-
tween children from the test and the reference 
group (Table 1). 

Children from the test group had proteins 
stains No. 12 and No. 18 that had 8.0–12.2 
times greater volume and protein stain No. 19 
that had 5.4 times lower volume than the 
same stains in children from the reference 
group (р=0.0001). The above said proteins 
and genes that code their expression are 
given in Table 2. 

Figure 3 shows an example spectrum for a 
peptide that has a correlation with simultane-

ous elevated copper and nickel contents in 
blood. 

Having built multi-factor models, we es-
tablished direct cause-and-effect relations be-
tween elevated copper and nickel contents in 
blood and an increase in relative volume of 
protein stain No. 12 that included a sequence 
of apolypoprotein A-I and A-kinase 9 anchor 
protein (R2 = 0.30; b0

 = -656.8; b1
 = 1,801.1; 

b2
 = 63,518.1; р = 0.008) and protein stain 

No. 18 (vitronectin) (R2 = 0.44; b0
 = -1,372.0; 

b1
 = 2,743.3; b2

 = 112,937.0; р = 0.0001). We 
also detected inverse dependence between a 
decrease in relative volume of protein stain 
No. 19 that included transthyretin and ele-
vated copper and nickel contents in blood 
(R2 = 0.35; b0

 = 4,870.1; b1
 = -3,266.9; b2

 =  
= -79,946.5; р = 0.003). 

T a b l e  1  
A spectrum showing peptides and proteins determined in proteomic blood plasma profile 

of children with elevated copper and nickel contents in blood 

Stain number Peptide spectrum Peptide identifica-
tion probability, % Protein name 

RVDGSVDFYRDWATYK 1.0 Stain No. 2 VDLVDFEDNYQFAK 56.6 Ficolin-2 

VDGSVDFYR 88.0 
VDLVDFEDNYQFAK 99.0 Ficolin -2 Stain No. 4 
VNVDEVGGEALGR 99.0 Hemoglobin subunit beta 

Stain No. 8 INGKPLPGATPAK 40.6 tRNAselenocysteine 1-associated protein 1 
GLCVATPVQLR 99.0 
GSFEFPGDVSK 64.9 

LGQYASPTAKRCCQDGVTR 1.0 
Complement component C4-B  

QRIEALSLMHPSISFSLR 59.0 
DSEATR 1.0 
FYGFR 1.0 

DNA mismatch repair protein Mlh3 
Stain No. 9 

GVGKVPR 34.1 P2Y purinergic receptor 12 
Stain No. 10 NIVQNVR 26.1 Sideroflexin-3 

VSFLSALEEYTK 99.0 
QGLLPVLESFK 33.6 

VKDLATVYVDVLK 3.8 
Apolypoprotein A-I Stain No. 11 

VDTLEIQGDVTLSYVQIR 32.2 Galectin-4 
DYVSQFEGSALGK 99.0 

QGLLPVLESFK 59.9 Apolypoprotein A-I Stain No. 12 
LLKILLEVVK 52.3 А-kinase 9 anchor protein 

CYTAVVPLVYGGETK 99.0 
FVYHLSDLCK 99.0 

AVHVKAQEDER 1.0 
NHLLFWGVLAFIK 1.0 

Immunoglobulin J-chin 

RPSTPR 73.2 
EKQFLNAESAYMDPMK 0.2 

DRGGRDYPPLR 1.0 

Stain No. 13 

DSTSTAPDSQR 0.1 

Protein faggot 
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LEPLGPGSSGRPGK 1.0 
VLRDGGCSLPIIPNITK 0.2 

HRAAEAAINILK 72.9 Interferon-induced activator of two-chain 
RNA-dependent protein kinase A 

GLEEELQFSLGSK 99.0 
DVPRGQVVK 1.0 Complement component C4-B 

HQDFNSAVQLVENFCR 99.0 Stain No. 15 

LAVTTHGLPCLAWASAQAK 18.3 Prothrombin 

GLEEELQFSLGSK 99.0 Complement component C4-B 
MPYSVGFR 23.6 Stain No. 16 

CYGMTDDKVDK 1.0 Ankyrin-1 

Stain No. 17 SIAQYWLGCPAPGHLR 77.2 Vitronectin 
Stain No. 18 SIAQYWLGCPAPGHLR 95.9 Vitronectin 

GSPAINVAVHVFR 99.0 
TSESGELHGLTTEEEFVEGIYK 99.0 

ALGISPFHEHAEVVFTANDSGPR 94.7 Stain No. 19 

AADDTWEPFASCK 99.0 

Transthyretin 

DALSSVQESQVAQQAR 99.0 
GWVTDGFSSLK 99.0 Apolypoprotein C-III 

DLTEAVPR 94.1 Myotubularin 

RDGPGLER 42.7 NAD-dependent protein –diacetyl ASA-sirtuin-
1 

Stain No. 22 

LKSGSGPVR 32.4 Necleoplasmin-3 
SIAQYWLGCPAPGHLR 99.0 Vitronectin 
DALSSVQESQVAQQAR 3.9 Stain No. 23 

GWVTDGFSSLK 42.2 Apolypoprotein C-III 

Stain No. 24 ESLSSYWESAK 99.0 Apolypoprotein C-II 
FFGHGAEDSLADQAANEWGR 96.5 
FFGHGAEDSLAPQAANEWGR 1.0 Serum amyloid protein А-1 Stain No. 27 

RGPGGAWAAEVISNAR 93.0 Serum amyloid protein А-2 
SFFSFLGEAFDGAR 99.0 Serum amyloid protein А-2 
LVAASQAALGLK 79.1 

APLAKYIGENQDSISSK 1.0 
YIGENQDSISSKLK 1.0 

Stain No. 28 

VFDEFKPLVEEPQNLIK 99.0 

Albumin 

SAVTALWGK 99.0 
VNVDEVGGEALGR 99.0 Stain No. 30 

VLGAFSDGLAHLDNLK 55.6 
Hemoglobin subunit beta 

Stain No. 31 LLVVYPWTQR 99.0 Hemoglobin subunit gamma-2  

T a b l e  2  
Proteins and genes coding them that have a correlation with elevated nickel and copper  

contents in blood 
Relative volume of protein stain 

(M±m), int* Protein  
stain  
No. 

A trend in 
protein vol-
ume change 

Protein Test group 
(n=20)  

Reference group
(n=10)  

A gene  
that codes  
a protein 

Code of a gene 
that codes a pro-

tein in Sviss  
Prot database 

Apolypoprotein A-I APOA1 P02647 12 Increase А-kinase 9 anchor protein 2,099±135** 171±46 AKAP9 Q99996 
18 Increase Vitronectin 2,731±337** 340±101 VTN P04004 
19 Decrease Transthyretin 498±143** 2,687±746 TTR P02766 

 
N o t e : 
int* means protein stain intensity; 
** means discrepancies between mean values are valid, р ≤ 0.05. 
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Figure 3. Spectrum for TSESGELHGLTTEEEFVEGIYK peptide (Transthyretin)  

(SwissProt database) in a child’s blood plasma, stain No. 19 

We analyzed biological functions per-
formed by the identified proteins in blood 
plasma as per data provided in both Russian 
and foreign scientific works; the results al-
low predicting certain adverse effects occur-
ring in the cardiovascular and nervous sys-
tem. Thus, indentified apolypoprotein A-I 
and vitronectin are predominantly connected 
with endothelial dysfunction that in future 
may result in arterial hypertension and car-
diomyopathy [10]. Apolypoprotein A-I be-
longs to high density lipoproteins; it releases 
cells from excessive cholesterol thus pre-
venting atherosclerosis plaques formation 
and making for greater elasticity of vessels 
endothelium [11–13]. Vitronectin is a cellu-
lar-adhesive glycoprotein produced and re-
leased by liver cells; in pathologic state it is 
bonded with cellular surfaces, for example, 
with activated thrombocytes and extra-
cellular matrices in various tissues (fibrin) 
[14]. As a result, thrombocytes adhesion and 
their local aggregation enhance as it has been 
confirmed via experimental research [15, 
16]. In case there is a growth in relative vol-
ume of a protein stain that contains apolypo-
protein A-I and vitronectin and nickel and 
copper contents in blood are elevated, we 
can predict damage to endothelial cells of 
blood vessels done by reactive oxygen spe-
cies, anti-inflammation reaction being in-
duced, and cytokines being released from 
heart tissues via such transcription factors as 
NF-κB (nuclear factor kappa-B) and AP-1 

(activator protein 1) as it was described in 
several foreign and Russian research works 
[17, 18]. 

A-kinase 9 anchor protein characterizes 
changes in neural regulation since several its 
isoforms are able to get bonded to N-methyl-
D-aspartate receptor in neuromuscular junction 
and neuron synapses; it means that there are 
changes in how postsynaptic specialization is 
organized [19]. As per data obtained via ex-
perimental research, excessive expression of 
this protein may result in mitochondria becom-
ing longer and an in increase in membrane po-
tential thus making neurons less sensitive to 
constant strain in transferring signals [19, 20]. 
Transthyretin, in its turn, is a protein that plays 
an important role in the nervous system devel-
opment, neuronal growth and synapses genesis 
as well as cytoarchitecture regulation that sup-
port cognitive functions performed by the cen-
tral nervous system (memory, emotional state, 
and mental health) [21, 22]. This assumption is 
confirmed by results obtained via experimental 
research performed by foreign experts [21, 
23]. Changes in transthyretin expression may 
lead to various cognitive disorders and behav-
ioral deviations [23]. 

We performed comparative analysis of es-
tablished changes in proteomic blood plasma 
profile of children aged 4–6 and negative ef-
fects that turned into actual diseases in chil-
dren aged 10–12; the results allowed revealing 
authentic 2.2–3.0 times greater frequency of 
cardiovascular diseases (cardiomyopathy, I42) 
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and diseases of the nervous system (functional 
disorders of the central and vegetative nervous 
system, G90.9, G90.8) against the same parame-
ters in the reference group (р=0.001–0.032). 
And we also established authentic depend-
ence between greater frequency of nervous 
diseases (functional disorders in the nervous 
system) and cardiomyopathy and elevated 
copper and nickel contents in blood for children 
aged 10–12 (R2=0.35–0.96; -1.94≤b0≥-7.22; 
1.76≤b1≥128.64; р=0.0001–0.013). 

Therefore, the described and grounded 
omic-markers (apolypoprotein A-I, vitronec-
tin, A-kinase 9 anchor protein, and transthy-
retin) and genes that code their expression 
(APOA1, VTN, AKAP9, and TTR) can be 
used to achieve more efficient prediction of 
negative effects related to disorders in neural 
regulation and endothelial dysfunction; it will 
allow early detection and prevention of nega-
tive outcomes for children’s health under high 
aerogenic exposure to copper and nickel. 

Conclusions. 
1. Approximately 20 protein stains were 

authentically different in children from the test 
group with copper and nickel contents in blood 
being up to 3.5 times higher than in the refer-
ence group. 

2. We established dependences between 
elevated copper and nickel contents in blood 
and an increase in relative volume of three 
protein stains that contained apolypoprotein 

 A-I, А-kinase 9 anchor protein, and vi-
tronectin, and a decrease in relative volume of 
one protein stain that contained transthyretin 
(R2=0.30–0.44; р=0.0001–0.008). 

3. Changes in relative volume of protein 
stains that include apolypoprotein A-I, А-ki-
nase 9 anchor protein, vitronectin, and 
transthyretin have predictive significance for 
determining probable negative effects related 
to neural regulation disorders and endothelial 
dysfunction. 

4. Predicted negative effects were proven 
to actually occur as elevated frequency of nerv-
ous and cardiovascular diseases in case copper 
and nickel concentrations in blood were ele-
vated (R2=0.35–0.96; р=0.0001–0.013). 

5. To predict probable negative effects 
occurring in the cardiovascular and nervous 
system prior to actual damage done to tissues 
and organs, we substantiated use of omic-
markers given ass proteins (apolypoprotein  
A-I, vitronectin, А-kinase 9 anchor protein, 
and transthyretin) and genes that code their 
expression (APOA1, VTN, AKAP9, TTR); 
these markers allow identifying transformed 
proteomic profiled associated with aerogenic 
exposure to copper and nickel. 

 
Funding. The research was not granted any 

sponsor support.  
Conflict of interests. The authors declare 

there is no any conflict of interests. 

References 

1. Barbarini N., Magni P. Accurate peak list extraction from proteomic mass spectra for identi-
fication and profiling studies. BMC. Bioinformatics, 2010, vol. 11, no. 518, pp. 114. DOI: 
10.1186/1471-2105-11-518  

2. Shenderov B.A. «Omik»-tekhnologii i ikh znachenie v sovremennoi profilakticheskoi i 
vosstanovitel'noi meditsine [«Omic»-technologies and their significance for contemporary preventive 
and recovery medicine]. Vestnik vosstanovitel'noi meditsiny, 2012, no. 3, pp. 7078 (in Russian).  

3. Polunina T.A., Varshavskaya Yu.S., Grigor'eva G.V., Krasnov Ya.M. Proteomic methods of 
protein separation and analysis. Zhurnal mikrobiologii, epidemiologii i immunobiologii, 2014, no. 3, 
pp. 107114 (in Russian).  

4. Ahn S.-M., Simpson R.J. Body fluid proteomics: Prospects for biomarker discovery. Pro-
teomics Clin. Appl., 2007, vol. 1, no. 9, pp. 1004–1015. DOI: 10.1002/prca.200700217 

5. Larina I.M., Ivanisenko V.A., Nikolaev E.N., Grigorev A.I. The proteome of a healthy hu-
man during physical activity under extreme conditions (Reviews). Actа Naturae, 2014, vol. 6, no. 3 
(22), pp. 6675.  



Omic markers identification for predicting risks of negative effects in children with elevated copper …   

ISSN (Print) 2308-1155    ISSN (Online) 2308-1163    ISSN (Eng-online) 2542-2308 55

6. Aebersold R., Agar J., Amster I., Baker M.S., Bertozzi C.R., Boja E.S., C.E. Costello, B.F. 
Cravatt [et al.]. How many human proteoforms are there? Nature chemical biology, 2018, vol. 14, 
no. 3, pp. 206–214. DOI: 10.1038/nchembio.2576 

7. PROTEAN i12 IEF System. Instruction Manual. Hercules, Bio-Rad Laboratories, Inc Publ., 
2011, 60 p. 

8. PROTEAN II xi 2D cell. Instruction Manual. Hercules, Bio-Rad Laboratories, Inc Publ., 
2011, 52 p. 

9. ReadyPrep 2-D starter Kit. Instruction manual. Hercules, Bio-Rad Laboratories, Inc Publ., 
2011, 28 p. 

10. Wu S., Deng F., Wei H., Huang J., Wang H., Shima M., Wang X., Qin Y. [et al.]. Chemical 
constituents of ambient particulate air pollution and biomarkers of in flammation, coagulation and 
homocysteine in healthy adults: a prospective panel study. Part. Fibre. Toxicol., 2012, vol. 9, no. 49, 
pp. 113. DOI: 10.1186/1743-8977-9-49 

11. Knyazev R.A., Trifonova N.V., Ryabchenko A.V., Kotova M.V., Kolpakov A.R., Polyakov 
L.M. Impact of recombinant apolipoprotein A-I on myocardial function in experiment. Patologiya 
krovoobrashcheniya i kardiokhirurgiya, 2018, vol. 22, no. 4, pp. 8894 (in Russian).  

12. Maranhão R.C., Freitas F.R. HDL Metabolism and Atheroprotection: Predictive Value of 
Lipid Transfers. Advances in Clinical Chemistry, 2014, no. 65, pp. 1–41. DOI: 10.1016/B978-0-12-
800141-7.00001-2 

13. Chumakova G.A., Gritsenko O.V., Veselovskaya N.G., Vakhromeeva E.V., Kozarenko A.A. 
Clinical role of apolipoproteins A and B. Kardiovaskulyarnaya terapiya i profilaktika, 2011, vol. 10, 
no. 6, pp. 105111 (in Russian).  

14. Masaharu H., Takeshi Y., Katsuko N., Ai S.-N., Tomoko F., Yuichi M., Takaya G., Katsushi T. 
Vitronectin improves cell survival after radiation injury in human umbilical vein endothelial cells. FEBS 
Open Bio, 2012, no. 2, pp. 334–338. DOI: 10.1016/j.fob.2012.10.002 

15. Ruggeri Z.M., Jackson S.P. Platelet Thrombus Formation in Flowing Blood. Platelet biol-
ogy, 2013, no. 2, pp. 399–423. DOI: 10.1016/B978-0-12-387837-3.00020-1 

16. Konstantinides S., Schafer K., Thinnes T., Loskutoff D.J. Plasminogen activator inhibitor-1 
and its cofactor vitronectin stabilize arterial thrombi after vascular injury in mice. Circulation, 2001, 
no. 103, pp. 576583. DOI: 10.1161/01.cir.103.4.576 

17. Sarnat S.E., Winquist A., Schauer J.J., Turner J.R., Sarnat J.A. Fine particulate matter com-
ponents and emergency department visits for cardiovascular and respiratory diseases in the St. 
Louis, Missouri-Illinois, Metropolitan Area. Environ. Health Perspect, 2015, vol. 5, no. 123, 
pp. 437–444. DOI: 10.1289/ehp.1307776 

18. Kolpakova A.F., Sharipov R.N., Kolpakov F.A. Air pollution by particulate matter as the 
risk factor for the cardiovascular diseases. Gigiena i sanitariya, 2017, vol. 96, no. 2, pp. 133137 
(in Russian). 

19. Liu Yu., Merrill R.A., Strack S. A-Kinase Anchoring Protein 1: Emerging Roles in Regulat-
ing Mitochondrial Form and Function in Health and Disease (Review). Cells, 2020, vol. 9, no. 298, 
pp. 212. DOI: 10.3390/cells9020298 

20. Flippo K.H., Gnanasekaran A., Perkins G.A., Ajmal A., Merrill R.A., Dickey A.S., Tay-
lor S.S., McKnight G.S. [et al.]. AKAP1 Protects from Cerebral Ischemic Stroke by Inhibiting Drp1-
Dependent Mitochondrial Fission. J. Neurosci, 2018, vol. 19, no. 38, pp. 8233–8242. DOI: 
10.1523/JNEUROSCI.0649-18.2018 

21. Remaud S., Gothié J.-D., Morvan-Dubois G., Demeneix B.A. Thyroid hormone signaling 
and adult neurogenesis in mammals. Front. Endocrinol, 2014, vol. 5, no. 62, pp. 17. DOI: 
10.3389/fendo.2014.00062 

22. V'yunova T.V., Medvedeva E.V., Andreeva L.A., Dergunova L.V., Limborskaya S.A., My-
asoedov N.F. A possible role of transthyretin in the biological mechanism of regulatory peptide neuro-
protection. Molekulyarnaya genetika, mikrobiologiya i virusologiya, 2016, vol. 34, no. 3, pp. 104109 
(in Russian). 



N.V. Zaitseva, M.A. Zemlyanova, Yu.V. Koldibekova, N.I. Bulatova 

Health Risk Analysis. 2021. no. 1 56 

23. Brouillette J., Quirion R. Transthyretin: a key gene involved in the maintenance of mem-
ory capacities during aging. Neurobiol. Aging., 2008, vol. 29, no. 11, pp. 17211732. DOI: 
10.1016/j.neurobiolaging.2007.04.007 

 
 
Zaitseva N.V., Zemlyanova M.A., Koldibekova Yu.V., Bulatova N.I. Omic markers identification 

for predicting risks of negative effects in children with elevated copper and nickel contents in blood. 
Health Risk Analysis, 2021, no. 1, pp. 48–56. DOI: 10.21668/health.risk/2021.1.05.eng 

 
 
Received: 12.01.2021 
Accepted: 15.03.2021 
Published: 30.03.2021 
 
 
 
 
 
 
 
 
 



Assessment and classification of food products as per health risks caused by chemical …   

ISSN (Print) 2308-1155    ISSN (Online) 2308-1163    ISSN (Eng-online) 2542-2308 57

UDC 613.26–613.28  
DOI: 10.21668/health.risk/2021.1.06.eng 

Read
online

Research article 
 

ASSESSMENT AND CLASSIFICATION OF FOOD PRODUCTS AS PER HEALTH 
RISKS CAUSED BY CHEMICAL AND MICROBIOLOGICAL CONTAMINATION 

O.G. Bogdanova1, O.A. Molchanova1,2, I.Yu. Tarmaeva3, N.V. Efimova1 

1East-Siberian Institute of Medical and Ecological Research, 12a the 3rd micro-district, Angarsk, 665827,  
Russian Federation 
2Federal Service for Surveillance over Consumer Rights Protection and Human Wellbeing, Buryatiya Region 
office, 45b Klyuchevskaya Str., Ulan-Ude, 670013, Russian Federation 
3Federal Research Centre of Nutrition, Biotechnology and Food Safety, 2/14 Ustinsky lane, Moscow, 109240, 
Russian Federation 
 

 
Our research goal was to reveal priority food products (FP) distributed on a regional consumer market as per health 

risks they caused for population. 
The research was accomplished with statistic, analytical, and mathematical procedures as well as using comparative 

analysis procedure. 
We analyzed laboratory data on sanitary-chemical and physical-chemical parameters collected over 2010–2019; 

our analysis revealed there were insignificant risks excluding FP contamination with nitrates. Special attention should be 
paid to microbiological contamination as overall parameters related to it remain steady over the compared 5-year peri-
ods. We also have detected unfavorable trends as average parameters have grown authentically over the last 5 years 
against 2010–2014 when it comes to fruit and vegetables, poultry, fish products, and alcoholic beverages with growth 
rates varying from 3.53 times to 1.44 times.  

Having accomplished all the necessary calculations, we established that in Buryatia, just as in the Russian Federation 
in general, there were no food products that could cause extremely high health risks. But at the same time, the examined 
regional market had certain differences from the overall Russian one. High health risks were caused by poultry and it was 
not the case in the country in general. Bakery, confectionary, and fish products that caused high health risks in the country 
as a whole caused only significant risks in the region. Milk products also were assigned into a high risk category. We per-
formed complex assessment and classified FP as per their quality and safety using health risk analysis methodology; it al-
lowed us to determine priorities resulted from microbiological contamination of poultry and this fact is vital for population 
health in Buryatia. 

Key words: food products, chemical and microbiological contamination, quality and safety, health risk, classification, 
complex assessment, nutrition for population, regional peculiarities, Buryatia. 
 

 
 Protecting life and health of people who 

consume food products (FPs) should be given 
a priority over any economic interests of sole 

proprietors or juridical persons who deal with 
food products distribution. It is fixed in the last 
alterations to the Federal Law1 «On food 
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products quality and safety» and is a major 
principle of healthy nutrition [1–3]. An issue 
related to providing people with qualitative 
FPs is becoming more and more vital every 
year since its integral component, namely pro-
viding safety of food raw materials and fin-
ished products, is a basic factor that predeter-
mines people’s health and gene pool preserva-
tion. Required safety can be provided, among 
other things, via meeting Technical Regula-
tions that are valid in the Customs Union and 
the Eurasian Economic Union [4–9]. 

Providing stability when it comes down 
to this factor is nowadays a most complicated 
and urgent task the civilization has to face 
and international organizations have to focus 
on [10]. Let us turn to certain official data 
provided by the WHO. In 2019 unsafe food 
products that contained malignant bacteria 
and carcinogens were estimated to cause 
more than 200 various diseases, from diarrhea 
to cancer. As per WHO estimates, 600 million 
people or almost each tenth person all over 
the world get sick after having consumed con-
taminated food products; 420 thousand people 
die annually due to food contamination and it 
results in 33 million years of health life being 
lost (DALY) [11]. 

Innovative technologies that are now 
used to produce and store FPs have substan-
tially changed people’s lifestyle and nutri-
tion structure, first of all, in developed coun-
tries [12]. Nowadays people tend to consume 
more and more finished culinary products 
bought at catering facilities and in culinary 
shops; these food products are usually made 
according to strict technological and culinary 
procedures fixed for their cooking and stor-
age; these technological processes and pro-
cedures involve substantial losses of essen-
tial (necessary) nutrients, first of all, certain 
vitamins and minerals as well as technical 
contaminants accumulating in food products 
[13]. In 2011, basic HACCP (Hazard Analy-
sis and Critical Control Points) and a neces-
sity to adhere to them were fixed in the 
EAEU legislation on technical regulation. 
But at the same time even when FPs manu-
facturing is controlled with HACCP princi-

ples being used all the manufactured prod-
ucts can acquire certain properties during 
their distribution on consumer market that 
can be hazardous for people’s health and 
may in future result on communicable and 
non-communicable diseases [14]. Studies 
that involved assessing whether food prod-
ucts conformed to sanitary-epidemiologic 
requirements and ranking food products as 
per potential health risks they might cause 
have been accomplished in Moscow, Perm 
region, Primorye, Samara region, Orenburg 
region, Voronezh region, Tatarstan, Bash-
kortostan, etc. [4, 15–20]. This situation is 
typical not only for Russia but also for such 
developed countries as Sweden, the USA, 
Italy, France, Germany, etc. Although con-
sumers in these countries are offered quite a 
wide range of FPs, morbidity caused by 
contaminated FPs is also rather high there 
[21–31]. But still, we haven’t been able to 
find any works that focused not only on de-
termining regional peculiarities of food 
products contamination but also on further 
ranking hazards and potential health risks 
that might occur due to FPs consumption. 
Scientific substantiation provided for perio-
dicity and necessary volumes of sampling 
during scheduled inspections is another vital 
practical task. 

Aim, in this study, was to reveal priority 
food products as per health risks they cause 
for population due to microbiological and 
chemical contamination. As an example we 
took a region located in the Far East Federal 
District; the region was a border one and 
there were certain regional peculiarities in 
nutrition structure and food products con-
tamination there. 

Data and methods. Data on food products 
contamination were provided by regional in-
formation funds within social and hygienic 
monitoring system of Buryatiya Region office 
of Federal Service for Surveillance over Con-
sumer Rights Protection and Human Well-
being, and the Center for Hygiene and Epide-
miology, Buryatiya Regional Office. We ana-
lyzed research results obtained in 2010–2019 
via laboratory tests that were performed on 
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157,440 food products samples collected ran-
domly on consumer markets in Buryatiya. 
89,921 samples were tested as per microbi-
ological parameters; 27,266, sanitary-chemical 
ones; 16,460, parasitological ones; 17,974, 
physical and chemical ones; 1,204, radiologi-
cal ones; 3,872 samples were tested to reveal 
any GMO traces in them, and 741 were tested 
in order to detect antibiotics in them. Results 
obtained via laboratory examinations were es-
timated according to the Customs Union 
Technical Regulations2,3,4,5,6. We calculated 
per cent and a share of examinations with re-
sults deviating from epidemiologic standards; 
shares were calculated from the overall num-
ber of examinations over each year and aver-
age value for 5-year periods (2010–2014 and 
2015–2019). 

Potential risks of damage to health due to 
people consuming specific food products (FPs) 
(R1

food) were calculated as per formulas (1, 2, 
3) basing on data obtained from state depart-
mental statistical reports, Form No. 18 «Data 
on a sanitary situation in an RF region» (sec-
tion 8 «Hygienic characteristics of food raw 
materials and food products», issued in Bury-
atiya in 2017–2019; and «Consumption of ba-
sic food products by the population in the RF» 
state bulletin, section with data on Buryatiya. 
Health risks were estimated according to the 
Methodical guidelines7. 

 R1
food = ∑i(p1

i ∙ u1
i) ∙ W  (1) 

where p1
i is frequency (probability) that 

obligatory safety requirements to FPs will be 
violated as per i-th hazard factor during one 
inspection; 

u1
i is relative damage to health caused by 

violated sanitary-epidemiologic requirements 
to i-th hazard factor of FPs according to Ap-
pendix No. 3 to the Methodical guidelines; 

W is a coefficient that characterizes re-
gional peculiarities related to various FPs con-
sumption. 

 p1
i = mi / ni  (2) 

where mi is a number of FPs examinations per 
year with results showing that i-th factor devi-
ates from the standards; 

ni is an overall number of i-th factor ex-
aminations per year. 

 W = V / VRF  (3) 

where V is actual annual FPs consumption per 
one person living in Buryatiya (kg/year, L/year, 
units/year); 

VRF is average annual FPs consumption 
per one person in Russia (kg/year, L/year, 
units/year). 

Research results were statistically proc-
essed with «Statistica v. 10.0» software pack-
age according to conventional procedures. Re-
sults were given as simple means with 95 % 
confidence interval (CI). Comparisons were 
accomplished as per Student’s t-test for the 
above given 5-year periods. 

Results and discussion. Over the ana-
lyzed period, namely 2010–2019, in Bury-
atiya a share of FPs deviating from hygienic 
standards as per microbiological parameters 
amounted to 4.06 % on average (3.86; 4.26); 
as per sanitary-chemical parameters,4.71 % 
(4.09; 5.33); as per parasitological parame-

_______________________ 
 
2 CUTR 021/2011. On food products safety. KODEKS: an electronic fund for legal and reference documentation. Avail-

able at: http://docs.cntd.ru/document/902320560 (30.09.2020) (in Russian). 
3 CUTR 023/2011. Technical regulations for juice products made of fruit and vegetables. KODEKS: an electronic fund for 

legal and reference documentation. Available at: http://docs.cntd.ru/document/902320562 (30.09.2020) (in Russian). 
4 CUTR 024/2011. Technical regulations for butter and fat products. KODEKS: an electronic fund for legal and reference 

documentation. Available at: http://docs.cntd.ru/document/902320571 (30.09.2020) (in Russian). 
5 CUTR 033/2013. On safety of milk and milk products. KODEKS: an electronic fund for legal and reference documenta-

tion. Available at: http://docs.cntd.ru/document/499050562 (30.09.2020) (in Russian). 
6 CUTR 034/2013. On safety of meat and meat products. KODEKS: an electronic fund for legal and reference documenta-

tion. Available at: http://docs.cntd.ru/document/499050564 (30.09.2020) (in Russian). 
7 MR. Classification of food products distributed on the market as per risks of damage to health and property losses borne 

by consumers used for organizing scheduled control and surveillance activities. Approved by the Order issued by Rospotrebnad-
zor on January 18, 2016 No. 16. Available at: http://base.garant.ru/71313192/53f89421bbdaf741eb2d1ecc4ddb4c33/ 
(30.09.2020) (in Russian).  



O.G. Bogdanova, O.A. Molchanova, I.Yu. Tarmaeva, N.V. Efimova 

Health Risk Analysis. 2021. no. 1 60 

ters, 0.10 % (0.07; 0.14); as per physical-
chemical parameters,7.57 % (6.92; 8.22); anti-
biotics,0.40 % (0.17; 0.64). Inspections didn’t 
reveal any GMO contents exceeding 0.9 % or 
radioactive substances in concentrations higher 
than hygienic standards. There was a stable 
number of FPs samples that didn’t conform to 
relevant regulations (Table 1). 

Overall, there were no statistical discrep-
ancies in a number of FPs samples containing 
chemical or microbiological contaminants in 
2015–2019 against 2010–2014 (p > 0.05). The 
only exceptions were 2 parameters, namely, 
shares of FPs samples deviating from hygienic 
standards as per sanitary-chemical and physi-
cal-chemical parameters where statistical dis-
crepancies were authentic (p ≤ 0.01). 

When analyzing results of FPs assess-
ment as per sanitary-chemical parameters 
over a 10-year period, we revealed that a pe-
culiar feature was FPs deviating from hygi-
enic standards due to fruits and vegetables 
being contaminated with nitrates (potatoes, 
vegetables and melons). In 2010–2019 ni-
trates contents in these products were higher 
than hygienic standards on average in 5.55 % 
(5.06; 6.05). Specific share of samples with 
elevated nitrates contents went down by 1.47 

times in 2015–2019 against 2010–2014, 
from 6.37 % (5.63; 7.12) to 4.32 % (3.92; 
4.72); however, these discrepancies were not 
statistically significant (p > 0.05). 

There were no FPs samples deviating 
from hygienic standards as per other sanitary-
chemical parameters detected over the ana-
lyzed period. The only exceptions were the 
last two years when inspections revealed spo-
radic elevated toxic Pb and Cd contents in 
FPs. Average value of this parameter 
amounted to 0.05 % in 2010–2019. Sporadic 
deviations from hygienic standards were de-
tected in 2018 in «biologically active addi-
tives» FPs category in 2018, 0.16 % of the 
overall number of examined samples; in 2019 
there were 0.15 % samples of «milk and milk 
products» deviating from hygienic standards 
as per this parameter. Accordingly, these 
small values allow treating these revelations 
as «accidental ones». 

There was 1.75 times decrease in a share 
of iodized salt with iodine contents being lower 
than stated by a manufacturer in 2015–2019 
against 2010–2014; it amounted to 2.0 % (1.85; 
2.15) and 3.49 % (29.2; 4.06) accordingly but 
discrepancies were not statistically significant 
(p > 0.05). 

T a b l e  1  
Results of food products examinations in 2010–2019 

Percent of samples deviating from hygienic standards  
(simple means and CI), % Parameters 

2010–2014 2015–2019 2010–2019 

Statistical  
significance of 

discrepancies (p) 
Sanitary-chemical parameters 
including 

5.97 
(5.33; 6.61)  

2.57 
(2.43; 2.71)  

4.71 
(4.09; 5.33)  p≤0.01 

Heavy metals 
(Pb, As, Cd, Hg)* 

0.00 0.08 
(0.05; 0.12)  

0.05 
(0.01; 0.08)  p>0.05 

Iodine 3.49 
(2.92; 4.06)  

2.0 
(1.85; 2.15)  

2.79 
(2.49; 3.09)  p>0.05 

Nitrates 6.37 
(5.63; 7.12)  

4.32 
(3.92; 4.72)  

5.55 
(5.06; 6.05)  p>0.05 

Physical-chemical parameters 8.89 
(8.24; 9.55)  

5.43 
(5.21; 5.66)  

7.57 
(6.92; 8.22)  p≤0.01 

Microbiological parameters 3.98  
(3.67; 4.29)  

4.15  
(3.92; 4.38)  

4.06  
(3.86; 4.26)  p>0.05 

Pathogenic microorganisms in-
cluding Salmonellas 

0.17 
(0.13; 0.21)  

0.31 
(0.20; 0.41)  

0.23 
(0.13; 0.34)  p>0.05 

Parasitological parameters 0.18 
(0.12; 0.24)  

0.02 
(0.00; 0.05)  

0.10 
(0.07; 0.14)  p>0.05 

N o t e :  * means that examinations revealed Pband Cd contents. 
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Over recent years closer attention has been 
paid to testing whether food products conform 
to requirements fixed in regulatory documents 
as per physical-chemical parameters. A specific 
share of FPs that deviated from hygienic stan-
dards as per this parameter amounted to 5.43 % 
on average in 2015–2019 (5.21; 5.66) and it 
was authentically 1.64 times lower than in pre-
vious 5 years when it amounted to 8.89 % 
(8.24; 9.55) (p ≤ 0.01). 

Microbiological FPs contamination didn’t 
change in the compared periods. Thus, in 
2010–2014 a share of FPs that deviated from 
hygienic standards as per microbiological pa-
rameters amounted to 3.98 % (3.67; 4.29); in 
2015–2019, 4.15 % (3.92; 4.38) and these dis-
crepancies were not statistically significant 
(p > 0.05). High specific weight of FPs sam-
ples deviating from hygienic standards as per 
microbiological parameters was detected in 
several product groups over the examined 
years; thus, it amounted to 9.53 % (8.76; 
10.31) in «milk and milk products» group; 
6.88 % (5.96; 7.80); «fish, non-fish hunting 

objects and products made of them»; 6.21 % 
(3.25; 9.18), «fruits and vegetables»; 5.89 % 
(4.98; 6.81), «alcoholic beverages»; 5.79 % 
(5.52; 6.07), «bakery and confectionary»; 
4.96 % (4.72; 5.20), «meat and meat prod-
ucts»; 4.90 % (3.96; 5.83), «poultry, eggs, and 
products made of them»; 3.32 % (3.09; 3.55), 
«culinary products». Average parameters au-
thentically increased in 4 FPs groups in the 2nd 
period against the 1st 5 years, namely, they 
grew by 3.53 times in «fruits and vegetables» 
group; by 3.0 times, «poultry, eggs, and prod-
ucts made of them»; by 1.82 times, in «fish, 
non-fish hunting objects and products made of 
them» and «biologically active additives» 
(ВАА) (Table 2). There was no authentically 
significant increase or decrease in other FPs 
groups. 

There was a slight increase in a share of 
FPs samples that deviated from hygienic stan-
dards as per contents of pathogenic microor-
ganisms over the analyzed period as it 
amounted to 0.31 % (0.20; 0.41) in 2015–2019 
against 0.17 % (0.13; 0.21) in 2010–2014. 

T a b l e  2  
Results of microbiological inspections of specific food product groups over 2010–2019 

Percent of samples deviating from hygienic standards 
(simple means and CI), % Food raw materials  

and food products 2010–2014 2015–2019 2010–2019 

Statistical significance 
of discrepancies (p) 

Meta and meat products 4.73 
(4.26; 5.20)  

5.35 
(4.81; 5.89)  

4.06 
(3.93; 4.19)  

p > 0.05 

Poultry, eggs, and products made 
of them 

2.52 
(1.94; 3.10)  

7.55 
(5.06; 10.04)  

4.90 
(3.96; 5.83)  

p ≤ 0.01 

Milk and milk products 10.56 
(8.52; 12.59)  

8.36 
(7.41; 9.30)  

9.53 
(8.76; 10.31)  

p > 0.05 

Fish, non-fish hunting objects 
and products made of them 

5.25 
(4.37; 6.13)  

9.55 
(7.19; 11.90)  

6.88 
(5.96; 7.80)  

p ≤ 0.01 

Bakery and confectionary 6.22 
(5.75; 6.70)  

5.12 
(4.51; 5.72)  

5.79 
(5.52; 6.07)  

p > 0.05 

Fruits and vegetables 3.92 
(2.63; 5.21)  

13.82 
(6.37; 21.27)  

6.21 
(3.25; 9.18)  

p ≤ 0.01 

Culinary products 2.92 
(2.34; 3.49)  

3.48 
(3.11; 3.86)  

3.32 
(3.09; 3.55)  

p > 0.05 

Butter and fats 1.46 
(0.83; 2.10)  

2.51 
(1.67; 3.35)  

1.99 
(1.63; 2.35)  

p > 0.05 

Alcoholic beverages 4.97 
(3.56; 6.37)  

7.14 
(4.85; 9.44)  

5.89 
(4.98; 6.81)  

p > 0.05 

Non-alcoholic beverages 0.84 
(0.65; 1.04)  

1.93 
(0.90; 2.95)  

1.17 
(0.82; 1.53)  

p > 0.05 

BAA 0 3.18 
(1.36; 5.0)  

2.81 
(–1.09; 6.71)  

p ≤ 0.01 
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T a b l e  3  
Dependence between percentage of non-standard samples and a number of observations 

by parameters (in 2010–2019)  

Parameters (у) Dependence on a number
 of examinations (х) Approximation coefficient р 

Sanitary-chemical y = 0.09x–126.55 R² = 0.89 =0.32 
Physical-chemical y = 0.12x–86.47 R² = 0.85 =0.33 
Microbiological y = 0.03x+75.08 R² = 0.24 =0.10 
Salmonella* y = 0.9928x–0.2543 R² = 0.99 =0.35 
Parasitological y = 0.01x–18.35 R² = 0.37 =0.02 

N o t e : * means a number among FP samples containing pathogenic microorganisms in elevated quantities 
deviating from hygienic standards. 

 
5 FPs groups were the most hazardous in this 
respect as they contained pathogenic  micro-
organisms in quantities being higher than hy-
gienic standards. These groups were «poultry, 
eggs, and products made of them», 3.77 % 
(2.81; 4.73); «fruits and vegetables», 1.62 % 
(–2.51; 5.75); «meat and meat products», 
0.85 % (0.76; 0.94); «culinary products», 
0.07 % (0.05; 0.09); «bakery and confection-
ary», 0.05 % (0.04; 0.07). 

We analyzed dynamics in these parame-
ters and revealed an increase in a share of 
FPs samples with pathogenic microorgan-
isms’ contents deviating from hygienic stan-
dards in 2015–2019 against the previous 
5 years. The greatest increase was revealed 
in «poultry, eggs and products made of 
them» FPs group and amounted to 3.5 times. 
A share of such samples grew from 0 to 
6.78 % in «fruits and vegetables» FPs group. 
The situation with pathogenic microorgan-
isms was rather stable in «meat and meat 
products» FPs group and «culinary prod-
ucts» FPs group and there were no authentic 
discrepancies between the compared periods: 
0.77 % (0.64; 0.89) in 2010–2014 and 1.0 % 
(0.76; 1.23) in 2015–2019; 0.06 % (0.01; 
0.11) in 2010–2014 and 0.08 % (0.04; 0.12) 
in 2015–2019 accordingly. 

It was established that in 2015–2019 a 
share of FPs that contained salmonella 
amounted for 99.17 % (98.73; 99.60) among 
FPs samples with detected pathogenic micro-
organisms in them that were not allowed ac-
cording to hygienic standards; it was higher 

than the same parameter in 2010–2014 when 
it amounted to 96.34 % (94.71; 97.98). 

We applied linear approximation to ana-
lyze results obtained via FPs examinations 
aimed at revealing their conformity with hy-
gienic standards as per sanitary-chemical, 
microbiological, parasitological, and physi-
cal-chemical parameters in 2010–2019. It 
allows predicting frequency of non-standard 
samples. As it is shown in Table 3, approxi-
mation coefficient is close to 1.0 for sani-
tary-chemical and physical-chemical pa-
rameters and it indicates that the more FPs 
samples are examined the more samples that 
deviate from hygienic standards are to be 
expected. 

In its turn R2 = 0.24 and 0.37 for micro-
biological and parasitological parameters ac-
cordingly and it means there is no such de-
pendence. It confirms that detection of FPs 
samples that deviate from hygienic standards 
as per microbiological and parasitological pa-
rameters depends not only on overall number 
of FPs examinations as per these parameters. 
We can predict that a further growth in a 
number of examinations aimed at estimating 
FPs as per these criteria during scheduled in-
spections will not result in more frequently 
detected violations of hygienic requirements. 
Approximation coefficient is practically equal 
to 1.0 for salmonella detection. It means there 
is a direct correlation with a greater number 
of FPs samples containing pathogenic micro-
organisms in quantities deviating from hygi-
enic standards and we can predict more fre-
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quent detection of samples containing this 
pathogen. 

Our next task was to assign FPs to a cer-
tain category as per risks of causing damage 
to consumers’ health taking into account re-
gional peculiarities regarding food consump-
tion. To do that, we calculated risks of dam-
age to health due to people consuming food 
products that didn’t conform to safety re-
quirements. The results are given in Table 4 
and compared with data obtained for the 
country as a whole [14]. 

These data indicate that risks associated 
with chemical contamination are insignificant 
excluding FPs contamination with nitrates. 
When it comes down to microbiological con-
tamination, there seems to be a stable situation 
with it on the consumer market in Buryatiya 
but in spite of it certain FPs groups are to be 
paid closer attention, namely «poultry, eggs 
and products made of them» and «fruits and 
vegetables». There was a 3.5 times growth, 
fromс 1.75·10–2 in 2010–2014 to 6.12·10–2 in 
2015–2019 in average probability that obliga-
tory safety requirements to poultry products 
might be violated due to elevated quantities of 

pathogenic microorganisms; the same parame-
ters grew also for fruit and vegetables, from 0 
to 6.78·10–2 accordingly. Our analysis of ap-
proximation coefficients allowed us to predict 
greater frequency of detected salmonella due 
to growth in number of FPs samples contain-
ing pathogenic microorganisms in quantities 
exceeding hygienic standards. 

We should note that there was a change in 
the structure of detected serologic salmonella 
types over the second 5-year period as there 
was a slight growth in quantity of detected 
salmonella belonging to group S (S. Infantis). 
It is well in line with data obtained by P. An-
tunes [et al.] on a significant decrease in S. En-
teritidis quantities and a growing number of 
serotypes that are more adaptable and more 
resistant to antibiotics, such as S. Infantis, 
S. Kentucky etc. [32]. But at the same time, 
according to data given by T. Oscar in a model 
he developed, prevalence of salmonella didn’t 
correlate (r = –0.39; p = 0.21) with a risk that 
salmonellosis might occur. That risk was in-
fluenced by other factors such as quantity of 
salmonella; their virulence; how often and to 
what extent poultry meat was poorly cooked;  

T a b l e  4  
Classification of food products, according to health risks due to consumption by the population 

living in Republic of Buryatiya 
Buryatiya 

Food products 
 group 

coefficient that char-
acterizes regional 
consumption (W) 

potential 
health  

risk (R) 

Potential health risk cate-
gory / Hazard category 
for damage to health 

 in the examined region 

Potential health risk cate-
gory / Hazard category for 

damage to health in the 
Russian Federation [14] 

Poultry, eggs and  
products made of them 0.88 1.54·10–2 High / 2 category Significant / 3 category 

Bakery and confectionary 1.16 3.97·10–3 Significant / 3 category High / 2 category 
Fish and fish products 0.91 2.82·10–3 Significant / 3 category High / 2 category 
Milk and milk products 0.78 1.58·10–3 Significant / 3 category Significant / 3 category 
Meat and meat products 0.75 7.21·10–5 Average / 4 category Significant / 3 category 
Potato 1.44 2.76·10–4 Average / 4 category Moderate / 5 category 
Culinary products* 0.94 2.46·10–4 Average / 4 category Significant / 3 category 
Butter and fats 0.80 2.17·10–4 Average / 4 category Moderate / 5 category 
Vegetables 0.70 1.30·10–5 Moderate / 5 category Moderate / 5 category 
Canned food* 1.0 1.44·10–5 Moderate / 5 category Significant / 3 category 
BAA* 0.70 1.41·10–5 Moderate / 5 category Moderate / 5 category 

N o t e : * means that R as potential health risk caused by people consuming a specific food product is calcu-
lated as per mean values obtained from Section 8 in the Statistical Report Form No. 18 over 2017–2019. 
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consumer behavior when cooking and eating 
poultry meat; and a particular person’s resis-
tance to the pathogen. All this combined de-
termines a necessity to apply a more integral 
approach involving technological and behav-
ioral risks assessment and is in line with data 
obtained by E. Lambertinia [et al.], Y. Cui 
[et al.] [33–35]. 

Having calculated potential health risks 
caused by people consuming a specific food 
products we established that there were no 
food products categorized as extremely risky 
in Buryatiya, just as it was the case with the 
country in general [14]. But still, there were 
certain difference detected on the regional 
consumer market against the data obtained 
for the country as a whole. Thus, «poultry, 
eggs and products made of them» FPs group 
caused high health risks due to microbi-
ological contamination with pathogens (de-
tected salmonella), whereas there were no 
such risks detected in the country on aver-
age. Given that, this product group is subject 
to obligatory control in 100 % cases as per a 
list of factors determined via previous in-
spections performed at economic entities. 
Bakery and confectionary, fish and fish 
products that were determined as causing 
high health risks in the Russian Federation 
caused only significant health risks on the 
examined regional market. Besides, signifi-
cant risks were caused by «milk and milk 
products» FPs group. Average risks that re-
quired control in 50 % cases during sched-
uled inspections performed at economic enti-
ties included such FPs groups as «meat and 
meat products», «potato», «butter and fats», 
and «culinary products». According to calcu-
lated data, vegetables, canned food and BAA 
cause only moderate risks and require con-
trol in 10 % cases. The remaining products 

groups caused low health risks and were as-
signed into FPs category that required only 
documentary control in case there were time 
and labor resources to perform it. 

Conclusion. We accomplished complex 
assessment of FPs quality and safety; it al-
lowed us to classify food products as per 
health risks they caused with determining cer-
tain priorities. The results are vital for public 
health preservation in Buryatiya. In case there 
is a growth in number of targeted FPs exami-
nations, we predict more frequently detected 
violations of hygienic requirements as per 
sanitary-chemical and physical-chemical pa-
rameters. The greatest health risk for popula-
tion is caused by microbiological contamina-
tion of poultry products distributed on the re-
gional market. 

Given that, it is necessary to continue 
monitoring activities together with veterinary 
services aimed at providing food products 
safety and animals’ health; it is also necessary 
to pursue a «restraining strategy» aimed at 
minimizing microbiological contamination and 
reducing salmonella transfer along food chains 
(from primary manufacture to consumption). 

Food products trade on the global scale 
involves growing consumer demand for poul-
try meat on regional markets, especially in 
countries with low and middle incomes. This, 
together with this products being widely pro-
moted by mass media, can make for low qual-
ity and potentially hazardous products pene-
trating the consumer market in Buryatiya; in 
future it can result in a deteriorating epidemi-
ological situation. 
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This study assesses heavy metal levels in the water, soil, and vegetables (swiss chard, lettuce, cabbage, collard green, 

tomato, green pepper, and carrot) irrigated with wastewater in Gamo, Ethiopia. The samples of soils, waters, and vegetables 
were randomly collected, processed, and analyzed for heavy metals using atomic absorption spectroscopy. The obtained 
results show that the mean concentrations of Cd, Cr, and Ni were the highest, and Pb, Zn, and Cu had the lowest concentra-
tion in irrigation waters. The levels of Cd in the Kulfo river area and Chamo Lake area and Cu in most of the farm soils 
were also found to be higher than the reference values. The study also revealed that the mean levels of Cd in most vegetables 
and Cr and Pb in some vegetables were higher than the maximum recommended limits set by the World Health Organization 
/ Food and Agriculture Organization 2001. Among the vegetables, cabbage had the highest heavy metal content followed by 
Swiss-chard, carrot, tomato, collard green, green pepper, and lettuce. The hazard quotient obtained for Cu, and Ni in all 
vegetable samples and Cd in some vegetable samples exceeded 1. It indicates that there are potential health risks to consum-
ers. This study recommends regular monitoring over heavy metals contents in soils, waters, and foodstuffs to prevent their 
excessive accumulation in food chains. 

Key words: heavy metals; pollution; vegetables; hazard quotient, risk assessment, safety, human health, FAAS. 
 

 
 Vegetables as reported by [1] are essen-

tial sources that provide people with a wide 
range of vital micronutrients. Several re-
searchers observed that vegetable consump-
tion could prevent several chronic non-
communicable diseases such as cardiovascu-
lar diseases, kidney, nervous as well as bone 
diseases. Vegetables also contribute substan-
tially in providing a body with proteins, min-
erals, vitamins, fiber, and other nutrients 
which are usually in short supply in daily di-
ets [2, 3]. The recent trend indicates that there 
is an increasing awareness regarding nutritive 
value of vegetables to the extent that many 
people now prefer eating vegetables to meat 
[4]. Vegetables have been recognized to have 
some medical properties due to antioxidant 
and antimicrobial effects. Many of them were 

even documented to possess anti-diabetic, 
anti-inflammatory, and anti-hypertensive po-
tential [5, 6]. 

But at the same time safety and quality 
of agricultural products to a great extent de-
pends on a place where they are grown, espe-
cially in case there is a threat that toxicants, 
heavy metals included, can occur in the envi-
ronment. Heavy metals being introduced into 
the environment through anthropogenic 
sources are a serious growing problem 
throughout the world [7–9]. Anthropogenic 
sources of heavy metal contaminants include 
domestic, industrial, agricultural, bush burn-
ing, fossil fuels burning, etc. 

Water gets contaminated with heavy met-
als on certain territories practically unavoid-
ably since there are natural reasons for it (rock 
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erosion) and anthropogenic activities (indus-
tries, agriculture, and households). Wastewa-
ters from mining, electric industry, dye works, 
and chemical laboratories often contain heavy 
metals in high concentrations including cad-
mium (Cd), copper (Cu), and lead (Pb). Agri-
cultural soils get contaminated with heavy 
metals due to irrigation with wastewaters and 
it is rather alerting since it can produce nega-
tive effects on people’s health. A study was 
performed in Ghana that focused on water in 
irrigation systems used for growing cabbage, 
carrots, and lettuce that contained Cd and Pb; 
the study revealed that Cd and Pb concentra-
tions grew considerably together with a growth 
in irrigation water concentration. In most de-
veloping countries it is a usual practice to 
grow vegetables along rivers that flow through 
urban territories. Water in such rivers is often 
reported to be contaminated with heavy met-
als. An extent to which metals are absorbed by 
plants from water depends, among other 
things, on a plant itself and chemical structure 
of a contaminant, element concentration in 
soil. pH, and interaction with other metals. 
Water gets contaminated with heavy metals 
mostly due to waste discharge from mining 
industry as well as from a wide range of other 
industries. 

Heavy metals are found in soils in differ-
ent chemical forms and it is closely connected 
to their solubility that directly depends on 
their mobility and biological availability. 
Soluble heavy metals easily penetrate plants. 
The highest concentrations in soils were detected 
for zinc (113 mg/kg), chromium (47.8 mg/kg), 
lead (17.7 mg/kg) and cadmium (0.250 mg/kg); 
they were detected on agricultural territories 
in Zivey, Burau, and Addis Ababa provinces. 
Heavy metals concentrations detected near 
Addis Ababa were the highest in comparison 
with Zivey province. It indicates that agricul-
tural products are grown on territories where 
metals concentrations in soils occur due to 
natural reasons. 

Some heavy metals such as Fe, Zn, Cu, 
and Se are essential for people especially when 
they are in small quantities. However, heavy 
metals are non-biodegradable and therefore 

readily accumulate to toxic levels in biological 
media and produce negative effects on ani-
mals, plants, and humans when they exceed a 
certain threshold [9]. Other heavy metals such 
as Pb, As, Cd, and Hg are toxic even in low 
concentrations and exposure to them results in 
certain health problems. 

The human body can be easily contami-
nated by heavy metals such as Ni, Cd, Cr, Pb, 
and Cu through dietary exposure or exposure 
to the contaminated environment. Since fruits 
and vegetables can absorb heavy metal con-
tents from the soil, even the same crops, fruits 
or vegetables, can contain minerals in different 
quantities depending on soils and a region 
where these plants are cultivated. The in-
creased concentration of heavy metals is asso-
ciated with the etiology of several diseases, 
especially cardiovascular, renal, and neuro-
logical disorders. 

Cadmium is a non-essential element that 
occurs in foods and natural waters and it ac-
cumulates principally in the kidneys and liver. 
Cadmium causes acute and chronic poisoning, 
adverse effects on the kidneys, and liver, vas-
cular and immune systems. Recently great at-
tention has been paid to this element contents 
in water, soils, milk, food products and me-
dicinal herbs and plants. Cadmium occurs on 
soils and plants most frequently from phos-
phate fertilizers, melting furnaces at non-
ferrous metallurgic enterprises, lead and zinc 
mines, discharges from industrial enterprises, 
and organic fuels burning. 

Lead is a serious cumulative body poison 
that enters a body with air, water, and food and 
cannot be removed by washing fruits and 
vegetables. 

Copper is an essential trace element re-
quired for proper health in a relevant quantity. 
Its high concentrations in fruits and vegetables 
can be harmful to human health and in the 
same way; low consumption can cause many 
symptoms like growth retardation, skin ail-
ments, and gastrointestinal disorders. 

Zinc is an essential element and an inte-
gral component in many coenzymes, essential 
for the synthesis of DNA, RNA, proteins, and 
insulin but toxic in high concentrations. 
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People may get exposed to chromium via 
inhalation, drinking water consumption, or eat-
ing food containing chromium or even through 
skin contact. Exposure to elevated levels of 
chromium leads to skin irritation, ulceration, 
damage to circulatory and nerve tissues and it 
causes health problems. However, daily intake 
of this metal within a certain range of concen-
trations (up to 200 μg/day) by human beings 
and animals is considered to be essential for 
carbohydrate & lipid metabolism. 

Analyzing and predicting consequences 
caused by pollution requires identifying and 
determining a number of potential risk sources, 
estimating a number of risk factors that come 
into contact with the human-environment 
boundaries; estimating levels of exposure via 
detecting routes of exposure to a target organ-
ism and quantifying health risks caused by this 
exposure. However, the fact that the contami-
nant levels exceed the permissible limits set by 
such regulatory agencies as the World Health 
Organization (WHO) does not always indicates 
there is a risk for human health. For this reason, 
the target hazard quotient (THQ) method de-
signed by the United States Environmental Pro-
tection Agency (USEPA) for assessing potential 
health risks associated with long-term exposure 
to heavy metals was used to assess health risks 
in this study [9]. THQ that was equal to or 
greater than one (1≥) indicated a health risk to 
exposed population. 

Currently in Arba Minch Gamo-zone, 
Ethiopia there is no regulatory criterion of 
heavy metals in irrigation waters, soils & 
vegetables. However, due to businesses’ eco-
nomic, industrial, and other development ac-
tivities, heavy metals concentrations are in-
creasing in irrigation waters, agricultural soils, 
vegetables, and crops that are grown in and 
outside the city. The farmlands and land spots 
along the river bank are intensely used in crops 
and vegetable production, but still, very little 
information is available regarding heavy met-
als contents in irrigation waters, soils, and 
vegetables. Therefore, the present investiga-
tion aims to quantify the concentration of vari-
ous metals in soils and commonly grown vege-
tables irrigated with wastewater to calculate 

the daily intake rate of metals (DIR) basing on 
intake of particular vegetables by local popula-
tion and to estimate hazards for human health 
related to heavy metals through the consump-
tion of vegetables grown on four irrigational 
sites in Gamo, Ethiopia. The results will pro-
vide invaluable baseline data for further inves-
tigation of heavy metals accumulation in food-
stuffs, thereby improving food safety and more 
efficient health protection for people who live 
on the examined territory. 

Materials and methods. Arba Minch lo-
cated at 6°2′N 37°33′E is one of a town in 
Gamo Gofa Zone, Southern Nations Nationali-
ties and Peoples Region (SNNPR) regional 
state in Ethiopia found around 500 km away 
from Addis Ababa, Ethiopia’s capital city. The 
town got its present name Arba Minch, mean-
ing «40 springs» since it has 40 natural springs 
which are major tourist attractions (Figure). 
Kulfo River, Abaya Lake, and Chamo Lake are 
the water source for many inhabitants in the 
Arba Minch area for farmlands, for domestic 
activities, etc. The river and lakes have their 
source from the highlands in Gamo region 
which have experienced high levels of agricul-
tural development. The farmlands where these 
lakes and river water were used for irrigation 
were selected for this study. 

 
Figure 1. Location map of Arba Minch  

Zuriya district 

Samples of soil, irrigating water, and seven 
commonly consumed vegetables namely, Swiss 
chard, lettuce, cabbage, collard green, tomato, 
green pepper, and carrot were collected from 
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irrigational sites in Gamo, Ethiopia. All sam-
ples were randomly collected from the farm-
lands. Soil samples were collected at 15 cm 
depth. The collected soil and vegetable samples 
were put into clean polythene bags and labeled, 
while water samples were put in previously 
rinsed and dried bottles; then, all the samples 
were brought to the Chemistry Laboratory at 
the Arbaminch University (AMU) for prepara-
tion and subsequent atomic sbsorption spec-
troscopy analysis. 

15 ml of a water sample was taken in a 
Teflon tube and then 5 ml HNO3 and 1 ml. 
H2O2 were added to it. The vial was closed 
tightly and then inserted into a single safety 
shield carousel installed in a microwave cham-
ber. The mixture was heated at 120 °C for over 
3 hr in a microwave digester. After the process 
was completed, the clear and colorless solution 
was filtered using Whatman filter paper No. 42 
and diluted with deionized water to raise the 
volume of the solution to 50 mL [10]. Finally, 
the samples were stored in plastic bottles until 
analysis. 

500 g of a soil sample was placed in a 
polythene bag, dried in a microwave oven, and 
ground into a fine powder which was passed 
through a 2-mm mesh sieve. 1 g of a soil sam-
ple was diluted in a tri-acid mixture of (65 % of  
HNO3: 70 % of HClO4: 30 % of H2O2)  with a 
6:4:1 ratio respectively. The solution was 
heated to 200℃ over 3 hr until brown fumes 
ceased to emit from the solution. The solution 
was filtered through Whatman filter paper No. 
42 and then diluted with deionized distilled wa-
ter to raise the volume of the solution to 50 mL 
[10]. The prepared samples were analyzed with 
flame atomic absorption spectroscopy (model 
AA 400P, Germany) in order to determine 
heavy metals concentrations in them. 

The vegetable samples were cut into small 
pieces and then dried using the oven-dry pro-
cedure at 105 °C for 24 hr (Memmert UF 260 
plus 230V Sunon model) to remove moisture. 
Dry samples were ground to powder and then 
bolted through a 1 mm sift. 0.5 g of a sample 
were taken in reference vessels, added with 
6 ml of 65 % HNO3, 3ml of 70 % HClO4 and 
1ml of 30 % H2O2 and then put onto a carousel 

installed in a microwave unit. The mixture was 
heated at 80 °C for over 3 hr in a microwave 
digester. After the process was completed, the 
clear and colorless solution was filtered using 
Whatman filter paper No. 42 and diluted with 
deionized water to raise the volume of the so-
lution up to 50 mL [10]. Finally, the samples 
were stored in plastic bottles till analysis. The 
samples of vegetables, soils & waters collected 
from four sites in Ethiopia are illustrated 
in Table 1. 

T a b l e  1  
Samples of vegetables, soils & waters were 

taken from four sites in Ethiopia 
Waste water irrigated site Samples 

KRA ATSHCA ALA CHLA
Swiss chard     
Lettuce     
Cabbage     
Collard 
Greens     

Tomato     
Green 
pepper     

V
eg

et
ab

le
s 

Carrot     
Soil     
Irrigation water     

N o t e :  KRA – Kulfo river area, ATSHCA – Ar-
baminch textile share company area, ALA – Abaya lake 
area, CHLA – chamo lake area, Right mark () indi-
cates samples collected. 

 
The prepared samples have analyzed for 

determining heavy metals concentrations in 
them using atomic absorption spectrometry 
with flame atomization, microwave oven, and 
dry oven (FAAS (flame atomic absorption 
spectroscopy) model AA 400P, Germany). 
Conventional auxiliary devices were applied. 
All the solutions were prepared using analyti-
cal chemical calibration reagents and deion-
ized water. Graphical calibration standard so-
lutions for all determinations were prepared by 
sequential dilution of conventional standards 
per 1,000 ppm. 

All the procedures used in the present 
study were selected due to available data on 
them being successfully applied to determine 
heavy metals in different matrixes [11]. The 
instrumental operating conditions for the de-
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termination of heavy metals using FAAS are 
illustrated in Table 2. To provide high quality 
of experimental data, each sample was ana-
lyzed three times. 

T a b l e  2  
Instrumental operating condition for 

determining heavy metals in wastewater, soil, 
and vegetable samples via FAAS [12, 13] 

Element Wavelength 
(nm) 

Lamp 
Current 
(mA) 

Slit Width 
(nm) 

Flame 
 type 

Cd 228.8 2.0 1.2 Air – 
acetylene 

Cr 357.9 6.0 0.7 Air – 
acetylene 

Pb 283.3 5.0 0.7 Air – 
acetylene 

Zn 213.9 5.0 0.7 Air – 
acetylene 

Cu 324.7 4.0 0.5 Air – 
acetylene 

Ni 232.0 7.0 0.6 Air – 
acetylene 

 
The procedure was validated according to 

the protocol guidelines on the International Con-
ference on Harmonization [14]. Analytical grade 
(Merck, Germany) reagents were used in all the 
experimental procedures of the research study. 

Metals transfer from the contaminated soil 
to the edible parts of the vegetables was esti-
mated via the transfer factor (TF) formula (1) 
[15–17]. 

 TF vegetables

soil

C
C

   (1) 

where vegetablesC  is metals concentration in 
vegetables (mg/kg) and soilC  is metals concen-
tration in soils (mg/kg).The higher is the value 
of TF, the more available heavy metals are. 
Hence, high TF values may indicate that heavy 
metals are poorly retained by soils or they are 
too efficiently absorbed by vegetables. Low 
TF values mean that there is a strong bond be-
tween heavy metals and colloids in soils. 

Metals mobility when they are transferred 
from soils into plants is a function from physi-
cal and chemical properties of soils and vege-
table types. This mobility changes when influ-

enced by multiple anthropogenic and envi-
ronmental factors. Differences in the transfer 
factor calculated for different vegetables may 
be due to different heavy metals concentra-
tions in soils and differences related to ele-
ments consumption by different vegetables. 

High accumulation factor (AF) values may 
indicate a potential health risk for consumers. 

Assessment of health risk caused by con-
suming vegetables irrigated with wastewaters 
on the examined territories was performed tak-
ing into account daily intake rate (DIR).  
DIR were calculated basing on a questionnaire 
(n = 400 for each vegetable) (Table 3). 

T a b l e  3  
Respondents interviewed for health risk 

assessment of wastewater irrigated vegetable 
consumption on the examined territories 

Age group  
(years old) Respondents 

<16 >16 

Total interviewed
 persons 

Male 95 135 230 
Female 76 94 170 
Total interviews  400 
 

Average body weight for an adult and a 
child was taken as 60 kg and 25 kg accordingly. 

The daily intake rate of metals through 
consumption of selected vegetables (Swiss 
chard, lettuce, cabbage, collard green, tomato, 
green pepper, and carrot) was calculated with 
the equation (2) [15–19]. 

 DIR metals average vegetable intake

average weight

C D
B




  (2) 

where metalsC  represents average element con-
centration in vegetable (mg/kg) and 

average vegetable intakeD  is average daily vegetable 
consumption or intake (kg/day-person) and 

average weightB   is average body weight (kg). From 
our survey, the average daily each vegetable 
intake for adults and children was considered 
to be within 0.108–0.293 and 0.078–0.169 kg/ 
(person-day) range, respectively, while the av-
erage adults and children body weights were 
considered to be 60 and 25 kg, respectively. 
All the data are summarized in Table 4. 
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T a b l e  4  
Average daily intake of each vegetable (kg/day-person)  

Vegetables Swiss Chard Lettuce Cabbage Collard 
Green Tomato Green 

Pepper Carrot Total Dave 

Adults 0.227 0.163 0.246 0.293 0.231 0.108 0.187 1.455 
Children 0.113 0.098 0.169 0.157 0.128 0.078 0.103 0.846 

 
Hazard level for non-carcinogenic contami-

nants was determined by calculating a Hazard 
Quotient (HQ) [20]. Hazard quotient or chronic 
threat assessment in this study was calculated 
with the equation (3) of [15, 21, 22]. If a hazard 
quotient value is lower than one, then exposed 
consumers are assumed to be safe, but if it is 
equal to or higher than one, it is considered not 
safe for human health [22, 23]. 

 DIRHQ
RfD

   (3) 

where DIR represents the daily intake rate 
and RfD represents the reference dose of met-
als. The RfD values for Cd, Pb, Cr, Ni, Zn 
and Cu are 0.001, 0.004, 1.5, 0.02, 0.3, and 
0.04 mg/kg-day, respectively; these values 
were taken from integrated risk information 
system [22, 24, 25]. 

Hazard index (HI) was developed to 
evaluate potential health risks for consumers 
that occurred due to exposure to more than one 
potential toxic element [25]. It was calculated 
by summating hazard quotients for each ele-
ment in each vegetable as per the following 
formula (4) [25, 20]. 

 .HI HQ   (4) 

We took into account one-directional ef-
fects produced on critical organs and systems 
by the examined heavy metals according to the 
matrix presented in Table 5. 

The data obtained in the research work 
were statistically processed via calculating av-
erage values. Average values for metal con-
centrations in water, soil, and vegetable sam-
ples were compared by using an independent 
sample t-test. Statistics applied software, ver-
sion 8.1, was used for basic descriptive statis-
tical analysis of the data. 

T a b l e  5  
Data obtained from ATSDR on effects 

produced by heavy metals on critical organs 
and systems 

Critical 
organs/systems Zn Cd Cr Cu Ni Pb 

Central nervous 
system      + 

Cardiovascular 
system     +  

Digestive system  +    + 
Kidneys   + + +  
Blood + + +    
Development     + + 
Reproductive 
system      + 

Hormonal  
system      + 

 
Results and discussion. Validation re-

sults indicated that calibration curves for the 
various concentration ranges showed good 
correlation coefficients ranged between 0.9987 
and 0.9999, which was higher than the re-
quired limit (0.995) for trace element analysis 
[26, 27]. This showed that there was a strong 
correlation between concentration and absorb-
ance indicating that the devices were properly 
calibrated (Table 6). 

The instrumental detection limits (IDL) 
ranged between 0.0005 and 0.01 mg/kg and it 
was below the limit of detection (LOD) indi-
cating good sensitivity of the measuring in-
strument used for analysis. The limit of detec-
tion (LOD) ranged from 0.075 to 0.372 mg/kg. 
The limit of quantification (LOQ) lied within 
0.227–1.127 mg/kg range and the result shows 
both the LOD and LOQ values were greater 
than the IDL; hence, the results obtained via 
our analysis could be reliable [28]. 

Recovery results were within 80–120 % 
range and it was acceptable for metal analysis [29]. 
The precision of the method was expressed as  
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T a b l e  6  
Validation Parameters 

Metals IDL 
(mg/kg)a 

LOD 
(mg/kg)  

LOQ 
(mg/kg)  

Regression  
Equation 

Correlation Coef-
ficient (R2)  Recovery (%) b RSD (%) 

Cd 0.0005 0.153 0.465 y = 0.1247x – 0.003 0.9998 101.294 ± 3.398 3.355 
Cr 0.002 0.184 0.558 y = 0.0112x + 0.002 0.9997 98.905 ± 3.578 3.618 
Pd 0.01 0.372 1.127 y = 0.0044x + 0.0009 0.9987 99.436 ± 8.495 8.543 
Zn 0.0008 0.075 0.227 y = 0.1429x + 0.0277 0.9999 99.265 ± 2.095 2.110 
Cu 0.001 0.200 0.606 y = 0.063x – 0.0013 0.9996 98.273 ± 5.608 5.706 
Ni 0.002 0.211 0.638 y = 0.0243x + 0.0019 0.9996 98.974 ± 4.515 4.562 

N o t e : aSource for FAAS; bMean ± SD, n = 7, SD = standard deviation, mg/kg: milligram per kilogram, 
RSD: relative standard deviation. 

 
relative standard deviation (RSD) of the three 
replicate readings. The obtained RSD values 
ranged from 2.110 to 8.543 %, which was un-
der the required control limits ≤ 15 % [30, 
31]. These results indicate that the proposed 
method was precise and accurate. 

Average concentrations of heavy metals 
detected in soil, water, and vegetables samples 
taken on four examined territories are given in 
Tables 7–9. 

As we can see from the Table 7, average 
Cr, Pb, Zn, and Ni concentrations in soil sam-
ples from all irrigated sites were found to be 
lower than the recommended upper limits for 
soils by FAO/WHO & USEPA [32–35]. The 
situation is the same with Cd concentration in 
soil samples obtained from the ATSHCA and 
ALA and also Cu concentration in soil sam-
ples obtained from the KRA and ATSHCA. 

Concentration of Cd from KRA and 
CHLA farms and Cu concentration from ALA 
and CHLA irrigated sites were higher than the 

recommended maximum limit for soil by 
FAO/WHO & USEPA [36–40]. 

The concentrations of Zn, Pb, and Cu in 
the wastewater samples that were detected on 
all irrigational sites were lower than the rec-
ommended maximum level for irrigation water 
set by USEPA & FAO/WHO. But at the same 
time, we detected relatively high concentra-
tions of Cd, Cr, and Ni in wastewaters used for 
irrigation on all the examined territories and 
these concentrations were higher than maxi-
mum recommended levels for these metals. 
The results obtained show that the wastewater 
samples are substantially contaminated with 
these heavy metals. Therefore, attention 
should be focused on regular monitoring and 
control of wastewater used for irrigation. 

Results obtained via quantifying metals in 
vegetables are shown in Table 8. Cd concentra-
tion in vegetables grown on the examined terri-
tories varied from 0.18 mg/kg (lettuce, ALA) to 
0.45 mg/kg (Swiss chard, KRA) [41, 42]. 

T a b l e  7  
Average concentration of heavy metals found in soil farmlands and irrigation water 

KRA ATSHCA ALA CHLA Guidelines for max. 
levels in Heavy 

metals water 
(mg/L) 

Soil 
(mg/kg) 

water 
(mg/L) 

Soil 
(mg/kg) 

water 
(mg/L) 

Soil 
(mg/kg) 

water 
(mg/L) 

Soil 
(mg/kg) 

water 
(mg/L) a 

Soil 
(mg/kg) b

Cd 0.2605 3.9096 0.185 1.8261 0.1634 1.7512 0.245 3.2113 0.01 3 
Cr 0.8402 19.897 0.2567 13.0664 0.4738 16.2893 0.6701 8.2187 0.1 50 
Pb 0.0094 13.8313 0.0038 10.4406 0.0024 12.5333 0.0056 11.7341 0.015 c 100 
Zn 0.3488 52.2735 1.3954 42.5626 0.1461 53.0685 0.0770 68.5274 2 300 
Cu 0.4643 48.8125 0.6743 40.8878 1.2759 57.1213 0.366 51.2222 2 d 50 c 
Ni 0.8767 42.1764 0.5609 31.3822 0.3953 19.5129 0.6811 31.3866 0.07 d 80 c 

N o t e : aWHO/FAO (2007), bWHO/FAO (2001), cUSEPA (2010), dWHO (2008), mg/kg: milligram per kilo-
gram, mg/L: milligram per litter. 
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T a b l e  8  
Concentration of heavy metals (mg/kg) in vegetable samples in four sites of Ethiopia 

Heavy metals Heavy metals Vegetables Cd Cr Pb Zn Cu Ni Cd Cr Pb Zn Cu Ni 
Study area KRA ATSHCA 

Swiss Chard 0,4 
524 

1,4 
062 

0,4 
564 

27,2 
354 

11,2 
354 

13,8 
213 

0,3 
313 

1,1 
245 

0,1 
987 

23,4 
859 

9,5 
894 

9,4 
152 

Lettuce 0,2 
537 

1,8 
213 

0,3 
125 

22,4 
562 

16,4 
235 

17,7 
014 

0,1 
897 

1,4 
526 

0,1 
595 

18,5 
642 

13,8 
976 

15,8 
631 

Cabbage 0,4 
185 

2,7 
801 

0,4 
562 

14,2 
563 

16,5 
426 

19,8 
916 

0,3 
281 

2,8 
456 

0,2 
895 

10,4 
586 

14,5 
642 

18,6 
542 

Collard Green 0,2 
304 

2,9 
945 

0,2 
901 

10,4 
568 

13,9 
648 

24,9 
745 

0,1 
887 

2,7 
589 

0,1 
693 

8,5 
642 

9,5 
689 

23,3 
456 

Tomato 0,4 
324 

1,8 
452 

0,2 
812 

13,6 
548 

24,2 
345 

26,8 
945 

0,2 
791 

1,5 
243 

0,1 
623 

10,2 
365 

19,5 
642 

24,4 
538 

Green Pepper 0,2 
394 

1,9 
452 

0,2 
945 

9,9 
865 

21,4 
563 

21,8 
916 

0,1 
714 

1,5 
624 

0,1 
915 

5,4 
568 

16,5 
894 

20,6 
542 

Carrot 0,3 
515 

2,0 
145 

0,3 
912 

12,4 
568 

25,2 
345 

25,7 
865 

0,2 
988 

1,7 
451 

0,3 
056 

9,4 
758 

20,5 
642 

21,5 
917 

FAO/WHO (2001) 0,200 2,3 0,3 99,4 73,3 67 0,2 2,3 0,3 99,4 73,3 67 
Study area ALA CHLA 

Swiss Chard 0,3 
041 

1,2 
345 

0,2 
956 

28,3 
793 

11,5 
564 

5,3 
914 

0,4 
194 

1,0 
292 

0,3 
477 

31,4 
526 

9,9 
524 

11,3 
121 

Lettuce 0,1 
797 

1,5 
462 

0,1 
895 

24,3 
427 

18,5 
462 

9,8 
756 

0,2 
165 

1,6 
271 

0,3 
9 

27,4 
589 

17,4 
371 

16,8 
123 

Cabbage 0,2 
973 

2,0 
461 

0,3 
125 

16,4 
24 

20,6 
542 

11,9 
517 

0,3 
685 

2,1 
686 

0,4 
218 

21,5 
643 

18,4 
682 

17,9 
453 

Collard Green 0,1 
91 

2,2 
451 

0,1 
885 

12,2 
014 

16,2 
457 

17,8 
501 

0,2 
155 

2,6 
527 

0,2 
189 

16,8 
956 

14,3 
566 

22,7 
254 

Tomato 0,3 
152 

1,4 
452 

0,1 
812 

15,0 
882 

32,4 
568 

15,3 
968 

0,4 
57 

1,6 
977 

0,2 
101 

19,5 
641 

26,3 
741 

25,8 
745 

Green Pepper 0,1 
885 

1,7 
854 

0,2 
282 

10,6 
628 

29,5 
463 

16,7 
969 

0,2 
51 

1,6 
362 

0,2 
586 

14,5 
623 

23,1 
016 

19,9 
453 

Carrot 0,2 
92 

1,6 
123 

0,3 
156 

14,5 
447 

31,4 
568 

15,8 
259 

0,3 
421 

1,9 
557 

0,3 
524 

17,5 
659 

26,0 
377 

23,6 
895 

FAO/WHO (2001) 0,2 2,3 0,3 99,4 73,3 67 0,2 2,3 0,3 99,4 73,3 67 

T a b l e  9  
Average concentration of heavy metals (mg/kg) found in vegetables from all farms 

Heavy 
Metals 

Swiss 
Chard Lettuce Cabbage Collard 

Green Tomato Green 
Pepper Carrot Guideline Value 

(mg/kg) a 
Cd 0.38 0.21 0.35 0.21 0.36 0.20 0.32 0.2 
Cr 1.20 1.61 2.46 2.66 1.63 1.73 1.83 2.3 
Pb 0.32 0.24 0.37 0.22 0.21 0.24 0.34 0.3 
Zn 27.64 23.21 15.67 12.03 14.64 10.17 13.51 99.4 
Cu 10.58 16.58 17.56 13.53 25.66 22.67 25.82 73.3 
Ni 9.99 15.06 17.11 22.22 23.15 19.82 21.72 67 

N o t e : a FAO/WHO-codex alimentarius commission (2001). 
 
Cd concentrations were not significantly 

high in Lettuce, Collard Green, and Green 
Pepper and didn’t differ greatly on the exam-
ined territories [43–45]. However, Cd concen-
trations detected in Swiss chard, Cabbage, to-

mato, and carrot mostly from KRA and CHLA 
sites were higher than the permissibility level 
set by FAO/WHO. Among the sampling sites, 
the samples from the KRA site contained the 
highest Cd concentration which might be at-
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tributed to the sewage sludge discharge from 
the cement processing, metal manufacturing, 
stone crushing machine, and industrial waste 
from textile which dispose its wastes directly 
into the river [46, 47]. 

The concentration of Cr was observed to 
be the highest for collard green samples 
(2.99 mg/kg) from KRA. The concentrations 
of Cr detected in cabbage and collard green 
of the vegetables analyzed from KRA and 
ATSHCA sites and collard green from CHLA 
site were higher than the limit levels in food 
by FAO/WHO guidelines. Among the investi-
gated vegetables, cabbage and collard green 
were found to be more Cr-loaded than other 
vegetables. High concentrations of this heavy 
metal were detected in vegetables from KRA, 
ATSHCA, and CHLA sites which might be 
due to sewage sludge discharged to the envi-
ronment from metal production, cement pro-
duction, textile production, and stone crashing 
sites or due to pollution from agronomic prac-
tices [48]. 

The Pb content was the highest in Swiss 
chard (0.46 mg/kg) and cabbage (0.46 mg/kg) 
collected on KRA farms and the lowest in let-
tuce (0.16 mg/kg) collected on ATSHCA 
farms. The Pb content in all of the vegetables 
from all farms, except Swiss chard and cab-
bage from KRA farms were found to be within 
the safe limit stated by FAO/WHO [49]. 

The highest concentrations of Cu were in 
tomato (32.46 mg/kg) follow by carrot 
(31.46 mg/kg) and green pepper (29.55 mg/kg) 
from ALA while the lowest Cu concentration 
was detected for collard green (9.57 mg/kg) 
from ATSHCA farms. Similarly, the highest 
levels of Ni were in tomato (26.89 mg/kg) 
from KRA while the lowest one was detected 

for Swiss chard (5.39 mg/kg) from ALA 
farms. The Cu and Ni content in all of the 
vegetable samples from all farms were found 
to be within the safe limit stated by FAO/WHO 
which is 73.3 mg/kg and 67 mg/kg respec-
tively [50]. 

The results shown in Table 7 contain av-
erage concentration of zinc in all vegetable 
samples. CHLA had the highest concentration 
of 31.45 mg/kg in Swiss chard followed by 
28.38 mg/kg in Swiss chard from the ALA site 
while the lowest concentration was obtained 
from the ATSHCA site with 5.46 mg/kg in 
green pepper [51]. This indicates that zinc was 
contained in all samples in concentrations that 
were within the stipulated limit stated by 
FAO/WHO which is 99.40 mg/kg. 

All the obtained data allowed estimating 
transfer factor (TF) for various heavy metals 
transfer from soils into vegetables. The results 
are given in Table 10. 

Swiss chard has the highest transfer fac-
tor values for Zn (0.52) followed by Ni 
(0.32). Lettuce has the highest transfer factor 
values for Ni (0.49) followed by Zn (0.43) 
[52]. As for the other vegetables, the highest 
TF values were detected for Ni (from 0.56 to 
0.76) and Cu (from 0.27 to 0.52). Overall, 
TF values for heavy metals in the examined 
vegetable samples were in the following  
order: 

Ni > Cu > Zn > Cr > Cd > Pb. 

The highest TF values were found to be 
0.76 and 0.52 for Ni and Zn respectively. 
These might be due to the higher mobility of 
these heavy metals together with natural oc-
currence in soil and their lower retention in 
soil than other toxic elements [53, 54]. 

T a b l e  1 0  
Transfer Factor (TF) of heavy metals from soil to vegetables 

Heavy 
 metals 

Swiss 
Chard Lettuce Cabbage Collard 

Green Tomato Green  
Pepper Carrot Average TF

Cd 0.12 0.08 0.12 0.08 0.12 0.08 0.13 0.104 
Cr 0.09 0.12 0.19 0.21 0.13 0.13 0.14 0.14 
Pb 0.03 0.02 0.03 0.02 0.02 0.02 0.03 0.024 
Zn 0.52 0.43 0.29 0.22 0.27 0.18 0.25 0.31 
Cu 0.22 0.34 0.35 0.27 0.51 0.45 0.52 0.38 
Ni 0.32 0.49 0.56 0.74 0.76 0.67 0.72 0.61 
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We combined data on metals concentra-
tions in vegetables with data on daily intake 
rate for each product; it allowed us to calculate 
daily intake of heavy metals into a body [55] 
(Table 11). 

Daily intakes gave grounds for deter-
mining hazard quotients (Table 12). As we 
can see form these data, daily intakes of Cd, 
Cu, and Ni were higher than reference doses 
(RfD) recommended by USEPA and 
FAO/WHO both children and adults [24, 
56]. The values of HQ were less than 1.0 for 
Cr, Pb, and Zn in all tested vegetables and 
Cd in lettuce and green pepper for both 
adults and children, thus indicating a risk 
was insignificant. 

The highest hazard (HQ) quotients were 
revealed for Swiss chard, tomato, and cabbage 
for both adults and children. Therefore, con-
sumption of Swiss chard, tomato, and cabbage 
grown on the examined territories can cause 
high health risks. 

Hazard quotients were used as a basis for es-
timating hazard indexes that showed probability 
of functional disorders in specific organs and sys-
tems due to toxic elements prodding similar ef-
fects on them [57]. In the present study it was re-
vealed (Table 13) that the highest health risks for 
people who daily consumed vegetables grown on 
the examined irrigated sites were related to func-
tional disorders in the kidneys, cardiovascular 
system and overall development [58]. 

T a b l e  1 1  
Average daily intake of Heavy metals through consumption of vegetables (mg/kg-day)  

Heavy 
metals Individual Swiss 

Chard Lettuce Cabbage Collard 
Green Tomato Green 

Pepper Carrot Average 
DIR 

Sum 
DIR RfD 

Adults 0.0022 0.0012 0.0020 0.0012 0.0021 0.0012 0.0019 0.0017 0.0072 Cd Children 0.0035 0.0020 0.0033 0.0020 0.0034 0.0019 0.003 0.0027 0.0101 0.001 

Adults 0.0070 0.0093 0.0143 0.0154 0.0095 0.0100 0.0106 0.0109 0.0471 Cr Children 0.0112 0.015 0.0229 0.0248 0.0152 0.0161 0.0171 0.0175 0.0662 1.5 

Adults 0.0019 0.0014 0.0022 0.0013 0.0012 0.0014 0.002 0.0016 0.0068 Pb Children 0.003 0.0022 0.0035 0.0021 0.002 0.0022 0.0032 0.0026 0.0096 0.004 

Adults 0.1603 0.1346 0.0909 0.0698 0.0849 0.0590 0.0784 0.0968 0.4072 Zn Children 0.2576 0.2163 0.1460 0.1121 0.1364 0.0948 0.1259 0.1556 0.5596 0.3 

Adults 0.0614 0.0962 0.1019 0.0785 0.1488 0.1315 0.1498 0.1097 0.4432 Cu Children 0.0986 0.1545 0.1637 0.1261 0.2391 0.2113 0.2406 0.1763 0.625 0.04 

Adults 0.0579 0.0874 0.0992 0.1289 0.1343 0.1150 0.1260 0.1069 0.4499 Ni Children 0.0931 0.1404  0.1595 0.2071 0.2158 0.1847 0.2024 0.1719 0.6293 0.02 

T a b l e  1 2  
Hazard Quotient of Heavy metals via intake of vegetables from wastewater irrigated farms 

Heavy 
metals Individual Swiss Chard Lettuce Cabbage Collard 

Green Tomato Green 
Pepper Carrot 

Adults 2.204 1.218 2.03 1.218 2.088 1.16 1.856 Cd Children 3.542 1.957 3.262 1.957 3.355 1.864 2.982 
Adults 0.005 0.006 0.010 0.010 0.006 0.007 0.007 Cr Children 0.008 0.010 0.015 0.017 0.010 0.011 0.011 
Adults 0.464 0.348 0.537 0.319 0.305 0.348 0.493 Pb Children 0.746 0.559 0.862 0.513 0.489 0.559 0.792 
Adults 0.534 0.449 0.303 0.233 0.283 0.197 0.261 Zn Children 0.859 0.721 0.487 0.374 0.455 0.316 0.420 
Adults 1.534 2.404 2.546 1.962 3.721 3.287 3.744 Cu Children 2.465 3.863 4.092 3.153 5.979 5.282 6.016 
Adults 2.897 4.367 4.962 6.444 6.714 5.748 6.299 Ni Children 4.655 7.018 7.973 10.355 10.788 9.236 10.122 
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T a b l e  1 3  
Hazard Index of heavy metals that affect the same target organs and systems 

Contribution made by specific metals into risks, %  Critical  
organs/systems Group HI мaкс HI средн Zn Cd Cr Cu Ni Pb 

adults 1.7 0.24      100 Central nervous system children 2.4 0.34      100 
adults 22.5 3.21     100  Cardiovascular system children 31.5 4.50     100  
adults 8.9 1.27  80.90    9.10 Digestive system children 12.5 1.78  80.90    9.10 
adults 33.61 4.79   0.09 32.97 66.94  Kidneys children 47.14 6.74   0.08 33.16 66.76  
adults 14.11 1.23 16.01 83.63 0.36    Blood: children 22.81 1.71 15.91 83.73 0.36    
adults 40.29 3.46     92.93 7.07 Development children 64.70 4.84     92.97 7.03 
adults 1.7 0.24      100 Reproductive system children 2.4 0.34      100 

 
Conclusion. Results obtained in the pre-

sent study allow concluding that consumption 
of vegetables irrigated with wastewaters re-
sults in unacceptable health risks, both for 
adults and children. The authors suggest regu-
lar monitoring over heavy metals contents in 
soils, irrigation water, and food products as it 
will allow avoiding substantial heavy metals 
accumulation in food chains and therefore 
health risks will be reduced. 

Results obtained in the present study can 
become a stimulus for ecologists, managers, 
and public healthcare experts in their activities 

aimed at informing people about hazards re-
lated to consuming vegetables that are grown 
on contaminated territories; it can lead to re-
duction in health risks. 
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METHODICAL APPROACHES TO ASSESSING INDIVIDUAL OCCUPAITONL 
HEALTH RISK CAUSED BY WORK-RELATED DISEASES DURING  
THE WHOLE EMPLOYMENT PERIOD 
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An increase in retirement age means that employment period is prolonged; it calls for preserving people’s working ca-

pacities for a longer period of time including those with long-term working experience. It is especially vital when it comes to 
adverse working conditions that might cause high health risks for workers due to work-related diseases. 

We suggested methodical approaches to determining individual occupational health risks; these approaches took 
into account occupationally induced negative responses to impacts exerted by work-related factors; pathogenetic mecha-
nisms of health disorders occurrence; gravity of health disorders; workers’ age and working experience. To implement 
these approaches, we applied a set of procedures that included hygienic and epidemiologic analysis, clinical and labora-
tory examination of workers, mathematic modeling and prediction. 

We tested these approaches via assessing occupational health risks for workers employed at oil-extracting enterprises and it al-
lowed us to determine parameters of dependence between changes in arterial hypertension predictors under exposure to occupational 
noise and changes in age and working experience (b0 = 0.1427; b1 = 0.007; b2 = –0.372). The obtained parameters can be used in as-
sessing risks of arterial hypertension occurrence due to exposure to occupational noise for workers employed in oil extraction. 

Individual occupational risk caused by arterial hypertension in people exposed to occupational noise was higher than 
its permissible level (1∙10-3) for 13% workers (33 people) aged from 41 to 52 and working experience from 19.8 to 33 years; 
the risk detected in our research amounted up to 2.4∙10-2. 

Maximum individual risks of work-related arterial hypertension that are predicted to occur at an age close to 59 years 
amount up to 4.3∙10-2 and they will be higher than permissible levels for 56.6% работников; at an age close to 65 years, up 
to 4.7∙10-2, and they will be higher than permissible levels for 64.8% workers. 

Key words: individual occupational risk, risk assessment, work-related diseases, cardiovascular diseases, arterial hy-
pertension, occupational factors, noise, labor hardness. 
 

 
 In 2019 in Russia average life expectancy 

reached its historical maximum and amounted 
to 73.6 years [1]. An increase in life expec-
tancy, together with birth rate going down, 
gave grounds for a legislative decision1 to in-
crease retirement age. Retirement at older age 
makes it necessary to provide conditions for 

workers’ health preservation and improve-
ment, decrease in morbidity with non-commu-
nicable diseases, and reducing disability at 
pre-retirement age [2]. 

Retirement at older age extends a period 
during which people remain employable and it 
can result in such a negative outcome as longer 
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exposure to adverse occupational factors and, 
consequently, greater occupational health 
risks. And occupational risks here are deter-
mined not only by occupational diseases but 
also work-related ones [3]. Diseases of the cir-
culatory organs are the most widely spread 
work-related diseases that lead to the greatest 
losses of working activities due to temporary 
disability [4]. 

Occurrence of work-related diseases to a 
great extent depends on individual features a 
worker has such as his or her initial health, age, 
working experience under exposure to adverse 
occupational factors etc. [5–7]. Individual fea-
tures should be taken into account when assess-
ing occupational risks together with exposure to 
adverse occupational factors as it allows estab-
lishing personified health risks levels practi-
cally for each individual worker. It is vital for 
developing activities aimed at risks reduction, 
especially medical and preventive ones. 

Certain functional disorders associated 
with pathogenetic mechanisms of their devel-
opment usually occur prior to most diseases [8]. 
To assess such disorders, experts use predictors, 
or disease occurrence indicators [9]. Analysis of 
predictors frequency in an examined group can 
be used for assessing probability of a disease 
prior to its clinical manifestation; it makes for 
obtaining more precise health risk assessment, 
including occupational risks. 

Contemporary methodical approaches to 
occupational risk assessment allow assigning it 
into specific categories using labor conditions 
ranks or classes and occupational diseases in-
dex. They give grounds for assessing cause-
and-effect relations between health disorders 
and work. But at the same time, issues related 
to quantitative assessment of occupational risks 
caused, among other things, by work-related 
diseases have not been resolved completely. 
Also, there is still a lot to be studied when it 
comes to assessing individual health risks for 
each worker taking into account his or her indi-
vidual health, age, and working experience. 

Given that, it seems vital to further de-
velop methodical approaches to assessing and 
predicting occupational health risks taking into 
account workers’ individual features. Results 

obtained via assessing individual occupational 
health risks will provide more solid grounds 
for organizational and technical, administra-
tive and legal, and, above all, medical and pre-
ventive activities aimed at their management 
during the whole employment period and will 
make such activities more efficient. It is advis-
able to test the suggested approaches to indi-
vidual occupational health risk assessment in-
volving workers who have to perform their 
work tasks under exposure to a set of adverse 
occupational factors with some of them ex-
ceeding hygienic standards. Such a situation 
exists in oil extraction industry since workers 
employed in the brunch suffer from both oc-
cupational diseases (sensorineural hearing 
loss) and work-related ones (arterial hyperten-
sion) and these diseases prevent them from 
continuing their working activities [10]. 

Our research goal was to develop and test 
methodical approaches to assessing individual 
occupational health risks caused by work-related 
diseases taking into account workers’ age, work-
ing experience, and exposure to adverse occupa-
tional factors. 

Data and methods. Individual occupa-
tional health risks were assessed as per the fol-
lowing algorithm: 

– analyzing data on working conditions; 
– performing epidemiologic analysis of 

workers’ health parameters in order to assess 
cause-and-effect relations between health dis-
orders and work; 

– accomplishing clinical and laboratory 
tests aimed at examining workers’ health; 

– assessing cause-and-effect relations be-
tween health disorders and work; 

– building up mathematical models show-
ing dependence between negative responses 
probability and working conditions, age, and 
working experience; 

– applying the obtained models to calcu-
late individual health risks caused by work-
related diseases. 

We suggest methodical approaches to as-
sessing individual occupational health risks that 
involve using several procedures including: 

1. Analysis of data on working conditions 
(data obtained via specific assessment of 
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working conditions, industrial laboratory su-
pervision), workers’ age and working experi-
ence, assessment of working conditions cate-
gory in accordance with R 2.2.2006-05 «Guide 
on hygienic assessment of occupational factors 
and factors related to labor process»2, assign-
ing risks into specific categories according to 
R 2.2.1766-03 «Guide on assessing occupa-
tional health risks for workers. Organizational 
and methodical grounds, principles, and as-
sessment criteria»3. 

2. Epidemiologic analysis of workers’ 
health in order to assess cause-and-effect rela-
tions between health disorders and work (oc-
cupational causation) as per such criteria as 
risk ratio (RR) and etiological fraction (EF) of 
negative responses. 

3. Clinical and laboratory tests aimed at 
detecting any predictors (determined via lit-
erature sources analysis) of work-related dis-
eases; these tests were performed by experts 
from the Common and Occupational Pathol-
ogy Department (headed by O.Yu. Ustinova, 
Doctor of Medical Sciences, Deputy Director 
responsible for clinical research), the De-
partment for Biochemical and Cytogenetic 
Diagnostics (headed by M.A. Zemlyanova, 
Doctor of Medical Sciences), the Department 
for Immune and Biological Diagnostics 
(headed by O.V. Dolgikh, Doctor of Medical 
Sciences). 

Our next task was to establish dependence 
between development of work-related diseases 
and exposure to occupational noise; to do that, 
we built logistic regression models that 
showed dependence between a probability of 
negative responses and working conditions, 
age, and working experience (Formula 1). 
These models quantitatively determine de-
pendence between a probability that there will 
be a deviation from physiological standards in 
predictors characterizing mechanisms of work-
related diseases and an exposure factor, age, 
and working experience. 

 
0 1 1 2 2 31 ( )
1

1 b b x x b xp
e   


  (1) 

where р1 is a probability that predictors 
will deviate from physiological standards; 

х1 is a level of exposure to a certain factor; 
x2 is working experience; 
х3 is age; 
b0, b1, b2 are parameters included into a 

mathematical model. 
Parameters included into a mathematical 

model were determined via least-square pro-
cedure and with specific software for statistical 
data analysis (Statistica-6.0). Parameters au-
thenticity and model adequacy were assessed 
basing on one-factor dispersion analysis as per 
Fischer’s test. When building models, we 
tested both statistical hypotheses and obtained 
dependences in order to estimate their biologi-
cal adequacy. 

To establish correlations between changes 
in predictors of diseases and morbidity levels 
(to assess actual realization of pathogenetic 
mechanisms), we determined a probability that 
work-related diseases might occur in workers 
who had certain signs of negative effects (pre-
dictors) developing in their bodies. This prob-
ability was determined as frequency of dis-
eases in groups of workers with negative ef-
fects developing in them and without such 
effects. 

Individual health risk caused by certain 
work-related diseases ( )i

w-rR  was determined 
as per Formula 2. 

 1 2
i i i
w-rR p p G    (2) 

where р1 is a probability that predictors 
will deviate from physiological standards tak-
ing into account worker’s age; 

р2 is a probability that i-th work-related 
disease might occur in workers who have signs 
of negative effects (predictors) developing in 
their bodies; 

G is gravity of i-th work-related disease. 
__________________________ 
 
2 R 2.2.2006-05. Guide on hygienic assessment of occupational factors and factors related to labor process. Criteria and 

working conditions classification. Approved by the RF Chief Sanitary Inspector on July 29, 2005, 142 p. (in Russian). 
3 R 2.2.1766-03. Guide on assessing occupational health risks for workers. Organizational and methodical grounds, prin-

ciples, and assessment criteria. KODEKS: an electronic fund for legal and reference documentation. Available at: 
http://docs.cntd.ru/document/901902053 (06.06.2020) (in Russian). 
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Acceptable (permissible) occupational 
health risk was taken as being equal to 1∙10-3. 

Results and discussion. Suggested ap-
proaches were tested via examining impacts 
exerted by working conditions on health of 
workers employed in oil extracting industry. 

When testing the suggested algorithm, we 
assessed working conditions as per results ob-
tained via industrial supervision and specific 
assessment of working conditions performed 
at 60 workplaces (256 operators dealing with 
oil and gas extraction in the test group and 
37 engineers in the reference group). 

Data on workers’ health, diseases they 
suffered from, and clinical-laboratory predic-
tors of work-related diseases were obtained via 
specific medical examination; we also ob-
tained relevant data via analyzing medical aid 
appeal ability. According to data taken from 
literature sources, pro-hypertensive effects 
produced by occupational noise directly de-
pend on its intensity, frequency, and duration 
of exposure to it4. Changes in the circulatory 
system caused by exposure to intense occupa-
tional noise usually involve neural-circulatory 
syndrome occurrence and oxidative stress de-
veloping together with hypertensive reactions 
and a trend for transforming into arterial hy-
pertension [11]. Several observation indicate 
that there are mechanisms underlying func-
tional disorders in the cardiovascular system; 
these mechanisms, among other things, in-
clude endothelial dysfunction and arterial 
stiffness and are considered to be early signs 
of damage to vessels occurring due to arterial 
hypertension [12–15]. It is endothelial dys-
function that is seen as the basic predictor of 
cardiovascular diseases [16–19]. 

We examined malonic dialdehyde in 
blood plasma (293 samples), hydrocortisone 
(106 samples), lipid hydroperoxide (68 sam-
ples), and adrenalin (61 samples) as predictors 
for work-related arterial hypertension; these 
predictors changed during actual realization of 
such pathogenetic mechanisms as oxidative 

stress, vegetative dysfunction, astheno-vege-
tative syndrome, and peripheral angiodystonic 
syndrome [11]. 

Operators dealing with oil and gas extrac-
tion were chosen as our basic research objects 
since their occupation involved exposure to ad-
verse occupational factors existing at their work-
places. All the workers accomplished similar 
work tasks under the same working regime. 

We established that the examined workers 
were exposed to the following hazardous and 
adverse occupational factors: physical, chemi-
cal, and psycho-physiological ones5. Workers 
who directly dealt with oil extraction and pre-
liminary oil processing had to perform their 
work tasks under combined exposure to occu-
pational noise, hazardous chemicals, and ad-
verse parameters of labor hardness. Adverse 
chemical factors at workplaces predominantly 
included substances belonging to 2–4 hazard 
category (oil and its components, and hydro-
gen sulphide as well). As per results obtained 
via assessment of working conditions per-
formed at the examined enterprise, working 
conditions at 100.0 % workplaces of operators 
dealing with oil and gas extraction were esti-
mated as harmful according to the Guide 
R 2.2.2006-05 «The Guide on hygienic assess-
ment of factors related to working environment 
and labor processes. Criteria and classification of 
working conditions». As per results obtained 
via specific assessment of working conditions, 
noise achieved 80–85 dBA at workplaces (its 
hygienic standard is 80 dBA); labor hardness 
was ranked as harmful working conditions, 
I–II degree; dihydrosulphide concentrations 
estimated as per laboratory control reached 
simple maximum peaks equal to 6.9 mg/m3 
(the hygienic standard is 3 mg/m3). But still, 
monitoring observations over aromatic hydro-
carbons (benzene, toluene, ethyl-benzene, and 
xylol) contents in working area air didn’t reveal 
any concentrations exceeding maximum single 
and average shift maximum permissible ones 
(MPC) during the whole observation period. 

__________________________ 
 
4 O.Yu. Kuz’mina. Clinical and epidemiological peculiarities of metabolic syndrome in patients suffering from work-

related diseases: abstract of the thesis … for Candidate of Medical Sciences degree. Samara, 2009, 24 p. (in Russian).  
5 GOST 12.0.003-74. The system for labor safety standards. Hazardous and adverse occupational factors. Classification. 

KODEKS: an electronic fund for legal and reference documentation. Available at: http://docs.cntd.ru/document/gost-12-0-003-
74-ssbt (06.06.2020) (in Russian). 
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T a b l e  1  
Classification of working conditions as per results obtained via assessing workplaces of 

operators dealing with oil and gas extraction according to Р 2.2.2006-05 
Working conditions category as per intensity of exposure to factors Working 

area Occupation Chemical Noise 
 (Lequiv.) 

Micro- 
climate 

Lighting 
environment

Labor  
hardness 

Labor 
 intensity 

Overall 
assess-
ment 

1 Operator, 4th grade 3.1 2–3.1 2 2 3.1–3.2 2 3.2 
2 Operator, 5th grade 3.1 2–3.1 2 2 3.1–3.2 2 3.2 
3 Operator, 6th grade 3.1 2–3.1 2 2 3.1–3.2 2 3.2 

 
Noise, labor hardness, and chemical fac-

tor (dihydrosulphide mixed with hydrocar-
bons) are basic occupational factors that exert 
their influence on workers and determine oc-
cupational health risks. 

Working conditions at workplaces of en-
gineers were estimated as harmful at 100.0 % 
of such workplaces (working conditions cate-
gory is 3.1). Labor intensity was the basic oc-
cupational factor that allowed ranking working 
conditions at engineer’ workplaces as harmful. 

According to the Guide R 2.2.1766-03 
operators dealing with oil and gas extraction 
had average (significant) occupational health 
risks at their workplaces; engineers, small 
(moderate) risks. 

Labor hardness together with elevated 
noise levels make for developing sensorineural 
hearing loss due to disorders in cerebral 
hemodynamics [20]. Apart from this, labor 
hardness accelerates degenerative-dystrophic 
processes in the spinal column and makes for 
more frequent polysegmental osteochondrosis 
occurrence [21]. 

We established structure of morbidity in 
both occupational groups basing on the medi-
cal examination as well as data on morbidity 
among workers provided by the administrative 
staff at the examined enterprise. A significant 
number of workers, namely 11.8 %, had disor-
ders of the musculoskeletal system (various 
dorsopathy and osteoarthritis). Cardiovascular 
diseases accounted for another significant 
15.5 % share (hypertensive disease with pre-
dominant damage to the heart without heart 
failure, vascular headache, varicose veins on 
lower extremities); gastric diseases accounted 
for 5.3 % (gastroduodenitis, cholecystitis, pan-
creatic diseases); a big share of 20.9 % be-

longed to respiratory diseases (pharyngitis, 
rhinitis, bronchitis, and tonsillitis). Apart from 
the above mentioned diseases, some workers 
from the test group also had disorders of the 
vegetative (autonomous) nervous system 
(1.99 %). There were no occupational diseases 
detected among the examined workers. 

Occupational causation of diseases among 
operators dealing with oil and gas extraction 
was confirmed only for essential (primary) hy-
pertension (RR – 2.02; EF % – 50.57, average 
occupational causation, χ2 – 3.92). We didn’t 
detect any relations between other diseases and 
occupation. 

Deviations in predictors that changed due 
to oxidative stress and vegetative dysfunction 
thus resulting in arterial hypertension occur-
rence were revealed in 51 % operators and 
37 % engineers. 

Mathematical modeling allowed obtaining 
parameters for dependence between changes in 
arterial hypertension predictor (hydrocortisone 
concentration) under exposure to occupational 
noise and changes in age and working experi-
ence (b0=0.1427; b1=0.007; b2=–0.372). These 
parameters were used in assessing risks of ar-
terial hypertension occurrence due to exposure 
to occupational noise. 

Probability of arterial hypertension occur-
rence with changes in the selected predictor 
(10 people out of 121) amounted to 0.083. Ar-
terial hypertension gravity (G) was equal to 
0.578 [22, 23]. 

The suggested methodical approaches to 
determining individual occupational health 
risk take into account occupational causation 
of negative responses to impacts exerted by 
occupational factors, pathogenetic mechanisms 
of health disorders occurrence, their gravity, as 
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well as workers’ age and working experience. 
They allowed us to establish individual risks 
of work-related arterial hypertension for work-
ers from the test group. 

Individual risk of work-related arterial 
hypertension (among workers exposed to oc-
cupational noise) exceeded permissible level 
(1∙10–3) for workers aged from 41 to 52 with 
working experience ranging from 19.8 to 33 
years (33 people, 13 % of the test group) and 
varied from 1∙10–3 to 2.4∙10–2 and it was sig-
nificantly (up to 24 items) higher than the 
permissible level for workers with the longest 
working experience equal to 33 years. 

Table 2 contains data on individual risks 
of work-related arterial hypertension occur-
rence for workers from the test group. 

Individual risk of work-related arterial hy-
pertension that is predicted to occur by the age of 
59 is higher than permissible level for 56.6 % 
workers (145 people) with their working experi-
ence being from 29.8 to 41.2 years and varies 
from 1∙10–3 to 43∙10–3 and it is significantly (up 
to 43 times) higher than permissible level. 

Individual risk of work-related arterial hy-
pertension that is predicted to occur by the age 
of 65 is higher than permissible level for 
64.8 % workers (166) people with their work-
ing experience being from 34.4 to 47.2 and var-
ies from 1∙10–3 to 4.7∙10–2 and it is significantly 
(up to 47 times) higher than permissible level. 

Therefore, having tested methodical ap-
proaches to assessing individual occupational 
health risks caused by exposure to adverse 
occupational factors, we were able to prove 
that these approaches allowed both quantita-
tively assessing risks for individual workers 
and predicting their levels for the whole em-
ployment period. 

Conclusion. In this work we suggest me-
thodical approaches to establishing individual 
occupational health risks caused by work-
related diseases; these approaches take into 
account occupational causation of negative 
responses to impacts exerted by occupational 
factors, pathogenetic mechanisms of health 
disorders occurrence, their gravity, as well as 
workers’ age and working experience. 

We tested these approaches in assessing 
occupational risks for workers employed in 
oil extraction and established parameters for 
dependence between changes in predictors of 
work-related arterial hypertension (hydrocor-
tisone contents) under exposure to occupa-
tional noise and changes in age and working 
experience (b0=0.1427; b1=0.007; b2=–0.372). 
These parameters can be used in assessing 
risks of arterial hypertension occurrence due 
to exposure to occupational noise for workers 
employed in oil extracting industry. 

The suggested approaches allow quanti-
tatively assessing risk levels for individual 
workers and predicting them for the whole 
employment period. Thus, individual risks of 
work-related arterial hypertension (for work-
ers exposed to occupational noise) exceeded 
permissible level (1∙10–3) for 13 % workers 
(aged from 41 to 52 and with working experi-
ence varying from 19.8 to 33 years) at the 
moment the research was accomplished and 
amounted up to 2.4∙10–2. Maximum individ-
ual risks of work-related arterial hypertension 
predicted by the age of 59 will amount up to 
4.3∙10–2 and will be higher than permissible 
levels for 56.6 % workers; by the age of 
65 they will rise up to 4.7∙10–2 and they will 
be higher than permissible levels for 64.8 % 
workers. 

T a b l e  2  

Individual risks of work-related arterial hypertension for workers from the test group 

Age 
Working experience range 

for workers facing risks 
higher than permissible level

Risk values higher
 than permissible 

one 

A share of people with risks 
higher than permissible 

 one (%)  
From 41 to 52 years (at the moment the 
research was accomplished)  19.8–33 0.001–0.024 13 

By the age of 59  29.8–41.2 0.001–0.043 56.6 
By the age of 65 34.42–47.17 0.001–0.047 64.8 
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Medical and preventive activities were 
suggested for workers with unacceptable in-
dividual health risks of work-related arterial 
hypertension at the moment the research was 
accomplished. These activities included an 
extended medical examination aimed at de-
termining values of arterial hypertension pre-
dictors (hydrocortisone, lipid hydroperoxide, 
and malonic dialdehyde in blood plasma), 

more efficient personal protection equipment 
(that is able to reduce noise exposure by 10 
and more dBA), and revised work and leisure 
regimes. 
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The paper focuses on results of substantiating and selecting informative physiological criteria that can be used for assessing and 

controlling functional state and working conditions category taking into account physical and nervous-emotional loads borne by  
CNC- machinery operators. Basing on complex physiological and ergonomic studies and retrospective data analysis, we showed that 
workers from various occupational groups who dealt with physical labor had to face certain strain over a working shift. Such strains, 
given long-term working experience, could result in neuromuscular system overstrain and occupational diseases occurrence.  

We substantiated and developed informative physiological criteria that allowed assessing and controlling functional 
state and working capacity as well as working conditions category taking into account occupational activities. 

The present research involved using a set of occupational studies, physiological and ergonomic procedures as well as 
clinical and statistic ones for examining peculiarities related to functional state of workers’ bodies under exposure to occupa-
tional factors taking into account specific working tasks and loads. It allowed us to substantiate labor intensity assessment. 

Our research results revealed that there was a strong correlation between hand muscles endurance to static exertion 
(decrease in % by the end of a work shift) and working conditions category given local and overall muscular loads borne by 
workers. This criterion is recommended for control over functional state and working capacity taking into account occupa-
tional peculiarities and gender-related differences. It is necessary to accumulate scientific data for confirming a similar cor-
relation between overall physical working capacity (OPWC) and working conditions category. Results obtained via physio-
logical research were used for developing prevention activities for workers.  

Key words: physiological criteria, classification, labor intensity, physical and nervous and emotional loads, working 
conditions category, functional state, overstrain, prevention.  
 

 
 At present it is still difficult to predict 

probable changes in workers’ health since 
there hasn’t been sufficient research aimed at 
determining peculiarities related to how 
workers’ functional systems get overstrained 
depending on labor intensity at contemporary 
working places. The necessity to create a 
classification for labor process factors (labor 
intensity and hardness) occurred long ago; 
such a classification should include a table 
with certain criteria for assessing relevant pa-
rameters. The first attempt to create such a 
classification is considered to be made in a 
publication issued in 1970 by A.V. Vasilyeva, 
S.I. Gorshkov, M.A. Gritsevskiy et al., well-

known occupational physiologists. Their 
work was entitled «Physiological and hygi-
enic issues related to work and leisure re-
gimes in industry» and was issued for «Work 
and leisure regimes and shift schedules in 
leading industrial branches» workshop [1]. 

The authors were right to note that from 
biological point of view labor was an impor-
tant function performed by a human body and 
it involved certain physiological costs. Physio-
logical costs of work, that is, a degree of body 
functional strain during labor, is usually called 
«labor hardness». The more exact approach to 
scientific terminology indicates that in this 
case we should speak about physical hardness 

__________________________ 
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and nervous strain any labor involves. It can 
be substantiated by the following. 

Functional strain that appears in a body due 
to labor can schematically be divided into two 
parts, energy- and information-related ones. The 
first prevails in case labor is predominantly 
physical; the second, predominantly intellectual. 
Physiologists determine labor hardness as loads 
on a body occurring due to labor that requires 
muscle efforts and relevant energy support. 

Physiologists determine labor intensity as 
loads on a body occurring due to labor that re-
quires intensive brain work aimed at obtaining 
and analyzing information. 

Later criteria were developed and included 
into «Hygienic labor classification (as per ad-
verse and hazardous occupational factors, labor 
hardness and intensity)» (Moscow, 1986)1. La-
bor conditions and character were differentiated 
in such a way so that it allowed for an extent to 
which occupational factors and labor-related 
factors deviated from the existing hygienic 
standards and influence they exerted on work-
ers’ functional state and health. Three catego-
ries of labor conditions and character were de-
termined according to those parameters. 

There are scientific grounds for assessing 
labor developed by hygienists and physiolo-
gists, namely «Hygienic labor classification» 
(1986), the Guide R 2.2.013-942 last edited 
in 19993, and the valid Guide R 2.2.2006-05 
«the Guide on hygienic assessment of occupa-
tional and labor-related factors. Criteria and 
working conditions classification»4. These 
works allow assessing labor intensity as per 
five types of loads: intellectual, sensory, emo-

tional, monotonous, and labor regime. How-
ever, at present it is often highlighted that this 
procedure hardly allows obtaining quantitative 
assessments since it only provides as opportu-
nity to qualitatively determine intellectual or 
emotional loads etc. for different durations of a 
working day, differently organized technologi-
cal cycles, or instable working places. 

Changes in character of labor that is now 
required at up-to-date working places make it 
necessary to substantiate quantitative criteria 
for labor intensity assessment; relevant altera-
tions are to be made into regulatory documents 
(The Federal Law «On special assessment of 
working conditions» No. 426-FZ issued on 
December 28, 2013 and the procedure for ac-
complishing this assessment)5. 

Labor intensity is determined according to 
R 2.2.2006-05 when a sanitary-hygienic pro-
file of worker’s labor is created in case a 
medical specialist believes he or she is suffer-
ing from an occupational disease (The Order 
by the RF Ministry for Public Healthcare and 
Social Development No. 103 issued on No-
vember 10, 2009)6. 

It is also rather difficult to substantiate in-
formative physiological parameters that allow 
estimating and controlling workers’ functional 
state and working conditions categories (opti-
mal, acceptable, or hazardous). 

Data that are available in literature indi-
cate that being prepared to physical activity 
(physical proficiency) is significant for main-
taining efficient work functions during labor 
activities [2, 3]. Some authors revealed that 
physical proficiency that was determined bas-

__________________________ 
 
1 Hygienic labor classification (as per adverse and hazardous occupational factors, labor hardness and intensity). Ap-

proved by the deputy to the Chief Sanitary Inspector of the USSR Public Healthcare Ministry А.I. Zaichenko on August 12, 
1986 No. 4137-86. Moscow, 1986, 11 p. (in Russian). 

2 R 2.2.013-94. Hygienic criteria for assessing labor conditions as per adverse and hazardous occupational factors, labor 
hardness and intensity. Approved by the first deputy to the Head of the RF State Sanitary Epidemiologic Surveillance Service 
on July 12, 1994. Moscow, 1994, 131 p. (in Russian). 

3 R 2.2.755-99. Hygienic criteria for labor conditions assessment and classification as per adverse and hazardous occupa-
tional factors, labor hardness and intensity. Approved by the RF Chief Sanitarian Inspector on April 23, 1999. Moscow, 1999, 
140 p. (in Russian). 

4 R 2.2.2006-05. The Guide on hygienic assessment of occupational and labor-related factors. Criteria and working condi-
tions classification. The Bulletin of regulatory and methodical documents issued by the State sanitary Epidemiologic Surveil-
lance Service. Moscow, 2005, 142 p. (in Russian). 

5 On special assessment of working conditions: The Federal Law issued on December 28, 2013 No 426-FZ. Konsultant-
Plus. Available at: http://www.consultant.ru/document/cons_doc_LAW_156555/ (03.03.2020) (in Russian). 

6 The instruction on how to draw up a sanitary-hygienic profile of working conditions for a worker who is believed 
to be suffering from an occupational disease: The Order by the RF Ministry for Public Healthcare and Social Develop-
ment No. 103 issued on November 10, 2009. StandartGost. Available at: https://standartgost.ru/g/base/1/id0-
54468/%D0%9F%D1%80%D0%B8%D0%BA%D0%B0%D0%B7_103 (03.03.2020) (in Russian). 
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ing on overall physical working capacity 
(OPWC) was related to fatigue development, 
that is, to changes in functional state of a 
worker’s leading body systems7 [4–6]. People 
with high OPWC had less apparent changes in 
their motor and vegetative functions than those 
with low OPWC. L.V. Abolian, V.V. Matyu-
khin et al. examined peculiarities related to 
functional state formation in people with certain 
occupations and revealed that workers with 
«high» OPWC tended to have better functional 
state of their nervous and muscular apparatus, 
better adaptive responses, and good cardiovascu-
lar system capacity [7–10]. It is assumed that 
OPWC can be used together with other physio-
logical parameters for assessing functional state 
and control over working conditions category 
determined as per ergonomic properties. It is 
possible that dependence between physical pro-
ficiency and a degree of functional changes oc-
curs within certain, and as a rule, average, 
OPWC range. It would be interesting to test 
whether this hypothesis is valid within another 
OPWC range. 

Our research goal was to take up-to-date 
occupations as an example and to substantiate 
and develop informative physiological criteria 
that allow estimating and controlling workers’ 
functional state and working capacity as well 
as working conditions category taking into ac-
count occupational activities. 

Data and methods. To solve all the tasks 
set within the present work, we applied occupa-
tional studies, physiologic-ergonomic and clini-
cal-statistical research procedures for examining 
peculiarities related to how workers’ functional 
state is formed under exposure to occupational 
factors taking labor specifics and labor loads into 
account. It allowed us to try and substantiate ap-
proaches to labor intensity assessment. 

We examined practically healthy workers 
from several occupational groups who had to 
deal with physical (muscular) and nervous-
emotional loads in their labor activities. Occu-
pational studies and physiological-ergonomic 
studies were performed involving five occupa-
tional groups being made of males (robotic 

technological complexes (RTC) operators; 
CNC machines operators at civil engineering 
enterprises; steelmen; high riggers who were 
mostly labor migrants from southern republics; 
CNC machines programmers at stone-working 
enterprises) and two occupational groups made 
of females employed at a stone-working enter-
prise in Moscow (CNC stone-working machine 
operator and CNC grinder operator). Overall, 
we examined approximately 200 people aged 
30.3 ± 1.0, with their working experience being 
equal to 4.8 ± 0.2, who worked in morning 
shifts (three times during a working day). 

Occupational profile for each labor activity 
was drawn up in accordance with the Guide 
R 2.2.2006-05. To assess functional state of 
the nervous-muscular system, we performed 
dynamometric measurements of hand power 
and endurance with the following calculation 
of maximum working capacity (maintained 
effort being multiplied by duration of this 
maintenance). Physical proficiency was de-
termined as per OPWC via PWC 170 test and 
calculated maximum oxygen consumption. 

Cardiovascular system examinations in-
volved determining systolic and diastolic 
blood pressure (BPmax, BPmin) with subsequent 
calculation of pulse (BPp) and average dy-
namic (Му) blood pressure, heart rate, stroke 
and minute heart volumes (SHV and MHV), 
and overall periphery resistance (PR). BP was 
registered with mercury sphygmomanometer; 
central hemodynamics parameters were deter-
mined via tetrapolar chest rheography. At the 
beginning and at the end of work there was a 
physical load test (bicycle ergometer) with 
load power being 100 WT, and an intellectual 
load test (addition with switching to another 
activity). Recovery process was written down 
during 5 minutes after physical loads and dur-
ing 3 minutes after intellectual ones. 

The study was accomplished in conformity 
with the International Code of Medical Ethics 
(1949) and Helsinki Declaration on pre-clinical 
and clinical studies on humans and animals that 
was approved upon by the World Medical As-
sociation (1964). Prior to the study all the par-

__________________________ 
 
7 Matyukhin V.V., Shardakova E.F., Yushkova О.I., Elizarova V.V., Yamplo’skaya Е.G., Poroshenko А.S., Kuz’mina L.P. 

Influence exerted by labor-related factors. «Ekometria» Encyclopedia. Influence exerted on a human body by adverse and hazard-
ous occupational factors. Moscow, Izdatelstvo standartov Publ., 2004, vol. 1, pp. 344–441 (in Russian). 
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ticipants got acquainted with its procedure and 
concomitant risks and gave their written infor-
mative voluntary consent to take part in it. 

We used conventional variation statistics 
procedures, namely revealing discrepancies be-
tween groups using simple means (as per Stu-
dent’s t-test) and correlation analysis (as per 
Pearson’s procedure). All the data were proc-
essed with Statistika 6.0 software package8. 

Results and discussion. Labor hardness 
caused by a necessity to maintain a forced work-
ing posture, to make a lot of deep body bows, and 
frequently repeated monotonous hand movements 
etc. aggravates adverse physiological changes in 
the nervous-muscular system and musculoskeletal 
system. It can cause not only a decrease in work-
ing capacity but also overstrain and pathology 
occurrence in these systems [11–13]. 

We assessed labor hardness for CNC ma-
chines operators; the assessment revealed that 
such parameters as physical dynamic loads 
(given in units showing external mechanical 
work, kg∙m) and a quantity of monotonous 
working movement are within optimal range. 
However, operators have to bend their bodies a 
lot during work (more than 200 body bending 
movements over a shift, hazard category 3.1), 
and an operator has to spend up to 80 % of his 
working shift standing (hazard category 3.1). 
Therefore, we can conclude that a CNC 
grinder operator has to face working condi-
tions at a workplace that belong to the 3rd 
class, 2nd hardness degree (hazard category 3.2): 
CNC stone-working machine operator and 
CNC operator at civil engineering enterprises, 
3.1 hazard category; CNC machine program-
mer and RTC operator, acceptable working 
conditions, hazard category 2.0. 

Physiological research included examin-
ing functional state of the nervous-muscular 
system as being occupationally significant in 
providing proper working abilities for workers 
from the examined occupational groups. We 
detected a decrease in dynamometric parame-
ters over shift dynamics that became especially 
apparent by the end of a work shift (Table 1). 
And an extent to which endurance changed 
depended on working conditions category. 

Thus, endurance practically didn’t change in 
RTC operators during the whole work shift. 

A decrease in endurance amounted to 
20.4 % in CNC machines programmers; 26.4 %, 
in CNC stone-working machines operators. As 
labor became harder and more intense, a de-
crease in endurance by the end of a work shift 
grew up to 31.0–33.0 % (р ≤ 0.05) and it was 
higher than physiological standards for body 
strain under physical labor (the parameter should 
not exceed 20 % under local and overall muscle 
loads) (see Table 1). Hand force almost didn’t 
change in the examined groups; therefore, 
changes in maximum muscular working capac-
ity as another parameter showing functional state 
of the nervous-muscular system were practically 
the same as changes in endurance. 

We compared two types of equipment 
used at civil engineering enterprises, CNC ma-
chines and RTC; the comparison revealed that 
working with CNC machinery resulted in 
greater fatigue in hand muscles than working 
with RTC. Endurance to static exertion and 
maximum working capacity of hand muscles fell 
authentically among CNC machines operators 
by 21.3 % (р ≤ 0.01) and by 21.6 % (р ≤ 0,05) 
already after 4 hours of and by 24.1 % (р ≤ 0.01) 
and 21.6 % (р ≤ 0.05) by the end of a work 
shift accordingly against the initial level. We 
also revealed insignificant negative dynamics 
of dynamometric parameters among operators; 
it can be due to substantial muscle exertion 
required to move details manually whereas the 
same operation is performed by a robot-
manipulator when a RTC is used. 

Researchers revealed that when a person 
deals with physical labor regardless of muscle 
loads character (local or overall), his or her 
functional state and, accordingly, overall 
working body strain are closely connected to 
the leading labor-related factors (labor hard-
ness). Excessive loads lead to early signs of 
fatigue in workers’ nervous-muscular system. 
When a working experience is substantial, 
long-term performance of such work tasks can 
result in overstrain in the nervous-muscular 
system and in frequent occupational diseases; 
the higher and more intense are loads on 

__________________________ 
 
8 Khalafen А.А.. STATISTICA-6. Statistical data analysis. The 3rd edition. Moscow, Binom-Press Publ., 2007, 512 p. 

(in Russian). 
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T a b l e  1  
Changes in hand muscles endurance to static excretion in workers from the examined 

occuaptional groups taken in shift dynamics 
Examination period Occupational group / working conditions 

category as per labor hardness Parameter Beginning of a shift Middle of a shift End of a shift 
М ± m 18.9 ± 1.1 18.1 ± 1.3 17.2 ± 1.7 
Р –  0.05 0.05 RTC operator at civil engineering enter-

prises / hazard category 1  
 %  100 95.7 91.0 

М ± m 21.1 ± 1.4  18.3 ± 1.5 16.8 ± 1.4 
Р – 0.05 0.05 CNC machine programmer / 

 hazard category 2  
 %  100 86.7 79.6 

М ± m 20.1 ± 1.1 17.4 ± 1.3 14.8 ± 1.7 
Р – 0.05 0.05 CNC stone-working machine operator / 

hazard category 3.1 
 %  100 86.6 73.6 

М ± m 19.0 ± 1.7 14.9 ± 1.8 14.4 ± 1.7 
Р –  0.05 0.001 CNC machine operator at civil engineer-

ing enterprises / hazard category 3.1 
 %  100 78.7 75.9 

М ± m 21.1 ± 1.7 17.2 ± 1.4 13.3 ± 1.6 
Р – 0.05 0.01 CNC grinder operator /  

hazard category 3.2 
 %  100 82.0 69.0 

 

 

Figure 1. Prevalence of occupational diseases in 
the nervous-muscular system and musculoskeletal 

system depending on hazard category as per  
labor hardness (%) 

workers’ nervous-muscular system during a 
work shift, the more probable these negative 
outcomes become [14–16]. It was convincingly 
confirmed by results obtained via clinical and 
functional research. It was established that sub-
stantial systematic muscle loads played a poten-
tial role in development of occupational diseases 
with certain etiology. Figure 1 shows prevalence 
of occupational diseases in the musculoskeletal 
system depending on labor hardness category. 

High physiological strain of the nervous-
muscular system that occurs under common 
physical labor has potential significance for 
dorsopathy occurrence [17–20]. It was estab-
lished that systemic overall muscular loads 

most frequently resulted in such damage to the 
lumbosacral section as chronic radiculopathy 
occurrence; it often led to a decrease in occu-
pational working capacity and workers’ social 
deadaptation. 

Labor that causes damage to the lumbar 
spine is most common among builders [21, 
22]. Even in such a well-developed country as 
Finland up to 20 % workers daily face very 
grave physical loads despite all technological 
developments [15]. Multiple studies that fo-
cused on health of migrants from the southern 
republics revealed that as working experience 
became longer, there was an increase in num-
ber of musculoskeletal system disorders; it was 
caused by such work tasks as lifting and mov-
ing heavy weight, working in a forced working 
posture, etc. Prevalence of such musculoskele-
tal diseases as, for example, polyosteoarthrosis 
and polyarthritis, goes down from 32.1 % to 
8.9 % (per 100 examined workers) as working 
experience gets longer; on the contrary, a 
number of dorsopathy cases grows from 16.8 
to 27.0 % among workers with working ex-
perience being equal 1–3 years, 7 years, and 
longer, accordingly. It can be due to substan-
tial physical loads labor migrants have to face. 

Results obtained via physiological studies 
allow considering hand muscle endurance to 
static exertion to be quite an informative pa-
rameter for being used as a criterion when as-
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sessing and controlling functional state and 
working conditions category in case labor ac-
tivities involve such loads that labor hardness 
becomes a leading labor-related factor. 

Given hat, Table 2 shows distribution of 
specific physiological parameters as per work-
ing conditions categories (sub-categories) 
when labor intensity is estimated for different 
occupational activities. 

We also examined another physiological 
parameter, namely, overall physical working 
capacity, among CNC machine operator and 
RTC operators; the examination revealed that 
there were authentic discrepancies between 
these two occupational groups as per OPWC 
and maximum oxygen consumption values. 
CNC machines operators had average OPWC 
equal to 25.19 ± 1.50; RTC operators, 17.99 ± 
0.80 kg m/min kg of weight (р ≤ 0.01); au-
thentic discrepancies between the groups re-
garding maximum oxygen consumption were 
also present (р ≤ 0.01). 

Assessing workers’ physical conditions 
according to the methodical guidelines9 al-
lowed establishing that physical proficiency 
was above average (high) among CNC ma-
chine operators and below average (satisfac-
tory) among RTC operators. These differences 
seem to be due to labor activities since CNC 
machine operators have to deal with harder 
physical labor than RTC operators. 

Results obtained via physiologic research 
revealed that functional state of the cardiovas-
cular system didn’t change by the end of a 
shift in any examined group. At the same time 

results obtained via tests with loads allowed 
revealing multi-directional shifts in operators 
from different occupational groups. SHV 
curves analysis revealed an adequate response 
to physical loads among RTC operators both at 
the beginning and the end of a work shift 
whereas there was a delayed response among 
CNC machines operators. And SHV and MHV 
didn’t recover at the 3rd and 5th minute in CNC 
machines operators at the end of a work shift 
after physical loads (р ≤ 0.05) and at the 3rd 
minute after intellectual loads. Periphery resis-
tance as a response to physical loads went down 
among workers from these two groups and re-
covery was a bit delayed among CNC machines 
operators. 

CNC machines operators had more appar-
ent responses to physical loads as per BP pa-
rameters (maximum, pulse, and average dy-
namic BP). As we can see from Figure 2, at 
the beginning of a work shift maximum BP 
increase authentically more frequently among 
CNC machines operators against RTC opera-
tors (р ≤ 0.05). At the 1st recovery minute dis-
crepancies between two groups were substan-
tial (р ≤ 0.05), and maximum BP didn’t re-
cover at the 3rd and 5th minutes after a test 
physical load was faced, and at the 1st and 3rd 
minutes after intellectual loads at the end of a 
work shift. The same dynamics was detected 
for pulse and average dynamic blood pressure 
(see Figure 2). 

Comparison made between obtained 
MHV and PR and physiological standards for 
the parameters revealed that hyperkinetic  

T a b l e  2  
Distribution of physiological parameters among workers dealing with physical labor  

with local and overall loads as per working conditions categories (subcategories) allowing 
for gender-related differences 

Local and overall loads 
Working conditions category (sub-category)  

optimal acceptable hazardous Physiological parameter gender 
1 2 3.1 3.2 

males  ≤ 20.7 23.8–26.8 26.9–29.9 30.0–33.0 Hand muscle endurance to static 
exertion  (% of a decrease by 
the end of a work shift)  females  ≤ 21.9 24.3–26.6 26.7–29.0 29.1–31.4 

__________________________ 
 
9 The Methodical guidelines on assessing physiological standards of human body strain, allowing for gender-

related differences, for different occupational activities (mental, visually strained, physical). Approved on February 26, 
2015 by the Scientific Council No. 45 on workers’ medical and ecological health issues. Moscow, 2015. (in Russian). 
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Figure 2. Changes in maximum (I), average dynamic (II), and pulse (III) blood pressure  

under test loads in operators from two occupational groups 
Note: solid line with rounds is for CNC operators; broken line with triangles is for RTC operators; * one 
asterisk means there are statistic differences form background values; ** two asterisks mean there are 
authentic discrepancies between the two groups; Y-axis shows blood pressure (mm Hg); X-axis shows 
registration periods (BP recovery after loads in minutes); ф means background values; PR is recovery 
period; PL is physical load; IL is intellectual load. 
 
circulation type10 [23, 24] prevailed in sys-
temic pressure regulation in operators from the 
two examined groups. RTC operators tended 
to have better ration between MHV and RS (an 
adequate growth and fall in PR under physical 
loads) that was aimed at optimal circulatory sys-
tem regulation, in particular, adequate increase 
in BP. At the same time, CNC machines opera-
tors had less apparent changes in MHV and PR 
with a significant increase in BP as a response to 
physical loads and it became especially obvious 
by the end of a work shift. It indicates there is 
greater strain in circulatory regulation mecha-
nisms in CNC machines operators. Besides, 
compensatory mechanisms strain is also more 

apparent in them that becomes obvious via 
higher average dynamic blood pressure, and later 
recovery of SHV, MHV, and BP (maximum, 
pulse, and average dynamic one). 

To sum up all the above mentioned, we 
should note that we detected higher overall 
physical working capacity among CNC opera-
tors and lower OPWC among RTC operators. 
Labor activities performed by CNC machines 
operators involve apparent strain in the nervous-
muscular system and it results in early signs 
(4 hours after a shift started) of developing 
hand muscle fatigue. Functional state of the 
cardiovascular system determined as per tests 
with loads changed more significantly among 

__________________________ 
 
10 Instrumental procedures for cardiovascular system examination: a reference book. In: Т.S. Vinogradova ed. Мoscow, 

Medistina Publ., 1986, 415 p. (in Russian). 
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T a b l e  3  
A probability that occuaptional pathology might occur (%) depending on labor hardness and 

changes in endurance  

Labor hardness 
Category 3, hazardous (hard labor)  Parameter Category 1, optimal 

(slight physical loads)  
Category 2, acceptable 

(average  physical loads) 3.1 3.2 3.3 

Probability, %  0–0.6 6.1–17.0 17.1–28.0 28.1–37.0 Higher than 
37.0 

Males – 
lower than 20.7 from 20.8 to 23.8 from 23.9 

to 26.8 
from 26.9 

to 29.9 
Higher than 

30.0 
Hand muscle endurance 
to static exertion, % of 
a decrease by the end of 
a work shift 

Females – 
lower than 21.9 from 22.0 to 24.3 from 24.4 

to 26.6 
from 26.7 

to 29.9 
Higher than 

31.4 
 

CNC machines operators who had excellent 
(above average) physical proficiency and it is 
not in line with conventional opinions. It is 
known that the greatest decrease in functional 
capabilities of basic body systems is detected 
in people with low physical working ability. 
Obviously, if we want to get an insight into 
physiological mechanisms behind this phe-
nomenon, we should turn to a regularity estab-
lished by L.V. Abolyan [7]. He showed in his 
research that dependence between physical 
proficiency and functional changes in workers’ 
basic body systems occurred within certain, 
and as a rule, average, range of overall physi-
cal working capacity. When OPWC is «high» 
as it is the case with CNC machines operators, 
this dependence doesn’t usually hold. Addi-
tional studies will be required for understand-
ing this regularity better and for scientific sub-
stantiation of OPWC parameter being possibly 
included as a physiological criterion into as-
sessing and controlling functional state and 
working conditions category allowing for la-
bor activity type. 

Research results revealed that labor hard-
ness was classified as per changes in hand mus-
cle endurance. This endurance parameter is de-
termined as per a decrease in it over a shift 
measured in % of its initial value. Distribution of 
physiological parameters determined for workers 
dealing with physical labor with local and over-
all physical loads as pre working conditions 
categories (sub-categories) taking gender-related 
differences into account allows assessing prob-
able health risks for workers. We calculated de-
pendence between occupational diseases fre-
quency (2,318 cases were analyzed in retrospect) 
and labor hardness category under local and 
overall muscular loads; the calculation allowed 

determining a regression equation and presenting 
all the obtained results in Table 3. 

All the obtained results indicate that the 
higher is decrease in endurance, the greater is oc-
cupational risk that the above-mentioned pathol-
ogy occurs. Health disorders are the most prob-
able for workers who have to work under work-
ing conditions belonging to the hazard category 
3.3; the probability amounts to 37 % in case there 
is a 30 % decrease in endurance by the end of a 
work shift among males and a 31.4 % decrease in 
the parameter among females. Given that, a prob-
ability that occupational pathology might occur 
can be predicted depending on labor hardness 
category and this prediction can be based on hand 
muscle endurance to static exertion. 

Conclusions: 
1. Research on multiple occupational 

groups dealing with labor that involved physi-
cal and nervously-strained loads allowed es-
tablishing that labor-related factors often ex-
ceeded acceptable levels for most occupations 
regardless of load types. Long-term exposure 
to adverse factors making labor too hard and 
too intense exerts substantial influence on 
functional states of workers’ body systems, 
especially, on their nervous-muscular system. 

2. Exposure to intense and long-term la-
bor-related factors that exceed acceptable levels 
(the 3rd hazard category, sub-categories 1–2) 
results in overstrain occurrence in most work-
ers; this overstrain becomes obvious via sub-
stantial changes in physiological parameters 
taking gender-related differences into account. 

3. Workers dealing with physical labor that 
involved both local and overall muscular loads 
tended to have a strong correlation between hand 
muscle endurance to static exertion (% of a de-
crease by the end of a work shift) and working 
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conditions category. It allows recommending 
this parameter for control over functional state 
and working ability taking into account labor 
activity type and gender-related differences. 

4. Damage to the lumbar spine as an out-
come caused by hard working conditions 
(weight moving and lifting, working in a forced 
working posture, etc.) is widely spread among 
builders including labor migrants for the south-
ern republics. A number of musculoskeletal dis-
eases grows as working experience gets longer. 

5. We detected that CNC machines opera-
tors tended to have higher overall physical work-
ing capacity (OPWC) than RTC operators who 
had only satisfactory OPWC. Workers with 
higher OPWC tended to have higher functional 
capabilities of the nervous-muscular system and 
apparent strain in circulatory regulation mecha-
nisms when tests with loads were performed. 

6. Additional studies are required and ob-
tained data are to be analyzed for revealing 
dependence between high physical proficiency 

and functional state of a body and a possibility 
to use OPWC as a criterion for assessing func-
tional state and working conditions category 
taking labor activity type into account. 

7. Research results allowed establishing a 
possibility to predict occupational diseases in 
workers dealing with physical labor as per such a 
physiological parameter as hand muscle endur-
ance to static exertion. The greater is a decrease 
in endurance, the higher is a probability that an 
occupational pathology might occur. Distribu-
tion of physiological parameters obtained for 
workers dealing with physical labor involving 
local and overall muscular loads as per working 
conditions categories (sub-categories) taking 
gender-related differences into account allows 
assessing health risks for workers. 
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Hypertension is a chronic disease with its prevalence increasing from 2013 to 2018 among population in Indonesia. In 

2013 the prevalence of hypertension was 25.8%, and in 2018 it increased to 34.1 %. Therefore, to control hypertension, it is 
necessary to involve all related parties, doctors and health professionals from various fields of hypertension specialization, 
government, the private sector, and the public.  

Business is a private party that has the authority to participate in the prevention of hypertension in Indonesia. Coal 
mining sector traditionally creates a lot of workplaces in the country. This study aimed to look at the influence exerted by 
hypertension in parents’ case history on risks of  incidence with hypertension among coal mining workers.  

This study is a cross-sectional one with two variables, namely hypertension in parents’ case histories and hypertension 
among coal mining workers performed on a sampling  including 360 coal mining workers. The results showed that if a father 
had hypertension in his case history the risk of incidence with hypertension among coal mining workers was 3.143 times 
higher because OR = 3.143; 95 % CI (1.568 < OR < 6.229), while if a mother had hypertension in her case history the risk 
of incidence with hypertension among coal mining workers was 6.519 times higher because OR = 6.519; 95 % CI  
(3,267 < OR < 13,008) and if both parents have hypertension in their case history, the risk of incidence with hypertension 
among coal mine workers was 6.061 times higher because OR = 6.061; 95% CI (2,910 <OR <12,625). The obtained results are 
enough to prove that hereditary or genetic factors play their role in elevated  risks of hypertension in coal mining workers. 

Key words: workers, coal mining, coal mining workers, hypertension, risks of hypertension, parental hypertension, hy-
pertension in workers, hypertension in coal mining workers, hypertension in Indonesia. 
 

 
 Hypertension is a chronic disease that 

becomes apparent via an increase in systolic 
blood pressure when it exceeds 140 mmHg 
and diastolic blood pressure being more than 
90 mmHg if two measurements are taken in 
five-minute intervals in a state of sufficient 
rest and calm [1–3]. As per data obtained by 
Riskesdas in 2018, hypertension prevalence 
among Indonesia's population grew from 2013 
to 2018. The highest hypertension prevalence 
was detected in the South Kalimantan 
(44.1 %), and the lowest, in Papua (22.2 %). 
Hypertension occurs among people aged 31–44 
(31.6 %), 45–54 (45.3 %), and 55–64 (55.2 %). 
In 2013 the prevalence of hypertension was 
25.8 %, and in 2018 it increased to 34.1 % [4]. 
Increased blood pressure over a long period 
can damage the kidneys, brain (causing 
stroke), and the heart if the hypertension event 

is not detected early and not properly treated. 
The number of hypertensive patients with un-
controlled blood pressure is increasing con-
tinuously [5, 6]. 

Therefore, the participation of all related 
parties, both medical doctors from various 
fields of specialization in hypertension, gov-
ernment, private sector, and society, is needed 
to control hypertension [7]. 

One of the private parties that should par-
ticipate in the prevention of hypertension in 
Indonesia is business. Coal mining is a sector 
in economy with a large workforce and grow-
ing up every year. Coal mining is labor-
intensive and capital-intensive economic activ-
ity in Indonesia [8]. A coal company's distinc-
tive feature is the number of dwellings in a 
mining area for workers or what is commonly 
called a mess. The mess is equipped with all 
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adequate facilities starting from a residence, 
cafeteria, sports venue, places of worship, etc. 
All adequate facilities were built because most 
workers have to live in a mining area for  
2–5 weeks before they get a day off [9, 10]. 

The mining work system, which requires 
employees to live in a mining mess, results in 
all worker activities being carried out in one 
area, including work, rest, eating, and sports. 
The risk of workers experiencing hypertension 
will occur if their lifestyle, including work pat-
terns, rest, eating, and exercise, is not healthy. 
It will even be exacerbated in case workers’ 
parents have hypertension in their case history. 
Research on general population groups in Sri 
Lanka shows that the prevalence of hyperten-
sion increases to 29.3 % if parents have the 
disease in their case history [11]. 

This research goal was to examine influ-
ence exerted by hypertension in parents’ case 
history on risks of incidence with hypertension 
among coal mining workers. 

Data and methods. This study was a 
cross-sectional one with two variables, namely 
hypertension in parents’ case history and hy-
pertension among coal mining workers. The 
data used are primary data obtained via con-
ducting interviews with questionnaires and 
measuring respondents’ blood pressure. Data 
on hypertension in parents’ case history were 
obtained using a questionnaire filled in by re-
spondents, and data on hypertension among 
coal mining workers were obtained via direct 
measuring respondents’ blood pressure using a 
calibrated mercury sphygmomanometer. Hy-
pertension examination was carried out on a 
respondent's arm by professional physical 
therapists at a local health clinic [12]. 

The hypertension measurement results were 
then classified based on the hypertension classi-
fication, referring to JNC VII 2003 [12, 13]. 

Blood pressure examination is included 
into a General Medical Check-Up in the frame-
work of annual/periodic health checks on work-
ers following the Regulation of the Minister of 
Manpower and Transmigration of the Republic 
of Indonesia No. Per.02 / MEN / 1980 concern-
ing workforce health checks stipulated in the 
implementation of work safety. 

T a b l e  1  
Classification of Blood Pressure for Adults 

Category 
Systolic /  

SBP  
(mmHg)  

 
Diastolic /  

DBP  
(mmHg)  

Normal < 120 And < 80 
Prehypertention 120–139 Or 80-89 
Hypertention    
Stage 1 140–159 Or 90-99 
Stage 2 >160 Or > 100 

N o t e :  Adapted From JNC VII, 2003. 
 
In this study, respondents were coal mine 

workers in Kalimantan, Indonesia, with a sam-
ple size of 360 coal mine workers. The re-
spondents' characteristics included the follow-
ing: they were all males, their working experi-
ence was longer than one year, and they were 
all working at a mining site. These criteria aim 
to control for research bias. 

Respondents were selected using a sam-
pling technique, namely cluster random sam-
pling. The data were processed by bivariate 
analysis using a non-parametric test. 

Results and discussion. The obtained re-
sults are shown in Tables 2–4. 

Table 2 shows that 40 respondents out of 
360 coal mining workers had hypertension 
when they were examined and 320 didn’t 
have it. Based on questioning, we detected 
that 72 people’s fathers had hypertension in 
their case history, while fathers of 288 others 
did not. 

Based on data given in Table 2 we can con-
clude that there is a relationship between pater-
nal hypertension and coal mining worker hyper-
tension with a p-value of 0.001 < α = 0.05. The 
risk of incidence with hypertension among 
coal mining workers if a father has a history of 
hypertension is 3.143 times higher because  
OR = 3.143; 95 % CI (1.568 < OR < 6.229). 

Table 3 shows that 320 respondents out of 
360 coal mining workers, did not have hyper-
tension when being checked, while 40 respon-
dents had hypertension when they were exam-
ined. Based on questioning, we detected that 
78 people’s mothers had hypertension in their 
case history, while mothers of 282 others did 
not have it. 



Kurnia Ardiansyah Akbar 

Health Risk Analysis. 2021. no. 1 102 

T a b l e  2  
Hypertension in father's case history influencing risk of hypertension among coal mining worker 

Father’s case history  Not-Hypertension Hypertension Total p-value OR 

Not-Hypertension 264 56 320 Coal mining workers 
Hypertension Hypertension 24 16 40 0.001 3.143 

Total 288 72 360   

Source: Primary Data. 

T a b l e  3  
Hypertension in mother’s case history influencing risk of hypertension among coal mining worker 

Mother’s case history  Not-Hypertension Hypertension Total p-value OR 

Not-Hypertension 265 55 320 Coal mining workers 
Hypertension Hypertension 17 23 40 

 
0.000 

 
6.519 

Total 282 78 360   

Source: Primary Data. 

T a b l e  4  
Hypertension in parents’ case history influencing risk of hypertension among coal mining worker 

Parents’ case history  Not-Hypertension Hypertension Total p-value OR 

Not-Hypertension 223 97 320 Coal mining workers 
Hypertension Hypertension 11 29 40 

 
0.000 

 
6.061 

Total 234 126 360   

Source: Primary Data. 
 
Based on data given in Table 3 we can 

conclude that there is a relationship between a 
mother having hypertension in her case history 
and hypertension in a coal mining worker with 
a p-value of 0.000 < α = 0.05. The risk of inci-
dence with hypertension among coal mining 
workers if a mother has a history of hyperten-
sion is 6,519 times higher because OR = 6,519; 
95 % CI (3.267 < OR < 13.008). 

Table 4 shows that 320 respondents out of 
360 coal mining workers, did not have hyper-
tension when being checked, while 40 respon-
dents had hypertension when they were exam-
ined. Based on questioning, we detected there 
were 126 people whose parent, either mother or 
father, or both of them, had hypertension in his 
or her (or their) case history whereas parents of 
the remaining 234 workers did not have it. 

Based on data given in Table 4 we can 
conclude that there is a relationship between 
hypertension in parents’ case history and hyper-

tension among coal mining workers with a p-
value of 0.000 < α = 0.05. The risk of incidence 
with hypertension among coal mining workers 
if parents have a history of hypertension is 
6,061 higher times because OR = 6,061; 95 % 
CI (2,910 < OR < 12,625). 

Based on the results obtained via the 
above research, three main points can be dis-
cussed, including influence exerted by paternal 
hypertension on risk of incidence with hyper-
tension among coal mining workers, by hyper-
tension in father’s case history, and hyperten-
sion in mothers’ case histories as well. 

This study shows that the number of hy-
pertension cases is higher among elderly 
(126 people) than among coal mining workers 
(40 people), mining workers aged from 18 years 
to 56 years. This study is in line with previous 
studies, stating that parents have a high inci-
dence rate of hypertension, especially at the 
age exceeding 60 years, with a prevalence rate 
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being from 60 % to 80 % [14, 15]. In another 
study performed in Sao Paulo, it was found 
that prevalence of hypertension among elderly 
groups was 70 % of the total population [16]. 
Research in China also shows that hypertension 
is found in 53 % of the elderly population [17]. 

The results showed a relationship between 
hypertension in a father’s, mother’s (and par-
ents’) case history and incidence with hyper-
tension among coal mining workers. The rela-
tionship between hypertension in a father’s 
and mother’s case history shows that genetic 
hypertension can be inherited from either fa-
ther or mother or even from both parents. Ac-
cording to research that has been done if both 
parents suffer from hypertension, about 45 % 
will be passed down to the offspring, and if 
one parent is suffering from hypertension, 
about 30 % will be passed down to the off-
spring [18, 19]. 

In this study, the odds ratio (OR) value 
for each relationship between variables was 
obtained. OR = 3.143 obtained for hyperten-
sion in a father’s case history shows that if a 
father has hypertension in his case history, risk 
of incidence with hypertension among coal 
mine workers is 3.143 times higher. OR ob-
tained for hypertension in a mother’s case his-
tory is equal to 6.519. This means that if a 
mother hypertensionin her case history, the 
risk of hypertension among coal mining work-
ers is 6.519 times higher. OR obtained for hy-
pertension in parents’ case histories is equal to 
6.016. It means that if parents have hyperten-
sion in their case history, the risk of hyperten-
sion among coal mining workers is 6.061 
times higher. 

The above research follows the results ob-
tained in previous studies. This study aims to 
determine the prevalence of hypertension and 
the determinants of hypertension among eld-
erly people. This research is a quantitative 
study with a cross-sectional study design in the 
elderly group. Based on the study results, it 
was found that a hypertension in family case 
history is a risk factor causing occurrence of 
hypertension. The risk of developing hyperten-
sion for someone who has hypertension in 
family case histories is 3.216 times higher than 

for those whose parents do not have hyperten-
sion in their case history [20]. 

Previous research states that someone 
whose parents have hypertension in their case 
history runs higher risk of suffering from hy-
pertension. This possibility occurs because 
someone whose parents suffer from hyperten-
sion, will inherit genes that interact with the 
environment and cause an increase in blood 
pressure. Genetic factors result in risks of de-
veloping hypertension, as evidenced by a phe-
nomenon that hypertension is more common in 
monozygous twins (one egg) than in heterozy-
gous (different egg cells). If someone who has 
a genetic trait of primary (essential) hyperten-
sion is then left without therapeutic interven-
tion early on, then exposure to environmental 
factors will cause hypertension to develop, and 
at an age of 30-50 years, signs and symptoms 
will appear [21, 22]. 

The risk of hypertension, which is related 
to parental genetics based on previous analy-
sis, is exacerbated by working conditions ex-
isting at coal mines. This study focuses on the 
risk of hypertension among coal mining 
workers due to exposure to the working envi-
ronment they have to face at their workplaces 
and the unhealthy behavior patterns they tend 
to pursue. 

The working environment at coal mines 
in Indonesia creates occupational risks for 
workers via physical environmental hazards, 
namely heat and noise, chemical, environ-
mental hazards, namely coal dust, and psy-
chological dangers. Influence exerted by en-
vironmental hazard risks plays a significant 
role in high prevalence of hypertension 
among mining workers in Indonesia. 

Coal mining environment in Indonesia 
tends to be dry and hot because it is located 
along the equator and in tropical climate areas, 
resulting in increased heat exposure for work-
ers. Heat exposure received by workers is di-
rect exposure to sunlight because Indonesian 
coal mines are open-pit ones. 

Workers are exposed to heat from the sun 
throughout the year while doing their work. 
The average temperature in mining areas in 
Indonesian Kalimantan throughout the year is 
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27.6 °C or 81.68 °F, with the lowest recorded 
temperature being 19.1 °C or 66.38 °F, and the 
highest temperature is 38 °C or 100.4 °F [23]. 
The temperature distribution indicates that the 
risk of heat exposure received by coal mining 
workers is very high compared to normal work 
climate accepted by general humans. 

Exposure to heat while working increases 
the risk of hypertension for coal mine workers. 
Exposure to heat while working affects body's 
internal temperature, which then gradually af-
fects the cardiovascular system. Worker's body 
exposed to heat automatically tries to adapt to 
temperatures existing in a working environ-
ment by increasing blood flow to the heat-
exposed skin to control body temperature. This 
increased blood flow to the skin is accom-
plished via increased blood flow from the 
heart. The mechanism of increasing the pump 
for blood flow from the heart causes the de-
tected blood pressure to increase when meas-
urements are taken. 

These results are consistent with previous 
experimental laboratory studies performed on 
mice revealing that heat exposure will increase 
mice's systolic and diastolic blood pressure. 
Increased blood pressure was detected starting 
at the moment when mice were exposed to 
27oC or 80.6oF and above [24]. 

Continuous heat exposure causes a worker's 
body to adapt significantly. Adaptation in min-
ers' bodies is accomplished via the cardiovascu-
lar system that always works above standard, 
and it can cause hypertension in coal mining 
workers in Indonesia. 

The high risk of hypertension due to heat 
exposure can be remedied with well-planned 
prevention. One of them is implementing re-
strictions on working hours when the ambient 
temperature is recorded to exceed 27 °C or 
80.6 °F. This temperature becomes a limit be-
cause research shows that an increase in blood 
pressure occurs at that temperature. Limitation 
imposed on working hours aims to reduce heat 
exposure experienced by coal mine workers, 
especially in summer. 

Exposure to noise hazards also exacer-
bates the risk of developing hypertension in 
coal mining workers in Indonesia. Noise in 

coal mining comes from heavy equipment, 
conveyors, subsoil blasting, and coal dredging. 
Mining workers are exposed to noise during a 
working shift which is equal to eight hours in 
Indonesia. 

Based on CDC data, it is known that coal 
mine workers are exposed to noise hazards 
above 90 dBA at their workplaces [25]. In In-
donesia, the noise limit at a workplace for  
a 8-hour work shift has been stipulated in the 
Regulation of the Minister of Manpower of the 
Republic of Indonesia Number 5 of 2018 con-
cerning Occupational Safety and Health. Ac-
cording to it noise in a work environment 
should not exceed 85 dBA, and the maximum 
allowable limit is 139 dBA with an exposure 
time not exceeding 0.11 seconds. Based on the 
regulation, noise in coal mines is a risk factor 
that must be controlled. 

The impact exerted by noise on incidence 
with hypertension is classified as non-auditory 
impacts. Exposure to noise exacerbates a pos-
sibility of hypertension among coal mine 
workers. When exposed to noise, mine work-
ers feel disturbed. These feelings lead to anxi-
ety and stress among them. The stress causes 
cardiovascular changes in workers, one of 
which is an increase in blood pressure. Pro-
longed noise exposure will result in a necessity 
for a body to recover. This recovery includes 
elimination of non-auditory noise impacts. 
Stress caused by noise can become chronic. 
Chronic stress that causes an increase in blood 
pressure continues with the final manifestation 
of hypertension in coal mining workers. 

Noise increases the risk of hypertension 
among workers in line with existing research. 
Previous research has shown that noise will 
have an impact on prolonged stress. This stress 
is then followed by an increase in blood lipids, 
blood viscosity, blood pressure, cardiac output, 
blood glucose, and blood clotting factors, 
which result in cardiovascular diseases, includ-
ing stroke, ischemic heart disease, and arterial 
hypertension [26]. 

As for coal mine workers and their expo-
sure to noise, the risk of hypertension can be 
reduced using personal protective equipment, 
especially those aimed at reducing noise expo-
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sure, both earplugs, and earmuffs when work-
ing under exposure to noise. Several earplugs 
and ear muffs in Indonesia can reduce noise 
received by workers by 10–20 dBA. 

We also studied a relationship between 
hypertension among coal mine workers and 
exposure to dust. The high rate of hypertension 
in the study can also be caused by exposure to 
dust at a workplace. It has been explained pre-
viously that the environment at coal mines in 
Indonesia is dry, especially during hot or dry 
season, which results in dry soil conditions and 
causes much dust in summer or dry season. 
Dust that is a risk factor for coal mining work-
ers comes from dry ground dust from coal be-
ing processed during mining activities. 

Exposure to dust that enters through the 
respiratory tracts causes an increased risk of 
hypertension among coal mining workers due 
to dust being carried through the respiratory 
tracts and then to the lungs. The microscopic 
dust particles will continue to be carried 
around as blood circulation occurs from the 
lungs to the heart. The coarse particles then 
partially block blood flow to the heart. This 
inhibition of blood flow to the heart causes an 
increase in blood pressure, leading to hyper-
tension in coal mining workers. 

Experimental studies on humans related to 
dust also explain that humans exposed to dust 
particles with their diameter being 2.5–10 mi-
crometers suffer from an increase in heart rate 
and systolic and diastolic blood pressure. This 
happens due to coarse particles carried by the 
bloodstream causing disruption of blood circu-

lation to the heart [27, 28]. Preventing increased 
risks of hypertension due to dust exposure can 
require workers to wear masks while working. 
A mask in question is a dust mask with the abil-
ity to filter dust up to particles with their diame-
ter being 2.5 micrometers so that they cannot 
enter the respiratory tract. If coal mine workers 
use these masks, it is recommended to change 
cartridges in them periodically. 

This discussion shows that examined 
coal mining environment creates an enor-
mous risk of increased hypertension preva-
lence. A specific work system existing at In-
donesian coal mines involves mining work-
ers spending their nights in a cottage for 
several weeks, causing a possibility of even 
a higher risk of hypertension among them. 
This can possibly be due to work stress, a 
psychological burden of not meeting family, 
a poor diet, and exercise. 

Conclusion. Based on the results of the 
study, we can conclude that there is a relation-
ship between hypertension in parents’ case his-
tory and incidence with hypertension among 
coal mining workers. This is sufficient to prove 
that heredity or genetics plays a role in increas-
ing risks of hypertension among coal mining 
workers. Coal mining environment creates an 
enormous risk of increasing hypertension 
prevalence among coal mining workers. 
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Over recent years there have been registered anthrax cases among animals and people in Russia. Anthrax cattle buri-

als remain a basic risk factor that causes epizootic deterioration. A lot of such burials do not correspond to sanitary-
epidemiologic requirements especially those located in zones where long-term frozen rocks are now being developed in the 
northern European part of the country.  

Our research goal was to examine a situation with anthrax cattle burials in the chosen regions, especially bearing in 
mind climatic changes and changes in cryolite zones as well as to assess future prospects regarding them. It is especially 
vital for native people who live in tundra and breed their numerous deer herds there. 

To achieve the goal, several tasks were accomplished. First, we performed preliminary analysis of anthrax cattle burials dis-
tribution in the northern European part of the country and places that were unfavorable as per anthrax. Then, locations of such 
zones were compared with available data on contemporary development of the cryolite zone in the northern European part of the 
country. It was necessary to assess future changes in the cryolite zone and describe occurring problems related to anthrax cattle 
burials being widely spread there as well as to suggest possible ways to solve them. Over the last 50 years considerable spots in the 
cryolite zone have thawed through completely or partially, especially in an area close to the south border of frozen earth. It is im-
portant to know an actual situation with anthrax cattle burials given changing climatic conditions and to assess their future pros-
pects. In order to prevent emergencies in zones where geocryological processes have been activated it is necessary to measure tem-
perature on anthrax cattle burials territories, to assess geocryological threats, to create mathematical models for probable negative 
events occurrence, as well as to accomplish certain anti-epidemic, anti-epizootic, and  preventive activities. 

Key words: anthrax cattle burials, risks, cryolite zone, seasonal-thawed layer, frozen earth degradation, thawing 
through, monitoring. 
 

 
 Recently there have been anthrax cases 

among people and animals registered in Rus-
sia. The disease was caused by contacts with 
infected animals being slaughtered without 
giving notice to veterinary services; by people 
treating animals’ carcasses or burying corpses 
of animals that died due to anthrax; by people 
working with infected meat, treating sick ani-

mals, or selling raw meat on markets. Anthrax 
cattle burials remain a risk factor that might 
cause epizootic ill-being related to anthrax 
since many of them do not conform to sani-
tary-epidemiologic requirements as it was 
mentioned in the works [1–12], especially in 
permafrost zones and zones prone to seasonal 
freezing1. These cattle burials can be destroyed 
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due to permafrost thawing. In 2016 in the RF 
epidemiologic satiation with anthrax deterio-
rated. There was an anthrax focus registered in 
Yamal distirct of the Yamal-Nenets Autono-
mous Area; it occurred due to a significant 
epizooty among deer [13, 14]. Anthrax epizo-
oties are annually registered among farm and 
wild animals in Asia, Africa, and South Amer-
ica and it often results in wide-scale outbreaks 
among people. A large anthrax outbreak was 
detected in May-June 2017 in India, Pakistan, 
and Bangladesh [15]. Animals get infected 
with anthrax mostly due to grazing in sanitary 
protected zones near anthrax cattle burials and 
fodder procuring in such areas. Another sig-
nificant role belongs to cattle vaccination and 
its scales as they should cover all livestock. 
The infection potential is enhanced by signifi-
cant number of soil foci that can represent a 
threat for a long time and cause periodical out-
breaks among farm animals and people. But 
the greatest threat for people and animals is 
created by anthrax cattle burials. There are ap-
proximately 35 thousand stationary soil foci on 
the territory of Russia where the situation with 
anthrax is rather adverse; 7,940 out of them 
are cattle burials [9]. 

Over the last 50 years substantial areas in 
the cryolithozone located in the European 
northern part of the country have thawed either 
completely or partially; it is especially true for 
zones located near the southern permafrost 
zone border. 

Our research goal was to get a clear pic-
ture of the current situation with anthrax cattle 
burials located in this zone, especially given 
the climatic changes occurring at the moment 
and their influence on the cryolithozone; an-
other goal was to estimate their future condi-
tion. It is important for native people who live 
in tundra and breed their numeral deer herds 
three. To achieve these goals, we had to solve 
the following tasks. First, we performed pre-
liminary analysis of anthrax cattle burials 
prevalence in the European northern part of 
the country and places where a situation was 

adverse as per anthrax. Locations of such land 
spots that were partially shown on the epizo-
otic map of the Nenets Autonomous Area2  
were compared with available data on the cur-
rent situation in the cryolithozone located in 
the European northern part of the country1 

[16–21]. It was necessary to estimate future 
changes in the cryolithozone and highlight 
new arising problems associated with anthrax 
cattle burials prevalence in the region and to 
suggest ways to solve them. 

Data and methods. We have performed 
cartographic analysis of several permafrost 
maps drawn as per actual and predicted data; 
the results allow us to conclude that there 
has been significant «restructuring» of 
geocryological conditions existing in the 
European northern part of Russia [16–21]. 
This restructuring involved southern borders 
of the permafrost zones moving dozen kilo-
meters to the north as well as a significant 
increase in capacity of blind-end taliks that 
had been existing prior to the examined pe-
riod; there was also a decrease in permafrost 
area due to new taliks occurring, a substan-
tial rise in permafrost temperature, and ther-
mal karst slumps development [17, 22, 23]. 
Permafrost degradation predicted by 2020 will 
be much less apparent than over 1970–2005; 
but after 2020 we can expect greater perma-
frost degradation due to heating effects pro-
duced by growing greenhouse gases emis-
sion from permafrost [24]. 

Results and discussion. Temperature is a 
most significant property that determines con-
dition of the cryolithozone. Thus, the greatest 
changes in permafrost temperatures (increase 
by 0.6–1 °С) occur in the eastern part of the 
Nenets Autonomous Area and Komi Republic 
(Urals, Pai-Khoi). Here we should pay close 
attentions to several districts that are unfavor-
able in terms of anthrax spread; they are river 
basins of Malaya Usa, Bolshaya Syr’yaga, 
Khal’mel’shor (Komi), Yunkoshor, areas close 
to the Kara bay, and Tab’yu river (The Nenets 
Autonomous Area) [19]. 

__________________________ 
 
2 The epizootic map of the Nenets Autonomous Area. Naryan-Mar, OGU NAO The Nenets Information-Analytical 

Center Publ., 2010. 
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0.4–0.6 °С temperature rise in permafrost 
occurs on territories located to the east from 
Porchtyvys and Syadeyu rivers. There are also 
areas here that are adverse as per anthrax; they 
are river basins of Porchtyvys, Syadeyu, 
Adz’va, Pyayu, areas close to Vashutkiny 
lakes, Savauy, Syarnayu, Yareyu, and Ynko-
shor rivers. 

0.2–0.4 °С temperature rise in permafrost 
has been detected practically on the whole Ne-
nets Autonomous Area territory excluding the 
Pechora bay shore and the Barents sea shore 
where temperature will grow only slightly, less 
than by 0.2 °С. Thus, an ascending trend in av-
erage annual rock temperature detected at the 
Bolvanskiy stationary post amounted to 
0.04 °C/per year on average for different land-
scapes. In 1980-ties, average annual permafrost 
temperature taken at 10 meters deep under-
ground changed from –0.8 to –2.5 °С, and then 
grew by 0.2…1.2 °С, and a range of changes in 
average annual permafrost temperature in dif-
ferent landscapes decreased by almost 3 times 
and now amounts to –0.6…–1.2 °C. Layers 
prone to seasonal thawing thawed more consid-
erably in the southern tundra close to the Bol-
vanskiy stationary post, starting from 2000, 
from 1.2 meters (2000) to 1.8 meters (2016). 
The latter figure is greater than potential freez-
ing depth in this region; it indicates that perma-
frost roof has started to go down [21]. From 
2005 to 2020 thawing depth varied from 1 to 
2 meters near Vashutkiny lakes and the western 
Adz’va river basin; up to 1 meter, near 
Korataikha river; up to 2 meters, near 
Yun’yakha and Yareyu river; from 2 to 4 me-
ters, near Ynkoshor river; up to 1 meter, near 
the Kara bay; up to 1 meter, near Tab’-Yu river. 

In the northern part of the Nenets 
Autonomous Area (the Barents and Kara sea 
shore) sporadic talik zones might occur in ar-
eas that are adverse as per anthrax. These areas 
include zones located to the south from the 
Bolvanskaya bay, Urer’yakha and Ynkshor 
rivers, and Amdermy settlement (thawing 
depth is up to 1 meter). 

Permafrost cartographic analysis allows 
stating the following. Firstly, over 1970–2020 
there has been a substantial decrease in holo-

cene permafrost that goes down from the earth 
surface and that has thawed completely in the 
southern regions; this fact should be taken into 
account when anthrax cattle burials are esti-
mated. As a result, the southern border of this 
permafrost area has moved to the north by 30–
40 km on the Pechora lowlands and the Kanin 
peninsula; on the Priuralye mounting plains 
the border has moved as far as 80 km to the 
north [18, 19]. Secondly, multiple firn blind-
end taliks have occurred in areas between rives 
in non-continuous permafrost zone and south-
ern parts of continuous permafrost. This fact, 
together with temperature rise in permafrost 
up to minus 2 °С and even higher allows 
stating that borders of non-continuous and 
continuous permafrost have moved to the 
north by 15–20 km in the lowland tundra and 
many dozens km in the Priuralye and Pai-
Khoi [18]. Thirdly, rise in permafrost tem-
perature that occurs almost everywhere has 
resulted in thermal karst processes being  
activated also almost everywhere within 
landscapes created by quaternary mineral 
deposits [20]. 

Having analyzed the situation with per-
mafrost and anthrax spread in the Nenets 
Autonomous Area over a period from 1970 to 
2010, we can make certain assumptions on its 
future prospects. Territories with their founda-
tion being sand deposits that had long been 
frozen permanently accounted for a substantial 
part of the Nenets Autonomous Area located 
its border with Komi Republic. They thawed 
practically completely or partially over a pe-
riod from 1970 to 2020. This zone includes 
territories located to the south-east from 
Naryan-Mar city and areas where anthrax oc-
curs and spreads are spotted in it. These areas 
are vicinity of Naryan-Mar, basins if Kuya, 
Voyvozh, Belaya-Yu, Norbein-Yu, Khalmer-
Yu, Kolva, Kolvavis, Paivis, Neruyu, Vom-
les’yu, Kharutayu, and Leviy Foma-Yu rivers. 
Geocryological situation has changed consid-
erably on this territory as it has become more 
watery and boggy and cryogenic processes 
have been activated there. A significant part of 
continuous permafrost in the Nenets Autono-
mous Area (located along the line between 
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Naryan-Mar and Vashutkiny lakes, 68º n.l.) 
transformed into non-continuous one over 
1970–2020 as it became apparent via talik 
zones occurrence. Thus, from 1970 to 2020 
thawing depth varied from 6 to 8 meters near 
Tedin’yakha, Pekhekheyakha and Urenyakha 
rivers (areas that are adverse as per anthrax); 
from 4 to 6 meters near Vashutkiny lakes; 
from 8 to 9 meters, in the western part of 
Adz’va river; from 5 to 7 meters, near Korta-
raikha river; from 6 to 10 meters, near 
Yun’yakha and Yareyu rivers; from 6 to 12 
meters, near Yunkshor river; from 5 to 7 me-
ters, near the Kara bay; from 4 to 6 meters, 
near Tab’-Yu river. 

In Arkhangelsk region there have been 
no anthrax cases among people registered for 
more than 80 years in areas that are prone to 
seasonal freezing [25]. The last anthrax case 
among animals (a pig) was registered in Uima 
settlement located in Primorskiy region. 
There are 24 anthrax cattle burials in Ark-

hangelsk region. It is unclear who is respon-
sible for 8 of them, including 4 burials lo-
cated in Krasnoborskiy district; 2 burials, 
Nyandomskiy district; 1 burial in Onezhskiy 
district and 1 burial in Pinezhskiy district. 
Unfavorable epizootic situation in terms of 
anthrax creates a threat that infected animals 
or raw materials and agricultural products that 
contain anthrax agent spores can be brought 
to Arkhangelsk region. 

Today in Arkhangelsk region there are 
113 cattle burials (biothermal pits), 24 of 
them being anthrax burials. All anthrax cattle 
burials conform to veterinary and sanitary re-
quirements. At the present tedious work is 
being performed both in Russia in general and 
Arkhangelsk region in particular aimed at 
maintaining anthrax cattle burials and bio-
thermal pits in proper veterinary and sanitary 
condition. Animals are vaccinated against an-
thrax in areas that are adverse as per this fac-
tor (Table). 

T a b l e  
Municipal districts in Arkhangelsk region where anthrax cattle burials are located  

(taken as per March 20, 2009)  
Overall number of burials Cattle burials 

Municipal district Location  
not detected 

Location  
not detected Closed Operating Anthrax burials

Arkhangelsk 1 – – – – 
Velskiy 7 19 11 8 9 
Verkhnetoemskiy – 15 11 4 – 
Vilegodskiy – 7 – 7 – 
Vinogradovskiy – 7 4 3 1 
Kargopolskiy 8 10 2 8 – 
Konoshskiy 1 3 2 1 2 
Kotlasskiy 1 6 2 4 1 
Krasnoborskiy 11 11 4 7 4 
Lenskiy – 3 2 1 – 
Leshukonskiy – 7 – 7 – 
Mezenskiy – 8 1 4 1 
Nyadomskiy 2 5 2 3 2 
Onezhskiy – 2 1 1 1 
Pinezhskiy – 1 1 – 1 
Plesetskiy 2 8 2 6 – 
Primorskiy – 4 – 4 – 
Ust’yanskiy 2 5 1 4 – 
Kholmogorskiy – 12 3 9 1 
Shenkurskiy – 20 7 13 1 
Total 35 150 56 94 24 
The Nenets  
Autonomous Area 19 – – – – 
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Conclusion. In our opinion, it is neces-
sary to continue complex monitoring examina-
tions of anthrax cattle burials in potentially 
hazardous areas where geocryological proc-
esses are activated [14, 19, 26]. Unregistered 
anthrax cattle burials can cause a growth in 
epidemic outbreaks and a good example here 
is an emergency that occurred in the Yamal-
Nenets Autonomous Area. To reduce the de-
tected risks, it is necessary to bind unregistered 
anthrax cattle burials to geographic maps as it 
was done in Stavropol region with the use of a 
geoinformation system [27]. 

At present geocryological conditions in 
the European northern part of Russia are 
changing considerably. The southern borders 
of continuous permafrost and cryolithozone 
are moving dozens km to the north [28]. 
There is a considerable growth in capacity of 
blind-end taliks that have existed before and 
permafrost area is declining due to new taliks 
occurrence; there is also a considerable in-
crease in permafrost temperature and thermal 
karst slumps are developing. It all may lead to 
anthrax cattle burials destruction, especially 
in vulnerable tundra zones, both in permafrost 
areas and areas prone to seasonal freezing. 
Anthrax spores can be released from thawing 
layers in these areas where annually many 
thousands deer migrate from north to south 
and back. A serious problem here is low 
awareness among native population about 
risks caused by anthrax. Besides, permafrost 
degradation, combined with factors related to 
human activities (for example, oil and gas ex-
traction), brings about changes in culture and 

traditions of native deer-breeding communi-
ties; it may result in changing routes and pe-
riods of deer grazing. When accomplishing 
complex monitoring, it is necessary to exam-
ine deer-breeding communities movements, 
animal migration routes, and anthrax spores 
penetration into seasonal-thawing layers 
caused by permafrost degradation. Such an 
approach, combined with monitoring over 
seasonal-thawing layers and permafrost in 
areas where the risks are the highest and stud-
ies on anthrax contagion in the European 
northern part of the country, can be useful for 
determining mechanisms of the disease 
spread in the Arctic regions and ultimately for 
taking relevant targeted preventive measures. 
In order to prevent emergencies in zones 
where geocryological processes are activated 
it is necessary to accomplish preventive  
temperature measurements on territories 
where cattle burials are located, to assess 
geocryological threats, and to create mathe-
matical models for predicting negative events. 
It is also necessary to accomplish certain anti-
epidemic, anti-epizootic, and preventive ac-
tivities. 
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Climatic changes have already resulted and will continue to result in gradual degradation of active upper layers in 

permafrost due to increased average air temperature in summer. Anthrax is an example of a climate-depending bacterial 
infection; anthrax agent creates spores that remain viable for a long period of time they spend in cryptobiosis in permafrost. 
Apparent permafrost degradation is already detected in most arctic regions in Russia and it can lead to anthrax burials de-
cay thus creating elevated risks of the infection among farm animals and people who live on these territories. 

Our research goal was to create specific zones in municipal districts via combining data on permafrost, number of an-
thrax cattle burials, ascending trends in average long-term temperatures, and population density. 

We developed two relative hazard coefficients for characterizing anthrax outbreaks probability for animals and local 
population. Basing on numeric values obtained for these two coefficients, 70 administrative districts located in 15 RF sub-
jects in the Arctic zone were listed in a descending order as per risks of the infection occurrence. We created two score 
scales showing relative hazard; they indicated that the highest population risk was typical for urban districts as population 
density there was much high than in rural ones. Our calculations should be helpful for determining priorities when preven-
tive activities are developed on arctic and sub-arctic territories that are endemic as per anthrax. It is also important to ob-
tain an actual list of cattle burials and to develop spatial-time models showing anthrax outbreaks occurrence taking into 
account climatic warming and permafrost degradation. 

Key words: Arctic, Yakutia, climate warming, permafrost, health risks, cattle burials, anthrax. 
 

 
 The founder of Soviet geocryology Mik-

hail Sumgin introduced the term «permafrost» 
in geology literature in 1927. Modern geolo-
gists also use the term «cryolithozone» as a 
synonym, to refer to the uppermost layer in the 
earth’s crust, which is characterized through-
out the entire year or for at least a short time 
by a freezing temperature in soils and rocks. 

Depending on the frequency with which 
soil and rock temperatures pass through 0 °C in 
the course of the year, the cryolithozone is di-
vided into the layer of short-term and seasonal 
freezing and thawing, or the «active layer», and 
the perennial cryolithozone. 

The climate in the Arctic currently changes 
faster than elsewhere on the globe. The rate of 
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increase in the mean annual temperatures 
over the last four decades (1976–2018) in the 
Arctic (approximated linearly) is approxi-
mately four times higher than the global aver-
age [1]. Relatively slow warming could not 
change the condition of permafrost signifi-
cantly, but cryolithozone degrades more rap-
idly under greater warming rates [2]. The rise 
in the air temperatures gradually warms up 
the upper permafrost layer. IPCC experts pro-
jected a 90 % decrease in the total area of 
perennial permafrost by 2100, with an accel-
erated degradation occurring on a territory 
equal to 20 % of cryolithozone [3, 4]. The 
future scenarios of permafrost degradation 
contain large uncertainties, as they rely on 
rather generalized assumptions about its 
properties. 

The model-based projections of the trends 
in air temperatures depend upon the region of 
interest and GHG emission scenarios. The ex-
pected increments in the mean annual tempera-
tures in the selected regions of Russian Arctic 
over the 21st century were derived from the 
regionalized climate model under RCP 4.5 
emission pathway as follows: +3.0 °C in Ar-
changelsk, +2.0 °C in Yakutsk. The same in-
crements under RCP8.5 are +5.0 °C in Ar-
changelsk and +3.3 °C in Yakutsk [5]. The 
permafrost will gradually melt to remain only 
in the high mountains and the plains in the 
northern part of East Siberia and Far East. 

Some geocryology scientists believe that 
permafrost degradation takes place if the upper 
layer in a cryolite cross-section is exposed to 
positive mean annual temperatures [6]. This 
study uses the summer temperatures as an in-
dicator that permafrost degrades. Summer 
temperatures rise slower than annual mean 
temperatures in the circumpolar regions. It is 
during the summer season that permafrost 
melts down most intensely and the roof of fro-
zen rock sags. The dynamic geocryology mod-
els, which link air temperatures to upper per-
mafrost temperatures, are still imprecise, and 
their predictions vary greatly. According to the 
following research work, the rise in global 
mean air temperature by 2 °C will lead to 
complete thawing of 15–20 % of today’s per-

mafrost area [7] whereas another model pre-
dicts even greater reductions: by 25–65 % [8]. 

Perennial permafrost areas in Russian Arc-
tic include the northern European part of Russia 
(Nenets Autonomous Oblast – NAO), the Urals 
(Sverdlovsk Oblast), West Siberia (Yamal), the 
greater part of East Siberia (Krasnoyarsk Krai 
and Yakutia), Far East (Chukotka Autonomous 
Oblast, Kamchatka Krai). The rising trends in 
the temperatures of upper layer in permafrost 
have been confirmed by numerous field meas-
urements conducted in continuous, sporadic and 
patchy permafrost areas, and linked to global 
warming. During the period 1961–2003, tem-
perature increments in permafrost soils at  
1.6-meter depth varied between 0.1 and 1.2 °C. 
The measurements taken at the stationary 
geocryological stations confirmed that these 
increments varied considerably even within the 
same municipal district [9]. 

Risks of natural focal infections. Perma-
frost areas degradation is directly linked to the 
risks of natural focal infections, particularly, to 
spore-forming bacteria. Prokaryote and euka-
ryote bacteria can retain viability in permafrost 
soils where the temperatures stay continuously 
below zero. Geologic age of these soils varied 
between several hundred thousand and 2–3 mil-
lion years. In particular, aerobic and anaerobic 
bacteria and filamentous fungi have been found 
and identified in permafrost soils [10–12]. Vi-
able cysts of free-living protozoa have been 
found in perennial permafrost by many paleobi-
ologic researchers who hypothesised that these 
spores retained viability in cryptobiosis for sev-
eral hundred thousand years. These findings con-
firmed possible reactivation of the pathogens 
under favourable conditions (thawing and melt-
ing of permafrost). This is quite likely to happen 
in Russian Subarctic during the currently ob-
served climate change [13]. Increasing inci-
dences of haemorrhagic fever with kidney syn-
drome, tick-borne encephalitis, Lime disease and 
Karelia fever (transmitted by Sindbis virus) have 
been reported in some regions of Sweden, Nor-
way, Finland and the Russian Federation by in-
ternational researchers. Climate change may in-
crease the risks of infections due to several rea-
sons: increases in areas where infectious agents 
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survive, warmer winter conditions, and lower 
depths of snow cover [14, 15]. 

Siberian anthrax as a climate-dependent 
microbial infection. Epidemic outbreaks of 
smallpox, cholera, and Siberian anthrax fre-
quently happened in Russian North between 
the XVII and the first half of the XIX century. 
The diseased animals were either buried in 
special burial sites or sometimes just left on 
the ground. There are over 60 such «field 
cemeteries» in Yamal peninsula [16]. The 
problem of anthrax re-emergence due to cli-
mate change became obvious when biologists 
discovered that Bacillus anthracis spores re-
tain viability in permafrost soils for over 100 
years. There are more than 520 «officially» 
catalogued Siberian anthrax cattle burials in 
Russian Arctic where reindeer and other farm 
animals were buried. However, another more 
recent publication mentions 285 such sites, 
and only 64 out of them meet the established 
sanitary requirements1 [17]. Some experts be-
lieve that the most sites fail to meet the sani-
tary norms due to insufficient communication 
between epidemiologic surveillance and vet-
erinary authorities, descriptions of such sites 
being lost, inadequate epizootic maps and 
other reasons [18, 19]. Besides, Siberian an-
thrax burials were insufficiently monitored or 
even neglected due to numerous reorganiza-
tions of the responsible state institutions [20]. 

The official catalogue of Siberian an-
thrax burials that we use in this paper lists 
230 sites in Yakutia, 84 sites in Archangelsk 
Oblast, 48 sites in Karelia and 28 sites in 
Komi Republic1. 

The statistics of Siberian anthrax out-
breaks in Yakutia mentions 739 epizootic out-
breaks among reindeer and horses between 
1811 and 2019. They happened regularly each 
decade during this period. The last outbreak 
was recorded in 1993 [21]. Yakutia (now 
called Republic Sakha) administratively con-
sists of 35 districts («Ulus»), and epizootic 
outbreaks were reported in 29 of them. People 
also caught this infection from cattle and 

deer [22]. Such profound epizootic-epidemio-
logic research was performed only in Yakutia, 
whereas the data on other Arctic regions are 
less detailed [23]. 

B. Revich and M. Podolnaya considered 
potential re-emergence of Siberian anthrax in 
the context of permafrost degradation near the 
cattle burial sites in their report [24]. Their 
hypothesis was confirmed in 2016 when a large 
scale epizootic outbreak happened in Yamal-
Nenets Autonomous Okrug (YANAO). The 
part of West Siberia located beyond the Polar 
Circle has long been infamous for Siberian 
anthrax: more than 70 epizootic outbreaks 
have been recorded there and there were cases 
of the disease among people who caught it 
from animals. A prolonged period of epizo-
otic well-being led people to believe in a false 
concept Siberian anthrax cattle burials reha-
bilitated somehow. As a result, vaccination of 
reindeer was discontinued in 2007. An in-
credibly warm summer in 2016 in Yamal 
caused extremely deep seasonal melting of 
upper layer in permafrost. In some areas, the 
permafrost thawed at 2-meter depth [25]. 
During the summer 2016, the mean monthly 
air temperatures exceeded average long-term 
ones by 6.7 °C in June and by 5.7 °C in July. 
It is quite likely that these extremely warm 
summer temperatures contributed to the vege-
tation of B. anthracis colonies in deep frozen 
strata and their diffusion to the surface with 
thawed waters, and subsequent large-scale 
outbreak of epizooty among the reindeer.The 
local native people contracted this disease 
through contacts with raw meat. As a result, 
24 people became ill, and one 12-years old 
child died from alimentary contamination [26]. 
Russian Agricultural Surveillance reported 
33 Siberian anthrax outbreaks among reindeer 
between 2010 and 2016 [27]; single cases of 
this disease among reindeer were reported in 
Canada and Scandinavia, but humans have 
not been infected. This is explained by higher 
level of education, regular vaccination and 
updated maps of cattle burials [28]. 

__________________________ 
 
1 Cadastre of stationary unfavorable Siberian anthrax sites in the Russian Federation. In: B.L. Cherkassky ed. Moscow, 

Intersen Publ., 2005, 829 p. 
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There are no published data on spatial sta-
tistical relationships between permafrost deg-
radation rates and Siberian anthrax outbreaks 
in Russian Arctic. The goal of this project was 
to create a simplified model showing a possi-
ble causal relationship between these vari-
ables. The authors combined data on perma-
frost degradation rates, the number of cattle 
burials, and population density in administra-
tive districts within Russian cryolithozone. For 
each district, we calculated the hazard index 
(HI) of future Siberian anthrax outbreaks and 
linked this index to the observed trends in cli-
mate change. All administrative districts were 
then ranked according to the calculated HI 
values. The obtained HI values are relative and 
can be used only to compare the districts be-
tween each other according to relative hazard 
to the local population. The authors did not 
attempt to calculate actual risks (or probabili-
ties) of future outbreaks as this would require 
more complex modeling techniques (e.g., 
models showing ecological niches where Sibe-
rian anthrax agent occurred). The statistics on 
recent outbreaks in administrative districts can 
be used to confirm the validity of obtained 
ranking a posteriori. 

Materials and methods. The study area. 
The authors considered the administrative dis-
tricts with continuous, island-like or patchy 
permafrost. The numbers of Siberian anthrax 
cattle burial sites were taken from Cadastre of 
stationary unfavorable Siberian anthrax sites in 
the Russian Federation. This Cadastre is main-
tained by the Federal Service for Surveillance 
over Consumer Rights protection and Human 
Well-being (Rospotrebnadzor) and lists the 
settlements, or other territories, where the Si-
berian anthrax outbreaks have been registered 
among cattle or people. 

According to the recommendations by Ro-
spotrebnadzor, the whole territory of stationary 
unfavorable sites (SUS) should be considered 
as potentially unfavorable and risky in terms of 
future outbreaks. Seventy administrative dis-
tricts have been included in this study, located 
in 15 Russian Federation regions (Table 1). The 
Cadastre also contains data on the number of 
«active years» for each site. The authors, at pre-

sent, have not used these data due to two rea-
sons: (1) data were unavailable for several re-
gions in the Russian Federation, (2) some sites 
reported zero years of activity. 

T a b l e  1  
Regions in the Russian Federation and the 
number of administrative districts included 

in the study 

RF region Number of 
districts 

Murmansk region 1 
Arkhangelsk region 2 
Komi Republic 11 
Komi-Permiatsky Autonomous Okrug* 4 
Nenets Autonomous Okrug 1 
Khanty-Mansi Autonomous Okrug 4 
Yamalo-Nenets Autonomous Okrug 3 
Taymyr (Dolgano-Nenets) Autonomous 
Okrug 3 

Krasnoyarsk region 8 
Republic Sakha (Yakutia) ** 28 
Chukotka Autonomous Okrug*** 1 
Evenk Autonomous Okrug*** 1 
Koryak Autonomous Okrug 1 
Magadan region*** 1 
Kamchatka 1 

N o t e s : 
*Including Chusovskoi Urban Okrug in Perm region; 
**The number here represents the greater out of two 

reported in (Cadaster 2005) and in (Dyagilev et al. 2019); 
***These regions were considered as single spa-

tial units, and were added to the list of administrative 
districts located in other regions. 

 
Hazard indices. For each district, two 

numbers were calculated: «territorial» and 
«population» hazard indexes. The former 
(HIterr) characterizes the hazard of Siberian 
anthrax outbreaks within a given territory, the 
latter (HIpop) measures relative risk of the dis-
ease outbreak among the population living in 
this district. 

The territorial index is proportional to two 
values: (1) the number of the disease agents in 
cryptobiotic state in permafrost soil which can 
be measured by the number of stationary unfa-
vorable sites N within this territory and (2) 
permafrost warming rate. This rate is propor-
tional to the gradient of summer temperatures 
ΔTcryo within the upper layer in permafrost. As 
this gradient grows, seasonal permafrost thaw-
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ing increases the active layer depth and trig-
gers disease agents activation. 
 HIterr = N · ΔTММГ  (1) 
 ΔTcryo = ΔTair · k  (2) 

Where Tair is the change in the mean sum-
mer temperatures (June-August) between the 
two 30-year periods: 1960–1989 and 1990–2019. 
Temperature measurements were reported by the 
Federal Weather Service2  and taken at the near-
est weather station for each district out of the 
network that included 518 Roshydromet stations. 
Local stations outside this network have not 
been considered for the study. 

The coefficient k showing how sensitive 
perennial permafrost is to changes in air tem-
peratures is measured as a ratio between a 
change in cryolithozone temperature at 10-meter 
depth and the ground-level air temperature. The 
seasonal variations in cryolithozone temperature 
are negligible at this depth («the depth of zero 
seasonal variations» according to [6]). The 
recommended normative depth of Siberian 
anthrax cattle burial or a «biothermal pit» is 
also 10 meters3. Actual depths could vary be-
tween 2 meters and 10 meters; the shallowest 
are plague pits and trenches, the deepest are 
«furnished burials», according to the avail-
able surveys on numerous Siberian anthrax 
burial sites. 

The values of coefficient k that character-
izes sensitivity of permafrost to the rise in air 
temperatures were derived via interpolation 
from the map publicly presented at a meeting4. 
It varies from 0.3 to 0.8 and can be interpo-
lated and rounded by 0.05 slots within this in-
terval and it imposes a principle limitation on 
ultimate results precision. Strictly, the calcula-
tion of ΔTcryo as specified by Eq. (2) at the 
depth of zero seasonal variations requires us-
ing changes in annual mean temperatures. The 

authors of this study used average summer 
temperatures for this purpose, because they are 
directly related to the hazard of reactivation of 
the agent of Siberian anthrax. For example, the 
record depth of seasonal thawing of the up-
permost layer in permafrost (2 m) has been 
observed in Yamal peninsula during the ex-
tremely hot summer in 2016. This depth was 
greater than the long-term seasonal average by 
10 cm [26]. 

Population hazard index HIpop was as-
sumed to be the product of HIterr and the popu-
lation density: 

 HQpop=HQterr·pop/S,   (3) 

where pop and S stand for the population and 
area of each district. For simplification, Eq. (3) 
neglects the influence exerted by neighboring 
districts on Siberian anthrax risks for popula-
tion. Eq. 3 can be rewritten as 

HQpop= (ΔTММГ · N/S) · pop 
where the first term in the brackets is inter-
preted as the surface density of hazard 
sources, and the last term is the total exposed 
population. 

Both hazard indices are relative and can 
only be used for comparison between the dis-
tricts. Their absolute values do not measure 
actual risks or probabilities. The result chap-
ter offers an interpretation of the obtained 
ranking by calculating the relative score asso-
ciated with the position each district holds on 
the HIterr scale. 

Eq. (3) implies that one may expect ab-
normally high HIpop values for compact urban 
administrative districts since their squares are 
too small in comparison with squares typical 
for rural areas, for example, when urban dis-
tricts are actually compact urban settlements 
(Naryan-Mar, Syktyvkar, and Lesosibirsk). 

__________________________ 
 
2 Federal Service of Hydrometeorology and Environmental Monitoring posts these on the website of All-Russian Insti-

tute of Hydrometeorology Information. Available at: www.meteo.ru (12.09.2020). 
3 Sanitary and Veterinary Rules of Russian Agricultural Surveillance: Collection, utilization and removal of biologi-

cal waste, Doc. № 13-7-2/469 of 04.12.1995. Rossel'khoznadzor. Available at: https://fsvps.gov.ru/fsvps/laws/165.html 
(12.09.2020). 

4  Osipov V.I., Sergeev D.O. Influence exerted by permafrost melting on the functioning of infrastructure in the Far 
North: a presentation at the meeting of scientific advisory panel of Russian State Committee on Natural Resources Rospri-
rodnadzor № 2 on 25.06.2020. 
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Some urban municipalities administratively 
include rural outskirts which makes their total 
areas bigger. The authors used the maps show-
ing administrative division of Russia and no-
ticed that often an administrative district does 
not include its «capital». The examples are the 
towns of Kudymkar, Khanty-Mansiisk, and 
Minusinsk. Just like the city of Norilsk is not 
administratively the part of Taymyr Autono-
mous Area. In all such cases, the authors used 
the data on the current administrative division 
in the Russian Federation and obviously it in-
fluenced the ranking order of the districts by 
HIpop values. 

Results and discussion. Identifying the 
nearest weather station for each district re-
quired extensive work with local administra-
tive maps. About a half (36 out of 70) of the 
districts included in the study had their «own» 
weather stations – i.e., located on their territo-
ries. The longest distance between the nearest 
weather station and the border of a municipal 
district was Abansky district of Krasnoyarsk 
Krai (200 km); Gainsky and Kosinsky districts 
in Komi-Permiatsky Autonomous Oblast 
(160 and 170 km). 

The highest rise in summer temperatures 
between the periods 1960–1989 and 1990–2019 
was registered in Salekhard (+1.48 °C) and the 
lowest in Murmansk (+0.43 °C). All weather 
stations reported positive changes in summer 
temperatures over the examined period. Calcu-
lations of ΔTcryo with Eq. (2) showed the 
greatest increment in Priuralsk district of Ya-
mal-Nenets Autonomous Oblast (+1.0 °C) and 
the lowest in Kola district of Murmansk Oblast 
(+0.2 °C). 

The available statistics on the numbers of 
stationary unfavorable sites showed that the 
greatest numbers were detected in Sredne-
kolymsky and Mirninsky districts of Yakutia 
(30 and 29 sites). 

Table 2 reports the ranking of the admin-
istrative districts by territorial and population 
hazard indices. 

A relative score (1 to 6) for the territorial 
hazard index was also assigned basing on its 
actual calculated values in order to achieve 
more compact results presentation for better 

informing provided for all concerned parties. 
Having analyzed distribution of the estimated 
HIterr values we detected its maximum value in 
Srednekolymskiy district (21.26). The remain-
ing values varied within the interval from 0.17 
to 13.24. These two values differ by less than 
two orders of magnitude. The scores were as-
signed linearly after dividing this interval into 
six equal bins numbered 1 to 6. Since the width 
of each bin was equal to (13.24–0.17)/6 = 2.18, 
then score = I was assigned to all HIterr values 
within the interval [0.17 + (i – 1) · 2.18; 
0.17 + i · 2.18]. This scale is a linear one, that 
is, districts that have scored 2 are approxi-
mately two times more hazardous than districts 
that have scored 1; districts that have scored 3 
are about three times more hazardous, etc. 
Such a scale makes it easier to perceive the 
research results; still, this perception about 
relative hazards is valid only within the sim-
ples “thawing model” accepted in this work 
for the anthrax agent. We cannot yet calculate 
actual risks related to this agent activation. To 
determine the most relatively hazardous dis-
tricts, we took those with their scores being 2 
or higher; there were 28 such districts or 40 % 
out of all the considered ones. 

The scores of population hazard was cal-
culated on a logarithmic scale, because the un-
derlying distribution of HIpop values had 
(nearly) exponential character. The values of 
population hazard index differ by five orders 
of magnitude, between 0.02 in Khatangsky dis-
trict and 6,747.26 in Naryan-Mar urban okrug. 
For these reasons, the scores were calculated on 
a logarithmic scale according to Eq. (4): 
 S = 1 + lg (HI/HImin)   (4) 
where S is hazard given in scores. It follows 
from Eq. (4) that score = 1 is assigned to HIterr 
values between 0.02 and 0.2; score = 2 to the 
values between 0.2 and 2.0, etc. The districts 
with score = 2 are approximately ten times 
more hazardous than the districts with score = 1; 
the districts with score=3 are approximately 
100 times more hazardous than the districts 
with score=1, etc. The logarithmic scales of 
relative hazards have been previously used in 
science and engineering, as it meets our intui-
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tive perception of hazard by the intensity of its 
impacts: for example, Mercalli seismic inten-
sity scale and the Palermo Technical Impact 
Hazard Scaleused by astronomers to rate the 
potential hazard of clash with a near-earth ob-
ject (asteroid). Indeed, Eq. (4) is a specific 
manifestation of Weber Fechner basis psycho-
physics law (1860): S = a ln I + b, the relation-
ship between stimulus and perception 
is logarithmic. These examples are used here 

to justify the logarithmic relationship between 
the population hazard index and the perceived 
gravity of this hazard for the population. 

Table 2 tells that several «urban okrugs» 
(districts) top the list of HIpop values, with the 
respective scores between 4 and 6. These are 
the towns of Naryan-Mar, Syktyvkar, Yakutsk 
and Lesosibirsk. The remaining districts have 
the scores between 1 and 3, of which 15 dis-
tricts have score =1; 30 districts have score =2;  

T a b l e  2  
Ranking of municipal districts by relative hazard of outbreaks of Siberian Anthrax among cattle 

(using territorial hazard index) and people (using population hazard index)  
Hazard for cattle Hazard for people 

Subject of RF Municipal district HIterr score Municipal district HIpop score 
Yak-Arctic Srednekolymsky 21,26 Naryan-Mar u.o. 6747,26   6 
Yak-West Mirninsky 13,24 Syktyvkar u.o. 436,80 
Yak-West Niurbinsky 12,45 Yakutsk u.o. 357,38 

 

NAO Naryan-Mar u.o. 12,32 Lesosibirsku.o. 75,85    4 
Taimyr Dudinka u.o. 11,36 

 

Chusovskoyu.o. 17,71 
Taimyr Ust-Yeniseisky 9,54 Ukhtau.o. 17,46 

 

Yak-East Oimyakonsky 9,13 Namsky 14,75  
Chukotka Chukotka AO 9,08 

  

Ust-Aldansky 9,98  

Yak-Centre Ust-Aldansky 8,76 Sosnogorsky 6,78  
Yak-Centre Amginsky 8,20 Mirninsky 5,76  
Yak-West Viluisky 8,19 Niurbinsky 5,69  
KHMAO Khanty-Mansiisky 8,07 Churapchinsky 5,53  
Koryak Koryak AO 8,02 Khangalassky 5,22  
Evenk Evenk AO 7,61 Amginsky 4,66  
Yak-Centre Gorny 7,45 Minusinsky 4,40  
Magadan Magadan Oblast 7,16 Viluisky 3,71  
Yak-Centre Namsky 7,12 Khanty-Mansiisky 3,51  
Yak-West Verkhneviluisky 6,82 Verkhneviluisky 3,41  
Yak-Centre Kobyaisky 6,82 

  

Kudymkarsky 3,21  
Yak-Arctic Oleneksky 6,13 Abansky 3,06  
Yak-South Olekminsky 4,96 Syktyvdinsky 2,69  
YANAO Yamalsky 4,54 

 

Megino-Kangalassky 2,31  
Yak-West Suntarsky 4,39 Krasnoturansky 2,20  
Yak-Center Khangalassky 3,94 Magadan Oblast 2,17  
Yak-Center Yakutsk u.o. 3,83 Nadymsky 2,05  
Yak-Center Churapchinsky 3,29 Gorny 1,96  
YANAO Nadymsky 3,17 Sayansky 1,95  
Komi Sosnogorsky 2,64 

 

Tattinsky 1,82  

NAO = Nenets Autonomous Oblast (Region); 
YANAO = Yamal-Nenets Autonomous Oblast; 
KHMAO = Khanty-Mansi Autonomous Oblast; 
KPAO = Komi-Permiatsky Autonomous Oblast; 
Yakutia is subdivided into the five economic zones: Arctic, Centre, West, East, and South; 
u.o. = urban okrug (district). 

6 
5 

4 

3 

2 

5 

3 

2 



B.A. Revich, D.A. Shaposhnikov, S.R. Raichich, S.A. Saburova, E.G. Simonova 

Health Risk Analysis. 2021. no. 1 122 

T a b l e  2  ( C o n t i n u e d )   
Hazard for cattle Hazard for people 

Subject of RF Municipal district HIterr score Municipal district HIpop score 
Yak-Arctic Zhigansky 2,33 Priluzsky 1,81  
Yak-Centre Tattinsky 2,12 Suntarsky 1,79  
YANAO Priuralsky 2,07 Intau.o. 1,67  
Yak-East Tomponsky 2,03 Pechora u.o. 1,60  
Yak-East Ust-Maisky 1,97 Srednekolymsky 1,27  
Komi Intau.o. 1,88 Kosinsly 1,22  
Komi Ukhtau.o. 1,58 Dudinka u.o. 1,15  
Krasnoyarsk Abansky 1,48 Gainsky 1,08  
Krasnoyarsk Sayansky 1,48 Izhemsky 0,91  
Komi Priluzsky 1,41 Elizovsky 0,90  
KPAO Gainsky 1,37 Oimyakonsky 0,84  
Yak-Arctic Verkhoyansky 1,34 Kobiaisky 0,79  
Komi Syktyvkarskyu.o. 1,23 Olekminsky 0,77  
Yak-Arctic Nizhnekolymsky 1,17 Usinsku.o. 0,66  
Komi Izhemsky 0,99 ChukotkaAO 0,63  
Komi Pechorau.o. 0,95 Surgutsky 0,56  
KPAO Chusovskoyu.o. 0,94 Irbeisky 0,52  
Yak-Arctic Verkhnekolymsky 0,91 Yamalsky 0,52  
Yak-Centre Megino-Kangalassky 0,88 Koryak AO 0,51  
KHMAO Kondinsky 0,85 Kuraginsky 0,51  
Komi Syktyvdinsky 0,82 Idrinsky 0,49  
Yak-Arctic Bulunsky 0,81 Priuralsky 0,48  
Yak-Arctic Momsky 0,78 Kondinsky 0,48  
KPAO Kosinsky 0,68 Ust-Kulomsky 0,47  
KPAO Kudymkarsky 0,68 Ust-Yeniseysky 0,36  
Kamchatka Elizovsky 0,57 Kniazhpogostsky 0,31  
Krasnoyarsk Minusinsky 0,55 Kolsky 0,25  
Krasnoyarsk Krasnoturansky 0,55 Tomponsky 0,19  
Komi Ust-Kulomsky 0,53 Evenk AO 0,17  
KHMAO Berezovsky 0,50 Ust-Maisky 0,15  
KHMAO Surgutsky 0,47 Berezovsky 0,13  
Komi Usinskyu.o. 0,47 Verkhoyansky 0,11  
Taimyr Khatangsky 0,45 Leshukonsky 0,09  
Yak-Arctic Eveno-Batyntaisky 0,45 Mezensky 0,08  
Komi Knyazhpogostsky 0,41 Oleneksky 0,08  
Krasnoyarsk Irbeisky 0,37 Zhigansky 0,07  
Krasnoyarsk Lesosibirsku.o. 0,32 Nizhnekolymsky 0,06  
Arkhangelsk Leshukonsky 0,31 Verkhnekolymsky 0,06  
Arkhangelsk Mezensky 0,31 Momsky 0,03  
Krasnoyarsk Idrinsky 0,27 Bulunsky 0,03  
Krasnoyarsk Kuraginsky 0,27 Eveno-Batyntaisky 0,02  
Murmansk Kolsky 0,17 

 

Khatangsky 0,02  
 

and 21 districts have score = 3. The highest 
risks of Siberian anthrax outbreak among local 
people for the remaining districts were de-
tected in Chusovskoy and Ukhta urban okrugs, 
Namsky and Ust-Aldansky uluses (districts) in 
Yakutia. Taking the value of HIpop in Naryan-
Mar (6,747.26) as the maximum, the values of 
this index in these four administrative districts 
are above 1‰ (promille) of this maximum. 

Therefore, the above mentioned eight urban 
districts should be considered as the priority 
ones when it comes to the risks of Siberian 
anthrax outbreaks among people. The urban 
districts (okrugs) with the highest HIpop might 
not actually have the catalogued cattle burials 
on their current territories, because the borders 
between the administrative districts shifted in 
many instances. For example, Naryan-Mar ur-

1 

2

1
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ban okrug once included Posyolok Iskatelei 
village, which later was added to Zapolyarny 
district. Ukhta district existed within Komi 
Autonomus Soviet Socialist Republic between 
1939 and 1963. Chusovskoy district existed 
within Perm region between 1964 and 2004, 
but the town of Chusovskoy was not part of 
this district. 

The order of ranking by HIterr values dif-
fers from the order of ranking by HIpop values. 
For the decision makers, both indicators of the 
perceived hazard should be informative. 

The priority districts could be chosen as 
the sites for field experiments to validate the 
mathematical models showing propagation of 
paleobiologic infections. Geometry stratifica-
tion model is an example of such models; it 
identifies an area with maximum risk of nox-
ious microorganisms reactivation from the 
cryptobiotic state due to permafrost degrada-
tion [29]. According to the authors of this re-
search, Yamal Peninsula and Nort-East of Ya-
kutia have the highest risks. The present re-
search confirmed their conclusions with 
respect to Yakutia: Srendekolymsky district in 
the Arctic Zone of Yakutia; Mirninsky and 
Niurbinsky districts in West Yakutia have the 
highest HIterr values. The advantage of the 
hazard scoring method used in the present re-
search is that it takes into account both the 
permafrost degradation rate and the docu-
mented numbers of cattle burial sites located 
in districts with perennial permafrost. 

Conclusions. The adverse consequences 
of climate change in the Arctic create the need 
to develop various adaptation techniques. The 
recommendations for the prevention of natural 
focal infectious diseases should consider the 
available data on the territories with the most 
intense permafrost degradation. The field 
measurements taken by the geologists should 
provide necessary data on territories with the 
greatest deformations of perennial permafrost 
crust. Because the maximum rise in summer 
air temperatures is expected near the Arctic 
Coast of Central Siberia, this region should 
become the focus of interest for the paleobi-
ologic monitoring over the current state of his-
toric cattle burial sites where the diseased 

animals were buried at the 2–10 meters’ 
depths. Infected carcasses of diseased reindeer 
could be frequently found scattered on the 
ground instead of being buried in specially 
designated and constructed ‘burial sites’. Such 
unorganized burials are called «pestilence 
fields» and are marked so on veterinary maps. 
The publishing of the «Cadastre of Siberian 
anthrax burial sites» should be regularly up-
dated and revised because there are more than 
1 million wild reindeer and 1 million farm 
reindeer in the Arctic region. Intensive eco-
nomic development of this region in the condi-
tions of climate change may lead to Siberian 
anthrax outbreaks if the exact data on the his-
toric cattle burial sites are absent. Natural dis-
asters, climate change, permafrost degradation, 
earth excavations and other engineering and 
construction projects can activate the agents of 
infectious diseases near the earth’s surface. 
The anomalously hot summer in 2016 might 
not be the single reason of the Siberian anthrax 
outbreak in Yamal Peninsula that year; other 
reasons were unjustified refusal to vaccinate 
reindeer and people and low public awareness 
[30]. The papers [26, 30] suggested several 
preventive measures to control potential Sibe-
rian anthrax outbreaks. Closest attention 
should be paid to each single case of this dis-
ease among deer. The risks of disease propaga-
tion from the soil foci should be carefully 
monitored. It is very important to regularly 
update and revisit the list of cattle burial sites, 
to inform the public about the existing health 
risks and disease prevention practices, and to 
continue to vaccinate deer. The authors also 
recommend further research to improve the 
dynamic geospatial models of Siberian anthrax 
propagation in the environment, taking into 
account the observed trends in global warming 
and permafrost degradation in the Russian 
Arctic. 
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We examined association between HSPA1B (+1267A/G, rs1061581), TNF-α (–308G/A, rs1800629), and S100B (C/T, 

rs9722) gene polymorphisms and chronic mercury poisoning (CMP). 
PCR-RFLP analysis was used to examine a cohort consisting of 128 workers who were chronically exposed to mercury 

vapor; workers were distributed into two groups. The group 1 was made up of workers with long working experience who 
didn’t have CMP (n = 46), the group 2 included patients with long-term CMP period (n = 82). In addition, we estimated 
frequencies of rs1061581genotypes in 298 practically healthy men from regional sub-population (group 3). 

HSPA1B (+1267A/G) polymorphic variant was established to have more frequent carriage of both minor G allele  
(р = 0.003) and a rare GG homozygous (р = 0.005) in the group 2 against the group 1. 23.2 % patients from the group 2 
turned out to have GG genotype and CMP was diagnosed in 95 % people who had it. We didn’t detect any differences in 
genotypes distribution among people from the examined occupational cohort (groups 1 and 2) against the group 3.  
GG-HSP1AB (+1267A/G) homozygous genotype was shown to be associated with CMP risks (OR = 13.57, p < 0.0001, re-
cessive model). Haplotype G–G (rs1061581–rs1800629) carriers were established to run 2.6 higher risks of CMP occur-
rence (р = 0.0098), and there was a significant linkage disequilibrium D' = 0.459 (р = 0.0004) between a pair of the above-
mentioned polymorphic loci. These data indicate that there is genetic interaction between HSPA1B (+1267A/G) and TNF-α 
(–308G/A) loci in the examined cohort. 

Overall, these results indicate that carriers of GG-HSPA1B (+1267A/G) genotype run high predictive risks of CMP 
occurrence.  

Key words: mercury, chronic exposure, chronic mercury poisoning, gene polymorphism, heat shock proteins 70, tumor 
necrosis factor, protein S100B, risk.  
 

 
Earlier it was reported that regular medical 

examinations provided for personnel employed 
at caustic soda factories with mercury electro-
lysis technology made it possible to form occu-
pational cohort of workers who were chronically 
exposed to metallic mercury vapors [1]. The 
named cohort included patients in a long-term 
period of chronic mercury poisoning (CMP) 
with severe clinical manifestations of intoxica-
tion and its progression, and by formation of or-
ganic lesions in the brain [2]. Patients from this 
group had signs that neurodegenerative proc-

esses occurred in them; it stimulated our interest 
in heat shock proteins 70 (HSP70, HSPA1 
genes) that played a key role in cytoprotection in 
case of neurodegenerative diseases [3]. It was 
established that carriage of rare СС-HSPA1A 
(+190G/C) and GG-HSPA1B (+1267A/G) 
homozygotes and their combination was asso-
ciated with high CMP risks [1]. Besides, carri-
ers of GG-HSPA1B (+1267A/G) genotype had 
greater biological age as compared with carri-
ers of other genotypes among patients with 
diagnosed CMP [4].     
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Damage to the brain was rather specific in 
patients with CMP; it attracted our attention to 
tumor necrosis factor TNF-α as a key inflam-
matory/immune response mediator [5]. TNF-α 
gene is among the most polymorphic genes of 
cytokines and, just as HSPA1 genes, is located 
in the locus of the major histocompatibility 
complex on the short arm of chromosome 6. 
Giacconi et al. established a significant corre-
lation between 1267A/G HSP70 polymor-
phism and TNF-α levels in blood plasma in 
healthy elderly people [6]. In particular, G al-
lele carriers had elevated TNF-α level, and in 
authors’ opinion, it indicated that this allele 
had anti-inflammatory properties. Upregulated 
HSP70 gene expression causes repression of 
lipopolysaccharides-induced TNF-α and IL-6 
production thus induces protection against 
inflammation.   

A significant increase in concentration of 
endogenous S100В protein in blood serum 
taken from patients with diagnosed CMP 
could characterize an extent to which a patho-
logic process as active [7]. S100B protein be-
longed to S100 super-family of calcium-
binding proteins which expressed in various 
cells of the central nervous system and its 
elevated concentrations were detected, in par-
ticular, in patients suffering from Alzheimer 
and Parkinson disease [8, 9]. Due to lack of 
protein specificity some researchers do not 
recommend to rely on its concentration when 
performing differential diagnostics in case a 
neurodegenerative disease is suspected in a 
patient. They also note that S100В protein has 
only limited utility when it comes to monitor-
ing over disease progression [10]. A wide 
range of studies to assess the correlation 
between SNPs in the S100B gene and various 
diseases have been performed in recent years 
[9, 11, 12].  

Our research goal was to examine the as-
sociation between polymorphisms of HSPA1B, 
S100B and TNF genes with a risk that chronic 
mercury poisoning might occur.  

Data and methods. To reveal any asso-
ciation between polymorphic variants of 
HSPA1B (+1267A/G, rs1061581), TNF-α  
(–308G/A, rs1800629) and S100B (C/T, rs9722) 

genes and CMP development, we examined a 
cohort that was created in 2016 and then ex-
panded later; it included 128 former workers 
who had previously been employed at caustic 
production and chronically exposed to mer-
cury vapors [1]. All the examined workers 
were distributed into two groups; the group 1 
included workers with long working experi-
ence who had no CMP (n = 46), and the 
group 2 was made up of patients in a long-
term CMP period (n = 82). To assess how po-
lymorphic locus of HSPA1B (+1267A/G) 
genotype was distributed in a regional sub-
population, we additionally examined 298 
male workers (group 3) who were practically 
healthy and had no mercury exposure at their 
workplaces. Long-term clinical examinations 
among workers, mercury contents in biologi-
cal substrates and contamination detected in 
working areas at caustic production had been 
generalized earlier [1]. 

All workers gave their written informed 
consent to take part in the research. Venous 
blood was taken into vacutainer tubes with 
K3EDTA. The samples were then aliquoted 
and stored at -70º С. DNA was extracted with 
«DNA-express-blood-plus» reagent kit  
(«Lytech», Russia); then PCR-RFLP analysis 
was performed. To accomplish genotyping 
(rs1061581 and rs1800629), we applied prim-
ers synthesized by «Medigen» (Novosibirsk, 
Russia) and «Evrogen» (Moscow, Russia), and 
endonucleases of PstI and TaaI restrictions 
produced by «Thermo Fisher Scientific» 
(Lithuania) accordingly. The structure of the 
primers and PCR conditions are described in 
details in the papers [13, 14]; rs9722 was ex-
amined with commercial kits produced by 
«Lytech» (Moscow, Russia). Electrophoresis 
was performed in 1.5 % agarose gel (rs1061581 
and rs1800629) and 7.5 % polyacrylamide gel 
(rs9722), and the results were estimated in 
transmitting UV-light after painting with eth-
dium bromide staining.  

We performed the exact Fischer’s test 
(two-tailed test) to assess differences in allele 
and genotype frequencies between groups us-
ing «STATISTICA 6.1» software package 
(StatSoft, USA). We used SNPStats package 
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to verify with Hardy-Weinburg equilibrium 
(χ2-test) and logistic regression in order to re-
veal a correlation between examined poly-
morphic loci and CMP for several genetic 
models [15]. Results obtained via regression 
analysis were presented as odds ratio (OR), 
95 % confidence interval (95 % CI) and the 
exact significance р.   

Results and discussion. The genotype 
frequency distribution for examined polymer-
phisms in groups corresponded to Hardy-
Weinburg equilibrium. We detected some dif-
ferences in alleles and genotypes frequencies 
between the group 1 and the group 2 only for 
polymorphic variant of HSPA1B (+1267A/G) 
(Table 1). It was manifested by more frequent 
carriage of both rare G allele (р = 0.003) and 

rare GG homozygote (р = 0.005) in the group 
1 against the group 2. 23.2 % patients (19 out 
of 82) from the group 2 had GG genotype and 
95 % (19 out of 82) of its carriers were 
diagnosed with the had CMP. We should note 
that our research revealed only two carriers of 
a rare AA homozygote rs1800629 in the group 
2 and there were no carriers of TT homozygote 
rs9722 in both examined groups.  

Table 2 contains generalized results on 
how genotypes of polymorphic locus 
+1267A/G in HSP1AB gene were distributed 
among people in the examined groups. The 
results indicate that significant differences be-
tween the group 1 and the group 3 were re-
vealed only for GG genotype carriers. We 
should note that there were no differences 

T a b l e  1  
Allele frequencies and genotype distribution of HSP1AB, TNF-α and S100B genes 

polymorphisms in groups 
Gene (polymorphic locus),  

allele and genotype Group 1 (n = 46) Group 2 (n = 82)  Fisher’s exact test (df = 2) * 

HSPA1B (rs1061581)     
А 68 (0.74)  90 (0.55)  
G 24 (0.26)  74 (0.45)  0.003 

AA 23 (0.5)  27 (0.33)  0.062 
AG 22 (0.48)  36 (0.44)  0.714 
GG 1 (0.02)  19 (0.23)  0.005 

TNF-α (rs1800629)     
G 78 (0.85)  146 (0.89)  
A 14 (0.15)  18 (0.11)  0.331 

AA 0 (0)  2 (0.02)  0.536 
AG 14 (0.3)  14 (0.17)  0.118 
GG 32 (0.7)  66 (0.8)  0.194 

S100B (rs9722)     
C 83 (0.9)  143 (0.87)  
T 9 (0.1)  21 (0.13)  0.547 

СС 37 (0.8)  61 (0.74)  
СТ 9 (0.2)  21 (0.26)  
TT 0 (0)  0 (0)  

 
0.518 

N o t e :  absolute values are presented (relative frequency); * comparison of group 1 and group 2. 

T a b l e  2  
Genotype distribution of HSPA1B (+1267A>G) gene polymorphism in groups 

Genotype Group 1 (n = 46)  Group 2 ( n= 82) Groups 1 and 2 (n = 128) Group 3 (n = 298) р1/р2/р3* 
AA 23 (0.5)  27 (0.33)  50 (0.39)  109 (0.36)  0.103/0.604/0.663
AG 22 (0.48)  36 (0.44)  58 (0.45)  139 (0.47)  1.000/0.708/0.833
GG 1 (0.02)  19 (0.23)  20 (0.16)  50 (0.17)  0.006/0.197/0.887

N o t e :  absolute values are presented (relative frequency); *р1/р2/р3 is the Fischer’s exact test (df = 2) when 
groups 1, 2 and 1+2 were compared with group 3 respectively. 
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in frequency of genotype carriage (GG in-
cluded) when workers who were chronically 
exposed to mercury poisoning (groups 1 and 2) 
were compared with the male subpopulation 
(group 3).  

In our discussion on how genotypes of the 
examined polymorphic loci are distributed we 
should note that frequency of GG- HSP1AB 
(+1267A/G) genotype was comparable both in 
the combined group and the group 3 (0.16 and 
0.17 accordingly) with the same parameter de-
tected for a Polish cohort (0.17) [6]. It is also 
interesting to note that frequency of the said 
genotype was somewhat lower in all the above 
mentioned groups than in the group 2 (0.23). 
As for a rare homozygote АА-TNF-α  
(–308G/A) (there were only two people who 
carried it among patients with CMP), its fre-
quency was a bit higher in the group 2 (0.02) 
than the same parameter in an Italian and 
Greek selections (0.009 and 0.014) but lower 
than in German, French, and Polish selections 
(0.027, 0.029 and 0.031 respectively) [6]. Un-
fortunately, we did not reveal any ТТ-S100B 
(C/T, rs9722) homozygote carriers in the ex-
amined cohort. As it has been pointed out in 
literature, the named genotype is rather rare. In 
particular, its frequency amounted to 0.010 
and 0.013 for two control cohorts in a Swedish 
study (421 and 372 people; 4 and 5 carriers 
respectively) [9]. However, frequency of this 
rare TT homozygote was significantly higher 
among patients with depression in China and 
amounted to 0.15 [16]. We can assume that in 
the latter case elevated frequency of the named 

genotype was caused not only by an associa-
tion with the examined disease but also exam-
ined people belonging to another race, namely 
Mongoloid one.    

Table 3 contains results obtained via lo-
gistic regression for basic genetic models. 
When it comes to HSP1AB (+1267A/G) locus, 
the analysis revealed that a homozygous as per 
rare allele GG genotype is associated with a 
risk of CMP development (recessive model, 
OR = 13.57 (p < 0.0001); additive model, 
OR = 2.32 (p = 0.0026)). And lower value of 
Akaike information criterion for the recessive 
model (AIC = 158.6) indicates that it is more 
relevant than the additive one (AIC = 162.1). 
We should also note that our analysis of mod-
els built for rs1800629 and rs9722 polymor-
phisms didn’t reveal any significant asso-
ciations with CMP. We analyzed only a 
codominant model (CC/CT) for S100B (C/T, 
rs9722) locus due to carriers of rare TT homo-
zygote being absent in the examined groups. 
Genetic models that were adjusted for duration 
of mercury vapor exposure did not reveal more 
significant association with CMP. 

The next stage in our study involved ana-
lyzing haplotypes for four possible allele com-
binations of HSPA1B (+1267A/G) and TNF-α 
(–308G/A) loci (Table 4). We revealed a sig-
nificant 2.6 times increase in OR for CMP de-
velopment only for G-G haplotype (OR = 2.6, 
CI 1.27–5.32, р = 0.0098). The significance 
this haplotype has seems logical since  
G-HSPA1B (+1267A/G) and G-TNF-α  
(–308G/A)  alleles  correlate  with producing 

T a b l e  3  
Association of the examined polymorphic loci of HSP1AB, TNF-α and S100B  

genes with CMP development 
Gene 

(polymorphic locus)  Rare allele Model  OR (95 % CI), p AIC 

HSPA1B (rs1061581)  G 
AA/AG-GG 
AA-AG/GG 
AA-AG-GG 

2.04 (0.97–4.27), 0.58 
13.57 (1.75–105.09), 0.0004 

2.32 (1.31–4.12), 0.0026 

167.6 
158.6 
162.1 

TNF-α (rs1800629)  A 
GG/GA-AA 
GG-GA/AA 
GG-GA-AA 

0.55 (0.24–1.57), 0.17 
NA (0.00–NA), 0.18 

0.69 (0.32–1.46), 0.43 

169.3 
169.4 
170.2 

S100B (rs9722) * T CC/CT 1.42 (0.59–3.42), 0.43 170.6 

N o t e :  results of logistic regression for three genetic models (top-down): dominant, recessive, and ad-
ditive; NA – not defined; * codominant model; AIC is a value of Akaike information criterion. 
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T a b l e  4  
Haplotype frequencies of the examined HSP1AB and TNF-α polymorphisms, n = 128 

Haplotype HSPA1B 
(+1267A/G)  

TNF-α 
(–308G/A)  Frequency OR (95 % CI)  p 

1 A G 0.5447 1.00 – 
2 G G 0.3003 2.6 (1.27–5.32)  0.0098 
3 G А 0.0825 1.32 (0.45–3.89)  0.61 
4 A А 0.0425 0.38 (0.07–2.05)  0.26 

 
elevated and reduced HSP70 and TNF-α con-
tents respectively [6]. Besides, we detected a 
significant (р = 0.0004) linkage disequilibrium 
D' = 0.459 between polymorphic rs1061581 
and rs1800629 loci. Such data indicate genetic 
interaction between HSPA1B (+1267A/G) and 
TNF-α (–308G/A) loci in the examined cohort. 

We expanded our previously crated co-
hort via including eight patients with diag-
nosed CMP into it; three of them carried GG-
HSPA1B (1267A/G) genotype. It confirmed 
that our conclusions made in the previous 
study were substantiated [1]. Besides, we es-
tablished in the present work that there were 
no differences in genotypes distribution among 
the occupational cohort (groups 1 and 2) in 
comparison with the subpopulation (group 3). 
It allows us to assume that our results can 
hardly turn out to be false-positive in spite of 
our sampling of the examined workers being 
rather small. We should also note that we as-
sessed polymorphic variants of HSPA1B, TNF-
α and S100B genes in our research taking them 
as gene-candidates; there are no data on these 
genes in the latest specialized reviews that fo-
cus on genetic aspects of sensitivity to effects 
produced by mercury [17, 18]. 

By now there is general awareness that a 
significant role belongs to genetic variants 
and gene polymorphisms being able to mod-
ify mercury neurotoxicity in occupational 
groups running combined occupational and 
ecological health risks [19]. Recent studies 
have shown that non-organic mercury depos-

its in brain tissues of people who have been 
exposed to environmental contamination are 
different from those detected in people who 
have undergone acute or chronic exposure to 
high mercury concentrations at their work-
places [20]. Overall, it calls for examining 
workers’ genetic status in order to reveal 
people who are hypersensitive to the toxicant 
and who can suffer severe damage even when 
they are exposed to its relatively small con-
centrations [19]. It seems relevant if such ap-
proaches will be implemented for liquidators 
involved in eliminating accumulated con-
tamination at the industrial area belonging to 
the former «Usolyekhimprom» LLC where 
the surface mounted part of most hazardous 
object, namely a mercury electrolysis work-
shop, has just been dismantled. 

Conclusions. Results obtained in the pre-
sent study allow concluding that carriers of 
homozygote for the rare allele GG-HSPA1B 
(+1267A/G) genotype have a high prognostic 
CMP risk. 
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Congenital heart defects are anomalies that are becoming more and more frequent every year. Their specific weight is 

the highest among all the defects and malformations in fetus. Besides, children with sporadic congenital heart defects and 
malformations are still born rather frequently. We made an assumption that congenital heart defects (CHD) and congenital 
malformations (CM) were formed due to inflammatory process decompensation within «mother – fetus» system occurring in 
case of a conflict as per HLA between a semi-allogenic fetus and its mother’s microenvironment. A risk of such a conflict 
might be associated with certain HLA combinations in parents’ genotypes. 

Our research goal was to reveal peculiarities of HLA-DRB1 alleles combinations in married couples who had children 
with sporadic CHD and CM without any chromosome diseases and to determine whether such peculiarities could cause risks 
of congenital anomalies. 

We determined frequency of 14 alleles in HLA-DRB1 gene in all people who took part in the research. 
Our research allowed establishing that parents whose children suffered from CHD more frequently had common  

HLA-DRB1*04, female HLA-DRB1*07 with male HLA-DRB1*13, HLA-DRB1*17 and female HLA-DRB1*13 with male 
HLA-DRB1*14. Children who suffered from CM more frequently had parents who were homologous as per HLA-DRB1*12, 
as well as with female HLA-DRB1*12 and male HLA-DRB1*01, HLA-DRB1*04, HLA-DRB1*13, and HLA-DRB1*15; this 
greater frequency was statistically significant. We also detected an authentic increase in frequency of HLA-DRB1*12 allele 
in children against their parents. Children with CM also had HLA-DRB1*12 allele statistically significantly more frequently 
than healthy children. 

Peculiarities related to HLA-DRB1 alleles combination are genetic predictors of CHD and CM occurrence; their de-
termination will allow minimizing risks of such disorders due to early diagnostics and timely prevention.  

Key words: major histocompatibility complex, HLA-DRB1, alleles, congenital heart diseases, congenital malforma-
tions, risk factor, married couples, spouse compatibility.  
 

 
 The major histocompatibility complex 

(HLA in a human body) is a vital component 
in the immune systems of mammals (and peo-
ple as well). A set of genes that are included 
into HLA is localized as per three classes (I, II, 

and III). The class II contains HLA-DR and 
HLA-DQ loci with their genes coding mole-
cules that present endo- and exo-antigens to  
T-helper lymphocytes (of the 1, 2, 3, 17 and 
22 types). Through this phenomenon, they de-
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termine power and quality of immune respon-
ses to macro- and micro-ecology antigens [1]. 
Genes belonging to HLA I and II classes are 
highly polymorphic. Thus, according to HLA 
Alleles Numbers1 there are more than 2,500 al-
leles described at the moment for HLA-DRB1 
only. HLA-DRB1*01, HLA-DRB1*03 (17), HLA-
DRB1*04, HLA-DRB1*07, HLA-DRB1*11, 
HLA-DRB1*12, HLA-DRB1*13 and HLA-
DRB1*15 alleles are evenly distributed within 
populations in the world [2–4]. It was revealed 
that alleles included into HLA-DRB1*03 (17), 
HLA-DRB1*04, HLA-DRB1*05(11), and HLA-
DRB1*15 groups had certain associations with 
immune system pathologies and reproductive 
losses [5, 6]. It is assumed that there are sev-
eral selective mechanisms in populations that 
are responsible for imposing limits on random 
inheritance and for controlling «pathologic» 
alleles within this or that population. Such se-
lective mechanisms include, for example, 
negative-assortative mating, selection at game-
togenesis level, selection in interactions as per 
HLA between a mother and a semi-allogenic 
embryo/fetus, as well as intensity of resistance 
or sensitivity to infectious and parasitic agents 
[7]. Let us note that ontogenesis gives this ex-
act order of selection mechanisms. 

Congenital heart diseases (CHDs) are a 
topical issue for public healthcare since their fre-
quency is growing and they account for the big-
gest share among all malformations and devel-
opment anomalies [8, 9]. Besides, children with 
sporadic congenital malformations and devel-
opment anomalies (CMDAs) without any chro-
mosome diseases are still born rather frequently. 
There is a well-grounded assumption that CHDs 
and CMDAs occur, among other things, due to 
decompensation with an inflammatory process 
within «mother – fetus» system that develops in 
case there is a conflict as per HLA between a 
semi-allogenic fetus and micro-environment in-
side a mother’s body [10, 11]. A risk of such a 
conflict can be associated with certain HLA 
combinations in parents’ genotypes.  

Bearing in mind that an association be-
tween certain alleles and HLA genotypes and 

immune-inflammatory diseases and reproduc-
tive losses, including congenital fetus/embryo 
malformations, has been proven [12, 13], we 
believe that a study on peculiarities of alleles 
belonging to a gene in the major histocompati-
bility complex (HLA) will allow determining 
how compatible parents are, hence, it will pro-
vide an opportunity to estimate a risk that a 
child will be born with congenital malforma-
tions and development anomalies thus result-
ing in reproductive losses. 

Given that, our research goal was to de-
termine peculiarities of HLA-DRB1 allele com-
binations in families who had children with 
sporadic congenital heart diseases and congeni-
tal malformations without chromosome dis-
eases as well as a nature of their inheritance by 
these children. 

Data and methods. Our research was ac-
complished at the Scientific Research Institute 
for Complex Issues of Cardiovascular Dis-
eases, Kemerovo State Medical University and 
Kemerovo State University. The research was 
approved by the local ethical committee at the 
Scientific Research Institute for Complex Is-
sues of Cardiovascular Diseases. All the par-
ticipants gave their informed written consent 
to take part in the research. 

The first test group was made up of 
48 families with children in them (23 boys and 
25 girls) being born with congenital heart dis-
eases regardless of any chromosome disease. 
We examined case histories in this group and 
revealed that there were no congenital heart 
diseases either in mother’s or father’s ances-
tors. HLA-DRB1 allele combinations were cal-
culated in families both regarding female al-
leles meeting with male ones and vice versa. 
Overall, we analyzed 384 combinations 
(48·8 = 384). This test group was created at 
the Scientific Research Institute for Complex 
Issues of Cardiovascular Diseases and the 
Kemerovo State Medical University. 

The second test group consisted of 68 fami-
lies with children having congenital malforma-
tions and development anomalies (CMDAs) 
without chromosome diseases. There were no 

__________________________ 
 
1 HLA Alleles Numbers. Nomenclature. Available at: http://hla.alleles.org/nomenclature/stats.html (12.06.2020) (in Russian). 
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children with CHDs in this group. All congenital 
malformations were sporadic without any traces 
in family case history. These malformations in-
cluded the following: 25 children had III-IV de-
gree hydrocephaly; 16 children, vascular plexus 
cysts; 114 children, hydronephrosis II; 5 chil-
dren, Arnold-Chiari malformation; 5 children, 
vermis agenesis; and 3 children, one kidney 
agenesis. HLA-DRB1 allele combinations were 
analyzed in the same manner and totally we de-
tected 544 combinations (68·8 = 544). This 
group was created at clinics within the Ke-
merovo State Medical University system.   

Our reference group included 132 families 
who had two or more healthy children. 1,056 
combinations were detected in this group 
(132·8 = 1,056); the group was created at am-
bulatories and polyclinics within the Kemerovo 
State Medical University system.  

Additionally, 51 girls and 89 boys were 
examined at the Biological Faculty of the Ke-
merovo State University; they were all in their 
reproductive age and there were no blood rela-
tives or married couples among them. These 
young people took part in an experiment enti-
tled «HLA-associated olfactory selection». 
The research was approved by the local ethical 
committee at the Kemerovo State University 
and all people who took part in it gave their 
informed written consent. This group was used 
in the present research for calculating a prob-
ability that female and male HLA-DRB1 alleles 
would meet in a reproductive population (ran-
dom selection). This probability was calcu-
lated via multiplying a selected female allele 
by all male alleles in turn and vice versa. The 
calculation was performed for all female and 
male alleles. When transforming share values 
into absolute ones, we used an overall number 
of all possible combinations that was equal to 
18,156 (51·89·4 = 18,156).   

Our research object was genome DNA ex-
tracted from peripheral blood leucocytes via 
phenol-chloroform extraction as per a conven-
tional procedure. HLA-DRB1 typing was per-
formed via PCR taking into account results 
obtained in real time mode with DT-96 detect-
ing amplifier (DNA-technology, Russia). We 
determined frequency of 14 HLA-DRB1 gene 

alleles with commercial reagent sets HLA-
DNA-ТЕХ (Catalogue number R1-H001-S3/5, 
DNA-technology, Russia).  

Research procedure. At the first stage in 
our research we compared frequencies of actual 
HLA-DRB1 allele combinations in the reference 
group and calculated combinations obtained for 
young males and females who were not blood 
relatives. Calculated combinations were also 
compared with actual HLA-DRB1 allele combi-
nations in both test groups. Then we compared 
frequencies of HLA-DRB1 allele combinations 
in the reference group and two test ones. In ad-
dition, we compared frequencies of HLA-DRB1 
allele combinations in families who had chil-
dren with CHDs and those with children who 
had CMDAs. 

At the next stage we analyzed how chil-
dren inherited alleles from their parents in 
two test groups and the reference one. In the 
reference group we examined inheritance by 
healthy children, and in test groups, by chil-
dren with CHDs and CMDAs respectively. 
For each HLA-DRB1 we took into account 
alleles that were inherited by children from 
mothers, fathers or both parents. If inheri-
tance is equiprobable, there shouldn’t be any 
significant differences between inherited and 
non-inherited alleles and delta between them 
should tend to zero. The first stage in the re-
search focused on determining peculiarities of 
HLA assortativity in case a fetus was healthy 
and in case there was congenital fetus pathol-
ogy. The second stage concentrated on reveal-
ing pre-natal selection, including gameto-
genesis and interaction as per HLA within 
«mother – fetus» system in case a fetus was 
healthy and in case congenital fetus malfor-
mation occurred.   

All the data were mathematically proc-
essed with STATISTICA 8.0 (Stat Soft Inc., 
USA). Hardy-Weinburg equilibrium was de-
termined with Pearson’s chi-square. Expected 
frequencies (in shares) of allele combinations 
in case of random selection between people 
with different sexes were calculated via multi-
plying frequencies (in shares) of respective 
female alleles with male ones. Expected ho-
mozygocity was calculated via squaring a 
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share of a respective allele. To reveal differ-
ences in frequencies of allele combinations in 
the examined groups and in inheritance from 
mothers to children, we used Pearson’s chi-
square with Yates’s correction for continuity. 
To assess risks of a congenital heart disease, 
we calculated odds ratio (OR) and its 95% 
confidence interval (CI). Differences were 
considered statistically significant in all cases 
when р < 0.05 [14]. 

Results and discussion. Our research re-
vealed that there were no statistically signifi-
cant differences between HLA-DRB1 genotype 
frequency and frequency of genotypes calcu-
lated with Hardy-Weinburg equilibrium.   

Data given in Table 1 show that there 
were no differences in HLA-DRB1 alleles fre-
quency between the group made up of young 
males and females where random allele com-
binations were estimated, and all the other 
groups made up of families; it indicates that 
the examined groups were comparable in 
terms of allele combinations. 

We determined that frequency of HLA-
DRB1*12 allele was higher among parents 
who had children with CMDAs against the 
reference group. Besides, this allele was more 
frequent in families who had children with 
CMDAs. We didn’t detect any other statisti-
cally significant differences. 

Then, according to the research proce-
dure, we compared actual HLA-DRB1 allele 

combinations in the reference group and both 
test groups with calculated combinations ob-
tained for young males and females who 
were not married or blood relatives (random 
selection). We revealed certain statistically 
significant differences that are given in  
Table 2. 

Data given in Table 2 indicate that actual 
frequencies of allele combinations in families 
with healthy children were different from cal-
culated ones (random selection) predominantly 
as per HLA-DRB1*01 and HLA-DRB1*15.  
Besides, positive selection involves a growing 
number of families with female and male  
HLA-DRB1*01, HLA-DRB1*15, HLA-DRB1*07 
and HLA-DRB1*03(17), HLA-DRB1*4, HLA-
DRB1*15 accordingly.  

We analyzed deviations from random 
selection in families where children suffered 
from either CMDAs or CHDs; our analysis 
revealed the following. Only positive selec-
tion was detected in families where children 
had CMDAs and this selection involved mar-
ried couples with female and male HLA-
DRB1*12, as well as with female HLA-
DRB1*12 and male HLA-DRB1*01, HLA-
DRB1*04, HLA-DRB1*13, HLA-DRB1*15. 
Besides, just as it was the case with the ref-
erence group, there was positive selection in 
this group regarding a combination of female 
HLA-DRB1*07 and male HLA-DRB1*15 in a 
married couple. 

T a b l e  1  
Distribution of HLA-DRB1 alleles in the examined groups (%) 

Alleles 1. Random selection (n=280) 2. Reference (n=528) 3. CMDAs (n=134) 4. CHDs (n=192) p 
01 21.78 14.39 13.80 12.13 0.05 

03 (17) 7.85 9.47 2.23 10.46 0.05 
04 9.64 11.93 7.46 13.38 0.05 
07 7.50 9.28 10.07 11.29 0.05 
08 5.35 6.43 2.98 2.92 0.05 
09 0.71 4.16 1.86 0.83 0.05 
10 0.71 0.18 0.74 2.09 0.05 
11 11.42 10.98 15.67 15.48 0.05 

12 5.71 5.49 13.06 2.09 p2.3=0.003. 
p3.4=0.0007

13 13.92 9.84 14.55 13.38 0.05 
14 1.42 2.84 2.23 2.09 0.05 
15 11.07 11.74 14.17 13.80 0.05 
16 2.85 3.22 1.11 0.00 0.05 
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T a b l e  2  
Allele combinations in the randomly selected group (calculated values) and in married couples 

in the reference and test groups (only statistically significant differences, %) 
A combination of a female /male allele Random selection, n=18,156 Reference, CMDAs, CHDs p 

Reference, n=1,056 
01/01 4.73 1.52 (–) 0.01 
01/15 2.15 5.21 (+) 0.008 

03 (17)/15 0.94 3.03 (+) 0.007 
07/15 0.61 2.75 (+) 0.004 
15/01 2.54 5.41 (+) 0.009 

15/03 (17) 0.58 2.75 (+) 0.003 
15/04 1.04 3.69 (+) 0.005 
15/15 1.16 8.62 (+) 0.0001 

CMDAs, n=544 
07/15 0.61 2.57 (+) 0.006 
12/01 0.48 2.39 (+) 0.004 
12/04 0.21 1.47 (+) 0.003 
12/12 0.26 4.41 (+) 0.001 
12/13 0.29 1.84 (+) 0.002 
12/15 0.22 2.21 (+) 0.001 

CHDs, n=384 
04/04 0.89 2.64 (+) 0.03 

07/03 (17) 0.31 1.44 (+) 0.01 
07/13 0.79 2.41 (+) 0.03 
13/14 0.14 1.44 (+) 0.008 

N o t e : / is an allele combination given as follows: the first allele is a female one, the second, male. Signs (–) 
and (+) indicate either negative or positive selection.  

 
Results in families with children suffering 

from sporadic CHDs without chromosome dis-
eases also deviated from random selection as 
there was positive selection for female and male 
allele HLA-DRB1*04. Other significant differ-
ences from the reference group were detected in 
this group regarding frequency of allele combi-
nations for female HLA-DRB1*07 and male 
HLA-DRB1*03, HLA-DRB1*13 as well as fe-
male HLA-DRB1*13 and male HLA-DRB1*14.  

The most significant differences between 
the reference group and the groups with 
CMDAs and CHDs were detected when fre-
quencies of allele combinations were compared. 
As it is shown in Table 3, family homology as 
per HLA-DRB1*12 was more frequent in fami-
lies having children with CMDAs against the 
reference group, and homology as per HLA-
DRB1*15 was less frequent.  

These data indicate that HLA-DRB1*12 
allele might be a marker for a cohort with 

CMDAs. It is quite possible that these peculi-
arities are related to a deviation from physio-
logical assortativity as per HLA-DRB1*12 
when a new married couple is created and it 
happens among other things, due to impacts 
exerted by social, economic, macro- and mi-
cro-ecological factors.   

Just as it was the case with families where 
children had CMDAs, negative selection was 
detected in the group where children had 
CNDs for female and male HLA-DRB1*15 
and additionally for female HLA-DRB1*13 
and male HLA-DRB1*15. Female HLA-
DRB1*03(17), HLA-DRB1*13 and male HLA-
DRB1*04 and HLA-DRB1*07 respectively 
were more frequent in married couples in this 
group than in the reference one. One can see 
from the table that male alleles HLA-DRB1*04 
and HLA-DRB1*07 were more frequent in 
married couples both in the group with 
CMDAs and with CHDs than in the reference
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T a b l e  3  
Allele combinations in families with healthy children and in families with children suffering 

from congenital malformations and development anomalies and congenital heart diseases  
(only significant differences are given, %) 

A combination of a female /male allele Reference, n=1,056 CMDAs, CHDs p 
CMDAs, n=544 

12/07 0.27 2.21 (+) 0.02 
12/12 0.82 4.41 (+) 0.009 
13/07 0.27 3.68 (+) 0.01 
15/04 3.69 0.37 (-) 0.008 
15/15 8.62 1.1 (-) 0.001 

CHDs, n=384 
3(17)/04 0.19 1.92 (+) 0.03 

13/07 0.27 2.88 (+) 0.01 
13/15 4.67 0.96 (-) 0.02 
15/15 8.62 1.68 (-) 0.009 

 CMDAs, n=544 ВПС, n=384 
12/12 4.41 (+) 0.24 0.01 
15/07 0.37 2.88 (+) 0.03 

N o t e : / is an allele combination given as follows: the first allele is a female one, the second, male. Signs (–) 
and (+) indicate either negative or positive selection.  

 
one. Special attention should be paid to posi-
tive selection of a family HLA-DRB1*17 and 
HLA-DRB1*04 allele combination in the 
group with children suffering from CHDs. 
This heterozygote type, just as HLA-DRB1*04, 
HLA-DRB1*03(17) alleles separately, is as-
sociated with multiple autoimmune diseases 
including insulin-dependent pancreatic dia-
betes [15, 16]. Therefore, deviations occur-
ring in the test groups when selection is tak-
ing place may create preconditions for im-
mune-inflammatory pathology including 
reproductive disorders. 

Having compared two test groups, with 
CMDAs and CHDs, we revealed that HLA-
DRB1*12, HLA-DRB1*15 и HLA-DRB1*07 
alleles were differentiating markers between 
them. Family homology as per HLA-DRB1*12 
created statistically significant difference be-
tween CVDAs and CHDs groups. 

Deviations from random HLA-DRB1 
combinations in married couples and further 
euqiprobable inheritance can influence HLA-
DRB1 allele distribution among healthy and 
sick children. We compared HLA-DRB1 allele 
frequency in the reference and both test groups 
and revealed alleles that were associated with 
pathology (Table 4). Thus, there were statisti-

cally significant differences in frequency for 
three HLA-DRB1*03(17), HLA-DRB1*12, 
HLA-DRB1*15 alleles. 

HLA-DRB1*12 allele turned out to be 
positively associated with CMDAs (OR=5.72; 
CI 95% 2.25–14.42; p<0.0001). HLA-DRB1*15 
allele turned out to be the same for children 
with CHDs (OR=1.83; CI 95% 0.73–4.71; 
p=0.03). Differences as per this allele were 
detected only against the reference group but 
not against the group with CMDAs. Negative 
association with CMDAs was detected for 
HLA-DRB1*03(17) (OR=0.13; CI 95%  
0.05–0.32; p=0.0008). Authentic differences 
as per its frequency were detected for the 
groups with CMDAs and CHDs. 

Our research revealed that there was a de-
viation from basic population selection in the 
groups with CHDs and CMDAs. We revealed 
not only a deviation from calculated homozy-
gosity for the CHDs group but also an authen-
tic increase in frequency of common HLA-
DRB1*04, female HLA-DRB1*07 with male 
HLA-DRB1*13, HLA-DRB1*17 and female 
HLA-DRB1*13 with male HLA-DRB1*14 in 
married couples. Besides, certain alleles were 
more frequent in married couples from the 
CHDs group against the reference one. Given
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T a b l e  4  
Allele frequency in children from the examined groups 

1. Reference, children 2. CMDAs, children 3. CHDs, children Allele total (n=264) % total (n=136) % total (n=96) % p 

01 35 13.26 10 7.46 14 9.93 0.05 
03 (17) 37 14.02 2 1.49 15 10.64 p1.2=0.0008. p2.3=0.004

04 32 12.12 13 9.70 20 14.18 0.05 
07 25 9.47 10 7.46 20 14.18 0.05 
08 15 5.68 2 1.49 5 3.55 0.05 
09 10 3.79 1 0.75 1 0.71 0.05 
10 2 0.76 1 0.75 2 1.42 0.05 
11 34 12.88 24 17.91 24 17.02 0.05 
12 14 5.30 33 24.63 2 1.42 p1.2<0.0001. p2.3=0.0001
13 24 9.09 15 11.19 10 7.09 0.05 
14 7 2.65 3 2.24 3 2.13 0.05 
15 24 9.09 19 14.18 22 15.60 p1.3=0.03 
16 5 1.89 1 0.75 3 2.13 0.05 

N o t e :  n is the total number of alleles in children, * means p<0.05. 
 

that, we can state that married couples that in 
future would have children with sporadic 
CHDs without chromosome diseases were cre-
ated under influence exerted by additional so-
cial or biological factors that resulted in their 
deviation from physiological biological assor-
tativity as per HLA (deviation from random 
selection) and physiological social one (devia-
tion from the reference group). This assump-
tion is well in line with significant associations 
between sporadic CHDs in children and their 
parents’ medical and social factors including 
their mutual feelings and caring about each 
other [17]. L.I. Korochkin notes that early on-
togenesis in a wider sense begins long before 
actual fertilization and embryo-fetogenesis and 
such events as a married couple being created 
and gametogenesis can rightfully be called 
«pre-adaptive» processes that reflect stages in 
early ontogenesis [18]. At this stage in onto-
genesis people do not make their choice on a 
future spouse randomly and this stage can be-
come a key one in health or diseases of the 
next generation. It was proven that HLA locus 
played a certain role in determining assortative 
selection related to olfactory response to 
pheromone smells [19]. 

It is quite possible that occurrence of mar-
ried couples with their children suffering from 
CHDs was assortative as per poor or good 
education, intellect, welfare, and other social 

factors [17]. Bearing in mind that HLA-DRB1 
alleles are associated with immune-inflam-
matory diseases, we should pay attention to 
married couples in this group tending to have 
common HLA-DRB1*04. Multiple research 
works have revealed that this allele is associ-
ated with such immune pathologies as rheuma-
toid arthritis, insulin-dependent pancreatic 
diabetes, psoriasis, and other diseases [13, 20, 
21]. There is an opinion that presentation of 
antigens by HLA-DR molecule coded by this 
allele involves apparent T-helpers activation 
including partial auto-orientation. If we apply 
this statement on immune response to auto- 
and allo-antigens within «mother-embryo / 
fetus» system, we can assume that inflamma-
tory process is decompensated within this sys-
tem and a heart disease develops in an embryo 
as inflammatory embryopathy. We also re-
vealed more frequent (against the reference 
group) female HLA-DRB1*03(17) and male 
HLA-DRB1*04 combination in this group of 
families. HLA-DRB1*03(17) allele is associ-
ated with such immune pathologies as systemic 
lupus erythematosus, insulin-dependent pancre-
atic diabetes, bronchial asthma, etc. [20, 21]. 
Given that, such families have high risks of 
inflammatory embryopathy including those re-
sulting in congenital heart diseases. 

Meiotic drive is the second stage in popu-
lation selection; it is a non-random selection of 
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gametes participating in fertilization that oc-
curs due to asymmetric division during ovo-
genesis and spermatogenesis. Selection during 
fertilization is also admissible; it happens due 
to sperms being tropic to ovicells with certain 
HLA haplotype sets [7]. Immune interaction 
occurring between a semi-allogenic embryo 
and a mother’s immune medium is a vital 
stage in selecting HLA inheritance from par-
ents to their children [22]. It was proven that 
embryos bearing father’s HLA antigens that 
were different from mother’s antigens (histo-
incompatible pregnancy) had selective advan-
tage in their survival against embryos with 
their father’s HLA being identical to mother’s 
ones (histo-compatible pregnancy) [12]. 

We should note that sensitivity or resis-
tance to infectious and parasitic agents pro-
duces selective effects regarding HLA poly-
morphism. Thus, polymorphism occurrence 
in antigen-identifying sites of HLA mole-
cules, classes I and II, is related to natural se-
lection associated with infectious, parasitic, 
micro- and macro-environment [7]. Het-
erozygote preferences that are put into effect 
via over-dominant selection of HLA alleles 
resistant to infectious agents are of great im-
portance. Frequency-dependent selection im-
poses certain limitations on growing popula-
tion heterozygocity. Bearing in mind that 
immune identification of a pathogen is con-
trolled with HLA, experts manages to obtain 
empiric evidence of frequency-dependent se-
lection that was put into effect in such a way 
that specific HLA haplotypes were resistant 
to certain infectious agents and sensitive to 
other ones at the same time [7]. We should 
note that associated sensitivity and resistance 
to infectious agents begins at fetal age when a 
fetus comes into contacts with residential vi-
ruses and mother’s microbiome. 

All the above-mentioned allows us to in-
terpret our results stating that there was homol-
ogy as per HLADRB1*12 in families where 
children had CMDAs; as per female 
HLADRB1*15 and male HLADRB1*07, in 
families where children had CHDs. Thus, as per 
data take form literature [23] HLADRB1*12 is 
associated with sensitivity to herpetic viruses, 
and HLADRB1*15, opportunistic pathogens 
activation and occurrence of humoral adaptive 
immune responses to them as per IgG and IgE 
types (infectious-allergic process) [24]. Accord-
ingly, a certain contribution is made into 
CMDAs occurrence by activation of residen-
tial virus genomes including those existing 
within «mother-embryo/fetus» system; CHDs 
occur due to, among other things, effects pro-
duced by opportunistic pathogens in female 
reproductive tracts. 

Conclusion. HLADRB1*12 and 
HLADRB1*15 alleles are candidate not only 
regarding creation of a new scenario for popu-
lation selection in case of CMDAs and CHDs 
accordingly, but also risk markers indicating 
congenital anomalies might occur taking into 
account deviations from proper biological as-
sortativity as per HLA.  
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Billions of people had to face self-isolation for several months due to COVID-19 pandemic; given that, it seems quite 

vital to provide theoretical grounds for sanitary-hygienic health risk assessment. 
Our research objects were people who had to self-isolate during CIVID-19 pandemic. In our research we provided theo-

retical substantiation for priority health risk factors determined by hypodynamia, hypoxia, improper nutrition, distorted work 
and leisure regime, and psychoemotional strain. These factors can result in growing morbidity with non-communicable diseases 
among population. 

Our research goal was to give theoretical grounds for sanitary-hygienic assessment of health risk factors caused by 
self-isolation, to reveal priority health risk factors causing morbidity with non-communicable diseases, and to give recom-
mendations on how to prevent it. 

We applied analytical, information, and statistical procedures in our research. Data were obtained from regulatory 
and legal documents on sanitary-hygienic standardization in the Russian Federation, specifically, data on nutrition hygiene, 
occupational hygiene, children and teenagers hygiene, etc.; we also revised scientific works published by Russian and for-
eign authors and analyzed documents issued by the World Health Organization as well as by public healthcare authorities in 
different countries during COVID-19 pandemic. 

When developing theoretical grounds for sanitary-hygienic assessment of health risk factors causing morbidity with 
non-communicable diseases due to self-isolation, we determined priority risk factors and suggested certain hygienic criteria 
for assessing self-isolation. We provided theoretical substantiation for a suggested hygienic self-isolation index and its score 
estimate. The existing system for sanitary-hygienic standardization in the RF fixes requirements for nutrition, work, and lei-
sure regime as well as people’s physical activity; it was applied for performing hygienic assessment of self-isolation and 
self-isolation index score estimates. 

We suggested certain activities aimed at minimizing health risks under self-isolation; these activities were based on sani-
tary-hygienic standards. Since hypodynamia and hypoxia are primary sanitary-hygienic health risk factors, we suggest sticking 
to adequate nutrition with optimal energy capacity, proper physical activity, as well as proper work and leisure regimes. 

Key words: COVID-19, self-isolation, health risk assessment, sanitary-hygienic standardization, prevention, hygiene, 
risk factors, population health. 
 

 
Self-isolation is a set of enforced admin-

istrative, sanitary-hygienic, sanitary-epide-
miological, and preventive activities aimed at 
preventing infectious agents from transfer to 
susceptible and contact people; the basic aim 
here is to prevent risks of coronavirus infec-

tion spread and new contagions among popu-
lation [1]. 

From hygienic point of view, self-
isolation should be defined as forced long-term 
(longer than one month) amount of time spent 
by a person within limited space, with lower 
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physical activity, and insufficient amount of 
time spent outdoors [2]. 

There are several types of self-isolation: a 
scientific experiment; healthy people and pa-
tients with mild forms of a disease isolating 
themselves at home; medical personnel isolat-
ing themselves at their workplaces [3].  

Self-isolation first became a part of a sci-
entific experiment when research was being 
accomplished on space flights in late 60-ties 
last century by the RAS Institute for Medical 
and Biological Issues1. There was profound 
diagnostic research on nutritional status, food 
habits or changes in them that occurred due to 
the same diet being consumed for a long pe-
riod of time in isolated conditions [4]. The 
tests also revealed that isolated people started 
to suffer from crucial mental issues [5]. 

In 2020 SIRIUS-19, an international iso-
lation experiment, started with its program 
covering a 5-year period. The research focuses 
on examining space crew activity in an artifi-
cial environment; it will allow developing op-
timal medical and sanitary standards, deter-
mining relevant food resources and prevention 
activities. As a result, a series of examinations 
will enable creating medical and sanitary re-
quirements to layouts of personal space inside 
future space bases and ships. The experiment 
results will also provide an opportunity to pre-
dict risk factors producing negative effects un-
der isolation and how to prevent them as well 
as to develop various procedures for improv-
ing crew members’ health. This self-isolation 
is voluntary as people give their consent to 
take part in scientific experiments and they are 
provided with constant medical surveillance 
and support2. 

People who had mild forms of the disease, 
those who had contacts with infected people, 
elderly people who were older than 65, and 
even healthy people had to keep self-isolation 
at home for a long period of time in order to 
prevent the infectious agent spread in popula-
tion. Certain measures were introduced to 

make people keep «social distance» and use 
antiseptics and personal protective equipment 
(face masks and gloves) in public places; mass 
media provided people with relevant data on 
how to prevent the coronavirus infection 
spread among population [6]. 

Long periods of time spent indoors, 
minimized social interaction, nutrition and 
physical activity being in disharmony lead to 
greater health risks for population due to oc-
curring and exacerbating somatic and mental 
diseases [7]. 

Self-isolation concerns a great share of 
population including people of different sex 
and age and those who already suffer from 
various chronic diseases. Self-isolation is ag-
gravated with great nervous tension and its 
long periods, up to several months [8]. 

Our research goal was to give theoretical 
grounds for sanitary-hygienic assessment of 
health risk factors caused by self-isolation, to 
reveal priority health risk factors causing mor-
bidity with non-communicable diseases, and to 
give recommendations on how to prevent it. 

The research tasks were as follows: 
1. To reveal health risk factors for people 

who isolated themselves;  
2. To provide theoretical grounds for 

complex hygienic assessment of self-isolation 
as per priority criteria; 

3. To provide theoretical grounds for devel-
oping hygienic self-isolation index and a score 
estimate for assessing health risks for population; 

4. Torecommend activities aimed at 
minimizing health risks for people who were 
self-isolated.  

Data and methods. We applied statistical, 
information, and analytical procedures in our 
research, analyzed databases containing regula-
tory and legal documents on sanitary-hygienic 
standardization issued in the Russian Federation. 

We took data from hygienic standards and 
physiological regulations on the following 
subjects: nutrition hygiene (determining physi-
cal activity coefficient during self-isolation, 

__________________________ 
 
1 «Mars 500» project. Mars 500. Available at: http://mars500.imbp.ru/history.html (05.06.2020) (in Russian). 
2 «Mars 500» experiment has come to its end. Roscosmos. Available at: https://www.roscosmos.ru/17692/ (05.06.2020) 

(in Russian). 
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standards fixing proper caloric content in food 
for different age and sex groups, etc.); children 
and teenagers hygiene (working space layout, 
nutrition, a child’s physical activity); occupa-
tional hygiene; etc. 

We also analyzed documents and methodi-
cal recommendations issued by the WHO that 
focused on preventing psychoemotional disor-
ders and alimentary-dependent diseases among 
population as well as experience gained by pub-
lic healthcare systems in other countries during 
the coronavirus infection pandemic.  

Results and discussion. Self-isolation led to 
new risk factors occurring and it called for ac-
complishing sanitary-hygienic assessment and 
developing activities aimed at preventing negative 
effects produced by them on people’s health [9]. 
These risk factors include the following: 

– hypodynamia (low physical activity) 
due to a person spending long periods of time 
indoors in a limited space [10]; 

– hypoxia (poor blood saturation with 
oxygen) due to limited amount of time spent in 
the open air [11]; 

– alimentary factors (probable improper 
nutrition when people consume food with high 
caloric contents but their physical activity is 
too low for that) [12]; 

– changes in work and leisure regimes [13]. 
In the Russian Federation a database of 

sanitary-hygienic standards was created that 
included hygienic standards and recommended 
physiological norms concerning food, physical 
activity, and work and leisure regime [14]. 

Sanitary-hygienic standards are applied to 
assess proper nutrition according to energy in-
puts by different sex and age groups. Hygienic 
standards are applied to fix physiologically op-

timal amount of time spent indoors3, to deter-
mine proper parameters of microclimate, physi-
cal activity, and work and leisure regime4. 

It seems advisable and necessary to apply 
hygienic standards to assess self-isolation. 

In Russia there are standards for physio-
logical need in energy and nutrients for differ-
ent population groups; these standards deter-
mine physiologically grounded consumption 
rates for essential nutrients and energy sources.  

Need in energy and nutrients depends on 
physical activity that is characterized with 
physical activity coefficient. This coefficient is 
determined as a ratio of energy inputs necessary 
to accomplish a specific task and basic metabo-
lism value. Overall adult population is divided 
into 5 groups for men and 4 groups for women 
depending on energy inputs; this division is ac-
complished taking into account physical activ-
ity at workplaces and other energy inputs. It 
seems advisable to apply group I for self-
isolation since it is characterized with such a 
risk factor as low physical activity both for men 
and women. This group predominantly includes 
people with intellectual labor (researchers, HEE 
lecturers, students, medical personnel, etc.). 
Physical activity coefficient is equal to 1.4 for 
these occupational groups5. 

Students who attend secondary schools as 
well as educational establishments for primary 
and secondary vocational training and who 
have to switch to distance learning should ad-
here to recommended nutrition standards. SER 
2.4.5.2409-08 provide a draft menu that was 
developed taking into account need in basic 
nutrients and sticking to recommended caloric 
contents in day ration; the menu is differenti-
ated as per age groups (8–11; 12–18)6. 

__________________________ 
 
3 SER 2.1.2.2645-10. Sanitary-epidemiologic requirements to living conditions: Sanitary-epidemiologic rules and standards. 

KODEKS: an electronic fund for legal and reference documentation. Available at: http://docs.cntd.ru/document/902222351 
(05.06.2020) (in Russian). 

4 SER 2.2.4.3359-16. Sanitary-epidemiologic requirements to physical factors at workplaces: Sanitary-epidemiologic rules and 
standards. KODEKS: an electronic fund for legal and reference documentation. Available at: http://docs.cntd.ru/document/420362948 
(05.06.2020) (in Russian).  

5 MR 2.3.1.2432-08. 2.3.1 issued on December 18, 2008. Rational nutrition. Standards for physiological needs in energy 
and nutrients for different population groups in the Russian Federation: Methodical guidelines. Moscow, The Federal Service 
for Surveillance over Consumer Rights Protection and Human Well-being Publ., 2008, pp. 6–8 (in Russian). 

6 SER 2.4.5.2409-08. Sanitary-epidemiologic requirements to organizing meals for students attending secondary schools 
and educational establishments for primary and secondary vocational training: Sanitary-epidemiologic rules and standards. 
KODEKS: an electronic fund for legal and reference documentation. Available at: http://docs.cntd.ru/document/902113767 
(05.06.2020) (in Russian). 
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When children have to learn at home, 
special attention should be paid to pauses be-
tween doing learning tasks and studying teach-
ing materials. A room where a child studies 
should be ventilated regularly and he or she 
should spend this time in the open air (on a 
balcony or in a yard) so that fatigue is pre-
vented. Biological needs in physical activity 
should also be satisfied so parents have to 
make children do some exercises or do sports 
on training devices etc.7. 

We suggest the following sanitary-hygie-
nic criteria for assessing self-isolation as a risk 
factor causing non-communicable diseases oc-
currence among population:  

– a place where people isolate themselves 
(an apartment, a country house, a hotel, etc.) 
since it determine whether they can spend 
some time outdoors to prevent hypoxia [15];  

– a total square per one self-isolated per-
son since it determines, among other things, 
available physical activity [16]; 

– physical activity including physical 
loads, doing sports on training devices, exer-
cises etc. [17]; 

– amount of time spent outdoors including 
walking pets, shopping, going to a chemist’s, 
frequent ventilating, spending some time on 
balconies etc. [18]; 

– work regime for those who work at 
home using IT; 

– leisure regime [19]; 
– psychoemotional tension, long time 

spent indoors, stress [20]. 
These established sanitary-hygienic cri-

teria for self-isolation assessment provide 
theoretical grounds for hygienic self-iso-
lation index. This index allows determining 
risks of non-communicable morbidity during 

self-isolation basing on established hygienic 
standards and recommended physiologi-
cal ones. 

Hygienic self-isolation index (HSI) is di-
rectly proportionate to coefficients of physical 
activity (D), square (air volume) per one iso-
lated person (S), amount of time spent out-
doors (T); it is inversely proportionate to ca-
loric contents in consumed food (K). 

D S THSI
K

 
  

where:  
D is a coefficient of physical activity that 

is calculated as per the following formula: 
actual physical activity (number of kilo-
calories spent on physical exercises) / time 
spent on doing physical exercises. Recom-
mendations on physical activity that is neces-
sary to preserve and improve health are given 
for all age groups on the World Health Or-
ganization web-site8.  

S is a coefficient showing actual square 
(air volume) indoors; it is 3 m³/hour per 1 m² 
of a living space in case overall living space 
is less than 20 m² per one person and not less 
than 30 m³/hour per one person in case over-
all living space per this one person is more 
than 20 m² 9.  

Т is amount of time spent outdoors 
(hours).  

K is a coefficient that shows a ratio be-
tween actual caloric contents in food (these 
contents are given on any food product la-
bel) and physiological standard for caloric 
contents in food (adult males require from 
2,100 to 4,200 kilocalories a day and adult 
females, from 1,800 to 3,050 kilocalories 
a day)10. 

__________________________ 
 
7 Global recommendations on physical activity necessary for health. Available at: https://www.who.int/dietp-

hysicalactivity/factsheet_recommendations/ru/ (05.06.2020) (in Russian).   
8 Code of instructions: apartments blocks: CI 54.13330.2016 Housing apartments blocks. KODEKS: an electronic fund 

for legal and reference documentation. Available at: http://docs.cntd.ru/document/456054198 (05.06.2020) (in Russian). 
9 SER 2.3.2.1078-01. Hygienic requirements to safety and nutritional value of food products: Sanitary-epidemiologic 

rules and standards. KODEKS: an electronic fund for legal and reference documentation. Available at: http://docs.cntd.ru/
document/901806306 (05.06.2020) (in Russian).  

10 Principles for drawing up a ration for self-isolated people or people on quarantine at home. Ofitsial'nyi sait Upravleniya 
Federal'noi sluzhby po nadzoru v sfere zashchity prav potrebitelei i blagopoluchiya  cheloveka  po  gorodu Moskve. Available at: 
http://77.rospotrebnadzor.ru/index.php/napravlenie/profinfzab/8142-fits-pitaniya-i-biotekhnologii-razrabotal-printsipy-ratsiona-
dlya-lits-nakhodyashchikhsya-v-rezhime-samoizolyatsii (05.06.2020) (in Russian). 
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Bearing this hygienic self-isolation index 
in mind, we can conclude that more physical 
activity a person has outdoors or in a venti-
lated room and consumes calories in quantities 
relevant to his or her energy inputs, the lower 
are health risks caused by such factors as hy-
podynamia, hypoxia, or obesity [21]. 

It seems possible to provide score esti-
mate for hygienic assessment of self-isolation. 
Hygienic self-isolation index which is equal to 
3 is optimal; more than 3, favorable; lower 
than 3; unfavorable. 

Accomplished sanitary-hygienic assessment 
of self-isolation will allow preventing alimen-
tary-dependent diseases, cardiovascular diseases, 
and diseases of the musculoskeletal system as 
well as reducing risks of other non-communi-
cable diseases [22]. 

Self-isolation and keeping social distance 
during a pandemic (epidemic) are factors that 
allow reducing risks of people getting infected 
with infectious agents. 

During self-isolation it is important to fol-
low recommendations on survival rations in 
case of a pandemic or any other emergency 
(catastrophe) [23]. 

Infectious epidemics not only influence 
people’s physical health but also exert adverse 
impacts on mental health and well-being of 
non-infected people. Research revealed that 
spread of new communicable diseases and their 
consequences such as severe acute respiratory 
syndrome (SARS) could result in greater anxi-
ety, depression, and stress among population in 
general [24]. These negative emotions influence 
sleep as well [25]. 

During COVID-19 epidemic in China 
some people who had mild diseases, sus-
pected contagion, or close contacts with in-
fected patients or potentially hazardous envi-
ronment were isolated at their homes. Even if 
isolated people didn’t fall sick with the dis-
ease and remained physically healthy, they 
often suffered from negative mental out-
comes [26]. Therefore, it is vital to preserve 

mental and physical health of people who iso-
lated themselves due to elevated risks of 
COVID-19 contagion [27]. 

Conclusions:  
– we determined leading health risk fac-

tors during self-isolation;  
– we provided theoretical grounds for 

sanitary-hygienic criteria that could be ap-
plied to assess self-isolation  basing on sani-
tary-hygienic standards existing in the Rus-
sian Federation; 

– we substantiated and developed hygienic 
self-isolation index (HIS) that is directly pro-
portionate to coefficients of physical activity 
(D), square (air volume) per one isolated person 
(S), amount of time spent outdoors (T) and is 
inversely proportionate to caloric contents in 
consumed food (K); 

– we suggested a score estimate for hygi-
enic self-isolation index that provides opti-
mal, favorable, and unfavorable risk assess-
ment for impacts exerted by self-isolation on 
people’s health; 

– accomplished sanitary-hygienic assess-
ment of self-isolation will allow preventing 
communicable morbidity among population 
and test theoretically well-grounded assessment 
of health risks caused by self-isolation in field 
observations. 

Recommendations. Nutrition. During 
self-isolation food ration should be given spe-
cial attention. Food products with high sugar 
or salt contents, confectionary, and fast food 
are risk factors that can cause alimentary-
dependent diseases [28]. It is necessary to 
drink not less than 2 liters of water per day 
and abstain from having sugary and floury 
products, sweet fizzy drinks, fat meat and 
cheese, fast food, chips, etc. 11. 

Physical activity. During forced self-
isolation it is vital to keep relevant physical 
activity that exerts favorable impacts both on 
physical and mental health [29]. Physical ex-
ercises are recommended to be followed with 
muscle relaxation12. 

__________________________ 
 
11 How to keep physically fit during self-isolation. Available at: http://cgon.rospotrebnadzor.ru/upload/media-

library/34a/34a623bbfeb0a9bd5b0d4fbd23aa5a3d.png (05.06.2020) (in Russian). 
12 Distant learning for schoolchildren. Available at: http://cgon.rospotrebnadzor.ru/upload/medialibrary/8ee/

8eec6ead367b43c78a1d3332691200ce.png (05.06.2020) (in Russian). 
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Work and leisure regime. Self-isolation 
involves remote working for adults and distant 
learning for children and comfortable condi-
tions are required for that [30]. Rooms where 
people work or study should be ventilated and 
cleaned daily and there should be no irrelevant 
noise sources13. People should sleep for not 

less than 8 hours a day, eat rationally and 
properly, and remain physically active [31]. 
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EQUIPMENT AS A WAY TO REDUCE HEALTH RISKS DURING COVID-19 PANDEMIC 
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Use of respiratory protective equipment (RPE) has become the most significant way to prevent the coronavirus infec-

tion from its rapid spread.  
Our research goal was to analyze efficiency of various RPE used by people during COVID-19 pandemic. 
We made a review focusing on RPE manufactured and tested as per standards existing in different counties; we also 

analyzed the State Medical Equipment Register of the Federal Service for Surveillance in Public Healthcare as well as a 
market where respiratory protective equipment available to people was distributed. 

RPE is quite variable as per such parameters as bacterial filtration efficiency, number of layers and quality of a material it is 
made of, being fit to a person’s face (masks for children/adults), conditions for use (a time of use, whether a mask can be disinfected 
and used again, etc.). Data provided for customers when respiratory protective equipment is sold are rather scarce and controver 
sial (people do not understand what a mask name means and how efficiently it protects their respiratory organs). Respiratory pro-
tective equipment which is registered within the State Medical Equipment Register of the Federal Service for Surveillance in Public 
Healthcare accounts for only 24 % of the overall equipment sold to consumers. Taking into account variable and multiple proper-
ties of different masks, we developed a RPE classification basing on their efficiency when it comes down to protection from respira-
tory infections. FFP3/KN100/N99/N100 respirators are the most efficient ones. FFP2/KN95/N95/DS/DL2/KF94 respirators have 
average efficiency. FFP1 respirators and nonwoven medicals masks, II R, II, I type, and woven gauze masks have efficiency that is 
lower than average (RPE is mentioned in a descending order as per its efficiency). Low and extremely low efficiency was estab-
lished accordingly for various non-medical masks (nonwoven, woven cotton, and synthetic ones) and face shields.  

When RPE is manufactured and sold, there are no precise criteria for assessing its protective efficiency. There is either no unified 
approach to such concepts as «medical» and «non-medical» masks. Most respiratory protective equipment sold on the consumer market in 
Russia is not registered within the Russian State Medical Equipment Register of the Federal Service for Surveillance in Public Healthcare. 
Our classification allows working out a unified approach to providing data on respiratory protective equipment for consumers. 

Key words: pandemic, COVID-19, respiratory protective equipment, medical mask, non-medical mask, bacterial filtra-
tion efficiency, the State Medical Equipment Register, protective equipment market.  
 

 
 Coronavirus infection pandemic that 

started in December 2019 in Wuhan, China’s 
Hubei province, spread all over the world in 
2020 and is now a global threat to the whole 
mankind [1]. According to WHO data, by Feb-
ruary 10, 2021 106,555,206 confirmed COVID-
19 cases were registered all over the world, in-
cluding 2,333,446 deaths; in Russia, 4,012,710 
cases and 78,134 deaths accordingly [2]. 

Efforts made by numerous scientists have 
yielded much desirable results as vaccines 
against COVID-19 have been created and al-
lowed starting mass immunization among 
population. However, WHO experts predict 
that collective immunity to the virus will start 
to form only by the end of 2021 [3]. 

Since respiratory way and a direct contact 
are basic ways for COVID-19 contagion, non-
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specific preventive activities become espe-
cially significant; such activities include social 
distancing, control over possible contacts with 
infected people, quarantine, isolation, and 
hand hygiene [4–7]. Use of respiratory protec-
tive equipment turned out to be among the 
most efficient protective actions against respi-
ratory contagion with the virus [8, 9]. 

Basing on multiple studies, the World 
Health Organization issued recommendations 
on how to use face masks as the primary 
measure in fighting against COVID-19 spread. 
And in 2021 the WHO experts consider wear-
ing face masks to be the most important activ-
ity that helps restraining and eliminating the 
pandemic; they note that it is necessary to 
wear a face mask indoors and outdoors in case 
it is impossible to keep a safe distance between 
people equal to 1 meter [10]. 

Basically, masks allow maintaining con-
trol over infection sources since they prevent 
the virus from spreading from one person to 
another thus reducing a risk that people might 
infect each other. Multiple research works, 
including those that involve mathematic mod-
eling, show that even a slight decrease in in-
dividual transfer of the virus can result in a 
significant decrease in its spread among 
population [11–14]. 

Face masks wearing is among preventive ac-
tivities that can be implemented rapidly and effi-
ciently and require minimal costs. They should be 
easily available to the whole population and this 
availability is a key factor that influences provi-
sion of population with face masks. 

Obligatory face masks wearing was intro-
duced and is still valid in most Russian Fed-
eration (RF) regions according to the orders 
issued by the RF Chief Sanitary Inspector as 
well as by local authorities; face masks should 
be worn in public places, public transport, ele-
vators, all objects where services to population 
are rendered, in public healthcare organiza-
tions, and educational establishments1,2. 

Besides, risks that biological threats might 
occur will persist in future (known microor-
ganisms mutating and new ones occurring); 
therefore, an issue related to providing popula-
tion with qualitative respiratory protective 
equipment will remain vital. 

Our research goal was to analyze effi-
ciency of respiratory protective equipment that 
people use during COVID-19 pandemic. To 
achieve this goal, we solved the following tasks: 

– we accomplished a review of respiratory 
protective equipment (RPE) that is used as non-
specific prevention measure during the pandemic; 

– analyzed the State Medical Equipment 
and Organizations (Private entrepreneurs) 
Register of the Federal Service for Surveil-
lance in Public Healthcare; 

– analyzed the market where respiratory 
protective equipment available to people was 
distributed; 

– developed RPE classification. 
Data and methods. Respiratory protec-

tive equipment was examined and assessed as 
per Russian, interstate, European, Chinese, and 
American standards; sanitary rules and orders 
issued by the RF State Sanitary Service; me-
thodical guidelines issued by the RF Public 
Healthcare Ministry, World Health Organiza-
tion, and US Centers for Disease Control and 
Prevention regarding the coronavirus infection 
prevention and use of respiratory protective 
equipment during the pandemic. 

Market offers made by different manufac-
tures of respiratory protective equipment were 
analyzed using «Yandex Market», a service 
helping customers to select products or goods 
they needed. 

Results and discussion. A review of res-
piratory protective equipment used as a non-
specific prevention measure during the pan-
demic. People use a great variety of respiratory 
protective equipment during this pandemic. 

Filtrating face half masks are respiratory 
protective equipment aimed at achieving very 

__________________________ 
 
1 SR 3.1.3597-20. Prevention of the new coronavirus infection (COVID-19). KonsultantPlus. Available at: http://www.con-

sultant.ru/document/cons_doc_LAW_353494/e4deaf074c290821400cfad27f87d23d667c4cfd/ (03.02.2021) (in Russian). 
2  On additional activities aimed at reducing risks of COVID-19 spread during a seasonal rise in morbidity with acute res-

piratory virus infections and flu: The Order by the RF Chief Sanitary Inspector issued on October 16, 2020. Garant: information 
and legal database. Available at: http://base.garant.ru/74811008/ (03.02.2021) (in Russian). 
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tight fitting with a face and protecting the res-
piratory organs both from solid and liquid 
aerosols. Respirators with a filtrating mask 
(FFP (the European Union), N (the USA), KN 
(China), DS/DL (Japan), and KF (South Ko-
rea)) are made of several layers (not fewer 
than 6), and these layers, as a rule, are non-
woven polypropylene ones. A layer that is 
made via being blown out from melted mate-
rial is the most significant one since fiber in 
such non-woven material can be arranged in a 
pile thus creating a three-dimensional net with 
90 % porosity; it results in high air permeabi-
lity [15]. Therefore, respirators allow achiev-
ing balance between filtration and air permeabil-
ity. Respirators can be equipped with an exhale 
valve or be manufactured without it; they can be 
non-reusable (NR) or reusable ones (R). 

Respirators from FFP1 category provide 
rather low-grade filtration. Respirators from 
FFP2/N95 and FFP3 categories are recom-
mended by the WHO, the RF Public Healthcare 
Ministry and US Centers for Disease Control 
and Prevention (CDC) as personal protective 
equipment for medical workers who directly 
provide aid for patients with COVID-19 under 
conditions that involve virus aerosols formation 
in the air3 [16, 17]. 

In Russia requirements to respirators are 
stipulated by the State Standard4. 

Face shields are protective screens made 
of transparent plastic; a shield looks like a 
plate that is rounded at its edges and can be 
fixed to a head. They are comfortable to wear 
and easy to clean, able to reduce autoinocula-
tion due to not touching a person’s face, they 
provide efficient protection from direct con-

tacts with drops due to blocking initial forward 
movement of a liquid jet [18]. However, 
thrown out drops can move around a screen 
relatively easily and spread over a large area 
depending on ambient conditions [19]. 

The WHO recommends shields to be used 
in case face masks are not available; to provide 
comfortable communication between people 
when it is necessary to see a face of a person 
one is talking to; or they can be recommended 
to people who can’t wear face masks due to 
various reasons (for example, mentally dis-
abled people, people with development disor-
ders, people suffering from deafness or hear-
ing loss, and children as well) [10]. 

Criteria that allow defining a product as a 
medical one are approved on by the Eurasian 
Economic Commission5. The document stipu-
lates that if a product is made by its manufac-
turer to be used in medical conditions to solve 
specific medical tasks it can be defined as a 
medical one. Otherwise, masks and respirators 
used to protect the respiratory organs cannot 
be defined as medical equipment and there are 
no unified regulatory requirements fixed for 
them. Such products are not subject to obliga-
tory confirmation of their conformity with the 
existing standards6. 

A medical mask is protective equipment 
that covers the nose and the mouth and pro-
vides a barrier that minimizes direct transmis-
sion of infection agents between medical per-
sonnel and patients7. 

According to the WHO, medical masks 
are medical products; they belong to «personal 
protective equipment» category and are sub-
ject to obligatory certification [10]. In the USA 

__________________________ 
 
3 Temporary methodical guidelines. Prevention, diagnostics, and treatment of a new coronavirus infection (COVID-19). 

Version 9 (26.10.2020). The RF Public Healthcare Ministry Publ., 2020, 235 p. (in Russian). 
4 GOST 12.4.294-2015. Personal respiratory protective equipment. Filtrating half masks for protection from aerosols. 

KODEKS: an electronic fund for legal and reference documentation. Available at: http://docs.cntd.ru/document/1200121996 
(03.02.2021) (in Russian). 

5 On criteria allowing to define a product as a medical one within the Eurasian Economic Union: Recommendations issued 
by the EAEC Board on November 12, 2018 No. 25. KODEKS: an electronic fund for legal and reference documentation. Avail-
able at: http://docs.cntd.ru/document/551663485 (03.02.2021) (in Russian). 

6  Code of Federal Regulations (annual edition). Title 21 – Food and Drugs. Chapter I - food and drug administration, de-
partment of health and human services (continued). Subchapter H – Medical devices. Part 878 – General and plastic surgery 
devices. U.S. Food and Drug Administration. Available at: http://docs.cntd.ru/document/551663485 (03.02.2021). 

7  GOST 58396-2019. Medical masks. Requirements and testing procedures. KODEKS: an electronic fund for legal and 
reference documentation. Available at: http://docs.cntd.ru/document/1200163559/ (03.02.2021) (in Russian). 
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medical masks manufacturing is regulated ac-
cording to the requirements fixed in the codi-
fied collection of the basic regulations and or-
ders issued by the US Federal executive au-
thorities5.  

In Russia it is conventional to divide 
masks into two types, I and II, depending on 
how efficiently they provide bacterial filtra-
tion6. Type II masks can be conditionally di-
vided into two sub-types (II and IIR) depending 
on how resistant a mask is to sprays. Type I 
medical masks are used by patients in order to 
reduce risks of infection spread especially dur-
ing epidemics and pandemics. Type II masks 
are predominantly used by qualified medical 
staff in operating rooms or other medical rooms 
with similar requirements to them. Type IIR 
masks are used by medical experts in laborato-
ries or at production facilities where completely 
sterile conditions are required; they can also be 
used in operating rooms to provide antiseptic 
protection for a patient. 

To make such masks, either non-woven 
SMS (spunbond / meltblown / spunbond) 
material or SS (spunbond / spunbond) mate-
rial is used; or they can be made of cotton 
gauze. The latter variant is usually used to 
reduce contagion risks for population beyond 
medical organizations. Medical masks are 
non-reusable medical products and it is rec-
ommended to change them as frequently as 
every 2–3 hours8. 

The WHO recommends wearing medical 
masks in medical organizations in case there 
are no procedures involving aerosols forma-
tion. When considering an issue whether 
medical masks should be worn by people in 
everyday conditions, decision-makers should 
use an approach based on risk assessment pro-
cedures. Thus, medical masks are recom-
mended to be worn by people who are older 
than 60 or people with concomitant diseases in 
case it is impossible to keep a safe 1-meter dis-
tance. They are also recommended to people 
who take care of or live together with people 

with assumed or confirmed COVID-19 diag-
nosis or in case they have to be in the same 
room with such people regardless of infection 
symptoms being apparent or absent [10]. 

Non-medical masks are sanitary-hygienic 
products made of various woven and non-
woven materials. 

According to the WHO requirements, non-
medical masks are to be made of not fewer than 
3 layers, the internal one being a hydrophilic 
material (for example, cotton or a mixed fabric 
containing cotton); the outer layer should be a 
hydrophobic material (for example, polypro-
pylene, polyester, or their mixture) that can pro-
tect a carriers’ nose or mouth from contami-
nants penetrating them; the middle layer should 
be a hydrophobic synthetic non-woven mate-
rial, polypropylene for example, or cotton, that 
can enhance filtrating capacities or retain spray 
particles. Masks can be reused after being 
washed in water with a detergent under a tem-
perature being not lower than 60 °С, and it 
should be done at least once a day [16]. 

Non-medical masks are recommended by 
the WHO to be used by people as a barrier 
aimed at reducing risks of contagion with res-
piratory infections; in case people should 
spend some time in a poorly ventilated room 
regardless of whether they can keep a safe dis-
tance or not; or they should be worn in the 
street in case it is impossible to keep a safe 
distance being at least 1 meter [10]. 

But at the same time, the US Centers for 
Disease Control and Prevention recommend 
wearing self-made and «manufactured» woven 
masks (being made of at least 2 layers) that are 
efficiently ventilated to all people who are 
older than 2 in order to protect themselves and 
people around during a pandemic; they also 
recommend wearing bandanas and headgears 
and wearing a scarf, ski mask or a balaclava 
over a woven mask during a cold season. 
Masks with valves are not recommended since 
contaminated air is exhaled into the ambient 
environment; respirators are either not recom-

__________________________ 
 
8 Methodical guidelines 3.1/3.5.0172/1-20. Recommendation on use of personal protective equipment (including reusable 

one) for different categories of citizens in case there are risks of COVID-19 contagion. Moscow, The Federal Service for Sur-
veillance over Consumer Rights Protection and Human Well-being Publ., 2020, 17 p. (in Russian). 
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mended since they are subject to obligatory 
registration and are to be worn by medical per-
sonnel; shields are not recommended since 
their efficiency has not been properly exam-
ined [17].  

To sum up all the properties described 
above, we can spot out the following groups of 
respiratory protective equipment: 

Respirators: non-woven (polypropylene), 
non-sterile, for adults, 6–8-layered ones, with 
different sizes, with or without a valve. 

Medical masks: 
– non-woven (spunbond / meltblown), 

non-reusable ones with or without a bactericide 
layer: non-sterile 3-layered (Type I and II); ster-
ile 4-layered (Type IIR with additional spray-
resistant layer); 

– woven cotton (gauze, gauze / madapol-
lam), non-sterile: non-reusable, 4-layered; re-
usable, 5–10-layered. 

Non-medical masks: 1–4-layered, non-ste-
rile, for adults with different sizes / for children; 

– non-woven (spunbond / meltblown) 
non-reusable; 

– woven reusable: cotton (honeycomb 
fabric, gauze, coarse calico, calico); synthetic 
(neoprene, polyester / spandex). 

Face shields: plastic ones, reusable, for 
adults / for children. 

If assessed as per efficiency of filtration 
fixed by regulatory standards, respiratory pro-
tective equipment is distributed in the follow-
ing way (Table 1). 

T a b l e  1  
Respiratory protective equipment distributed 

as per filtrating efficiency 

Mask type 
Filtration  

efficiency in % 
standard given 

FFP1/КN90 respirator* 
not lower than 809  
not lower than 9410  
not lower than 9011  

FFP2/КN95/N95/DS/DL2/ KF94 
respirator * 

9512   
9413   

FFP3/КN100/N99/N100 respirator * 9914   
97; 9915   

Non-woven medical mask Type I** not lower than 9516  

Non-woven medical mask Type II 
and IIR** not lower than 9816 

Non-medical mask** not lower than 7017  

N o t e : 
* means efficiency of filtration regarding aerosol 

particles sized 0.3 µm (NaCl particles); 
** means bacterial filtration efficiency. 
 
Analysis of respiratory protective equip-

ment market in Russia. As we can see from 
the above review, masks differ as per their 
structure, number of layers and their density, 
efficiency, and mode of their use. 

We examined marker offers made by dif-
ferent masks manufacturers using «Yandex 
Market», a popular service that helps consum-
ers select goods or products. In December 
2020 there were data on 838 various types of 
RPE being sold on the marker; most units were 
3-layered ones (Table 2).  

__________________________ 
 
9  National Institute for Occupational Safety and Health (NIOSH). NIOSH Guide to the Selection and Use of articulate 

Respirators. Department of Health and Human Services (DHHS) NIOSH publication number 96-101, 1996; EU Standard 
EN149: 2001+A1. 

10  Gost 12.4.294-2015. Personal respiratory protective equipment. Filtrating half masks for protection from aerosols. 
11  The Chinese standard GB 19083. 
12  National Institute for Occupational Safety and Health (NIOSH). NIOSH Guide to the Selection and Use of articulate Res-

pirators. Department of Health and Human Services (DHHS) NIOSH publication number 96-101, 1996; GOST 12.4.294-2015. 
Personal respiratory protective equipment. Filtrating half masks for protection from aerosols; CEN, E., 2001. 149: 2001 norm: Res-
piratory protective devices-Filtering half masks to protect against particles Requirements, testing, marking. European Committee for 
Standardization; The Chinese standard GB 19083. 

13  The EU standard EN149: 2001+A1. 
14  National Institute for Occupational Safety and Health (NIOSH). NIOSH Guide to the Selection and Use of articulate Res-

pirators. Department of Health and Human Services (DHHS) NIOSH publication number 96-101, 1996; GOST 12.4.294-2015. 
Personal respiratory protective equipment. Filtrating half masks for protection from aerosols; The EU standard EN149: 2001+A1 

15  The Chinese standard 19083; National Institute for Occupational Safety and Health (NIOSH). NIOSH Guide to the Selection 
and Use of articulate Respirators. Department of Health nd Human Services (DHHS) NIOSH publication number 96-101, 1996. 

16  GOST R 58396-2019. Medical masks. 
17 AFNOR. 2020. SPEC S76-001: Masque barrière. Guide d’exigenceminimales, de méthoded’essais, de confection 

etd’usage. Available at: https://masques-barrieres.afnor.org/home/telechargement (04.06.2020). 
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T a b l e  2  
Masks offered to consumers on «Yandex 

Market» web-site 
Number of layers  Mask type 1 2 3 4 5 6 Total

Non-reusable 1 9 336 6 – 2 354 
Reusable 12 192 96 6 28 5 339 
Not specified – 39 96 8 – 2 145 
Total 13 240 528 20 28 9 838 

 
We failed to find out what masks out of 

those offered on the site were medical ones 
since it was impossible to understand what 
manufacturers meant when they called their 
products «medical» or «non-medical» masks. 
They used a huge variety of descriptions such 
as medical mask, protective medical mask, 
respirator, protective respirator, protective 
non-medical mask, hygienic mask, protective 
hygienic mask, hygienic common mask, gauze 
hygienic mask, protective mask, sanitary-
hygienic mask, etc. 

Having analyzed the State Medical 
Equipment and Organizations (Private entre-
preneurs) Register of the Federal Service for 
Surveillance in Public Healthcare that con-
tained data on economic entities producing 
medical products, we established that there 
were 201 masks that were officially registered 
(taken as in December 2020). All the regis-
tered masks are divided into medical ones and 
respirators but a number of layers in them is 
not always specified (Table 3). 

As we can see from data in tables 1 and 2, 
less than one quarter (24 %) of masks being 
sold on the market are officially registered by 
the Federal Service for Surveillance in the 
Public Healthcare and are allowed to be dis-
tributed on the RF territory. 

Due to 2020 COVID-19 pandemic a sim-
plified registration procedure was introduced 
at the initial stage in the process and it resulted 
in a drastic increase in number of registered 
masks (Table 4) 16 registration certificates 
were annulled by December 2020. 

Therefore, our market analysis revealed 
that all the existing RPE types were being dis-
tributed on the market in Russia but data on 
the marketed products were rather controver-

sial. Manufacturers rarely classify their prod-
ucts correctly (whether they are medical or 
non-medical ones); not all of them provide 
data on a registration certificate; a lot of manu-
facturers do not even give data on the structure 
and materials their RPE is made of. As a rule, 
any description contains data on only two 
properties: number of layers and whether RPE 
is non-reusable or reusable one. RPE is not 
always marked properly and marking does not 
confirm data stated in an advertisement for a 
product on the web-site. 

T a b l e  3  
Masks registered in the State Medical 

Equipment Register * 
Number of layers 

Mask type 1 2 3 4 5 6 Not  
specified

Total

Non-reusable 
medical 2 21 107 24 3 2 32 191

Reusable 
medical – – – 1  1 2 4 

Respirators – – – – 2 – 4 6 
Total 2 21 107 25 5 3 38 201

N o t e : * means that the analysis did not cover 
masks included into protective clothing sets and first-
aid kits. 

T a b l e  4  
Number of registration certificates issued and 

annulled over 2017–2020 

Year Certificates 
issued 

Certificates for more 
than 1 type of masks 

Certificates 
annulled 

2017 5 1 0 
2018 7 1 0 
2019 3 2 0 
2020 159 most 16 

 
Respiratory protective equipment classi-

fication. Since RPE tends to have variable 
properties, it seems advisory to develop its 
classification. 

Bearing in mind that RPE has different 
filtration efficiency, fitness to a face, number 
of layers, and can be made of different materi-
als, and also taking into account recommenda-
tion issued by the WHO experts and the RF 
Public Healthcare Ministry, we suggest classi-
fying RPE as per protection efficiency as fol-
lows (Table 5). 
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T a b l e  5  
RPE classification as per efficiency of 
protection from respiratory infections* 

Protection efficiency Respiratory protective equipment

High FFP3/КN100/N99/N100 respira-
tors 

Average FFP2/КN95/N95/DS/DL2/KF94 
respirators 

Additional 
protection 
from virus 
aerosol  FFP1respirators 

Below 
average 

Medical masks: 
Non-woven, Type IIR 

Type II 
Type I 

Woven gauze masks 

Low Non-medical masks: 
Non-woven, woven (cotton, synthetic) 1 

Extremely 
low Face shields2 

N o t e : 
* means RPE is given in a descending order re-

garding its protective properties; 
1 means protective properties are directly propor-

tionate to a number of layers in a mask provided it is 
used properly (proper duration of use, disinfection pro-
cedures for reusable masks are accomplished properly); 

2 means when they are worn separately, not com-
bined with other RPE. 

 
The suggested classification allows de-

veloping a unified approach to providing data 
on a product for a consumer especially when 
small lots are bought on retail market or in the 
Internet; these data should specify all the 

properties stipulated by the standards on prod-
uct marking (material, number of layers, con-
ditions of use, etc.) and protection efficiency 
of a product that is sold on the market. 

Conclusions: 
1. We have established that it is vital to 

develop precise criteria for determining pro-
tective efficiency when RPE is produced and 
sold. 

2. It is necessary to develop a unified ap-
proach to «medical» and «non-medical mask» 
concept including situations when data are 
provided for a customer. 

3. Only 24 % of all RPE being sold on the 
consumer market in the RF is officially regis-
tered within the State Medical Equipment and 
Organizations (Private entrepreneurs) Register 
of the Federal Service for Surveillance in Pub-
lic Healthcare. 

4. We have developed RPE classification 
as per efficiency of protection from respiratory 
infections; this classification takes into ac-
count filtration efficiency, fitness to a face, 
number of layers, a material a mask is made 
of, and recommendations issued by the WHO 
and the RF Public Healthcare Ministry 
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Nowadays obesity resulting from abnormal or excessive fat deposits in a body has become a true epidemic. Risk 

factors that cause the disease include improper lifestyle, hereditary predisposition, as well as metabolic activity of gut 
microbiota. Research works performed over the last decades indicate that microbes that create colonies in human intes-
tines play a significant role in maintaining proper metabolism. There is a correlation between disorders in gut microbiota 
structure and immune disorders, elevated susceptibility to infections, and obesity. There is more and more evidence that 
gut microbiota and its overall bacterial genome exert their influence on nutrients assimilation and regulate energy me-
tabolism and fat accumulation. 

Certain differences were detected in microbiota gut structure in children and adults with obesity and people with 
proper body mass index. Delivery and feeding are among key factors influencing gut microbiota formation in a child. 
Thus, research results indicate that natural birth, as opposed to cesarean section, can prevent obesity occurrence in a 
child. Breast-feeding also makes a substantial contribution into development of an infant since breast milk is balanced 
food that provides optimal metabolism in an infant’s body and helps creating proper gut microbiota. At the same time, 
according to data obtained via numerous research works, artificial feeding can be related to obesity occurrence 
in future.  

Ways to fight obesity include medication therapy, dietary nutrition, physical activity as well as bariatric sur-
gery; the latter is nowadays considered to be the most efficient procedure on the matter. Reduction in body mass via 
influencing gut microbiota is a promising trend in research in the sphere. Despite there are objective data on benign 
effects produced by probiotics and prebiotics on gut microbiota, experts haven’t been able to reach agreement on their 
efficiency yet. 

Key words: obesity, gut microbiota, obesity in children, probiotics, prebiotics, Akkermansia muciniphila, feeding, de-
livery, nutrition habits.  
 

 
 Obesity is a multi-factor disorder that 

develops due to complicated interaction be-
tween genetic and environmental factors cre-
ating an imbalance between energy input and 
consumption [1]. The disease is among the 
most acute health problems in the 21st cen-
tury. Obesity-related metabolic disorders do 
not only exert adverse effects on all organs 
and systems in a human body but also result 

in significant burden on a public healthcare 
system in any country [2, 3]. 

As per data collected in 2016, more than 
1.9 billion people aged 18 and older had 
overweight and 600 million out of them suf-
fered from obesity worldwide. Number of 
newborns and toddlers (aged from 0 to 5) 
who had overweight or obesity increased 
from 32 million in 1990 to 38 million in 
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2019 all over the world. More than 60 % 
children who have overweight prior to pu-
bescence enter their adult life still suffering 
from it [4]. Obesity both among children and 
adults is to a great extent related to risk fac-
tors that cause cardiovascular diseases, type II 
diabetes mellitus, immune pathologies, on-
cologic diseases, orthopedic problems, and 
mental disorders [5, 6]. 

Interaction between multiple factors that 
result in obesity occurrence has not been 
studied in depth [6]. Thus, for example, cer-
tain genes are known to take part in formation 
of predisposition to overweight. More and 
more reliable scientific studies confirm that 
gut microbiota plays a key role in obesity oc-
currence. 

Microbiota is a cluster of all the microor-
ganisms that are necessary for proper function-
ing of a human body [7]. More than 100 tril-
lion (1014) microcells are in symbiosis with a 
human body and make their contribution into 
maintaining metabolic health [8]. Bacteria in 
human guts perform several functions such as 
digestive, protective, immune-modulating, de-
toxifying, metabolic, etc. They play a signifi-
cant role in maintaining carbohydrate, lipid, 
and protein metabolism. Given that, an issue 
related to a role played by microbiota in vari-
ous diseases development becomes especially 
significant Thus, obesity as «21st century pan-
demic» is paid great attention by scientists all 
over the world. 

The aim of this review was to assess a po-
tential role gut microbiota plays in obesity 
pathogenesis in children. 

Data and methods. To achieve our aim, 
we used data from papers mentioned in Scopus 
and NCBI Medline databases. 

Results and discussion. Risk factors 
that cause obesity. There are multiple factors 
that can cause overweight and obesity. Some 
are non-modifiable such as age and sex, fam-
ily history or hereditary predisposition. But 
other factors, for example, lifestyle, can be 
influenced. Should a person start to pursue a 
healthy lifestyle, it can reduce risks that 
overweight or obesity might occur [9]. 

«Healthy lifestyle» as a concept includes 
eating patterns and habits, physical activity, 
emotional and mental health, and proper 
healthy sleep. Balanced nutrition that takes 
into account calories in consumed food de-
pending on a person’s age, sex, and physical 
activity should determine proper eating be-
havior [10]. Stress is another risk factor that 
can cause obesity since it exerts adverse im-
pacts on the brain and induces stress hor-
mones production. For instance, cortisol 
maintains control over hunger and energy 
balance [11]. 

Multiple research works have revealed 
that there is a correlation between lack of 
sleep and an increase in body mass index 
(BMI). It has been shown that sleep depriva-
tion results in greater levels of hormones that 
make a person feel hunger and in lower levels 
of hormones that are responsible for satisfy-
ing this hunger; fatigue also increases thus 
leading to overall lower physical activity[12]. 
Additional hours during which a person is 
awake provide more opportunities for eating 
[12, 13]. 

Genetic studies reveal that predisposi-
tion to overweight can be inherited. Parental 
genes can influence amount of fat that is de-
posited in a human body as well as on the 
way of its distribution. FTO gene (fat mass 
and obesity associated) is one of such genes; 
it codes FTO protein that is involved into 
energy metabolism and influences metabo-
lism as a whole [14]. 

Obesity can occur at any age, even among 
small children. As a person grows older, hor-
monal changes and less active lifestyle result 
in only greater risks of its occurrence. Besides, 
at an older age metabolism becomes less ac-
tive, therefore, demand for calories goes down, 
and fighting against overweight becomes more 
difficult. Women have overweight more fre-
quently than men [15]. 

Race and ethnic group can also deter-
mine body weight. For example, obesity 
among adults is more frequent in Negroids 
people and less frequent in Caucasians. At 
the same time, BMI among Asian men and 
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women is within physiological standards in 
most cases [16]. 

Pregnancy provokes body weight growth 
which is considered to be normal within cer-
tain limits. Some women face a serious prob-
lem when they try to lose weight after delivery 
due to slower metabolism and changes in their 
hormonal state [17]. 

All the above mentioned risk factors that 
can cause obesity are well-known. However, 
recently researchers have started to pay atten-
tion to gut microbiota. Bacteria participate di-
rectly in metabolic processes since they in-
crease quantity of energy obtained from diet 
and regulate fat tissue formation [18]. Changes 
in gut microbiota structure are considered to 
be a risk factor [19]. Given that, a question 
arises: how does gut microbiota influence obe-
sity development? 

New developments in examining gut mi-
crobiota structure in people with obesity. 
Since researchers discovered a role played by 
gut microbiota in metabolism regulation in a 
host’s body, scientists have been paying at-
tention to two main bacteria phyla Firmicutes 
and Bacteriodetes. Their quantitative ratio 
distortion can underlie obesity pathogenesis. 
It was revealed that people suffering from 
obesity had Bacteroidetes bacteria in low 
quantity and Firmicutes bacteria in high 
quantity [20]. Later researchers found out that 
changes in microbiota composition occurring 
at lower taxonomic levels could also be re-
lated to this metabolic disorder. Therefore, 
changes in quantity of bacteria belonging to a 
specific genus or even species can be more 
reliable markers of dysbiosis that can result in 
obesity than a disproportion in Firmicutes / 
Bacteroidetes ratio [20]. 

Researchers are discussing various 
mechanisms that could provide an insight 
into a correlation between gut microbiota 
structure and obesity development [21]. One 
of them is gut microbes being able to derive 
energy from indigestible polysaccharides 
creating an additional source of calories for a 
host’s body. Besides, gut microbiota bacteria 
are proven to be able to regulate lipopoly-

saccharides (LPS) content in blood and these 
substances induce moderate chronic systemic 
inflammation that creates favorable condi-
tions for obesity and diabetes occurrence. 
The third mechanism is based on a fact that 
gut microbiota in a human body is able to 
regulate expression of genes in a host’s body 
that are related to energy preservation and 
consumption [21]. 

Proteobacteria phylum is thought to be 
related to dysbiosis that can also result in such 
metabolic disorders as obesity [22]. It happens 
due to an increase in proteobacteria quantity 
correlating with lower mucus production that 
leads to damage to the gut protective barrier 
and non-specific inflammation [22, 23]. 

In this respect it is interesting to look at 
Faecalibacterium prausnitzii bacteria that be-
long to Firmicutes phylum, Clostridia class in 
Ruminococcaceae family and are leading bu-
tyrate producers in the guts [24, 25]. Butyrate 
is a short-chain fatty acid (SCFA). It is a main 
energy source for colonocytes and produces 
protective effects regarding colorectal cancer 
and inflammatory gut diseases. This SCFA is 
able to reduce inflammatory reactions in the 
gut mucosa due to its ability to inhibit activa-
tion of NF-κB transcription factor (a universal 
transcription factor that controls expression of 
genes related to immune response, apoptosis, 
and cellular cycle), as well as due to 
PPARγactivation and IFN-γ inhibition. F. 
prausnitzii bacteria have additional anti-
inflammatory properties due to their ability to 
maintain a cytokine profile with very low se-
cretion of IL-12, IFN-γanti-inflammatory cy-
tokines and high secretion of IL-10 anti-
inflammatory cytokine [25]. Therefore, we 
can conclude that F. Prausnitzii bacteria are 
able to produce anti-inflammatory effects on 
the gastrointestinal tract due to producing bu-
tyrate in great quantity and being able to 
maintain a certain cytokine profile; so, a de-
crease in their quantity in children’s gut mi-
crobiota can be indirectly related to biological 
obesity. Moreover, these bacteria were of-
fered as a biomarker to be used in gut dis-
eases diagnostics [25, 26]. 
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Lactobacilli (Firmicutes phylum) are gram-
positive, acidogenic, and aciduric bacteria; their 
content in a body is greatly influenced by a per-
son’s eating habits [21]. Impacts exerted by Lac-
tobacilli on body weight growing are considered 
to be depending on their species. For example, 
high L. reuteri content correlates with high BMI 
[27] whereas such phyla as L. paracasei and 
L. plantarum can protect from body weight 
growing due to their ability to produce bacterio-
cins that prevent an increase in contents of dys-
biosis-inducing pathogens [6, 22, 28]. 

Bacteria from Fusobacterium genus are 
opportunistic pathogenic and their content 
can be elevated in people who suffer from 
obesity [22]. 

Akkermansia muciniphila bacterium is 
the only one cultivated gut bacterium belong-
ing to Verrucomicrobia phylum [29]. Akker-
mansia are mucin-degrading bacteria and they 
influence metabolic processes in a host’s 
body. They participate in maintaining the gut 
barrier integrity and keep gut microbiota 
structure in eubyosis that makes for normal 
body weight preservation [6, 22, 30]. It is in-
teresting to note that lower A. Muciniphila 
content was detected in patients with gut in-
flammations (predominately, ulcerous colitis) 
and metabolic disorders; it allows assuming 
that these bacteria can have certain anti-
inflammatory properties [30]. 

Clostridium leptum, together with fecal 
bacteria, belongs to Clostridium IV cluster; 
this bacterium ferments unabsorbed sugar and 
dietary fiber and produces SCFA [21]. SCFA 
(butyrate, propionate, and acetate) can serve 
as an energy source both for other bacteria 
and a host’s body as a whole (approximately 
10 % of all the energy) as well as participate 
in maintaining proper functioning of gut epi-
thelium [20]. 

Another representative from this cluster, 
Eubacterium hallii, is able to utilize dextrose 
and such intermediate fermentation products 
as acetate and lactate thus creating butyrate 
and hydrogen. Lactate accumulation is thought 
to be related to some gut diseases and malab-
sorption syndrome [31]. 

Methanobrevibacter smithii is a one-celled 
microorganism that belongs to Archaea domain 
and makes for carbon and hydrogen turning 
into methane; it also produces SCFA [32]. Re-
searchers think that a basic role M. Smithii 
plays in a body is maintaining balanced hydro-
gen contents in the guts. Changes in M. Smithii 
concentration in the guts are assumed to create 
higher risks of obesity and inflammatory dis-
eases in the gastrointestinal tract such as irrita-
ble gut syndrome, colorectal cancer, or diver-
ticular disease [32]. 

Microbiota in children with obesity. It is 
highlighted in scientific works that child obe-
sity is a multi-factor disease that can be caused 
by non-optimal microelements content in nu-
trition rations together with low physical activ-
ity. The disease might also be caused by ge-
netic, endocrine, and psychoemotional factors. 
Besides, recent clinical studies indicate that 
there are significant differences in gut micro-
biota structure in children with obesity and 
those with normal body weight. 

Over recently ears multiple papers have 
been disproving a theory on the intrauterine 
medium being sterile since microbe traces are 
discovered in placenta and amniotic fluid  
[5, 33, 34]. Studies on infants’ meconium 
have revealed bacteria in it, mostly entero-
cocci and staphylococci [33, 34]. Multiple 
theories are now being discussed on how mi-
crobiota is being transferred from a mother to 
a child during pregnancy, and during the first 
months after birth it is still not very diverse [5]. 
It was discovered that significant changes in 
gut microbiota occurred in children aged from 
9 to 18 months, especially when breastfeeding 
was gradually replaced with baby food [21]. 
Approximately at the age of 3, a child’s gut 
microbiota is relatively similar to that in adult 
people [5]. Therefore, childhood can provide 
a unique opportunity to interfere with gut mi-
crobiota in order to improve a child’s health 
and to prevent certain diseases, obesity in-
cluded [35]. 

Thousand bacteria belonging to Fir-
micutes phylum can be involved into body 
weight growing. Thus, for example, it was 
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shown that increased quantities of C. leptum 
and E. hallii species together with a decrease 
in quantity of F. prausnitzii and C. difficile 
was related to obesity and overweight in in-
fants, pre-school children and schoolchildren 
as well [36–39]. 

Bacteroidetes phylum mostly consists of 
gram-negative bacteria as opposed to pre-
dominantly gram-positive microorganisms of 
Firmicutes phylum. Three studies revealed a 
positive correlation between B. fragilis and 
obesity in children with high and moderate 
evidence. The research work performed by 
Vael et al. focused on a correlation between 
gut microbiota structure and BMI during the 
first three years of life [40]. It was shown 
that high B. fragilis concentrations in a 
three-week old infant highly correlated with 
high BMI during the first three years of life. 
This data was also confirmed in research 
works by Scheepers et al. and Ignacio et al. 
[40, 41]. 

Besides, several research works revealed 
that people with obesity tended to have lower 
quantity of bacteria from Bacteroides / Prevo-
tella genera (gram-negative bacteria belonging 
to Bacteroidetes phylum) [21]. Bacteria from 
these two genera are representatives of stan-
dard gut microbiota; however, their excessive 
quantities are also related to gut inflammation 
that is mediated with anti-inflammatory cyto-
kines released by Th17. It is necessary to ac-
complish further studies on certain bacteria 
species in order to explain this contradiction. 
But at the same time, studies that focused on 
the whole Bacteroidetes phylum revealed that 
their quantities and, consequently, Bacteroide-
tes/Firmicutes ratio were substantially lower in 
children with obesity against children with 
normal body weight; it probably can be con-
sidered a specific marker. It is important to 
note that such species / families as M. smithii, 
A. muciniphila, Bifidobacteriaceae which be-
longed to other bacteria phyla were also re-
lated to low BMI. 

We should note that gut microbiota in an 
adult is predominantly represented by such 
phyla as Firmicutes, Bacteroidetes, Proteo-

bacteria, Actinobacteria and Verrucomicro-
bia [22]. And Firmicutes and Bacteroidetes 
account for approximately 90 % of all bacte-
ria in gut microbiota of a healthy person. To 
compare microbiota parameters in children 
that are described above, let us draw your 
attention to Table that contains data on a gut 
microbe profile for a person with obesity 
taken from [22]. 

Content of various bacteria in people suffering 
from obesity [22] 

Bacteria Content in adults 
with obesity 

Firmicutes Elevated 
Bacteroidetes Decreased 
Firmicutes/Bacteroidetesratio Elevated 
Akkermansia muciniphila Decreased 
Proteobacteria Elevated 
Faecalibacteriumprausnitzii Decreased 
Fusobacterium Elevated 
Methanobrevibactersmithii Decreased 
Lactobacillus reuteri Elevated 

 
Influence exerted by delivery type on 

obesity occurrence and development in chil-
dren. Delivery type is a factor that determines 
gut microbiota in newborns. Gut microbiota in 
infants who were born via cesarean section 
(CS) differs significantly from that in children 
who were born naturally [5, 42]. During natu-
ral delivery microorganisms that occur in a 
woman’s birth canal, guts, and perineum cre-
ate their colonies in an infant’s gut. For exam-
ple, such vaginal bacteria as Lactobacillus spp. 
and Prevotella spp. participate in creating in-
fants’ gut microbiota. And on the contrary, 
children born via CS are colonized with mi-
crobes from the environment (mother’s skin, 
medical personnel, medical equipment, and 
other children) [42]. 

Various research works have shown that 
children born via CS have less diverse gut mi-
crobiota and their guts are less frequently colo-
nized with such microorganisms as Bifidobac-
terium spp. and Bacteroides spp. but they tend 
to have С. difficile more frequently [42]. At the 
same time it is well known that bifidobacteria 
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and bacteroids prevail in gut microbiota of chil-
dren who were born naturally [43]. These bac-
teria make for immunity formation in infant 
children. Bifidobacteria prevent from obesity 
occurrence via different mechanisms; one of 
them is their ability to degrade human milk oli-
gosaccharides (HMOs) into SCFA. Therefore, 
we can assume that CS-birth is related to risks 
of obesity occurrence in future. 

Natural birth was shown to produce pro-
tective effects regarding various diseases; in 
its turn, CS can have remote consequences for 
health (obesity, bronchial asthma, allergy, and 
type I diabetes mellitus) [42]. Three meta-
analyses revealed that children born via CS 
ran 33 % higher risks of child obesity occur-
rence [44–46]. 

Some researchers think that low bifido-
bacteria quantities and high clostridia contents 
in children born via CS are caused by antibiot-
ics intake since mothers have to take them 
prior to and after delivery in order to provide 
selective decontamination [47]. Besides, deliv-
ery via CS can be a reason that there is no lac-
tation during the first hours after a child has 
been born as well as shorter breastfeeding pe-
riod; it can lead to metabolic disorders in a 
child [47, 48]. 

There is an interesting procedure when 
children born via CS are exposed to their 
mothers’ microflora. To do that, a swabbed 
sponge is used to transfer mother’s vaginal 
liquids onto infant’s mouth, face, and body 
directly after CS. The procedure is assumed to 
make for an infant’s guts being colonized with 
«healthy» bacteria from a mother’s body and 
prevent obesity occurrence in future. Several 
research works proved that oral, skin, and gut 
microbiota in CS-born children who under-
went this procedure was similar to that in chil-
dren who were born naturally [49]. 

Influence exerted by infant feeding on 
risks of obesity occurrence. There was a co-
hort study accomplished by Wallby et al. [50]; 
it focused on a role of breastfeeding in obesity 
and overweight prevention. 18 children were 
observed starting from birth and till they 
reached 4 years of age; their BMI and subcu-

taneous fat percentage were estimated in dy-
namics. Infants were distributed into two 
groups; the first one were infants who were 
breastfed for less than 3 months since birth and 
the second one was made up of children who 
received breastfeeding for longer than 3 months 
since birth. BMI and subcutaneous fat percent-
age were identical in both groups. By an age of 
3 months, infants form the first group had sig-
nificantly higher values of both examined cri-
teria against children from the second one; 
starting from the age of 6 months, BMI and 
subcutaneous fat percentage in the first group 
became higher than their physiological standard 
in most children in this group. By 3–4 years, 
obesity prevalence among children from the 
first group grew up by 3 times whereas there 
were only slight changes in the parameter in 
the second group (the difference between two 
groups was determined as statistically signifi-
cant) [50]. Additional analysis revealed that 
«mother-related» factors exerted their influ-
ence on obesity risks in their children; these 
factors included mother’s BMI being higher 
than 27, smoking and alcohol intake during 
pregnancy. Therefore, we can conclude that an 
early weaning combined with mother’s over-
weight, bad habits, and low social status, are 
risks factors that can cause overweight and 
obesity in her children who were younger than 
4 years old. 

From pathophysiological point of view, 
breastfeeding determines dynamics of growth 
in a child’s height and weight [51, 52]. Re-
search revealed that children who were breast-
fed had flatter curves showing their height and 
weight against children who were fed artifi-
cially. Breastfeeding is assumed to be a protec-
tive factor regarding obesity at older age [53]. 
Difference in height and weight dynamics is 
justified by elevation of insulin like growth 
factor (IGF-1) in blood plasma of children 
who receive artificial feeding [54]. It can pos-
sibly be caused by endocrine modulation that 
results from differences in the structure of bio-
logically active substances in human milk as 
compared with artificial feeding mixes. In par-
ticular, breast milk has lower energy value and 
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contains less protein but more fat in compari-
son with most feeding mixes based on milk 
substitutes [15]. Besides, it was established 
that breast milk contained bifidobacteria that 
could modulate an infant’s microbiota thus 
producing a preventive effect regarding obe-
sity occurrence. 

When supplemental feeding is introduced 
into nutrition, overall energy consumption 
grows by 15–23 % in children aged from 3 to 
18 months who receive artificial feeding [55]. 
Besides, children who are fed with formulas 
consume by 20–30 % more food each time 
they eat. They also tend to consume more food 
when they grow older [56]. And on the con-
trary, breast milk satisfies demands for energy 
better than artificial one; breast milk consump-
tion goes down after solid food has been added 
into a ration as supplemental feeding [55]. 
Therefore, different feeding can influence a 
child’s body weight: each additional 100 kilo-
calories per day that were consumed during 
4 months were related to higher probability of 
overweight in 46 % cases among 3-year old 
children [57]. 

We should note that formulas are usu-
ally made as per recipes that prescribe higher 
protein contents; usually this contents are by 
50–80 % higher than in breast milk [57]. 
This discrepancy is assumed to be a major 
cause of height and weight differences be-
tween naturally fed children and artificially 
fed ones [58]. According to «early protein 
hypothesis», when protein is introduced with 
food in high quantities into a child’s body, it 
produces significant effects on a child’s 
growth thus increasing a probability that 
obesity might occur in future [59]. There 
was a multi-centered study on child obesity 
when healthy children who were artificially 
fed got only cow milk during their first year 
and then a mix with low or high protein con-
tents accordingly. A share of children with 
greater body weight was higher in a group 
where children got food with higher protein 
contents [60]. 

As opposed to proteins, fat contents are 
higher in breast milk than in baby formulas [61]. 

Besides, breast milk contains long-chain 
polyunsaturated fatty acids in higher concen-
trations [62]. However, no researcher has yet 
been able to reveal a correlation between fat 
consumption in infancy and early childhood 
and body weight growth at older ages. 

Apart from all these crucial differences 
in nutritional substrates between breast milk 
and baby formulas, we should also remember 
that breast milk structure changes dynami-
cally over lactation period. Therefore, there 
is a close connection via feeding «from a 
mother to a child». Due to this connection a 
child’s energy demands can be regulated, for 
example, via changing frequency and dura-
tion of feeding and it influences weight dy-
namics [50]. It is assumed that a choice of 
breast feeding results in more efficient self-
regulation of consumed food quantity by a 
newborn [62]. 

Besides, breast milk contains hormones 
that impose certain limitations on energy me-
tabolism and food consumption by an infant. 
For example, such hormones as leptin, insu-
lin, adiponectin, and obestatin can activate 
mechanisms that regulate hunger depending 
on energy demands via epigenetic processes 
[63]. Besides, positive effects produced by 
breast feeding on obesity prevention can be 
partially due to healthier gut microbiome 
structure being induced by certain compo-
nents contained in breast milk, for example, 
oligosaccharides [64]. 

Human milk oligosaccharides (HMOs) 
hold the third rank place among various com-
ponents in breast milk as per prevalence after 
lactose and lipids; they play a key role in cre-
ating and maintaining healthy gut microbiota 
of an infant via supporting growth of such be-
nign bacteria genera as Bifidobacterium, Lac-
tobacillus and Akkermansia [29, 65]. HMOs 
profile is unique in each woman and it pro-
vides each infant with a unique gut microbiota 
[65]. Researchers point out that A. muciniphila 
and B. longum bv. Infantis are able to decom-
pose HMOs into simple sugars releasing 
SCFA in the process that make for maintaining 
proper functioning of the gut barrier and pro-
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vide a host’s body with energy; it makes the 
most significant contribution into supporting 
healthy metabolic state. 

However, SCFA do not only act as ener-
getic substrates for their host but also as signal 
molecules that influence energy consumption 
and metabolism. SCFA are ligands for at least 
two receptors, free fatty acid receptors 2 and 3 
(FFAR2 and FFAR3) [6]. These receptors are 
expressed by gut epithelium cells and APUD-
system cells. An increase in SCFA contents 
in the guts is thought to be related to a pro-
portionate increase in pancreatic polypep-
tide, glucagon-like peptide, and leptin that 
suppress appetite; hence, FFAR2 and FFAR3 
modulate host’s energy balance via effects 
related to gut microbiota [6]. These exam-
ples allow us to conclude that SCFA are able 
to tune metabolism in a host’s body via regu-
lating energy metabolism, appetite, and fat 
accumulation. 

Therefore, breast milk is optimal and 
best-balanced nutrition for an infant that can 
provide proper development. It has been 
proven that lactation period being longer than 
6 months produces beneficial effects on gut 
microbiota formation in a child [66, 67]. Given 
all the above-mentioned facts, we can state 
that feeding provided for infants makes a sub-
stantial contribution into their growth and de-
velopment. A period starting from conception 
and up to a child reaching 4 years of age is 
considered to be the most significant for in-
duction of such pathophysiological disorders 
that ultimately result in child obesity and in 
future in adult one. 

Ways to treat obesity in childhood. 
Nowadays, a conventional way to treat obesity 
is to combine physical activity, proper diet, 
and medications as well as bariatric surgery. In 
developed countries specific eating habits are 
widely spread and very popular; these eating 
habits involve elevated consumption of satu-
rated fats, animal proteins, refined carbohy-
drates and low consumption of fiber [68]. 
Some researchers state that such dietary pat-
terns result in overall decrease in quantity of 
gut microbiota bacteria and serious deviations 

in a ratio between prevailing bacteria phyla 
Bacteriodetes and Firmicutes [69, 70]. De Fil-
lippo et al. compared microbiota samples 
taken from children who lived in rural areas in 
Burkina-Faso and children from urban areas in 
Italy [71]. African children consumed mostly 
fiber and vegetable polysaccharides but Italian 
children predominantly ate animal proteins, 
carbohydrates, and fats. As a result, the au-
thors established an authentic discrepancy be-
tween 4 genera in gut microbiota, where Acti-
nobacteria and Bacteriodetes prevailed in 
children from Burkina-Faso and Firmicutes 
and Proteobacteria were prevailing bacteria in 
Italian children. There is data on an association 
between balanced nutrition with high fiber con-
sumption and greater bacteria variety [71, 72]. 
Keeping to the Mediterranean diet also pro-
duces positive effects on gut microbiota [73]. 
People who follow this diet usually have de-
creased Firmicutes contents and an increase in 
overall SCFA contents [74]. 

Surgery is the most radical way to fight 
obesity [75]. Bariatric surgery started to ap-
pear as an independent surgical sub-specialty 
in 1950-s and has been constantly developed 
ever since [76]. These surgeries basically aim 
to efficiently reduce weight, to cause as few 
postoperative complications as it is only pos-
sible and to improve patients’ life quality. 
Sleeve gastrectomy and gastric bypass hold 
the leading places among all possible surgical 
operations performed all over the world [75]. 
Apart from direct beneficial effects produced 
on weight reduction, bariatric surgeries also 
have positive influence on metabolism and 
comorbidity. Experts revealed a correlation 
between gastric bypass and a decrease in 
dextrose contents as well as glycated hemo-
globin in patients suffering from type II dia-
betes mellitus. There are also data on 
changes in gut microbiota with growing Bac-
teriodetes and A. Muciniphila prevalence in 
such patients [77]. However, it still seems 
rather a controversial issue whether such a 
radical approach as surgical operation is to 
be applied when it comes to treating obesity 
in children. 
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Global obesity pandemic is spreading too 
rapidly and it requires new treatment proce-
dures. Weight loss associated with various im-
pacts exerted on gut microbiota is a promising 
trend in this research. Thus, Hibberd et al. es-
tablished that intake of a Bifidobacteriumlactis-
based probiotic was associated with control 
over body weight in patients with obesity 
[78]. Microbiota samples were examined 
profoundly and the examination revealed an 
increase in contents of lactobacilli and ak-
kermansia indicating that a balance in mi-
crobiota typical for healthy people was 
reached. When Bifidobacteriumlactis were 
taken together with polydextrose, it resulted 
in growing quantities of bacteria belonging 
to Akkermansia and Christensenellaceae 
(Firmicutes) genera and Methanobrevibacter 
genus Archae and there was also a reduction in 
Paraprevotella (Bacteriodetes) quantity [78]. 
L. Payahoo et al. examined potential ole-

oylethanolamide (OEA, natural fatty acids 
amide) intake as a medication for weight 
loss. It was established that oleoylethanola-
mide intake by patients who suffered from 
obesity resulted in growing A. muciniphila 
contents in gut microbiota structure [79]. 

However, despite there are multiple 
data on beneficial effects produced by pro-
biotics and prebiotics on gut microbiota, 
experts have not yet reached a common 
opinion on their efficiency. When such 
treatment is prescribed, it can cause certain 
risks that are not examined enough; there 
will also be no personalized treatment ap-
proach, and research is likely to yield con-
troversial results. 
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The present research is vital as it will allow increasing safety of working conditions for workers employed at railway 

transport due to reducing impacts exerted by occupational risk factors.  
Our research goal was to perform comparative analysis of requirements to labor protection provided for railway workers. 
Our research was performed via non-systemic analysis of literature that involved searching through Elibrary, Pubmed 

and Cochrane databases as per certain key words. 
As a result, we showed that railway traffic involved exposure to numerous occupational risk factors; due to it, a sig-

nificant number of workplaces, including those of enginemen and other railway workers, belonged to the 3rd (adverse) haz-
ard category. Basic occupational risk factors included noise and vibration; psychoemotional loads borne by engine team 
workers and traffic controllers; exposure to industrial aerosols; electromagnetic irradiation; fluctuations in microclimatic 
parameters in engines’ cabs. All these occupational factors influence not only workers who are directly employed at railways 
but also people who live in close proximity to them. Therefore, in most countries there is legislative basis on health protec-
tion for people who may be exposed to occupational factors related to railway traffic. Our analysis revealed that in general 
the existing legislation in Russia corresponded to foreign one. Bases for harmonization of the domestic legislation with for-
eign one are fixed by the Federal Law issued on December 27, 2002 No. 184-FZ “On technical regulation”.  

Harmonization of domestic and foreign legislation on reducing total exposure to occupational risk factors allows pre-
serving long-term working ability and preventing work-related diseases. 

Key words: occupational risk factors, railway transport, preventive medicine, engine team, health protection, noise, 
vibration, microclimate, electromagnetic irradiation.  
 

 
 Modern economy can’t develop without 

railways since they are among the largest pas-
senger and cargo transporters. Railways have 
made a substantial contribution into prospering 

economy in many countries and are among the 
most beneficial means of transport that can be 
used regardless of a season and weather condi-
tions. Low transportation costs are their great-
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est advantage since they are approximately 3 
times lower than motor transport ones. Rail-
way transport is a relatively energy-efficient 
mean of transportation [1]. 

At the same time, railway traffic involves 
several occupational risk factors; due to them 
significant number of workplaces including 
those of engine team workers and other rail-
way-related occupations belong to the third 
hazard category, class 3.1 and 3.2 [2]. Most 
common adverse factors are noise, vibration, 
psychoemotional loads borne by engine team 
workers and traffic controllers, exposure to 
occupational aerosols, predominantly chemi-
cal ones, electromagnetic radiation, changing 
microclimatic parameters in engine cabins, 
etc.1 [3].  

All the above-mentioned occupational 
factors exert their influence not only on people 
who directly work at railways but also on peo-
ple who live in close proximity to them. 
Therefore, there are health protection pro-
grams in most countries in the world that are 
to protect health of people who can in this or 
that way be exposed to railways-related occu-
pational factors. Such programs are aimed at 
reducing occupationally induced damage to 
health of workers and/or people who live in 
close proximity to railways. However, given 
common goals, there are discrepancies in ap-
proaches accepted in different countries re-
garding both control over exposure to railway-
related occupational factors and prevention of 
their negative effects. 

Our research goal was to perform 
comparative examination of world experi-
ence in regulating occupationally-induced 
effects produced by railways on a human 
body. Publications on the chosen subject are 

reviewed sequentially for different occupa-
tional risk factors. 

Data and methods. We performed non-
systemic analysis of literature using Elibrary, 
Pubmed and Cochrane databases via searching 
keywords either in Russian or English. Search 
depth was not preset; our chosen keywords 
were railways and railway transport, as well 
as occupational risk factors (noise, vibration, 
electromagnetic radiation, and microclimate). 
Morphologic changes in a word base or use of 
a synonym were allowed. We included only 
full-text articles into our review. In case au-
thors published several similar works, we took 
only the latest one. 

Results and discussion. Noise. «Acous-
tics–Estimation of noise-induced hearing 
loss»2, ISO 1999:2013 standard, is a basic in-
ternational document that determines recom-
mended noise exposure for workers; it was last 
reviewed in 2018 and therefore is still valid. It 
was issued to replace ISO 1999:1990 «Acous-
tics–Determination of occupational noise ex-
posure and estimation of noise-induced hear-
ing impairment»3. A similar standard that is 
valid in the RF is GOST R ISO 1999-2017 
«Acoustic. Assessing hearing loss due to ex-
posure to noise»4. The standard contains data 
on statistic correlations between exposure to 
noise and «a constant shift in hearing threshold 
caused by noise». The standard also includes 
procedures for assessing hearing loss for dif-
ferent categories of people taking their age 
into account including occupational noise-
induced hearing loss. In literature certain is-
sues are discussed that focus on a possibility to 
apply the standard for making objective as-
sessment of exposure to noise existing in an 
engine cabin [4]. 

__________________________ 
 
1 On the sanitary-epidemiologic situation in railway transport in 2018: The state report. Moscow, Rospotrebnadzor’s 

Railway Transport Office, 2019, 56 p. (in Russian). 
2 ISO 1999:2013 «Acoustics – Estimation of noise-induced hearing loss». ISO: International Organization for Standardi-

zation. Available at: https://www.iso.org/home.html (09.08.2020) (in Russian). 
3 ISO 1999:1990 «Acoustics – Determination of occupational noise exposure and estimation of noise-induced hearing 

impairment». ISO: International Organization for Standardization. Available at: https://www.iso.org/standard/6759.html 
(09.08.2020) (in Russian). 

4 GOST R ISO 1999-2017. Acoustic. Assessing hearing loss due to exposure to noise. KODEKS: an electronic fund for 
legal and reference documentation. Available at: http://docs.cntd.ru/document/1200157242 (09.08.2020) (in Russian). 
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Here we should note that occupational 
noise-induced hearing loss is detected in ap-
proximately 37 % of adult employable popu-
lation all over the world. 97 % of people who 
suffer from this disorder are males. As a rule, 
the disease develops without any symptoms 
or with very few ones. Despite there are re-
search works on the matter, occupational as-
sociations in foreign countries, as a rule, pay 
very little attention to protecting workers’ 
acoustic organs [5]. For example, in the USA 
up to 10 % age-related hearing problems are 
considered to be caused by exposure to noise 
[6]. Sensorineural hearing loss is thought to 
be the most widely spread occupationally-
induced disease among railway transport 
workers, first of all, enginemen and their as-
sistants [7–9]. It has been proven that exces-
sive exposure to noise does not only result in 
hearing loss in future but also leads to mis-
takes during work being much more probable. 
And such mistakes can even result in pre-
emergency or emergency [10].  

Basically noise caused by trains and their 
movement is related to overall feeling of un-
ease, discomfort, and irritation that are de-
tected both in railway workers and people liv-
ing in close proximity to it [11]. Apart from 
hearing disorders, exposure to noise increases 
risks of cardiovascular diseases, neurological 
diseases, and gastric diseases [12, 13]. A per-
son who is exposed to loud noise can’t con-
centrate properly, gets tired rapidly, and con-
sumes more calories with food [14, 15].   

We should note that most research works 
that were accomplished in western countries 
and focused on impacts exerted by noise on 
health dealt with this problem among musi-
cians, builders, and agricultural workers [16]. 
In the RF, workers employed by «Russian 
Railways» PLC account for approximately 
1 % of the total employed population; build-
ers, 7.3 %; agricultural workers, 5.8 % (as per 
data taken from rzd.ru and gsk.ru web-sites 
on August 09, 2020).   

In the RF, Rospotrebnadzor is a compe-
tent organization responsible for assessing ex-
posure to occupational risk factors [17]. The 

existing regulatory documents fix maximum 
permissible noise level (MPL) at 80 dBA.  

Meanwhile, exposure to noise in an en-
gine cabin can reach 92 dB even in devel-
oped countries and it is louder than a gun-
shot (87–89 dB). The authors of the cited 
study recommend using protective equip-
ment for enginemen’s acoustic organs [18]. 
Over recent years, there is a trend in devel-
oped countries for resolving noise-related 
issues via engine park modernization. New 
engines are constructed with up-to-date sus-
pension, sound insulation systems, etc. In the 
Western Europe special attention is paid to 
assessing technical condition of any vehicle, 
including noise it makes [19]. Therefore, at-
tention is paid to examining noise genera-
tion, noise sources detection, noise suppres-
sion and insulation, etc. [20]. A study per-
formed in Norway in 2013 initially didn’t 
reveal more frequent hearing loss in modern 
engine drivers in comparison with people 
from other occupational groups [21]. How-
ever, later the authors showed that there was 
significant hearing loss among engine team 
workers older than 45 in comparison with 
people from other occupational groups; this 
loss was detected for 3–5 kHz frequencies 
and 3–5 dB intensity [22].   

In a research work accomplished in the 
USA, it was detected that noise level in an 
engine cabin depended on a year an engine 
was put into operation, its technical condi-
tion, as well as an engine type (electric, die-
sel, etc.) [23]. In Canada noise levels in en-
gine cabins were measured for different 
railway routes. It was shown that in summer 
average noise level (88 dB) was higher than 
in winter (84 dB). Noise level was higher 
than 85 dB in 59 % of all examined cabins 
and it was even higher than 90 dB in 13 % 
[24]. We should note that recently impacts 
on engine team workers’ health under dis-
cussion have not been only those exerted by 
highly intense sounds but also infrasound 
and the role the latter plays in health disor-
ders is extremely difficult to examine [25]. 
Besides, railway landscapes also exert their 
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influence on occurrence of diseases that are 
caused by railways noise. Thus, tunnels 
make hearing loss occurrence more probable. 
Another issue being discussed at the moment 
is probable impacts exerted on enginemen’s 
health by noise shields [26]. 

We should note that engine park is also 
being modernized in the RF at the moment. 
A number of engine cabins with conditions 
inside them being unfavorable as per noise 
is decreasing but still engine park moderni-
zation is far from being completed5. Be-
sides, «Russian Railways» PLC also uses 
retro-trains and their engines can’t be mod-
ernized.   

Foreign authors tend to consider exposure 
to noise as a basic factor causing diseases not 
only among railway workers but also people 
who live or work in close proximity to rail-
ways [27–31]. For example in Norway hearing 
loss was detected among people who directly 
maintained railway beds [32]. A retrospect 
study on railway workers’ audiograms per-
formed in the USA and Europe revealed that 
63 % workers were regularly exposed to noise 
equal to 75–90 dB. 31 % people who are ex-
posed to such noise levels suffer from hearing 
loss in future within 4 kHz range, and men 
tend to have such disorders more frequently 
than women [33]. 

In our opinion, regulation over effects 
produced by noise on railway workers requires 
further development. First of all, it is neces-
sary to take into account duration of exposure 
during working hours and rest. Besides, at pre-
sent impacts exerted by noise are being exam-
ined in standardized conditions. Meanwhile, 
railway bed condition, tunnels, and construc-
tions located in close proximity to railways as 
well as some other factors can change parame-

ters of exposure to noise. Therefore, it is nec-
essary to develop procedures for assessing ex-
posure to noise during switching and line 
movement.   

Vibration. On international level, impacts 
exerted by vibration on a human body are de-
termined in accordance with ISO 2631-1: 
19976, the similar document that is valid in the 
RF is GOST 31191.1-2004 (ISO 2631-1: 
1997) «Vibration and shock. Measuring 
overall vibration and assessing its effects on 
a human body»7. However, contemporary 
research works reveal that this standard does 
not fully take into account overall impacts 
exerted by vibration on a human body espe-
cially when this vibration is related to spatial 
moving [34].  

Standardized vibration MPL is 112 (Zо) -
115 (XоYo) dB. Up to 12 % of engine cabins 
in the RF do not correspond to hygienic stan-
dards as per vibration; and here vibration ex-
ceeds MPL by 2 times in 87 % cases and by  
2–3 times in 30 % cases [35]. Given excessive 
noise and vibration, working conditions at 
most enginemen’s workplaces belong to 3.1 
and 3.2 hazard categories [36]. Meanwhile, 
there are practically no studies accomplished 
in developed countries that would focus on 
examining vibration levels in an engine cabin. 
Exposure to vibration for an engineman is be-
lieved to be reduced via a specifically de-
signed seat with proper ergonomics and vibra-
tion-absorbing elements [37]. However, a 
small comparative study didn’t reveal any sig-
nificant influence exerted by technical mod-
ernization on how workers subjectively per-
ceived effects produced by vibration on their 
bodies [38]. At the same time it was shown 
that non-optimal ergonomics at a workplace 
did not only caused higher risks that the vibra-

__________________________ 
 
5 Yu.V. Pronnikov. Updating vibroacoustic calculation procedures and engine cabins design: Abstract of the thesis … for 

the Candidate of Technical Sciences degree. Rostov-na-Donu, 2012, 18 p. (in Russian). 
6 ISO 2631-1:1997. Mechanical vibration and shock — Evaluation of human exposure to whole-body vibration – 

Part 1: General requirements. ISO: International Organization for Standardization. Available at: https://www.
iso.org/ru/standard/7612.html (09.08.2020) (in Russian). 

7 GOST 31191.1-2004 (ISO 2631-1:1997). Vibration and shock. Measuring overall vibration and assessing its effects on 
a human body. KODEKS: an electronic fund for legal and reference documentation. Available at: http://docs.cntd.ru/docu-
ment/1200060904 (09.08.2020) (in Russian).  
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tion disease might occur but also resulted in 
greater number of complaints from enginemen 
about pains in the neck, lumbar spine, etc. 
[39]. Excessive vibration can also lead to 
overall health deterioration [40]. 

However, vibration level in an engine 
cabin depends not only on its design but also 
railway bed condition and engine speed (meas-
urements taken in the same engine cabin under 
different movement modes can yield different 
results). It was proven that when speed ex-
ceeded 70 km/hour, most technical devices that 
should absorb vibration do not accomplish their 
task completely [41]. Besides, vibration in an 
engine cabin can also depend on a train length, 
its overall mass, and some other external factors 
[42, 43]. Exposure to vibration also changes 
depending on a posture an engineman has to 
maintain (sitting or standing) [44]. 

There are also data on long-term exposure 
to vibration, even within MPL limits, can re-
sult in occupationally-induced vitamin D and 
testosterone deficiency in enginemen [45, 46]. 
Such hormonal disorders may be an additional 
risk factor that causes occurrence or more 
rapid development of cardiovascular diseases 
among engine team workers [47]. Recently it 
has been reported that vibration produces cer-
tain effects on the cardiac muscle contracti-
bility regardless of other risk factors being 
present or absent. These effects can be medi-
ated via the autonomous nervous system [47]. 
When vibration in an engine cabin was mod-
eled in laboratory conditions, it was accompa-
nied with the sympathetic nervous system ac-
tivation that resulted in drowsiness [48]. 

Elevated risks of pains in the lumbar 
spine, neck, and knee were detected for work-

ers who maintained railway beds; these risks 
were related to vibration caused by moving 
trains [49]. Another issue under discussion is 
a possibility that vibration might influence 
passengers’ health [50]. 

Besides, vibration that occurs due to train 
movement can influence proper operation of 
seismological stations or stability of capital 
constructions located in close proximity to 
railways [51, 52].  

We should note that regulation over im-
pacts exerted by vibration on an engineman 
both in Russia and abroad involves using stan-
dardized conditions. As it is clear from the 
data given above, actual conditions in which 
engines are used can yield different results. 
Besides, duration of exposure to vibration has 
great significance even if this vibration is 
within MPL limits. This fact should also be 
taken into account in future studies and in de-
veloping new standards.  

Electromagnetic exposure. Standards 
for safe electromagnetic exposure for a hu-
man body differ greatly in different coun-
tries. In the RF electromagnetic radiation 
produced by railways is regulated by re-
quirements fixed in the SER 2.2.4.3359-16 
«Sanitary-epidemiologic requirements to physi-
cal factors at workplaces»8, SER 2.2.4.1191-03 
«Electromagnetic fields at workplaces»9, 
SNR 2971-84 «Sanitary norms and rules for 
protecting population from exposure to elec-
tromagnetic fields created by air transmis-
sion lines that transmit alternating current 
with industrial frequency»10 and GOST 
12.1.045-84 «Electrostatic fields. Permissi-
ble levels at workplaces and requirements to 
control activities»11. Besides, it is necessary 

__________________________ 
 
8 SER 2.2.4.3359-16. Sanitary-epidemiologic requirements to physical factors at workplaces. KODEKS: an elec-

tronic fund for legal and reference documentation. Available at: http://docs.cntd.ru/document/420362948 (09.08. 2020) 
(in Russian). 

9 SER 2.2.4.1191-03. Sanitary-epidemiologic requirements to physical factors at workplaces. KODEKS: an electronic 
fund for legal and reference documentation. Available at: http://docs.cntd.ru/document/901853847 (09.08.2020) (in Russian). 

10 SNR 2971-84. Sanitary norms and rules for protecting population from exposure to electromagnetic fields created 
by air transmission lines that transmit alternating current with industrial frequency. KODEKS: an electronic fund for legal 
and reference documentation. Available at: http://docs.cntd.ru/document/5200214 (09.08.2020) (in Russian). 

11 GOST 12.1.045-84. Electrostatic fields. Permissible levels at workplaces and requirements to control activities. KO-
DEKS: an electronic fund for legal and reference documentation. Available at: http://docs.cntd.ru/document/9051575 
(09.08.2020) (in Russian). 
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to remember that current used for railways 
electrification has different properties in dif-
ferent countries. Thus, in the RF railways are 
electrified with direct current equal to 3,000 
W and alternating current equal to 25 kW 50 
Hz and 25 kW·2 50 Hz; in Europe, direct 
current equal to 1,500 W and alternating cur-
rent equal to 15 kW 162/3 Hz; in the USA, 
alternating current equal to 11 kW 25 Hz. Cur-
rent may also have different properties de-
pending on landscape peculiarities (for exam-
ple, in pits). There is also specific electricity 
supply inside depots. All this makes it more 
difficult to perform comparative studies on 
impacts exerted by electromagnetic radiation 
on enginemen’s bodies. Besides, we should 
bear in mind that exposure to electromagnetic 
radiation depends on an engine type. 

In the RF electromagnetic field intensity, 
both as per its electric and magnetic compo-
nent, was lower than MPL at all examined en-
ginemen’s workplaces. However, older en-
gines (produced prior to 2008) tend to create 
electromagnetic fields with higher intensity 
than modern ones. We should note that greater 
electromagnetic field intensity is usually de-
tected at electrified parts of railways [53]. En-
gine park modernization that is now being per-
formed in the RF will allow decreasing elec-
tromagnetic field intensity in an engine cabin 
[54]. Similar technical solutions are also im-
plemented abroad [55]. However, existing 
MPL for electromagnetic radiation do not take 
its cumulative effects into account. Therefore, 
there is still an open issue related to long-term 
exposure to electromagnetic field and its ef-
fects on health even if parameters of this field 
are within permissible levels [56]. 

We managed to find only one work 
where the authors stated that electromagnetic 
exposure caused elevated risks of heart rate 
disorders and sudden cardiac death [57]. 

However, this study was not a multi-centered 
one, and therefore, its results seem rather 
doubtful. Besides, according to our own data, 
an engine type (electric or diesel) does not 
influence risks of sudden cardiac death for 
enginemen or their assistants [58]. There are 
also works that focus on negative effects pro-
duced by alternating current on enginemen’s 
immune system [59]. 

Another issue under discussion is influ-
ence exerted by electromagnetic fields on 
train passengers, railway bed repairmen, 
and people living in close proximity to 
railways [60, 61]. There was a 31-year 
study performed in Sweden; it revealed that 
electromagnetic exposure caused by rail-
ways might have cumulative effects thus 
resulting in higher risks of Alzheimer dis-
ease, myeloid leucosis, and Hodgkin lym-
phoma both among enginemen and railway 
beds repairmen [62, 63]. It was revealed 
that railway electrification system might 
influence operation of electric appliances 
located close to railways, in particular, elec-
trocardiographs [64]. 

In our opinion, issues related to electro-
magnetic exposure being safe for engine-
men’s bodies have not been studied enough. 
It is unclear to what extent foreign experience 
in electromagnetic exposure regulation can be 
used in the RF due to currents with different 
properties used to electrify railways in our 
country and abroad. An open issue is also 
cumulative effects produced by electromag-
netic exposure. Probably, standards for total 
exposure will have to be developed in future. 

Microclimate in a cabin. Chemical fac-
tors. On international level microclimate in-
side an engine cabin is regulated by ISO 
19659-1: 201712 and ISO 19659-2: 2020 
«Heating, ventilation and air conditioning 
systems for rolling stock»13. These regulatory 

__________________________ 
 
12 ISO 19659-1:2017. Railway applications – Heating, ventilation and air conditioning systems for rolling stock – Part 1: 

Terms and definitions. ISO: International Organization for Standardization. Available at: https://www.iso.org/standard/65762.html 
(09.08.2020) (in Russian). 

13 ISO 19659-2:2020. Railway applications – Heating, ventilation and air conditioning systems for rolling stock – Part 2: 
Thermal comfort. ISO: International Organization for Standardization. Available at: https://www.iso.org/ru/standard/70232.html 
(09.08.2020) (in Russian). 
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documents are partially reflected in GOST 
33463.1-2015 «Life-support systems on rail-
way rolling stock»14. Modern engine cabins 
are specifically designed to achieve maximum 
protection from exposure to temperature fac-
tor [65]. Studies that were performed in the 
RF and focused on microclimate inside en-
gine cabins didn’t reveal any deviations from 
existing standards. But still, most questioned 
engine team workers complain about uncom-
fortable temperature conditions inside an en-
gine cabin [66]. We believe that most such 
complaints are rather subjective; still, we 
have to remember that exposure to too high or 
too low air temperature may result in lower 
working capacity, greater probability of an 
error, deterioration of engine team workers’ 
health that will involve subsequent medical 
rehabilitation [67]. 

Visual loads caused by sleeper and in-
frastructure objects flickering, light from 
signal posts, lamps, etc., changes between 
night and daytime during a trip, moving 
through tunnels, are a microclimatic factor 
that is difficult to assess. For example, it was 
proven that bright sunlight or moving into 
and out of a tunnel created additional visual 
loads [68]. It was detected that visual organs 
of engine team workers were prone to ele-
vated functional fatigue regardless of move-
ment type, switching or main-line one [69]. 
Therefore, it is recommended to use prophy-
laxis aimed at preventing visual organs dis-
eases in people who directly deal with train 
movement [70].  

Modern engines are equipped with air 
cleaning systems; therefore, according to labo-
ratory studies performed over 2012–2016, 
there was a decrease in air samples taken at 
enginemen’s workplaces that deviated from 
hygienic standards as per chemicals MPC. 
However, air inside cabins still can’t be com-
pletely purified from all the substances that 

come from outside. The most significant con-
taminants include nitrogen oxides, sulfur com-
pounds, carbon oxides, hydrocarbons, as well 
as soot [71, 72]. Air contamination becomes 
especially acute issue in closed spaces, for ex-
ample, tunnels [73]. However, total measure-
ments of major contaminants revealed that ef-
fects produced by them on passengers, railway 
workers, and enginemen were negligible. It is 
due to small concentrations of pollutants, even 
inside tunnels [74]. 

We should note that domestic regulatory 
documents fix standards for microclimate in-
side engine cabins to a greater extent than for 
microclimate inside passenger carriages, as 
opposed to foreign regulation. We didn’t man-
age to find any studies focusing on influence 
exerted by microclimate on health of passen-
ger carriage workers. Probably, future works 
in the sphere will allow developing new ap-
proaches to microclimate standardization. 

Conclusion. The Federal Law issued on 
December 27, 2002 No. 184-FZ «On technical 
regulation»15 made substantial alterations into 
legislative documents that regulated sanitary-
epidemiologic aspects of railway traffic safety 
[75]. Most Russian regulatory documents are 
now in conformity with international practices. 
Overall, we should mention that Russian au-
thors tend to pay much more attention to ex-
amining occupational risk factors and effects 
they produce on a human body whereas their 
foreign counterparts try to find solutions to 
health-related issues via various technical in-
novations. 

There are still certain unresolved issues 
that require further investigation for regulation 
system development: 

1. Most occupational risk factors are 
measured in standardized conditions. It is nec-
essary to develop procedures for their measur-
ing taking into account everyday peculiarities 
related to rolling stock operation. 

__________________________ 
 
14 GOST 33463.1-2015. Life support systems on railway rolling stock. KODEKS: an electronic fund for legal and refer-

ence documentation. Available at: http://docs.cntd.ru/document/1200133110 (09.08.2020) (in Russian). 
15 On technical regulation: The Federal Law issued on December 27, 2002 No, 184-FZ. KODEKS: an electronic fund for 

legal and reference documentation. Available at: http://docs.cntd.ru/document/901836556 (09.08.2020) (in Russian). 
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2. Exposure to occupational risk factors is 
limited with absolute values and probable ac-
cumulation of total exposure to an occupa-
tional factor is neglected. In case there is total 
exposure to a factor, time periods between 
shifts. That is, time when exposure is absent, 
are not taken into account or standardized. 

3. Probable impacts on health exerted by 
under-threshold values of occupational risk 
factors are also neglected. Such effects are 
most likely to be related to total exposure ac-
cumulation. 

4. It is necessary to further standardize 
exposure to occupational risk factors; first of 

all, in case there are no such procedures for 
them (visual loads, for example). 

We hope that further development of leg-
islative base for regulation over exposure to 
occupational risk factors and their effects on 
railway workers will allow improving their 
health and extending their active working life 
due to occupationally-induced diseases being 
successfully prevented. 
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Chronic exposure to noise becomes especially significant when it occurs at workplaces since it results not only in dete-

riorated life quality of workers but also in disorders in their occupational activities. Occupational sensorineural hearing loss 
(SHL) holds the 1st rank place among occupational diseases caused by exposure to industrial physical factors. As any other 
work-related disease, sensorineural hearing loss makes it more difficult to preserve labor resources in the country and leads 
to significant economic losses. Given that, it is extremely vital to develop procedures for early diagnostics, to determine all 
possible risks that cause hearing loss directly or indirectly, and to create efficient prevention activities aimed at preserving 
health of workers exposed to noise at their workplaces. 

We reviewed literature data published over the last 5–7 years and analyzed more than 100 scientific works on the mat-
ter. Our review covers data from 61 sources that are the most relevant regarding tasks we aimed to solve in this research. 

Literature analysis allowed us to conclude that hearing loss caused by chronic exposure to noise at a workplace was a 
rather significant problem outlined by occupational medicine experts all over the world. It was shown that noise factor, 
apart from its direct impacts on the acoustic apparatus, produced apparent negative effects on many organs and systems 
causing various functional disorders in them which could directly or indirectly exacerbate hearing loss in workers. 

Key words: in-plant noise, vibration, sensorineural hearing loss, prevalence, occupational hygiene, risk factors, pri-
mary hypertension, life quality, smoking, alimentary factor. 
 

 
 At present there are certain top priority 

activities that are to be accomplished by the 
state; when it comes down to labor relations 
and labor protection, a key issue here is to 
provide working conditions that allow mini-
mizing risks related to a decrease in population 
in Russia and providing optimal age structure 
of the population. Given that, an urgent task 
that occupational medicine has to solve is ac-
complishing research works within state pro-
grams that are aimed at substantiating hygienic 
regulations. These regulations should provide 
safe and comfortable working conditions and 
reduce risks of occupational and work-related 
diseases for workers who have to contact ad-
verse occupational factors at their workplaces. 

Contemporary challenges make experts in 
occupational medicine develop new approaches 
to substantiating regulations that are aimed at 
reducing or eliminating adverse impacts exerted 
by occupational environment on workers. It 
necessarily requires developing a prevention 
system that secures long-term employable pe-
riod, better life quality for workers, and greater 
prestige of occupations that involve exposure to 
adverse and/or hazardous hygienic factors. 

Despite considerable success in the 
sphere, workers employed in many industrial 
branches still have to face exposure to hygi-
enic factors at their workplaces; the situation 
occurs all over the world and such factors of-
ten exceed permissible levels greatly1. The 
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problem is still persistent in many industrial 
brunches in the Russian Federation and it pro-
duces a negative effect on workers’ employ-
able period [1]. 

Coal mining, oil processing, metallurgy, 
agriculture, and aircraft building are among 
basic industries where workers are exposed to 
adverse hygienic physical factors. Naturally, 
occupational and work-related morbidity tends 
to be high in these branches and it exerts sub-
stantial influence on a demographic situation 
in the country and creates certain economic 
and social «tensions». Х. Li et al. [2] point out 
there is a great contribution made by noise into 
SHL development among workers and provide 
data collected by the WHO proving that al-
most half a billion people all over the world 
have various problems with hearing. These 
hearing disorders cannot be cured and cause 
economic losses that are equal to approxi-
mately 750 billion USD.  

World economy at the current stage in its 
development is aimed at satisfying growing 
social and communal demands of population; 
it unavoidably involves developing and ap-
plying more and more advanced production 
technologies and many of them still generate 
a lot of noise including noise being louder 
than permissible levels. Thus, even in indus-
trially developed South Korea noise was de-
tected to be louder than 80–90 dBA in 64.6 % 
cases examined at more than 52 thousand in-
dustrial enterprises where production in-
volved noise generation.  

Nowadays people have to face rather 
«noisy» domestic ecosystem. There are data 
on hearing disorders prevalence in 10.7 % out 
of 164,770 examined people who were ran-
domly selected for that study; these hearing 
disorders were not work-related or occupa-
tional ones [3].  

Population studies taken in dynamics 
over 25 years indicated that workers suffer-
ing from occupational diseases had shorter 
life expectancy than healthy ones [4]. The 
authors showed that miners with occupa-
tional pathologies died from diseases that 
had etiological relation with their working 

conditions in 92.6 % cases. And we should 
stress that only people with the best func-
tional parameters were employed at that pro-
duction since it involved exposure to a lot of 
adverse occupational factors; all workers had 
profound medical examinations prior to be-
ing employed. Obviously, should there be 
improvements in all the set of social-and hy-
gienic factors including occupational ones, it 
will have a positive effect on overall work-
ers’ life expectancy [5]. 

But at the same time, there are certain is-
sues at present that do not allow achieving 
proper quality of medical examinations for 
workers. When examining working condi-
tions and medical aid provided for workers 
employed at industrial enterprises and in agri-
culture many authors mention serious draw-
backs in periodical medical examinations 
(PME) and failure to detect and diagnose oc-
cupational diseases (OD) in workers [6–10]. 
It is often the case that two or three occupa-
tional diseases are first diagnosed in a worker 
during a PME accomplished in an occupa-
tional medical center; unfortunately, it usually 
results in growing disability among such 
workers [11, 12]. I.V. Tikhonova also men-
tions poor quality of medical examinations 
provided for workers employed at production 
with loud noise at workplaces [13, 14]. We 
should also point out that in the RF clinical 
experts do not always pursue the unified ap-
proach to formulating a clinical diagnosis 
when there is hearing loss caused by exposure 
to noise. Unfortunately, it can have negative 
influence on overall assessment of the occu-
pational pathology service in the country as 
well as on making managerial decisions and 
developing a proper prevention system. All 
this will ultimately lead to deteriorating labor 
potential in leading industrial branches and 
agriculture and will create negative attitudes 
among young people towards production with 
a lot of noise at workplaces.  

Substantial experience has been accumu-
lated via scientific research on SHL preva-
lence among workers exposed to occupational 
noise [12, 15–17]. We should highlight that 
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recently morbidity with occupational SHL has 
grown by 2–2.5 times [18, 19]. 

Sensorineural hearing loss takes a leading 
place among occupational diseases [17–22]. 
Unfortunately, SHL prevalence is still high 
among workers exposed to occupational noise 
[16]. Specific weight of SHL among all OD 
reaches 73 % in workers employed at rail-
ways; more than 20 %, in machinery opera-
tors in agriculture. Hearing loss often results 
in certain limitations imposed on occupa-
tional activities. Thus, SHL is the reason for 
flying crew members not being allowed to 
work in 85 % cases [23]. Despite prevention 
activities accomplished at all levels, occupa-
tional diseases of the hearing organs caused 
by exposure to occupational noise still prevail 
and there is no descending trend in this preva-
lence [9, 24–27]. 

People who suffer from SHL together 
with vibration disease tend to have a consid-
erable decrease in adaptation potential of the 
circulatory system [28]. When workers were 
exposed to these adverse hygienic factors, 
experts revealed adaptation failure in 14 % 
examined workers, and adaptation was unsat-
isfactory in another 43.33 %. I.B. Soldatov 
mentioned complicated polyetiological proc-
esses involved in sensorineural hearing loss 
development among workers with «noisy» 
occupations as far back as in 19972. 

Recently obtained data allow paying 
greater attention to SHL development from the 
etiological pint of view under exposure to 
common noise beyond working environment. 
In this respect, we should mention an interest-
ing study by K.P. Luzhetskiy et al. [29] who 
examined people living in a zone exposed to a 
large aviation site. The research allowed re-
vealing bilateral conductive hearing loss 
among children aged 4–7 in 5 % cases; 30.3 % 
examined people had functional disorders in 
the hearing analyzer with mild mixed hearing 
loss. Results obtained by other authors in their 
research works also indicate that exposure to 

noise may be hazardous for schoolchildren and 
teenagers since they revealed significant de-
viations in functional state of the hearing or-
gans [30]. Results obtained in those research 
works substantiate advisability of noise loads 
on schoolchildren to be taken into account es-
pecially in cases when these school children 
choose occupations involving exposure to oc-
cupational noise since «sound attacks» from 
earphones combined with external noise lead 
to damage done to hair cells in the internal ear. 
Long-term exposure to aggressive and loud 
music (there are NIOSH standards for that fac-
tor) results in hearing loss among young «mu-
sic lovers». We can assume that SHL will oc-
cur sooner in such people under exposure to 
occupational noise than it is expected accord-
ing to conventional concepts on a usual period 
of time required for this pathology to develop. 
It should be taken into account when preven-
tion activities are developed at production. In 
this respect, some research works are of inter-
est since their results indicate that hearing loss 
can probably be caused both by occupational 
factors and loud music in earphones [31]. 

There was also a study that revealed a ne-
cessity to take military service into account 
when examining hearing loss. The results re-
vealed more apparent hearing loss among 
workers who had previously served in the army 
and used small arms against those who didn’t 
have military service in their life [32]. The au-
thors believed that military service was a risk 
factor that made for earlier hearing disorders. 
Studies accomplished in Korea also indicate 
that «military service» is a factor that exerts 
substantial influence on hearing loss occurrence 
[3]. In this respect we should note there is a 
possibility that people who served in tank units, 
artillery, or aviation would face discrimination 
when trying to get a job at a noisy production as 
employers would be willing to «prevent» occu-
pational SHL occurrence among them. 

It is also important to remember that 
workers’ bodies are not exposed solely to 

__________________________ 
 
2 I.B. Soldatov. Guide on otorhinolaryngology. Moscow, Medistina Publ., 1997, 608 p. (in Russian). 
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noise at workplaces; noise is usually com-
bined with other hygienic factors such as vi-
bration, unfavorable microclimate, a wide 
range of chemicals belonging to different 
hazard categories etc. Therefore, we can as-
sume that this or that pathological process 
occurs in a body due to complex exposure to 
a set of such factors and due to strain in all 
body systems necessary to maintain optimal 
homeostasis. Some researchers are right to 
believe it is important to examine effects pro-
duced by chemicals, first of all, those that ex-
ert apparent impacts on the central nervous 
system and cause hearing loss among workers 
[3]. In this respect, certain amount of atten-
tion paid by scientists who examine issues 
related to hearing loss may be drawn to com-
bined effects produced by noise and chemi-
cals. There are no standards for examining 
their combined effects and it makes the issue 
truly vital taking into account rapidly devel-
oping chemical industry that involves using 
newly synthesized and frequently aggressive 
chemicals. 

Despite noise as a physical factor has 
been studied in detail, there are still uncertain-
ties related to overall effects it produces on a 
body [33]. Data obtained by some authors on 
ear noise among people who are exposed to 
occupational noise seem quite interesting [3]. 
Researchers believe that ear noise may be the 
first sign that occupational hearing loss is de-
veloping and it can lead to disability in future. 
The authors collected substantial data via 
questioning but didn’t try to reveal any corre-
lations between this fact and workers’ age or 
working experience; still the fact deserves cer-
tain attention. Technological processes as well 
as prevention activities and work and leisure 
regimes have their specificity in different in-
dustrial branches and agriculture; bearing this 
in mind, we should remember that there are 
still issues related to regulating noise and vi-
bration occupational factors, assessing risks, as 
well as developing activities aimed at their 
prevention [21, 22, 34]. 

Given that, when assessing occupational 
risks caused by adverse effects produced on 

workers’ health by long-term exposure to 
noise, it is important to take into account that 
noise, apart from exerting these specific im-
pacts on the hearing organs, has apparent bio-
logic effects on many other organs and sys-
tems and significantly inhibits adaptation 
abilities of a body [35–37]. 

E.L. Bazarova et al. [38] examined work-
ers employed at a metallurgic enterprise; they 
had substantial clinical data available for 
analysis and it allowed them to conclude that 
exposure to noise was a biological stressor 
«of a great biological activity and could in-
duce pathology occurrence in many organs 
and systems in a body». A wide range of 
negative effects produced by noise on a body 
has been mentioned in multiple works and 
proven with research results; these results in-
dicate that people who are exposed to noise 
and vibration have 1.14 more rapid biological 
ageing against reference groups and their ac-
tual biological age is on average more than 10 
years greater [39]. 

Accomplished studies provided evi-
dence that low frequency noises were highly 
aggressive and it became apparent via in-
creasing chromosome aberrations in bone 
marrow cells and higher nm DNA contents in 
blood plasma [33]. Recent research works 
allowed establishing that wide-band noise 
caused functional disorders in a body that 
involved a wide range of physiological mani-
festations such as headaches, sleeping disor-
ders, fatigue, irritability, etc., and it resulted 
in poorer life quality and people’s working 
capacity. It allows taking a broader view on 
negative effects produced by exposure to 
noise and not confining it to hearing organs 
vulnerability. At the same time we should 
note that even though significant damaging 
effects produced on drivers’ health by expo-
sure to noise were established in a study, 
their adaptation to this factor turned out to 
be also quite satisfactory. Subjectively, 64 % 
of the questioned drivers didn’t think noise 
produced any negative effects on them [40]. 

Scientific experts tend to have the com-
mon opinion on adverse effects produced by 
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occupational noise on workers’ cardiovascu-
lar system regardless of an industry they are 
employed in [41]. 

There are data on workers with «noise-
hazardous» occupations having authentic 
changes in functional parameters of their 
cardiovascular system with occurring high 
cardiovascular risks [41–45]. Obviously, it 
calls for developing new approaches to sub-
stantiating and implementing prevention 
activities aimed at reducing adverse influ-
ence exerted by occupational noise on 
workers’ health. 

Recent publications tend to concentrate 
more and more on physical factors (noise 
and vibration) and their significant role in 
hypertension occurrence [42, 46–48]. Ex-
perts revealed that noise made the greatest 
contribution in arterial hypertension devel-
oping in workers exposed to a set of adverse 
occupational factors (noise, vibration, aero-
sols, static and dynamic loads). These spe-
cific effects were also confirmed by results 
obtained via research that focused on as-
sessing risks of arterial hypertension occur-
rence under exposure to noise and chemical 
factors [49]. 

M.A. Zemlyanova et al. proved there was 
a correlation between arterial hypertension 
and noise among workers employed at ore-
processing enterprises; they also established 
that examined workers had endothelial dys-
function. The authors substantiated certain 
biomarkers that gave a correct picture of en-
dothelial dysfunction in people who were 
chronically exposed to noise [50]. 

We should also note that recent studies 
have established a direct correlation between 
arterial hypertension prevalence and duration 
of exposure to occupational noise [47]. The 
authors showed that examined workers em-
ployed at metallurgic enterprises had arterial 
hypertension in 24.1 % cases if their work-
ing experience was 15 years or longer. 

Similar results were obtained by X. Li 
et al. when they examined more than 5,000 
workers exposed to noise louder than 85 dBA 
at their workplaces: in case working experi-

ence was longer than 10 years, workers suf-
fered from both hearing loss and arterial hy-
pertension [51]. We should highlight the con-
clusion in this work that occupational noise 
caused high risks of both arterial hypertension 
and hearing loss among workers aged from 30 
to 45. S.A. Eselevich et al. also revealed that 
workers form this age group had primary 
SHL in case their average working experience 
under exposure to occupational noise was 
equal to 6 years [52]. There are research 
works that provide evidence on not only SHL 
occurrence caused by occupational noise de-
pending on working experience but also arte-
rial hypertension and dyslipidemia occurrence 
in such workers. It allows experts to give 
well-grounded recommendations on arterial 
hypertension and dyslipidemia correction and 
on such activities being included into overall 
prevention programs aimed at hearing loss 
prophylaxis [53]. 

In our opinion, certain attention should 
be paid to research results obtained by au-
thors who examined more than 250,000 thou-
sand people exposed to noise and their work-
places and concluded that it was arterial hy-
pertension that caused hearing loss [54]. 
Although the authors themselves believe that 
the mechanisms behind this established fact is 
still unclear, we came tentatively assume that 
arterial hypertension results in hypoxia thus 
reducing oxygen «supply» to the hearing or-
gan; it makes for certain conditions that lead 
to hearing loss. This fact can be to a certain 
extent explained by research works where 
their authors revealed a role played by stria 
vascularis in the middle ear homeostasis un-
der hypoxia [55]. 

We should note that people who work 
under exposure to noise and vibration tend to 
have disorders of cardiac and neurohormonal 
regulation [42, 56]. 

We also think that it was rather important 
to establish that occupational noise had poten-
tiating effects even if it was at levels below 
threshold but combined with other chemical 
occupational factors [36]. Thus, even expo-
sure to noise that was only slightly higher 
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than permissible levels but combined with 
exposure to other hygienic factors, first of all, 
chemical ones, makes it necessary to include 
additional estimated data into risk assessment 
criteria when assessing health risks for work-
ers. These data should also be taken into ac-
count when prevention programs are substan-
tiated and periodical medical examinations 
are accomplished. 

Many researchers are becoming more 
and more active in substantiating a «life 
quality concept» that is related to health of 
workers who have to face adverse working 
conditions at their workplaces. It is done in 
order to provide better grounds for develop-
ing advanced risk management technologies. 
We should note that people who suffer from 
occupational hearing loss also tend to have 
lower activity parameters and to feel them-
selves not healthy; it exerts both direct and 
indirect influence on their life quality. 

There are data in literature on influence 
exerted by social factors on hearing loss occur-
rence and these factors are still not being given 
proper attention when prevention activities are 
developed. Thus, Chinese researchers applied 
meta-analysis procedures to examine more 
than 30 thousand people; it allowed them to 
establish a correlation between smoking and 
hearing loss [2]. The research revealed that 
smoking was a risk factor that could cause this 
pathology. Bearing in mind that linear depend-
ence is not always apparent we can still note 
that the maximum negative effect was detected 
in examined people with their smoking experi-
ence exceeding 15 years (taking into account 
«dose – response» dependence). The authors 
substantiate their statement that it is important 
to develop programs on giving up smoking for 
people who work under exposure to noise. 
Another interesting conclusion made by the 
authors is that long-term smoking is a risk fac-
tor that causes high risks of many diseases; 
combined, these diseases may result in hearing 
loss among workers exposed to elevated occu-
pational noise. 

Contemporary demographic processes 
involve an increase in life expectancy and a 

decrease in birth rate in Russia; it leads to 
disproportion in labor resources and social 
strain. Ultimately, it resulted in retirement 
age increase. Hygienic science unavoidably 
has to examine and substantiate effects pro-
duced by adverse hygienic factors under 
long-term exposure regulated by relevant 
standards and documents. Accomplished 
studies revealed that in case all significant 
sanitary-hygienic factors were improved, 
physical factors held the second rank place 
as per their contribution made into life ex-
pectancy [5]. 

When assessing adverse effects produced 
by noise on workers employed in different 
industries and its contribution into hearing 
loss, it is necessary to take into account the 
fact that as working experience becomes 
longer, developing damages to the hearing 
organs are aggravated by age-related changes 
in workers [57]. 

In scientific literature there are also data 
on influence exerted by nutrition (metabolic 
factor) on hearing loss development. There 
are quite interesting studies accomplished by 
Korean scientists who examined a correlation 
between dietary nutrition and hearing loss 
among elderly people aged 65. For 3 years 
4,742 people underwent a profound medical 
examination that included audiologic assess-
ment and analysis of their nutrition [58]. To 
provide a homogenous sampling, the authors 
took into account body mass index, smoking 
status, alcohol intake as well as diabetes and 
arterial hypertension in case history. Results 
obtained via this 3-year examination allowed 
establishing a correlation between hearing 
loss and riboflavin, niacin, and retinol con-
sumption with food. Only one group out of all 
examined people consumed them in optimal 
quantities recommended by the WHO, and it 
allowed the authors to conclude that they 
were efficient in hearing loss prophylaxis as 
well as to state that it was possible to use 
these substances within the overall system for 
hearing loss prevention. 

There are also data on positive effects 
produced by polyvitamins consumption on 
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hearing improvement in examined people 
[59]. Studies accomplished by British scien-
tists also provide indirect confirmation that 
alimentary factor plays an important role in 
hearing loss. In some research greater hearing 
loss prevalence was detected among people 
with lower social status and it was related to 
poorer nutrition quality [31]. 

Conclusions. Our literature analysis has 
allowed us to conclude that issues related to 
adverse impacts exerted by exposure to noise 
both on the hearing organs and basic body 
systems are still vital at present. Hearing loss 
is a problem not only for occupational medi-
cine but it is also an economic and social 
one. Finding solutions to it will to a great 
extent contribute not only into improving life 
quality of workers who are employed at 
noise-hazardous productions but also into 
increasing life expectancy of workers em-
ployed in leading industrial brunches in the 
country and making «blue-collar» occupa-
tions more prestigious. 

Growing life expectancy and an increase 
in retirement age are necessarily connected to 
longer working experience under exposure to 

noise and it will naturally aggravate the con-
sidered problem. 

A growing period of exposure to a set of 
occupational factors, noise included, and 
changing social factors require additional 
studies on examining the whole range of oc-
cupational risks caused by influence exerted 
by noise on a whole body and the hearing or-
gans in particular. It is also necessary to pro-
vide scientific grounds for advanced tech-
nologies development within a system for 
hearing loss prevention and workers’ health 
preservation as it will result in more stable 
situation with labor potential in leading indus-
trial brunches. 

Providing comfortable occupational and 
social conditions for workers should be 
viewed as a vital trend in scientific research 
in the sphere of hygiene and occupational 
medicine in accordance with primary tasks set 
with state strategies. 
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