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METHODICAL APPROACHES TO SELECTING OBSERVATION POINTS 
AND PROGRAMS FOR OBSERVATION OVER AMBIENT AIR QUALITY WITHIN 
SOCIAL AND HYGIENIC MONITORING AND “PURE AIR” FEDERAL PROJECT 

N.V. Zaitseva1, I.V. May1, S.V. Kleyn1, D.V. Goryaev2 
1Federal Scientific Center for Medical and Preventive Health Risk Management Technologies, 82 Monastyrskaya 
str., Perm, 614004, Russian Federation 
2Federal Service for Surveillance over Consumer Rights Protection and Human Wellbeing, Krasnoyarsk Region 
office, 21 Karatanova Str., Krasnoyarsk, 660049, Russian Federation 

The Federal project entitled “Pure air” is a part of “Ecology”, the National project; its primary goal is to achieve a significant 
improvement in ambient air quality in cities where at present air contamination and population health risks related to it are the most 
significant. Activities aimed at improving the ecological situation in these cities are provided with the considerable state investment. 
Results of systemic instrumental measuring that is performed within state systems of ecological and social-hygienic monitoring are 
considered to be the most informative and reliable database to assess efficiency of air-protecting activities accomplished within the 
project. Our research goal was to develop and test methodical approaches to substantiating points and programs for observation over 
ambient air quality within social-hygienic monitoring. The said approaches were to be tested on concrete examples taking into account 
the existing ecologic monitoring system. We chose the following objects to test our approaches: two cities out of the priority list, namely 
Krasnoyarsk and Chita. Systemic observations are performed in both cities. There are data on the structure of emissions from all major 
contamination sources. In Krasnoyarsk there is an aggregated database that contains data on parameters of emission sources; there 
was no such database in Chita at the moment our research was accomplished. Given the availability of necessary initial data, we sug-
gested algorithms for creating a system of points where observation posts were to be located and for monitoring programs develop-
ment. We applied health hazards and health risks as our basic criterion for creating an observation system within social-hygienic moni-
toring. It was shown that data that were collected at ecologic monitoring posts without any changes in their location could be applied to 
solve tasks related to assessing and predicting health risks as well as analyzing efficiency of accomplished activities provided that re-
search programs were supplemented with parameters that were priority ones as per health hazards and risks. We developed ap-
proaches to selecting points and programs for independent research within social-hygienic monitoring. These approaches involve di-
viding city territories into specific zones as per potential health hazards (when dispersal is not calculated) or health risk levels (when 
dispersal is calculated); substantiating a list of priority admixtures taking into account carcinogenic and/or non-carcinogenic hazards 
and risks as well as results of accomplished instrumental measuring and determining parameters of marker (indicator) enterprises with 
their emissions making the most significant contribution into air contamination. 

Key words: ambient air quality, social-hygienic monitoring, observation posts and programs, health risk. 

 Air quality in industrial cities should 
necessarily conform to hygienic standards; 
achieving it has been a most significant social, 
ecological, and sanitary-hygienic task for many 

years all over the world, including the Russian 
Federation [1–6]. 

The Federal project “Clean air” which is a 
part of the National project “Ecology” outlines 

__________________________ 

 Zaitseva N.V., May I.V., Kleyn S.V., Goryaev D.V., 2019 
Nina V. Zaitseva – Academician of the Russian Academy of Sciences, Doctor of Medical Sciences, Professor, Scientific 

Director (e-mail: znv@fcrisk.ru; tel.: +7 (342) 237-25-34; ORCID: https://orcid.org/0000-0003-2356-1145). 
Irina V. May – Doctor of Biological Sciences, Professor, Deputy Director responsible for research work (e-mail: 

may@fcrisk.ru; tel.: +7 (342) 237-25-47; ORCID: https://orcid.org/0000-0003-0976-7016). 
Svetlana V. Kleyn – Doctor of Medical Science, head of the department of methods for sanitary analysis and monitoring 

(e-mail: kleyn@fcrisk.ru; tel.: +7 (342) 236-32-64; ORCID: https://orcid.org/0000-0002-2534-5713). 
Dmitrii V. Goryaev – Candidate of Medical Sciences, Head of the Administration of the Federal Service on Surveillance 

for Consumer rights protection and human well-being in Krasnoyarsk region (e-mail: goryaev_dv@24.rospotrebnadzor.ru; 
tel.: +7(391) 226-89-50;  ORCID:  http://orcid.org/0000-0001-6450-4599). 



Methodical approaches to selecting observation points and programs for observation over ambient air quality…   

ISSN (Print) 2308-1155    ISSN (Online) 2308-1163    ISSN (Eng-online) 2542-2308 5

priority territories where air contamination and 
potential population health risks are an acute 
problem1. These territories are to become re-
search objects where approaches to optimal 
planning and implementation of air-protecting 
activities are to be tested; ecological situation 
is to improve significantly; threats to popula-
tion health and life that are related to aerogenic 
environmental factors are to be minimized. 
Should these approaches be considered effi-
cient, they can be applied in other regions in 
the country and in long-term planning as well. 

The Federal project “Clean air” is aimed at 
overall 20 % decrease in gross emissions on pri-
ority territories. Undoubtedly, this value is in line 
with potential improvements in ecological and 
sanitary-epidemiological situation. But still, actual 
air quality improvement on a specific territory 
depends not only on a decrease in emission 
masses but also on spatial location of emission 
sources, housing, recreational, and other standard-
ized zones, as well as on emission parameters 
(height, temperature, linear velocity, etc.). Com-
ponent structure of emissions that are to be re-
duced is also extremely important. 

Instrumental measurements performed 
within ecological monitoring, social and hygienic 
monitoring, and industrial control by economic 
entities themselves provide the most informative 
and reliable data for assessing efficiency of air-
protecting activities accomplished within the pro-
ject. Each of the above-mentioned monitoring 
types has its own tasks and procedures for select-
ing monitoring points and programs. Thus, ecolo-
gic monitoring primarily aims at observing over 
air pollution caused by economic activities and 
meteorological conditions and at predicting ex-
pected changes in air quality over a long-term 
period2. Industrial control is to register whether an 
economic entity conforms to fixed safety re-
quirements when performing its economic activi-
ties or violates them [7, 8]. And only social and 
hygienic monitoring (SHM) has a primary goal 
that is to assess population health, detect any 

changes in it, and to predict a future situation un-
der exposure to environmental factors3. That is, it 
focuses not on a simple concentration of this or 
that contaminant (admixture or substance) in the 
air but on a health parameter related to it.  

Given that, air quality assessments within 
SHM should be oriented at those admixtures that 
are potentially the most hazardous for human life 
and health under short-term and/or long-term 
exposure; are registered in the air on a territory 
where population reside permanently; create 
risks that adverse effects on health can summate 
or enhance (become synergic) under simultane-
ous exposure to them combined with a whole set 
of any other admixtures [9–11]. The latter is es-
pecially significant for cities with developed in-
dustries due to a great list of substances con-
tained in dust and gas air mixtures. Thus, for ex-
ample, emissions from enterprises located in 
Nizhnekamsk (Republic of Tatarstan) contain 
approximately 320 specific substances and 
groups of admixtures; about 70, in Norilsk 
(Krasnoyarsk region); more than 60 admixtures, 
in Gubakha (Perm region); etc. It is also rather 
difficult to select sampling points as they should 
be representative taking into account city territo-
ries being large and significant number of popu-
lation living under different exposure. 

 Therefore, selecting an optimal list of pa-
rameters to be measured and places to locate 
sampling points becomes a serious scientific task.  

We should note that the state ecological 
monitoring system was created as far back as in 
the 60ties last century and it has a unified clear 
procedure that determines locations and number 
of monitoring stations as well as monitoring pro-
grams and periods. The procedure is fixed in the 
“Guide on control over air pollution”4 and is 
obeyed by all the structural divisions of the au-
thorized federal body, Federal Service for 
Hydrometeorology and Environmental Monitor-
ing of Russia (Rosgidromet). According to rec-
ommendations fixed by the said document (see 
section 2.2. “Location and number of monitoring 

__________________________ 

1 The National project “Ecology” profile (approved by the RF Presidential Council on strategic development and national pro-
jects, the report dated December 24, 2018 No. 16). Available at: http://www.consultant.ru/document/cons_doc_LAW_316096/ (date of 
visit August 12, 2019). 

2  See section 1 in Guide Р 52.04.186-89. Guide on control over air pollution. Мoscow, 1991, 693 p. 
3 On sanitary-epidemiologic welfare of the population: the Federal Law issued on March 30, 1999 NO. 52-FZ (last edited on July 26, 

2019). – Clause 45.Social and hygienic monitoring. Available at: http://www.consultant.ru/document/cons_doc_LAW_22481 (date of visit 
June 14, 2019). 

4 See sections 2.2-2.4 Р 52.04.186-89. Guide on control over air pollution. Мoscow, 1991, 693 p. 
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stations”) “…stations should be primarily located 
on housing territories where the most significant 
pollution can be expected, then, they should be 
located in an administrative center of a settle-
ment, and on housing territories with different 
types of housing located there, as well as in parks 
and recreation zones…”. Monitoring programs 
should include admixtures selected as per air con-
sumption (AC) criteria (see section 2.4 “Deter-
mining a list of admixtures that are subject to con-
trol”) taking into account a hazard category this or 
that substance may belong to. It is obligatory to 
determine prevailing and the most widely spread 
admixtures, namely dust, sulfur dioxide, carbon 
oxide, and nitrogen dioxide, at basic stations for 
ecological monitoring. Programs are assumed to 
provide not less than 200 observations over con-
centration of each admixture.  

A choice on points at which instrumental 
research is to be accomplished within industrial 
control is determined by a boundary of a sani-
tary protection zone and/or the closest housing 
territory [12–14].  

Any unified and clear procedures for select-
ing monitoring points and creating monitoring 
programs for air quality control are not fixed 
within SHM. There is a letter of guidance issued 
in 20065 that determines basic principles for se-
lecting measurement points and these instructions 
are similar to that given by the Federal Service for 
Hydrometeorology and Environmental Monitor-
ing of Russia: “…stationary or mobile stations 
are to be located in places selected on the basis of 
preliminary examination of ambient air pollution 
in a settlement with industrial emissions, emis-
sions from motor transport, from communal and 
other sources and conditions of their dispersion. 
Stationary and mobile stations are to be located 
on housing territories with different types of hous-
ing … Location of stations is to be determined 
taking into account the highest population density 
and number… location of industrial zones, 
streets, and motorways… necessary data should 
be collected and databases created in order to 
estimate priority contaminants…”. Unfortunately, 
this letter of guidance doesn’t give any recom-
mendations on what should be included into pre-

liminary research, or what data should be taken as 
grounds for assessing priorities. 

Yet many researchers are trying to solve 
tasks related to scientific foundation for points 
and programs of monitoring over air quality. 
Since automated programs for calculating emis-
sion dispersion were introduced, spatial analysis 
of concentration fields has become one of the 
most significant tools for improving a system for 
selecting monitoring points and admixtures to be 
controlled [15, 16]. Dispersion results have be-
come even more relevant since geoinformation 
systems were implemented into practice [17, 18]. 
However in some authors’ opinion, dispersion 
calculations require validation of their results with 
data obtained from automated systems that pro-
vide uninterrupted control over emissions and/or 
instrumental research [19]; they can’t be consid-
ered a single foundation for creating monitoring 
programs [20]. Health risk assessment methodol-
ogy for assessing risks caused by exposure to 
chemicals that pollute the environment now cov-
ers such safety criteria as reference levels under 
short-term and chronic exposure, and it has re-
sulted in understanding that monitoring programs 
can and should be developed taking into account 
potential threats for people [20–22]. And a 
mechanism aimed at selecting priorities in this 
case should be more complicated than a simple 
calculation of air consumption.  

Having realized how complicated this prob-
lem was, a lot of researchers now believe it is 
vital to integrate various monitoring systems. 
Thus, Roslyakov et al. [23, 24] outlined certain 
approaches to combining results of industrial 
automated control over emissions from a thermal 
power station (TPS) with results obtained via 
monitoring over ambient air quality in a zone 
influenced by an emission source and calculated 
dispersion of emissions from TPS chimney. 
Darenskikh (2018) pointed out it was vital to 
create a unified complex approach when orga-
nizing state surveillance and industrial control 
related to ambient air protection [25]. Ochinnik-
ova et al. (2018) stated it was necessary to com-
bine social and hygienic monitoring and sanitary-
epidemiologic control in the sphere of ambient air 

__________________________ 

5 On organizing laboratory control within social and hygienic monitoring activities: The Letter by the Federal Service for 
Surveillance over Consumer Rights Protection and Human Well-being dated October 01, 2006 No. 0100/10460-06-32. Avail-
able at: http://50.rospotrebnadzor.ru/293/-/asset_publisher/U8Fg/content/письмо-от-02-10-2006-№-0100-10460-06-32 (date of 
visit August 01, 2019). 
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protection [26]. A monograph issued and edited 
by G.G. Onishchenko contained certain postulates 
on how to combine ecological monitoring and 
social and hygienic monitoring systems [27]. 

However, normative and methodological 
foundation for such integration is rather scarce 
at the moment. Yet, all the tasks formulated 
within the federal project require such integra-
tion and create preconditions for its implemen-
tation on priority territories. 

Our research goal was to suggest and 
test approaches to substantiating points and 
programs for monitoring over ambient air 
quality on concrete examples within social and 
hygienic monitoring activities taking into ac-
count existing ecological monitoring networks.  

Data and methods. We chose two cities 
out of priority ones as our research objects; they 
were Krasnoyarsk and Chita, cities with differ-
ent population, industries, and emissions struc-
ture but quite similar in terms of climatic and 
geographic conditions and poor sanitary-epi-
demiologic situations as per ambient air quality. 
Both territories are located in zones where the 
stable high-level Siberian anticyclone is local-
ized; this anticyclone creates down flows that 
prevent pollutants from dispersing. There are 
few precipitations on both territories that can 
clean the atmosphere; heating season is long; 
energy is provided mostly by coal and boiler-oil 
and coal is predominantly high-ash brown one; 
both territories specialize in extracting and 
heavy industries [28].  

1.09 thousand people live in Krasnoyarsk, 
and its area is equal to 353.9 km2. Major indus-
tries are metallurgy, machine building, metal 
processing, chemical industry, construction ma-
terials production etc. Gross emission into the 
atmosphere amounts to approximately 145 thou-
sand tons per year. There are more than 
270 chemicals (or summarily controlled groups 
of substances) in the admixtures list for the city. 
19 admixtures are monitored at 8 stationary 
monitoring stations belonging to Rosgidromet’ 
Regional Office for Hydrometeorology and En-
vironmental Monitoring; approximately 25 ad-
mixtures are monitored at 11 mobile stations 
within SHM system (admixtures lists can be dif-

ferent in different years). There are 5 monitoring 
stations within the regional monitoring system 
(21 admixtures under control). Economic enti-
ties in the city perform industrial control at 
31 points6. Single and/or average daily MPCs in 
the city that are higher than hygienic standards 
are detected for the following admixtures: dusts, 
sulfur oxide, nitrogen dioxide, hydrofluoride, 
chlorides, etc. In 2018 in Krasnoyarsk there were 
23 registered cases of benzpyrene concentrations 
in the air that were higher than 10 MPC av.d. Air 
pollution index was considered to be very high 
as per criteria fixed by Rosgidromet (complex 
air pollution index IZA5>14).  

Population in Chita is approximately 
350 thousand and the city area is 534 km2; its 
major industries are energy production, machine 
building, construction materials production, and 
food industry. This city is a large railroad junc-
tion. Total emissions into the atmosphere 
amount to approximately 53-60 thousand tons 
per year. 5 stationary monitoring stations that 
belong to the state Rosgidromet system perform 
systematic monitoring over 12 admixtures and 
register cases in which hygienic standards are 
violated as per concentrations of particulate 
matter (dust), hydrogen sulphide, and benzpy-
rene (up to 10 MPC and higher). 

There is a combined database on parame-
ters of emission sources created in Kras-
noyarsk; it includes emission sources related to 
households that don’t have central heating and 
emissions from motor transport. There was no 
similar database in Chita at the moment our 
approaches were being developed. We consid-
ered these two territories to be test platforms 
where our approaches could be tested given 
different volumes of available initial data. 

We used data and materials created in the 
regions by experts who had to substantiate com-
plex plans aimed at reducing emissions of pol-
lutants into the ambient air; we also took data 
provided by regional Rospotrebnadzor offices in 
Krasnoyarsk region and Transbaikalia region. 

We analyzed data on actual emissions 
from industrial enterprises in Krasnoyarsk and 
Chita over 2014-2018 (statistical reports named 
“2-TP Air” for industrial enterprises), and data 

__________________________ 

6 On ecological situation and environmental protection in Krasnoyarsk region in 2018: The State report. Available at:  
http://mpr.krskstate.ru/dat/File/3/svodnyuidoklad.pdf (date of visit August 01, 2019). 



N.V. Zaitseva, I.V. May, S.V. Kleyn, D.V. Goryaev 

Health Risk Analysis. 2019. no. 3 8 

on traffic intensity on major transport highways 
in the cities. We examined data on average an-
nual concentrations of each admixture at each 
monitoring station, maximum single concentra-
tions and single concentrations taken at 95%-
frequency irrespective of a station belonging to 
this or that monitoring authority. 

 As regards results of combined calculation 
for a city as a whole, we took only those of 
them that were performed according to stan-
dardized procedures and unified software 
(“Ecolog” or “Ecolog-gorod” unified programs 
for air pollution calculation). Our procedure 
involved applying vector maps of the examined 
territories (we used ARCGIS 9.3.1 geoinforma-
tion system); each map had specific subject lay-
ers for housing areas, roads and streets, and in-
dustrial grounds. All monitoring points were 
given a geocode and put on relevant maps.  

We took publicly available data on mete-
orological parameters, including average an-
nual wind rose, that were typical for the ex-
amined territories7.  

When creating our approaches, we ad-
hered to an opinion that results of instrumental 
research on ambient air quality should provide 
a possibility to solve basic tasks that were 
given to the social and hygienic monitoring 
system at the moment8 including:   

– information support for hygienic assess-
ment (diagnostics) of the environment;  

– revealing cause and effect relations be-
tween population health and exposure to envi-
ronmental factors basing on system analysis 
and health risk assessment; 

– working out recommendations on neces-
sary actions aimed at eliminating detected ad-
verse effects produced by environmental factors;   

– detecting risk indicators implying that
obligatory requirements can be violated; such 
indicators are usually revealed during control 
procedures without any interaction with juridi-
cal persons or private entrepreneurs9. 

We were guided by WHO postulates on how 
to solve tasks related to hygienic assessment, in-

cluding risk assessment; some recommendations 
were given on locating sampling points (monitor-
ing stations) both in housing areas with the highest 
contamination and in zones with the most typical 
concentrations of admixtures in the air (average 
for a city). Revealing cause and effect relations 
requires additional points located in zones with the 
lowest concentrations as data collected at such 
points are necessary for correct building of models 
for “concentrations (dose) – response (effect)” 
correlations [29, 30]. Tasks related to substantiat-
ing and assessing efficiency of air-protecting ac-
tivities and social and hygienic monitoring as con-
trol measures performed without any interactions 
with juridical persons or private entrepreneurs re-
quire monitoring points that are fully oriented at 
zones exposed to specific contamination sources 
where such activities take place.  

Multi-dimensional tasks, expensive instru-
mental research, and limited personnel, financial, 
and other resources called for integration of all the 
systems for monitoring over air quality, including 
ecological monitoring, social and hygienic moni-
toring, and industrial control, population life and 
health remaining the top priority in the process. 
Dispersion calculations were treated as a compo-
nent in the overall system for priority selection. 

We assumed that a system for selecting 
monitoring points and programs should be dy-
namic; it should be revised and developed bas-
ing on both calculated data and research re-
sults obtained during a certain period.  

Basic results. In case there are no re-
sults of consolidated calculations for a spe-
cific territory we suggest the following algo-
rithm for substantiating selected points 
where monitoring stations and programs for 
monitoring over ambient air quality should 
be located. 

1. The first task is to create a vector map
of a city with industrial grounds, housing areas 
and all the existing points for monitoring over 
ambient air quality being put on it. Attribute 
database on industrial grounds should contain 
data on actual and permissible emissions of 

__________________________ 

7 Open geodata catalogue. Available at:  http://opengeodata.ru (date of visit August 10, 2019). 
8 On Approval of the Provisions on social and hygienic monitoring: The RF Government Order dated February 2, 2006 

No. 60, Moscow. Available at: https://rg.ru/2006/02/17/monitoring-dok.html (date of visit August 10, 2019). 
9 On protecting rights of juridical persons and private entrepreneurs when state control (surveillance) and municipal con-

trol is performed: the Federal Law issued on December 26, 2008 No. 294-FL (last edited on August 02, 2019). – Clause 8.3. 
Available at:  www.consultant.ru/document/cons_doc_LAW_83079 (date of visit August 05, 2019). 
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contaminants into the atmosphere. A layer 
with data on housing should have information 
on population density in various parts of a city.  

2. All housing areas are to be covered with
a regular grid. A pitch in this grid is to be deter-
mined by the overall area of an examined terri-
tory and computational capabilities of develop-
ers. When testing our approaches, we took grids 
with pitches equal to 200 х 200 m and 400 х 400 
m. A thicker grid provides the most validated
conclusions; however, a grid with its pitch being 
equal to 400 x 400 m also yielded satisfactory 
results that suited our analysis. A larger regular 
grid seems unadvisable as ground concentrations 
detected in zones influenced by low and aver-
age-high emissions sources tend to change con-
siderably as a distance from a source grows and 
a large grid may fail to “capture” high concentra-
tions of an admixture.  

3. According to section 4.7. in Guide
No. 2.1.10.1920–04 “Guide on assessing health 
risks under exposure to chemicals that pollute 
the environment” indexes showing comparative 
carcinogenic and non-carcinogenic hazards are 
to be calculated for each economic entity that is 
a source of pollutants-containing emissions; such 
calculations should be made for each substance.  

3.1. Total index of carcinogenic к( )iK  and 
non-carcinogenic н(( )iK  hazard is calculated 
for an enterprise (an economic entity) as per 
the following formula (1) 

1
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where  
Ej  is a conditional exposure to a  j-th ad-

mixture, tons per year 
TWj is a weight coefficient for influence on 

health that is included into calculating carcinogenic 
or non-carcinogenic hazard quotients according to 
Tables 4.7. and 4.8. Р 2.1.10.1920–0410, 11. 

Т is a number of admixtures emitted by an 
economic entity. 

3.2. Each enterprise is characterized with 
a quotient; this is a standardized “hazard” quo-
tient (Ki) that takes into account both carcino-
genic and non-carcinogenic hazard quotients.  
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where i is a number of an enterprise. 
4. The geometric center of each industrial

ground is linked to the central point of each 
square in an estimated grid with a straight line 
(vector L) (vectors are not designed when a point 
is located more than 20 km away from an eco-
nomic entity). 

5. Direction of each vector correlates with
vectors in a wind rose. Each vector has its own 
quotient that characterizes repeatability of a wind 
in neighboring points of a wind rose. Vector direc-
tion is calculated as per the following formula (3): 
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where g  is wind direction, grades; 
g1, g2 are vector directions in neighboring 

points, grades; 
v1, v2 is repeatability of a wind in 

neighboring points. 
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where m is a number of a square in an es-
timated grid. 

6. Each square in an estimated gird is char-
acterized with total hazard quotient (Sj) that takes 
into account potential impacts exerted by eco-
nomic entities located on a given territory:  

.m i im
i

S K L    (4) 

7. It is necessary to assess whether loca-
tions of already existing monitoring stations 
are relevant to those of hazardous zones that 
can be found on a given territory and to 
chemical factors that create hazards in the said 
zones; existing monitoring programs should 
also be relevant to hazardous factors.  

8. The next stage is working out recom-
mendations on how to optimize a system of 
monitoring over ambient air quality; this sys-
tem should be based on results of the analysis 
and take into account the following aspects: 

__________________________ 
10 See section 4.7. Guide No. 2.1.10.1920-04 Guide on assessing health risks under exposure to chemicals that pollute the environ-

ment. The RF Public Healthcare Ministry, The Federal Center for State Sanitary and Epidemiologic Surveillance. Moscow, 2004, 143 p. 
11 We neglected population number taking into account that any enterprise could influence a city as a whole;  weakening 

of any influence was taken into account via a vector showing remoteness of an object from a calculated cell in a grid. 
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– a monitoring points network should al-
low assessing risks for not less than 95% of 
population living on a given territory;  

– this network should have optimal den-
sity and be distributed over a given territory 
allowing for instrumental research becoming 
less and less representative the greater is a dis-
tance form a monitoring point12 ; 

– a monitoring program should include all
the admixtures that can potentially create un-
acceptable health risks or make a considerable 
contribution into them (from 10 to 100%);  

– this program may include substances
that are marker ones (indicators) for enter-
prises with maximum emissions and greatest 
hazards as per calculated criterion Ki. 

The approach was tested on the example 
of Chita; the test results were as follows:  

– potential hazards for the city population
that occur due to emissions from industrial en-
terprises  are not homogenous (Figure 1); 

– monitoring stations that belong to Ros-
gidromet monitoring system can be considered 
an integral part of the total monitoring network 
without any changes in their location; 

– there should be at least two additional
monitroing points (in north-western and eastern 
parts of housing area, in squares numbered 925 
and 434), and it is well-grounded taking into 
account health risks and consequent assessment 

whether activities performed within “Clean air” 
project are efficient or not. 

– emissions that contain sulfur dioxide,
dusts, nitrogen oxides, manganese compounds, 
carbon oxide, benzpyrene, soot, fluorides, and 
hydrocarbons are priority ones in terms of 
health risks caused by them (Table 1). 

Practically all the priority admixtures, ex-
cept from manganese, are covered by already 
existing monitoring programs. Manganese is 
recommended to be included as an additional 
component. Besides, it is recommended to 
measure not only a sum of dusts at all the moni-
toring stations but also fine-dispersed fractions 
РМ10 and РМ2.5 as they are the most hazard-
ous for human health [31, 32]. 

In case there are some consolidated calcu-
lations of emissions dispersion for a city as a 
whole we can suggest the following algorithm 
for substantiating selected points where moni-
toring stations are to be located and programs 
for monitoring over ambient air quality.  

1. The first step is to create a database
where each estimated point on a given territory 
is characterized with aggregate concentrations 
of N ingredients. This database is a matrix 
built on a database containing output files with 
calculation results. 

2. The next step is calculating carcinogenic
and acute and chronic non-carcinogenic risks

Figure 1. A map showing spatial distribution of comparative hazard index in Chita;  
hazards for population health are created by emissions from satitonary sources 

__________________________ 

12 See section 3.4.2 Guide 52.04.186-89. Guide on control over air pollution. Мoscow, 1991, 693 p. 
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T a b l e  1  
A fragment of  a table that ranks admixtures as per their total hazards caused  

by all the chemical admixtures contained in emissions from industrial enetrprises 
located in Chita (as per data collected in 2018)   

Total hazard quotient of an admixture Chemical Non-carcinogenic Carcinogenic 
Sulfur dioxide (Sulfury anhydride) 1,274,408.2 
Boiled oil ash (recalculated as per vanadium) 824,033.1 
Dust (as a sum of dusts with various chemical structure)  756,791.7 
Carbon (soot) 461,279.6 461,307.1 
Nitrogen dioxide  457,863.2 
Nitrogen (II) oxide  75,592.5 
Manganese and its compounds  3,902.57 
Carbon oxide 2,397.23 
Dimethylbenzene (Xylene) (a mixture of o-, m-, and p-isomers) 1,026.51 
Benzpyrene (3,4-Benzpyrene) 220.00 22.0 
White-spirit 40.58 
Poorly soluble fluorides 31.01 
Gaseous fluorides 18.68 
Saturated hydrocarbons С12-С19 18.49 
Sulfuric acid (as per H2SO4 molecule) 14.98 
Dihydrosulfide (Hydrogen sulfide) 3.73 
Formaldehyde 2.72 0.272 

basing on all the obtained data; calculations are 
to be made for each estimated point in a grid 
according to conventional procedures13: 

– hazard quotients for acute non-carcino-
genic effects (HQac) calculated for priority 
chemicals that have scientifically grounded po-
tential ability to exert acute negative influence 
on a human body; maximum single concentra-
tions of examined chemicals are to be applied in 
this calculation; 

– hazard quotients for chronic non-carcino-
genic effects (HQcr) calculated for priority 
chemicals that have scientifically grounded po-
tential ability to exert chronic negative influence 
on a human body; average annual concentra-
tions of examined chemicals are to be applied in 
this calculation; 

– individual carcinogenic risk (CR) for pri-
ority chemicals that have carcinogenic effects;  

4. In order to divide a city territory into
specific zones as per health risks, it is neces-
sary to perform cluster analysis as per conven-
tional procedures that allow dividing an exam-
ined selection of estimated points into clusters 
with “similar” parameters. 

As parameters of carcinogenic and non-
carcinogenic risks have different dimensions, 
it is necessary to standardize objects (parame-
ters) prior to clusterization (5): 

X XY
S


 , (5) 

where 
Х is an initial vales of a parameter;  
Y is a standardized value of a parameter; 
X  is an average value of a parameter; 
S is a standard deviation. 
5. When selecting a point where a station

for monitoring over ambient air quality is to be 
located, the following requirements should be 
taken into account:  

– a station in a selected zone (cluster) should
be located at a point with the highest or typical 
parameters of a risk that occurs in a given zone, 

– a station should be located in a zone with
the highest density of exposed population. 

In order to spot out a relevant point where a 
station for monitoring over ambient air quality is 
to be located within SHM system, a layer of clus-
ters intersects with a layer that shows population 

__________________________ 

13 Guide. 2.1.10.1920-04 Guide on assessing health risks under exposure to chemicals that pollute the environment. The 
RF Public Healthcare Ministry, The Federal Center for State Sanitary and Epidemiologic Surveillance. Мoscow, 2004, 143 p. 
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density, the latter being a grid covering the overall 
housing area. As a result, each cell in a grid con-
tains data on a number of population living on a 
given territory and parameters of occurring car-
cinogenic and non-carcinogenic risks. Due to lay-
ers intersection one can choose reference points 
within cluster boundaries where population den-
sity is higher than 75% of the maximum popula-
tion density in a given cluster (>75% PNmax). 

6. A list of contaminants that are to be
measured at a selected point is determined via 
ranking health risk factors as well as with rank-
ing tables taking into account material and nor-
mative resources available for a test laboratory.  

We tested our approach on the example of 
Krasnoyarsk together with preliminary assess-
ment of hazards caused by emissions as per the 
first algorithm.  

The results were satisfactory similar as 
regards substantiating zones (points) where 
monitoring stations should be located. Moni-
toring stations network is sufficiently thick and 
it is advisable to only slightly relocate mobile 
stations used within a system of social and hy-
gienic monitoring (Figure 2). 

Priorities fixed as per potential hazards 
caused by admixtures (Table 2), results of dis-
persion calculation, and field observations re-
sults didn’t coincide completely. 

Thus, as per data on calculated dispersion in 
housing areas in the city (where monitoring sta-

tions are located) ground concentrations that were 
higher than MPC were detected for nitrogen diox-
ide (1.4 MPSм.s. and 3.9 MPCav.d.), acrolein (up to 
1.1 MPSм.s.), non-organic dusts (up to 2.2 MPSм.s. 
at 0.06 MPCav.d), hydrocarbons (up to 3 MPC). 
These data are partially confirmed by field obser-
vation results as nitrogen dioxide in concentra-
tions higher than MPC is registered at many sta-
tions within Rosgidromet monitoring system and 
SHM system located in the region (1.1–1.9 
MPSм.s.; 1.1–1.8 MPCav.d.). There were also ex-
cessive concentrations of particulate matter (up to 
5 MPSм.s.).  Acrolein and hydrocarbons were not 
measured at monitoring stations and it is rather 
complicated to verify all the calculation results.  

We detected substantial discrepancies be-
tween calculated and instrumental data as re-
gards aromatic hydrocarbons: calculations per-
formed on the basis of combined databases 
didn’t reveal any “alarming” levels practically 
for any substance from this group (that is, there 
were no detected concentrations close to MPC or 
higher than it). But at the same time, there were 
excessive concentrations of certain chemicals 
measured at monitoring stations within Ros-
gidromet system; thus, benzene was detected in 
concentrations up to 5.2 MPC; xylene, up to 
3.2 MPC; toluene, up to 1.5 MPC; ethylbenzene, 
up to 5 MPC. We also detected that hygienic 
standards were violated for such substances as 
fluorides (excessive concentrations detected at

Figure 2. A map showing spatial distribution of comparative hazard index in Krasnoyarsk; 
hazards for population health are caused by emissions from stationary sources 
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T a b l e  2   
A fragment of  a table that ranks admixtures as per their total hazards caused  

by all the chemical admixtures contained in emissions from industrial enetrprises  
located in Krasnoyarsk (as per data collected in 2018) 

Total hazard quotient of an admixture Chemical Non-carcinogenic Carcinogenic 
Sulfur dioxide (Sulfury anhydride) 2,632,501.3 
Nitrogen dioxide (Nitrogen (IV) oxide) 1,893,227.7 
Dusts  1,854,052.3 
Gaseous fluorides 495,105.4 
Poorly soluble fluorides 410,583.1 
Nitrogen (II) oxide (Nitrogen oxide) 235,589.1 
Carbon (soot) 116,760.8 116,764.0 
Benzpyrene (3,4-Benzpyrene) 113,814.7 11,381.5 
Buta-1,3-dien (1,3-Butadien, divinyl) 95,961.1 95,961 
Aluminum trioxide (recalculated as per aluminum) 68,480.8 
Chlorine 65,277.9 
Carbon oxide 54,542.9 
Epichlorohydrine 33,726.6 
Manganese and its compounds  28,133.4 
Prop-2-ennitrile (Acrylonitrile) 14,450.6 14,450.6 
Chromium (Hexavalent chromium) 14,251.4 14,251.4 
Copper oxide (recalculated as per copper) 10,025.1 
Hydrochloride acid 5,102.7 
Sulfuric acid (as per H2SO4 molecule) 4,404.6 
Xylene (mixture of о-, m-, p-isomers) 3,726.8 
Ammonia 2,773.2 
Vanadium (V) oxide 1,713.6 
Ethenylbenzene (Vinilbenzene, Styrene) 1,325.4 
Hydrogen cyanide 1,225.2 
Prop-2-en-1-al (Acrolein) 254.0 
Trichloroethylene 244.3 
1,2,4-Trimethylbenzene (Pseudocumene) 177.1 
Methylbenzene (Toluene) 138.8 
Saturated hydrocarbons C12-C19 127.3 
2-Chlorobutadien-1,3-dien (Chloroprene) 123.2 
Ethene (Ethylene) 100.0 
Lead and its non-organic compounds  70.7 0.707 
Hydroxibenzene (Phenol) 64.2 
Butyl acetate 62.3 
Tetrachloroethylene (Perchloroethylene) 57.6 
Formaldehyde 42.0 4.197 
Benzene 1.70 1.656 

6 monitoring stations within Rosgidromet sys-
tem out of 8); such concentrations were not pre-
dicted by dispersion calculations. That is, haz-
ardous concentrations of fluorides can occur on a 
considerable part of the city area and exert nega-
tive influence on population health. 

Calculated ground concentrations of such 
admixtures as metals (aluminum, copper, manga-

nese, nickel, and cobalt) were equal to hundredths 
and thousandths of MPC and it allowed us to ne-
glect them when creating monitoring programs, 
even taking into account health risks. In retrospect 
there were no monitoring, screening, or recon-
naissance instrumental measurements of such 
admixtures performed on a territory. It was im-
possible to verify results of dispersion calculation.  
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Given that, we were guided by the follow-
ing system of criteria when making recom-
mendations on including an admixture (a sub-
stance) into a monitoring program: 

– as per data collected via previous in-
strumental research, concentrations of an ad-
mixture that were higher than hygienic stan-
dards were registered directly at this monitor-
ing point or at the closes monitoring station;  

– as per results of combined dispersion
calculations ground concentrations of a sub-
stance are predicted to be higher than MPC, 
but there have been no instrumental measure-
ments of ground concentrations as regards this 
substance (admixture);  

– as per data obtained via preliminary cal-
culations of hazard quotients an admixture is 
among priority ones for a territory, but there 
have been no instrumental measurements of 
ground concentrations as regards this admixture; 

– an admixture is an indicator (a marker
one) for emissions from the largest enterprise 
on a territory, but there have been no instru-
mental measurements of ground concentra-
tions as regards this substance (admixture); 

– an admixture is detected in concentrations
that allow predicting a substantial contribution 
into total carcinogenic or non-carcinogenic risk 
for population health as per data obtained via 
dispersion calculation or filed data.  

Model recommendations on monitoring 
programs within SHM are given in Table 3. 

We took into account a possibility that a 
program could be adjusted in future as per results 
of systematic examinations; for example, experts 
can exclude admixtures registered in concentra-
tions that don’t create unacceptable health risks, 
as well as admixtures that don’t substantially in-
crease health risks when they are combined with 
other substances with one-direction effects. 

Conclusion. Our research proved that it 
was vital and well-timed to combined efforts 
taken by authorities and organizations that are 
responsible for assessing and managing ambient 
air quality on various territories. Should a com-
bined monitoring network that includes both sta-
tionary and mobile stations of Rosgidromet, Ro-
spotrebnadzor, and regional monitoring stations, 
be created, it would allow saving as many re-
sources as possible and simultaneously create 
optimally thick and representative infrastructure 

for collecting data on actual ambient air quality. 
Measurement programs within existing Ros-
gidromet monitoring system that solves its own 
tasks could include admixtures that are priority 
ones as per health risks criteria. These measure-
ments could be supplemented with examinations 
performed on the basis of monitoring networks 
within social and hygienic monitoring. Com-
bined programs for sampling procedures and 
measurement techniques would allow taking into 
account all the data arrays both for Rosgidro-
met’s and Rospotrebnadzor’s authorities and or-
ganizations. 

Data obtained via combined dispersion 
calculation at the moment should be treated as 
an additional information source that provides a 
better insight into specific spatial distribution of 
contamination. And here it seems to be un-
grounded to rely only on calculation results due 
to substantial discrepancies between calculated 
data and field ones. But still, these detected dis-
crepancies can give grounds for greater atten-
tion paid by surveillance authorities to certain 
economic entities and standards of permissible 
emissions fixed for them; they can also substan-
tiate certain measures taken by control and sur-
veillance authorities to identify contamination 
sources that are not included into combined da-
tabases and that are not taken into account 
when permissible exposure levels are fixed. 

We have tested and suggested applying me-
thodical approaches to substantiating points and 
programs for monitoring over ambient air qual-
ity within social and hygienic monitoring taking 
into account the existing ecological monitoring 
networks. At present these approaches can be 
implemented on any territory, both included into 
priority lists within the Federal project “Clean 
air” and those which are not in these lists. There 
is only one condition for their implementation to 
be efficient and it is decision-makers taking a 
genuine interest in receiving as complete and 
valid data on ambient air quality as it is only 
possible. These decision-makers should really be 
keen on providing safety and sanitary-epide-
miologic welfare of the population.   
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T a b l e  3  
Recommendations on a program for monitoring over ambient air quality within social 

and hygienic monitoring activities for Krasnoyarsk (a fragment) 
Criteria for an admixture to be included into a program 

A mobile monitoring station belonging to Krasnoyarsk Regional Center for Hygiene  
and Epidemiology, Parkovaya str., 19. (coordinates:  n.l. 56.02002  e.l. 092.97704) 

Chemical Criteria for an admixture to be included into a program 

Nitrogen (II) oxide Concentrations deviate from hygienic standards  
Creates unacceptable acute and chronic health risks  

Nitrogen dioxide Concentrations deviate from hygienic standards  
Creates unacceptable acute and chronic health risks 

Sulfur dioxide Considerable contribution into chronic health risk (respiratory organs diseases, addi-
tional population mortality) 

Carbon oxide Considerable contribution into chronic health risk  (cardiovascular system diseases, 
blood diseases)  

Particulate matter 
(sum of dusts) 

Considerable contribution into chronic health risk (respiratory organs diseases, car-
diovascular system diseases, additional population mortality) 

Particulate matter РМ10 Considerable contribution into chronic health risk (respiratory organs diseases, car-
diovascular system diseases, additional population mortality) 

Particulate matter РМ2,5 Considerable contribution into chronic health risk (respiratory organs diseases, car-
diovascular system diseases, additional population mortality) 

Ammonia Considerable contribution into chronic health risk (respiratory organs diseases) 

Fluorides  Considerable contribution into chronic health risk (respiratory organs diseases, 
musculoskeletal system diseases).  

Formaldehyde Considerable contribution into carcinogenic health risk 

Benzpyrene Concentrations deviate from hygienic standards. Considerable contribution into car-
cinogenic health risk 

Dihydrosulphide Examined within reconnaissance, makes a living environment uncomfortable 
Acetaldehyde Examined within reconnaissance. Carcinogen 
Prop-2-en-1-al (Acrolein) Potentially considerable contribution into health risk (respiratory organs diseases) 

A mobile monitoring station belonging to Krasnoyarsk Regional Center for Hygiene 
 and Epidemiology, Partizana Zheleznyaka str., 36 А (coordinates n.l. 56.03596 e.l. 92.92622) 

Nitrogen dioxide Concentrations deviate from hygienic standards. Creates unacceptable acute and 
chronic health risks 

Sulfur dioxide Considerable contribution into chronic health risk (respiratory organs diseases, addi-
tional population mortality) 

Carbon oxide Considerable contribution into chronic health risk (cardiovascular system diseases, 
blood diseases)  

Particulate matter (a sum 
of dusts) 

Considerable contribution into chronic health risk (respiratory organs disease, car-
diovascular system diseases, additional population mortality) 

Particulate matter РМ10 Considerable contribution into chronic health risk (respiratory organs diseases, car-
diovascular system diseases, additional population mortality) 

Particulate matter РМ2,5 Considerable contribution into chronic health risk (respiratory organs diseases, car-
diovascular system diseases, additional population mortality) 

Benzpyrene Concentrations are higher than MPC. Considerable contribution into carcinogenic health risk

Aluminum 
A marker of emissions from a large air contamination sources. Potentially  
considerable contribution into chronic health risk (respiratory organs disease, 
central nervous system diseases, musculoskeletal system diseases) 

Fluorides  Considerable contribution into chronic health risk (respiratory organs disease, mus-
culoskeletal system diseases) 

Nickel and its compounds A marker of emissions from a large air contamination sources. Potentially consider-
able contribution into carcinogenic health risk 

Cobalt  A marker of emissions from a large air contamination sources. Potentially consider-
able contribution into carcinogenic health risk 

Acetaldehyde Examined within reconnaissance. Carcinogen 
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Our research goal was to comparatively analyze soils contamination with chemicals in cities located in the Arctic 
zone of Arkhangelsk region and to assess population health risk caused by soils in settlements contaminated with chemi-
cals. The research has practical significance due to Arkhangelsk region being among the RF regions with the highest 
share of soils samples taken in settlements that deviate from hygienic standards as per sanitary-chemical and microbi-
ological parameters.  

The assessment was based on monitoring data on chemical contamination of soils in cities located in the Arctic 
zone of Arkhangelsk region (Severodvinsk, Arkhangelsk, and Novodvinsk) collected in 2007–2017. We assessed popula-
tion exposure to contaminants in soils at their oral and subcutaneous introduction and determined risk levels for chil-
dren’s and adults’ health. To examine non-carcinogenic effects, we applied reference doses and calculated hazard coeffi-
cients and indexes. We revealed that soils were contaminated with metals substantially greater in Severodvinsk than in 
two other cities. Aggregated hazard indexes calculated for combined introduction of contaminants from soils didn’t ex-
ceed 1.0. Contaminants from soils primarily enter a body via oral introduction. A contribution made by oral introduction 
into a total dose for examined toxicants amounted to 68–79 % at the median level among children and adults. Overall 
individual carcinogenic risk in Severodvinsk was higher than in two other cities and amounted to 9.1·10-4 and 2.3·10-3 at 
the median level and 90%-percentile one accordingly. Non-carcinogenic and carcinogenic risks caused by exposure to 
contaminants in soils are acceptable when taken in their median concentrations.  

Key words: soil contamination, chemicals, soils in settlements, deviation from hygienic standards, risk assessment, risk level. 

 Soil is a most significant component in 
the environment; it accumulates chemicals and 
causes secondary contamination of ambient air 
and water [1, 2]. Chemicals occur in soil 
mostly due to discharges and emissions from 
industrial enterprises, motor transport, com-
munal and industrial wastes [3–7]. 

Chemical contaminants in soil can exert 
their influence on population health both via 
direct contacts with soils (handworks with 
soils, walking barefoot, children playing in 
sandboxes etc.) and via chemicals penetrating 

a body indirectly via media that contact soils 
(ambient air or water) [3, 8]. Heavy metals are 
the most hazardous toxicants for human health 
[9–11] as they produce toxic, allergenic, car-
cinogenic, and mutagenic effects [12, 13]. 
Copper, zinc, nickel, lead, and cadmium are 
among priority chemical soil contaminants 
[3, 14–16].  

Arkhangelsk region is one of RF regions 
with the highest share of soil samples taken in 
settlements that deviate from hygienic stan-
dards as per sanitary-chemical and microbi-
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ological parameters. In 2015-2017 a specific 
share of soils samples taken in settlements in 
the region that didn’t conform to hygienic 
standards as per sanitary-chemical parameters 
amounted to 6.5% and it was 1.3 times higher 
than on average in the country (5.1%)1, 2. 

The present research was performed in 
three big industrial cities in Arkhangelsk re-
gion (Arkhangelsk, Severodvinsk, and Novod-
vinsk) located in arctic zones3, namely in the 
northern taiga sub-zone. Arctic air makes for 
cold and dry weather on these territories. Av-
erage temperature in January is -14.7 С; in 
July, +14.8 С [17]. Cold climate, little pre-
cipitation, and short growing season result in 
metals accumulation in soils [18]. Given that, 
it is vital to examine soil contamination with 
chemicals in cities located in arctic zones and 
impacts exerted by it on population health. 

Our research goal was to comparatively 
analyze soil contamination with chemicals in 
cities located in arctic zones of Arkhangelsk 
region and assess population health risks 
caused by exposure to contaminants in soils.   

Data and methods. We performed a de-
scriptive examination of soil quality in Ark-
hangelsk, Severodvinsk, and Novodvinsk. 
Emissions from industrial enterprises were 
analyzed as per data collected over 2010-2015 
and taken from statistic reports “2-TP Air”. 
Soil contamination with chemicals was exam-
ined as per monitoring data collected over 
2007-2017 and provided by the Center for Hy-
giene and Epidemiology in Arkhangelsk re-
gion. We assessed population health risks 
caused by exposure to chemical contaminants 
in soils for 10 metals:  copper (Cu), chromium 

(Cr), zinc (Zn), nickel (Ni), manganese (Mn), 
lead (Pb), mercury (Hg), cadmium (Cd), cobalt 
(Co), and arsenic (As). All soil samples were 
taken in settlements, near housing, and at chil-
dren playgrounds and sport grounds.  

We used median (Me) and 90-th percen-
tile (Р90) to describe concentrations of the ex-
amined chemicals in soils and to calculate risk 
levels. Since distribution of chemicals concen-
trations statistically significantly differed from 
normal one, we applied Kruskal-Wallis test to 
compare median values and Wilcoxon two-
sample test to make pairwise comparison be-
tween groups. Critical level of statistical sig-
nificance was taken as equal to 0.05. We used 
growth rate to examine dynamics of chemicals 
concentrations in soils. Statistical analysis was 
performed with STATA 14.0. 

We studied overall toxic and carcinogenic 
effects produced by soil contaminants on 
population health according to overall princi-
ples of risk assessment methodology4. We 
took the following regional values for expo-
sure factors: body mass (kg), duration of expo-
sure (days per year), time spent in the open air 
(hours per day), duration of a contact with soil 
(hours per day) [19]. We assessed exposure to 
soil contaminants for oral and subcutaneous 
introduction. Risk levels were determined 
separately for children (age groups were 1–6 
and 7–17), and adults5, 6. 

We applied reference doses to examine 
non-carcinogenic effects. Toxicity of contami-
nants was characterized basing on chronic 
daily introduction of a substance (mg/kg of 
body mass), hazard quotients (HQ) for specific 
contaminants and total hazard quotients (THQ) 

__________________________ 
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for specific contaminants and for all ways of 
introduction. We calculated hazard indexes 
(HI) and total hazard indexes (THI) for sub-
stances with similar effects as such indexes 
allowed us to assess how susceptible critical 
systems and organs were to these effects.  

Carcinogenic effects were assessed basing 
on an average daily dose calculated for a life-
time (mg/kg × day) and slope factor. We cal-
culated the following carcinogenic risks: indi-
vidual carcinogenic risk (CR) for each separate 
carcinogen; summary carcinogenic risk 
(CRsum) for all substances for each way of in-
troduction and for specific carcinogens intro-
duced via all ways; total carcinogenic risk 
(TCR) for all the substances and ways of in-
troduction and population carcinogenic risk 
(PCR) taking into account children and adult 
population in the examined cities. 

HQ, HI, and THI values lower than 1.0 
were considered to be acceptable; for carcino-
genic effects, CR value within 1.0×10-6 – 
1.0×10-4 according to the Guide4. 

Results and discussion. Soils are exam-
ined at 13 monitoring points within social and 
hygienic monitoring activities performed in 
Severodvinsk; at 17 monitoring points in Ark-
hangelsk; and at 9 monitoring points in No-
vodvinsk. On January 01, 2018 population in 
Archangelsk amounted to 356.9 thousand; in 
Severodvinsk, 184.3 thousand; in Novodvinsk, 
38.4 thousand.  

Over 2007–2017 23,200 soil samples 
were examined in all three cities and chemi-
cals concentrations were determined in them; 
1,362 samples out of them didn’t conform to 
hygienic standards (5.9%). The greatest spe-
cific share of samples that deviated from hygi-
enic standards as per contaminants in them 
was determined in Severodvinsk during that 
time period (83%). A share of soil samples 
taken in Severodvinsk that didn’t conform to 
hygienic standards as per copper, chromium, 
zinc, nickel, lead, and arsenic, amounted to 
40%;  3,2%; 19,1%; 43%; 25%, and 8% re-
spectively; as per cadmium and manganese 
contents, less than 1%. Mercury and cobalt 
were detected in soils in concentrations con-
forming to hygienic standards.  

Median concentrations of copper, zinc, 
nickel, and lead didn’t exceed MPC in exam-
ined soil samples in Severodvinsk, but con-
centrations of these chemicals were higher 
than permissible ones at the upper exposure 
limit. Soil contamination with zinc, nickel, 
lead, and copper, taken at Р90 turned out to be 
1.7–4 times higher than MPC. We analyzed 
long-term dynamics of nickel, zinc, lead, and 
copper concentrations in soils taken at Р90 and 
revealed that contamination level was grow-
ing. From 2007 to 2017 an average growth 
rate taken at Р90 amounted to 2.3%; 24.6%; 
25.5%, and 66.3% respectively. Chromium, 
manganese, mercury, cadmium, cobalt, and 
arsenic concentrations in examined soils sam-
ples taken both at Me and Р90 didn’t deviate 
from permissible levels.  

In Arkhangelsk a share of soil samples 
that contained zinc and lead in concentrations 
higher than MPC amounted to 7% and 6% re-
spectively. Soil quality as per these two chemi-
cals has deteriorated over the examined period 
with average growth rate at Р90 level being 
equal to 14.7% for zinc and 0.4% for lead. 
A share of soil samples that contained copper, 
nickel, and manganese in quantities higher 
than MPC was lower than 1%. There were no 
soil samples deviating from hygienic standards 
as per concentrations of other examined 
chemicals.  

In Novodvinsk the highest specific weight 
of samples not conforming to hygienic stan-
dards was detected for copper, zinc, and lead 
(1.3%; 8%, and 1.5% respectively). We ana-
lyzed long-term dynamics as regards concen-
trations of these chemicals in soils and re-
vealed that contamination tended to increase. 
An average growth rate over the examined pe-
riod at Р90 level amounted to 41.7% for copper; 
19%, zinc; 4.2%, lead. We didn’t detect any 
soil samples that didn’t conform to hygienic 
standards as per concentrations of chromium, 
nickel, manganese, mercury, cadmium, and 
cobalt. Contents of copper, chromium, zinc, 
nickel, manganese, lead, mercury, cobalt, and 
cadmium in soils taken at Ме and Р90 didn’t 
exceed permissible levels in Arkhangelsk and 
Novodvinsk. 
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We comparatively analyzed contents of 
contaminants in soils in cities located in arctic 
zones of Arkhangelsk region; data on con-
tamination taken at median level revealed that 
soil was statistically significantly more con-
taminated with metals in Severodvinsk 
(p < 0.001) than in tow other examined cities. 
Average concentrations of zinc, lead, cad-
mium, manganese, and mercury in soil sam-
ples taken in Severodvinsk were 5–23 times 
higher than contents of these metals in soils in 
Arkhangelsk and 3.-13 times higher than in 
soil in Novodvinsk. Median cobalt concentra-
tion in soil in Severodvinsk was 80 times 
higher than its contents in Arkhangelsk and 
Novodvinsk. Median copper, chromium, and 
nickel concentrations in soil in Severodvinsk 
were 7, 30, and 47 times higher than in Ark-
hangelsk and Novodvinsk (Table 1).  

Increased metals concentrations in soil in 
Severodvinsk occur sue to high density of 
these substances contained in emissions from 
industrial enterprises and motor transport. 
Shipbuilding and machine building are the 
leading industries in Severodvinsk; wood 
processing and food industry, in Arkhangelsk; 
pulp and paper production, in Novodvinsk. 
According to data taken from “2-TP Air” re-
port form, density of manganese, copper, and 
lead emissions per 1 km2 amounted to 19, 3.1 
and 0.08 kg respectively in Severodvinsk; 
0.7, 0.06, and 0.003 kg respectively, in Ark-
hangelsk; 1.2, 0.01, and 0.00006 kg respec-
tively, in Novodvinsk. Zink, nickel, and chro-
mium occurred only in emissions from indus-
trial enterprises in Severodvinsk (0.68, 3.61, 
and 0.003 kg respectively). As per data ob-
tained from The Northern Office for Hydro-
meteorology and Environmental Monitoring, 
a contribution made by motor transport into 
ambient air contamination amounted to 57% 
in Arkhangelsk; 24%, in Severodvinsk; 6%, 
in Novodvinsk. 

Total hazard quotients for each metal taken 
as a sum for oral and subcutaneous exposure 
didn’t exceed 1.0 in all the examined cities. 

We comparatively analyzed total intro-
duced doses of chemicals that contaminated 
soils in Cities located in Arkhangelsk-

Severodvinsk agglomeration and revealed that 
dose burden for children aged 1–6 was 1.6 and 
4.8 times higher respectively than doses of 
chemicals received by children aged 7–17 and 
by adults. Children aged 7–17 were exposed to 
3 times higher doses of chemical toxicants in 
soil that adult population.   

T a b l e  1  
Contents of contaminants in soils in cities 

located in arctic zones of Arkhangelsk region 
over 2007–2017  

Substance Number 
of samples Me* Р90 

MPC 
(mg/kg)

Severodvinsk 
Copper 852 2.4 12.4 3.0 
Chromium 533 3.0 5.8 6.0 
Zinc 852 10.0 38.0 23.0 
Nickel 774 4.0 10.0 4.0 
Manganese 764 54.0 93.0 140.0 
Lead 852 3.1 10.0 6.0 
Mercury 852 0.05 0.25 2.1 
Cadmium 852 0.1 0.1 2.0** 
Cobalt 764 2.0 4.0 5.0 
Arsenic 813 0.8 2.0 2.0 

Arkhangelsk 
Copper 1109 0.3 1.01 3.0 
Chromium 1107 0.1 0.1 6.0 
Zinc 1109 1.9 18.4 23.0 
Nickel 1109 0.09 0.6 4.0 
Manganese 1109 2.8 16.2 140.0 
Lead 1109 0.4 4.4 6.0 
Mercury 1109 0.002 0.12 2.1 
Cadmium 1107 0.008 0.06 2.0** 
Cobalt 1109 0.03 0.3 5.0 

Novodvinsk 
Copper 594 0.3 1.1 3.0 
Chromium 594 0.1 0.1 6.0 
Zinc 594 2.9 21.2 23.0 
Nickel 594 0.09 0.4 4.0 
Manganese 593 4.1 16.8 140.0 
Lead 594 0.5 2.2 6.0 
Mercury 585 0.01 0.2 2.1 
Cadmium 594 0.01 0.06 2.0** 
Cobalt 594 0.03 0.3 5.0 

Note:  
p* means median values are compared as per Wil-

coxon test (p<0.001 for all chemicals);  
** is ODC value for cadmium. 
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Oral exposure is a basic one for con-
taminants in soil. A contribution made by 
oral exposure into the total dose for the ex-
amined toxicants, taken at its median level, 
on average amounted to 79% for children 
aged 1–6; 73%, for children aged 7–17; and 
68%, for adults. 

 Circulatory organs, blood system, cen-
tral nervous system, and kidneys are organs 
exposed to the highest risks of overall toxic 
effects that are produced on population liv-
ing in arctic zones under exposure to chemi-

cal contaminants in soil. The liver, skin, di-
gestive organs, reproductive and immune 
system occupy the second rank place in 
terms of exposure. We should note that a risk 
of non-carcinogenic effects for all the criti-
cal organs and systems didn’t exceed per-
missible level (THI = 1) either for children 
or adults (Table 2). Differences in non-
carcinogenic risk levels among children and 
adults are due to different duration and time 
of exposure, body mass and body surface 
area [20]. 

    T a b l e  2   
Critical organs and systems ranked as per total hazard quotients (THI) under exposure 
 to complex introduction of chemical contaminants in soils occurring in cities located  

in Arkhangelsk region  
Children aged 

1–6 
Children aged 

7–17 Adults Critical organs and systems 
Р50 Р90 Р50 Р90 Р50 Р90 

Severodvinsk 
Circulatory organs 0.035 0.064 0.025 0.045 0.009 0.016 
Blood system 0.033 0.059 0.023 0.041 0.008 0.015 
Nervous system 0.023 0.041 0.017 0.030 0.006 0.011 
Kidneys 0.023 0.041 0.017 0.030 0.006 0.011 
Liver 0.017 0.029 0.013 0.022 0.005 0.008 
Skin 0.013 0.028 0.009 0.018 0.003 0.006 
Digestive organs 0.006 0.013 0.004 0.009 0.002 0.003 
Reproductive system 0.006 0.012 0.004 0.008 0.002 0.003 
Immune system 0.003 0.009 0.002 0.007 0.001 0.003 

Arkhangelsk 
Circulatory organs 0.0015 0.011 0.001 0.008 0.0004 0.0028 
Blood system 0.0015 0.011 0.001 0.007 0.0004 0.0027 
Nervous system 0.0014 0.011 0.001 0.008 0.0004 0.003 
Kidneys 0.0014 0.011 0.001 0.008 0.0004 0.003 
Liver 0.0009 0.005 0.0006 0.004 0.0002 0.0014 
Digestive organs 0.0005 0.006 0.0004 0.005 0.0001 0.0017 
Reproductive system 0.0005 0.006 0.0004 0.004 0.0001 0.0016 
Skin 0.0002 0.002 0.0001 0.001 0.0001 0.0004 
Immune system 0.0001 0.003 0.0001 0.002 0.00003 0.0008 

Novodvinsk 
Nervous system 0.002 0.012 0.0015 0.0089 0.0006 0.0034 
Kidneys 0.002 0.012 0.0015 0.0089 0.0006 0.0034 
Circulatory organs 0.002 0.0095 0.0015 0.0068 0.0005 0.0025 
Blood system 0.002 0.0093 0.0014 0.0067 0.0005 0.0025 
Liver 0.0012 0.005 0.0009 0.004 0.0004 0.0015 
Digestive organs 0.0009 0.007 0.0006 0.005 0.0002 0.002 
Reproductive system 0.0008 0.007 0.0006 0.005 0.0002 0.0019 
Immune system 0.0003 0.004 0.0002 0.003 0.0001 0.0013 
Skin 0.0002 0.002 0.0001 0.001 0.0001 0.0004 



Population health risk caused by exposure to chemicals in soils     

ISSN (Print) 2308-1155    ISSN (Online) 2308-1163    ISSN (Eng-online) 2542-2308 23

T a b l e  3  
Individual, total and summary total carcinogenic risks under exposure to soil contaminants 

 in cities located in Arkhangelsk region 
Introduction 

Oral Subcutaneous CRsum Carcinogens 
Р50 Р90 Р50 Р90 Р50 Р90 

Severodvinsk 
Nickel 9.4×10-5 2.4×10-4 7.4×10-4 1.8×10-3 8.3×10-4 2.1×10-3 
Lead 4.1×10-7 1.3×10-6 1.3×10-7 4.2×10-7 5.4×10-7 1.8×10-6 
Arsenic 1.9×10-5 4.7×10-5 6.0×10-5 1.5×10-4 7.9×10-5 2.0×10-4 
Cobalt 6.3×10-7 1.3×10-6 2.0×10-7 3.9×10-7 8.3×10-7 1.7×10-6 
CRsum 1.1×10-4 2.9×10-4 8.0×10-4 2.0×10-3 9.1×10-4 2.3×10-3 

Arkhangelsk 
Nickel 2.0×10-6 1.3×10-5 1.6×10-5 1.0×10-4 1.8×10-5 1.1×10-4 
Lead 5.8×10-8 5.9×10-7 1.8×10-8 1.9×10-7 7.6×10-8 7.8×10-7 
Cobalt 7.9×10-9 9.4×10-8 2.5×10-9 3.0×10-8 1.0×10-8 1.2×10-7 
CRsum 2.1×10-6 1.4×10-5 1.6×10-5 1.0×10-4 1.8×10-5 1.2×10-4 

Novodvinsk 
Nickel 2.0×10-6 1.0×10-5 1.6×10-5 8.1×10-5 1.8×10-5 9.2×10-5 
Lead 6.7×10-8 2.9×10-7 2.1×10-8 9.1×10-8 8.8×10-8 3.8×10-7 
Cobalt 7.9×10-9 7.9×10-8 2.5×10-9 2.5×10-8 1.0×10-8 1.0×10-7 
CRsum 2.1×10-6 1.1×10-5 1.6×10-5 8.1×10-5 1.8×10-5 9.2×10-5 

 
Considering median concentrations of the 

examined metals, in all three cities the greatest 
contribution into adverse effects produced on 
circulatory organs, blood system, nervous sys-
tem, kidneys, and liver was made by manga-
nese (48–99%); by cadmium (39–60%) and 
lead (20–42%), on the digestive and reproduc-
tive systems; by cobalt (64–84%), on skin; 
nickel (15–65%) and mercury (33–86%), on 
the immune system. 

In Severodvinsk total individual carcino-
genic risk for the overall population amounted 
to 9.1×10-4 under exposure to median concen-
trations of carcinogens; to 2.3×10-3 at 90-th 
percentile. In Arkhangelsk and Novodvinsk 
total carcinogenic risks for the overall popula-
tion were the same at median level and 
amounted to 1.8×10-5; at 90-th percentile, they 
amounted to 1.2×10-4 and 9.2×10-5 respec-
tively (Table 3). 

Total carcinogenic risk in Severodvinsk 
was 51 times higher at median level, and 20–
25 times higher at 90-th percentile level, than 
in Arkhangelsk and Novodvinsk. Oral intro-
duction made the major contribution (69–70%) 

into carcinogenic risks occurrence in the ex-
amined cities. The greatest contribution into 
summary total carcinogenic risk was made by 
nickel (from 91 to 99%). Population carcino-
genic risk taken over 70 years under exposure 
to carcinogens in soil amounted to 2.4 at me-
dian level in Severodvinsk; to 0.09, in Ark-
hangelsk; to 0.001, in Novodvinsk. There were 
0.03 annual additional cases of malignant neo-
plasms among population in Severodvinsk 
caused by carcinogens in soils.  

Conclusion. Soil in housing areas in 
Severodvinsk contains the highest concentra-
tions of metals in comparison with other cities 
located in arctic zones of Arkhangelsk region. 
It is due to emissions from industrial enter-
prises dealing with shipbuilding and machine 
building.  

Carcinogenic and non-carcinogenic risks 
under exposure to chemical contaminants in 
soil are higher in Severodvinsk than in two 
other examined cities; they are permissible 
when taken at median concentrations. Car-
cinogenic risk taken at 90-th percentile is 
higher than permissible values; it is subject 
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to permanent control and requires develop-
ing a set of activities aimed at reducing soil 
contamination with chemicals. These activi-
ties should include improved production 
technologies that can ensure smaller emis-
sions and discharges of adverse substances 
into the environment; new enterprises on 
wastes recycling and processing; construc-

tion and reconstruction of sewage disposal 
plants; detection and lamination of contami-
nation sources. 
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The article summarizes literature data on significant risk factors that cause myopia in children; it also dwells on an 

algorithm that can be applied by ophthalmologists, pediatricians, family doctors, and medical optometrists to determine risk 
groups as per myopia, to accomplish dynamic observation, and to implement medical and prophylaxis activities aimed at its 
prevention. A hereditary factor in myopia development is considered to be the most significant one. There are also several 
other significant factors such as refraction being greater than +0.75 diopter at an age 6-10; an anterior-posterior axis of the 
eye being longer than 23.5 mm; pseudo-myopia; relative accommodation resources being lower than 1.0 diopter; axial 
length over cornea radius ratio (AL/CR) being higher than 3; accommodative convergence over accommodation ratio 
(AC/A) being higher than 4 pr.diopter / diopter; relative peripheral hypermetropia and off-axis refraction asymmetry when 
the nasal side of the eye is higher than the temporal one. We paid special attention to influences exerted by the environment 
and urbanization. High educational and social status of a family results in elevated risks of myopia. We also spotted out 
several risk factors that could be eliminated; they were hypodynamia under great visual loads and a period of time spent 
outdoors being shorter than 10 hours a week. Reliable preventive measures include parents’ control over visual activities of 
a child; imposing limits on visual loads; outdoor activities for not less than 10-14 hours a week; physical exercises and do-
ing some sports; home training to improve accommodation; correction aimed at compensating peripheral hypermetropia and 
/or inducing myopic defocus; local medical treatment. Early detection of risk factors and direct or indirect influence on them 
allow preventing myopia or postponing its development for an older age; it results in lower frequency of significant myopia 
and reduces a number of complicated and severe myopia cases.  

Key words: myopia in children, risk factors, myopia development, myopia prevention, myopia predictors, refraction 
disorders, peripheral refraction. 
 

 
 Myopia is the most common type of 

disproportionate refraction; it is more fre-
quently an acquired disorder. Myopia usually 
develops when a child starts school but its 
earlier occurrence in children – during pre-
school years – becomes more and more fre-
quent [1, 2]. Frequency of myopia differs 
substantially across the world. This type of 
refraction is most frequently detected in 
countries located in South-Eastern Asia where 
prevalence of myopia exceeds 90% as per 

data taken from several sources [3, 4]. In 
Europe myopia is not so widely spread but 
still its prevalence among population is 
greater than 35% [5]. In some regions in Rus-
sia 2.4% children are already near-sighted 
when they just start school. By the fifth grade 
a number of near-sighted children grows by 
8 times (!) reaching 19.7%. By the last school 
year prevalence of myopia among school-
children is close to average European level 
and amounts to 36.8% [2]. There is even a 
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concept stating that there is “epidemic of 
myopia” [3, 4]. The WHO program ‘Control 
and prevention of blindness and deafness by 
2020” determines myopia as one of five pri-
ority diseases that require active prevention 
of eliminable blindness.  

Meta-analysis performed by Brien Hol-
den Vision Institute on 2.1 million partici-
pants revealed that there should be a signifi-
cant rise in a number of short-sighted people 
all over the world from 2000 to 2050. As 
predicted, by 2050 there will be 4.8 billion 
short-sighted people in the world or, in other 
words, 49.8% of the overall world popula-
tion. And almost 1 billion people will suffer 
from high myopia [6]. Myopia causes 3 times 
higher risks of early acquired cataract; 8 times 
higher risks of retina rapture; 18 times higher 
risks of glaucoma [7]. And if myopia devel-
ops at an early age, it is the most established 
factor for consequent occurrence of high 
myopia [1, 8].  

Although all contemporary techniques 
aimed at controlling myopia are quite effi-
cient, a greater attention should be paid to de-
tecting risk factors that cause myopia in pre-
school and junior school children if we want 
to prevent its spread. It is also very important 
to prevent its development, especially at early 
stages of the disease.  

This paper focuses on generalizing all 
the available literature data on risk factors 
that cause myopia and their ranking; there is 
an algorithm which we recommend to oph-
thalmologists, pediatricians, family doctors, 
and medical optometrists as they can apply it 
to create risk groups as per myopia, to per-
form dynamic observation, and to implement 
relevant treatment and prophylaxis aimed at 
preventing myopia. 

There are a lot of scientific works, espe-
cially by foreign authors, that concentrate on 
determining risks of myopia occurrence in chil-
dren. We thoroughly analyzed these works and 
it allowed us to reveal the most significant and 
convincing factors that cause risks of myopia. 

Heredity. It is quite possible that a child 
becomes near-sighted even if he or she doesn’t 

have any relatives (parents or more remote 
ones) who suffer from myopia. Chances that 
such children might have myopia are equal to 
0.28; but if both parents of a child are near-
sighted, chances grow to 0.85 and continue to 
increase with each subsequent generation [9]. 
Obviously, the reverse situation is also possi-
ble when near-sighted parents have children 
with normal vision but it is rather rare. A sim-
ple calculation shows that chances for it are 
equal to not more than 0.12. It is heredity that 
makes a significant contribution into probabil-
ity of myopia occurrence. Thus, a child who 
has at least one near-sighted parent runs  
2–3 times higher risks of myopia than a child 
whose parents have normal vision. Most re-
searchers confirm that having two near-sighted 
parents causes 1.5–2 times higher risk of myo-
pia for their children [1, 8, 9, and 10].  

Sex. We haven’t found any convincing 
data on a sex being a factor that can cause 
elevated risks of myopia.  

Ethnic groups. Multiple research works 
prove that prevalence of myopia is signifi-
cantly higher among people coming from 
Eastern Asia, notably Chinese, than among 
Europeans (Caucasians) and other ethnic 
groups [1, 3, 4, 5, and 11].  

The environment, education, and ur-
banization. There are a lot of convincing 
evidences that there is a tight correlation be-
tween genetic factors and impacts exerted by 
the environment [1, 3, and 10]. Experts com-
paratively analyzed refraction of Sherpa 
children who lived in rural areas and chil-
dren from Tibet who lived in Katmandu (the 
capital of Nepal); those children had the 
same ancestors but lived in drastically dif-
ferent educational and ecological conditions. 
The analysis revealed that myopia was con-
siderably less frequent among Sherpa chil-
dren (2.9%) than among their counterparts 
living in a city (21.7%) [12]. We may state 
that high prevalence of myopia results from 
adaptation to impacts exerted by ecological 
changes, better education that is indirectly 
linked to a higher social and economic 
status, and urbanization [1, 3, 13]. The latter 
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in its turn is linked to many environmental 
factors that produce direct or indirect effects 
on prevalence of myopia. Researchers exam-
ined factors that caused myopia among Chi-
nese children and revealed that multi-factor 
and polygenic models prevailed in the process 
and genetic factors remained constant in them 
whereas influence exerted by the environment 
had been growing during lives of the last three 
generations [10]. Myopia prevalence remained 
the same in different ethnic groups exposed to 
the same environmental conditions in spite of 
significant genetic differences. 

Time a child spends outdoors, dura-
tion of work at a short distance, sight hy-
giene, and family. Recent research confirms 
the result obtained via previous one per-
formed by E.S. Avetisov [14]: if children 
spend sufficient amount of time outdoors, it 
reduces risks of myopia. The most signifi-
cant factor here is a balance between time a 
child spends on working at a short distance 
from objects and time he or she spends out-
doors [3, 15]. Thus, 12-year old children who 
spend less than 1.6 hours outdoors a day and 
have additional 3 hours of educational loads 
beyond school acquire myopia 2–3 times 
more frequently than children of the same 
age who spend more than 2.8 hours outdoors 
and with additional educational loads being 
less than 2 hours [16]. A simple change in a 
day schedule – children spending their breaks 
outdoors – leads to a more than a 2-time re-
duction in risks of myopia among children 
aged 7–11 as calculated risks of myopia 
amounted to 8.41% among children who 
spent their school breaks outdoors and to 
17.65% among those who didn’t do it [17]. 
To sum up, increased amount of time spent 
outdoors leads to a 2-time reduction in risks 
of myopia as well as makes for slower de-
velopment of already existing myopia [18]. 
Some authors state that physical activities 
and doing sports outdoors during 7–14 hours 
a week is quite a reliable factor that can pre-
vent myopia occurrence [19, 20]. Children 
aged 7–9 who read two or more books a 
week run a three times higher risk of myopia 

as compared to those children who read two 
or fewer books a week [21, 22]. Children 
aged 12–13 who hold a book at a distance 
equal to 29 cm or less when reading run 
2.5 times higher risk of myopia; uninter-
rupted reading that lasts for longer than 
30 minutes results in 1.5 times higher risks of 
myopia [21]; 6-year old children who work at 
a short distance from objects for more than 
1 hour a day run 1.26 times higher risk of 
myopia [23]. However, if we take into ac-
count other significant factors (such as be-
longing to a specific ethnic group, for exam-
ple), we should specify that intensity is a 
leading factor and not a period of time spent 
working at a short distance from objects. 
Children who suffered from myopia were 
compared with children who had normal vi-
sion; it turned out that near-sighted children 
more frequently had near-sighted parents; 
they spent much more time on educational 
tasks, more time on reading, and less time on 
doing sports; they tended to have higher 
scores in reading ITBS tests and overall lan-
guage sub-tests  [24]; they attended grammar 
schools; they watched TV or played com-
puter games, videogames or games on their 
smartphones for more than 2 hours a day; 
their families had higher social status [19]. Our 
previous research also revealed that myopia 
was much more frequent among children who 
attended specialized grammar schools as com-
pared to those who attended “ordinary” com-
prehensive schools [2].  

Greater attention paid by parents to vis-
ual activities of their children can substan-
tially reduce risks of myopia occurrence. 
Control over use of electronic devices re-
sulted in more than 2-rtime decrease in risks 
of myopia. Other significant factors were 
control over a child getting sufficient amount 
of sleep, a posture he or she took when doing 
homework, and amount of time a child spent 
outdoors. The earlier parents started to pay 
attention to those factors the lower was risk 
of myopia for their children at an early age 
and the better were refraction and functional 
results at an older age [13].  
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Axial refraction. Data collected via ob-
servation cohort study revealed that cyclople-
gic sphere equivalent of refraction that is 
stronger than 0.75 diopter hypermetropia in 
children younger than 6 is the most authentic 
predictor that myopia will occur in future, the 
probability being 95%. Refraction that is 
stronger than 0.5 diopter hypermetropia is a 
myopia predictor for 6-year old children; 
emmetropia is a predictor for children aged 
7–8 [25]. According to some other data, hy-
permetropia that is lower than 0.75 diopter is 
a real risk factor that causes myopia in chil-
dren up to 11 years of age [8, 11]. Refracto-
metry data in case there is cycloplegia can be 
a sufficient ground for including a child into a 
risk group as per myopia.   

Axial length of an eye and refracting 
power of the cornea. Axial length that is 
greater than 23.5 mm correlates with high 
risks of myopia among 6-year old children 
with normal vision regardless of their ge-
netic background [11]. Anterior-posterior 
axis length that is greater than 24.33 mm can 
be a risk factor that causes myopia among 
children aged 10–14 [26]. Axial length (mm) 
over cornea radius (mm) ratio (AL/CR) that 
is higher than 3 can be a more reliable pre-
dictor of myopia occurrence among children 
aged 6–12 [27]. Radius of horizontal merid-
ian curvature is more informative in such 
calculations.   

Off-axis refraction (peripheral refrac-
tion) and length of an eye. Initial form of an 
eye can be a risk factor that causes myopia. 
Relative peripheral hypermetropic refraction 
is considered a reliable myopia predictor as 
children who acquired myopia tended to have 
more significant relative peripheral hyper-
metropia 2–5 years prior to becoming near-
sighted that those who preserved normal vi-
sion  [11, 25]. There was a study that concen-
trated on contours of the retina via determin-
ing a discrepancy between axial and off-axis 
length of an eye in a 20° zone; 140 children 
aged from 7 to 11 were examined twice with 
a 30-month interval between two checkups. 
The study revealed a significant correlation 

between myopia occurrence and initially 
steeper contour of the retina from the tempo-
ral side. Steeper contour of the retina from the 
temporal side implies there is relative periph-
eral long sight in this part of the retina or 
weaker refraction in the temporal zone as 
compared with the nasal one [28]. A differ-
ence in an extent to which the nasal and tem-
poral parts of an eye contribute into myopia 
occurrence is confirmed by measurement of 
off-axis refraction during accommodation. 
Off-axis refraction in 40° zone in the retina of 
a short-sighted eye changes weaker than in an 
eye with normal vision by 1.1 diopter in the 
nasal zone and by 1.7–2.0 diopter in the tem-
poral one during accommodation tasks that 
are performed at 25 cm distance. Risks of 
myopia are assumed to grow if an eye doesn’t 
change retina curvature when performing its 
tasks [29].   

Accommodation. Weaker accommoda-
tion response can be treated as an independ-
ent myopia predictor [30, 31, and 32]. Special 
attention is paid to a low-bent head when any 
task is performed at a close distance [14, 21] 
and a decrease in relative accommodation re-
sources: children who later acquired myopia 
had lower relative accommodation resources 
(1.46 diopter) than those who preserved their 
normal vision (2.04 diopter) [32]. 

Pseudomyopia is a symptom that is con-
sidered to be a specific myopia predictor by 
mostly Russian researchers. The Expert 
Council on Accommodation and Refraction 
(ECAR) determines pseudomyopia as a state 
when manifest refraction is emmetropic, and 
cycloplegic refraction is either emmetropic or 
even hypermetropic. A.I. Dashevskiy (1988) 
believed that pseudomyopia always preceded 
actual near-sightedness [33]. Pseudomyopia 
occurrence leads to 3.03 times higher risks of 
myopia and it preceded axial myopia in 
77.8% of children who had it [26].  

Heterophoria and AC/A ratio. Heter-
ophoria which is higher than 3 prism diopter 
(pr.diopetr) is an obvious risk factor that can 
cause myopia in children; greater attention 
here is paid to esophoria [32, 34]. Accom-
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modative convergence over accommodation 
(AC/A) ratio is more informative in this re-
spect. An increase in AC/A ratio can be de-
tected 4 years prior to myopia occurrence 
and is equal to 7 pr.diopter/diopter in chil-
dren who run high risks of myopia occur-
rence. This ratio is authentically lower in chil-
dren who will potentially preserve their normal 
vision and remains equal to 4 pr.diopter/ 
diopter; it is probably due to a greater lag in 
accommodation in children who can become 
near-sighted [34]. Previous research revealed 
that risk of myopia occurrence grew by 
22.5 times during 1 year for children with 
AC/A ratio being equal to 5.84 pr.diopter/ 
diopter and higher; if they also had their axial 
refraction being equal to +0.75 and even 
more, risks additionally increased by 3.21 ti-
mes [35]. Increased AC/A ratio as a risk fac-
tor that caused myopia was also mentioned 
during the following 1–4 years in other re-
search works.   

Intraocular pressure. We haven’t found 
any convincing facts that intraocular pressure 
exerts any influence on myopia occurrence.  

There are some other factors mentioned 
in scientific literature that can cause myopia; 
they are thickness and refracting power of 
the lens [25], size and type of astigmatism 
[25, 26], spherical aberration sign and some 
others. 

If myopia is prevented or at least its oc-
currence is postponed, it can reduce risks of 
high myopia occurrence [1, 8]. As is known, 
the later myopia develops the smaller its ul-
timate value is [26, 36], and any impacts ex-
erted on myopic process with 33% efficiency 
reduce frequency of high myopia by 73%; 
50% efficiency will result in a 90% decrease 
in frequency of high myopia [36].  

Obviously, myopia among children 
should be dealt with; it is necessary to start 
from detecting and analyzing risk factors that 
cause its development among pre-school and 
junior school children. Certain risk factors 
that cause myopia such as heredity and ante-
rior-posterior axis length can’t be changed or 
eliminated. Others, such as too little time 

spent outdoors or considerably long and in-
tense visual loads when working at a close 
distance can be removed. Prolonging time 
spent by children outdoors up to 10–14 hours 
per week, doing sports, additional educational 
loads being limited to 2 hours a day or less 
are efficient measures that can prevent myo-
pia [16, 17, 19, and 20]. They are especially 
relevant for children whose parents have 
myopia in their case histories. Parents should 
control visual activities of their children, how 
their children use gadgets, how much time 
they spend watching TV, what postures they 
take when working at a close distance, how 
long their sleep is or whether they get enough 
rest; all these measures allow achieving more 
than a 2-times reduction in risks of myopia 
occurrence [13]. 

Central and peripheral refraction, ac-
commodation, convergence and their interre-
lations as well as some other factors can be 
influenced via perifocal optical correction 
that corrects relative peripheral long sight 
[37]; via correction that compensates for in-
sufficient accommodation and induces a my-
opic defocus in an eye  [38]; training ac-
commodation including special training 
glasses that can be used at home [39]; apply-
ing local drug therapy with α-adrenoceptor 
antagonists, М-cholinergic antagonists and 
their combinations  [40]. 

Conclusion. Myopia becomes more and 
more frequent with each subsequent genera-
tion. Overall trend is that a number of people 
with myopia is growing all over the world 
including those suffering from high myopia.  

The most significant factors that cause 
myopia are heredity (especially if both par-
ents are short-sighted or one of them suffers 
from high myopia), pseudomyopia, refrac-
tion that is stronger than 0.75 diopter hyper-
metropia, greater anterior-posterior axis 
length, and high AC/A ratio. Significant in-
fluence is also exerted by environmental fac-
tors, education, and urbanization. There are a 
lot of convincing evidences that there is a 
tight correlation between genetic factors and 
impacts exerted by the environment. Behav-
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ioral factors are also very important; they 
include time spent actively outdoors, length 
and intensity of visual loads when working 
at a close distance. 

It is vital to early detect risk factors and 
influence them directly or indirectly as it al-
lows preventing myopia occurrence or post-
pone it for an older age. It, in its turn, will 

lead to high myopia becoming less frequent, 
reducing cases in which myopia gets compli-
cated or turns into a grave form. 
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Electrochemical processes that involve making protective coats at contemporary galvanic productions are widely spread 

in various industries. As chemically active solutions and heavy metals are usually applied in galvanic production, it can be 
ranked among hazardous ones. Our research goal was to examine morphometric parameters of nano- and micro-particles that 
were detected in working area air at enterprises where galvanic baths and electrochemical processes were applied. 

To perform a complex examination of particle-size distribution and concentration of a galvanic aerosol (GA) in work-
ing area air, we applied a combined procedure that included: 

1) measuring qualitative structure of particulate matter (mg/m3) according to ISO 21501-4 in order to determine con-
centrations of РМ0.3, PM0.5, PM1, PM3, PM5, and PM10 with a portable laser meter; 

2) measuring mass concentrations of PM10 according to the European Standard for determining particulate matter EN 
12341:2014; 

3) measuring particle-size structure of particulate matter via deposition with laser granulometry. 
Quantities of particles that belonged to PM0,3 fraction were more than 10,000 times higher in working area air inside 

a galvanic workshop that quantities of those belonging to PM10 fraction. Maximum quantities of particles were detected near 
a nickel-plating bath. Mass concentration of PM10  fraction amounted to 0.04 ± 0.0001 mg/m3. Contents of particles with 
their size exceeding 700 µm accounted for 30–90 % of the overall quantities of particles at most examined points; particles 
with their size being less than 10 µm were detected only in an area where aluminum was being hardened. 

Quality of working area air at galvanic production doesn’t fully provide safe working conditions due to ultra-thin frac-
tions prevalence in industrial aerosols; it can result in so called “sub-threshold effects” causing bronchopulmonary diseases. 

Key words: working area, galvanic production, working conditions, air quality, industrial aerosols, nano-and micro-
particles. 
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 Electrochemical processes at contempo-
rary galvanic production are applied to make 
protective coats and can be met in various 
branches including defense and aerospace in-
dustries. Galvanic production is considered to 
be hazardous due to chemically active solu-
tions and heavy metals being widely used in it. 
As per data provided by Rosstat a specific 
weight of workers employed at adverse and 
(or) hazardous productions grows annually 
[1, 2]. As is well known, hazardous substances 
penetrate a worker’s body not only through the 
respiratory tracts but also through the skin, 
ears, eyes, and other unprotected parts of a 
body [3]. Permanent exposure to negative fac-
tors existing at galvanic production causes oc-
cupational diseases, mostly in the respiratory 
organs and upper respiratory tracts, circulatory 
system, and the musculoskeletal system when 
working experience at such a production is 
from 10 to 15 years. Suspensions rich with 
nano- and micro-particles of heavy metals es-
sentially occur in the air in a workshop where 
electrochemical processes take place; it is a 
significant factor for creating programs aimed 
at protecting workers’ health. It is necessary to 
implement efficient prevention activities and 
apply protection means for workers employed 
at hazardous productions and workers with 
allied occupations if we want to reduce a num-
ber of disease cases and risks of lethal out-
comes. The task can be solved only after as-
sessing morphometric parameters of nano- and 
micro-particles as well as properties of parti-
cles in an industrial aerosol that occurs in a 
galvanic workshop. 

Nano- and micro-sized suspensions in the 
atmosphere are detected at points that are quite 
remote from industrial buildings [4–6], they 
exert considerable influence on climate in in-
dustrial centers [7], and technogenic particles 
account for 45% out of overall aerosol particles 
[8]; nevertheless, contamination of working 
area air at galvanic production and adjoining 
territories with nano- and micro-sized suspen-
sions hasn’t been given relevant attention. If we 
fail to assess significance and hazards caused 
by nanotechnological contamination, it can cre-

ate health risks for population and makes cer-
tain areas less socially and economically attrac-
tive [9]. Working conditions have a key role in 
protecting population health and health of 
welders in particular. Microclimate at a work-
ing place matters a lot as a person consumes 
15 kg of air per day. Unsatisfactory microclima-
tic parameters cause occupational diseases. Par-
ticles with their size being up to 10 µm are the 
most hazardous for human health due to their 
ability to cause respiratory diseases [10–12].  

Previously we detected nano- and micro-
particles within sanitary protection zones 
around industrial enterprises that had galvanic 
workshops in their structure [5]. In particular, 
we’d like to mention suspended Fe and Cr 
particles with their diameter being equal to 
10-120 nm and their share accounting for up 
to 76%; however, we couldn’t detect a source 
and a mechanism of their occurrence. 

Issues related to nano-particles penetrat-
ing working area air remain outstanding. In 
particular, there are no criteria for assessing 
exposure to nanoparticles; as the chemical 
structure of particulate matter is usually a 
multi-component one, there are not enough 
data on potential toxicological effects pro-
duced by exposure to them and it creates sig-
nificant difficulties for experts who try to sub-
stantiate hygienic standards in the sphere. 

Our research goal was to perform com-
plex analysis of nano- and micro-particles con-
tents in working area air as a factor causing 
health risks for workers employed at enter-
prises where electroplating baths and electro-
chemical processes were applied.  

Data and methods. We performed our 
research in a galvanic workshop where basic 
technological processes were aluminum clari-
fication and pickling; sulfuric anodic treat-
ment; chemical and electric aluminum de-
greasing; removal of sludges after pickling; 
non-ferrous metals pickling; chrome and 
nickel plating. To perform a complex exami-
nation of particle-size distribution and con-
centration of a galvanic aerosol (GA) in 
working area air, we applied a combined pro-
cedure that included: 
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1) measuring quantitative structure of par-
ticulate matter (mg/m3) according to ISO 
21501-4 in order to determine concentrations 
of РМ0.3, PM0.5, PM1, PM3, PM5, and 
PM10 with a portable laser meter;  

2) measuring mass concentrations of 
PM10 according to the European Standard for 
determining particulate matter EN 12341:2014; 

3) measuring particle-size structure of 
particulate matter via deposition with laser 
granulometry.  

1. Measuring quantitative structure of 
particulate matter. To quantitatively analyze 
and determine particles concentrations in 
working area air we applied a hand laser Aero 
Trak Handheld Particle Counter 9306 (the 
USA). The model 9306 conforms to all the 
requirements fixed in ISO 21501-4. Samples 
at each point were taken during 1 minute. 
Overall air volume that passed through the 
device amounted to 2.83 l/min and it was 
within its recommended functioning modes. 
Samples were taken at 1.5 meters height as it 
corresponded to a height at which a person 
usually breathes; all sampling points were lo-
cated directly above an open electrolyte of an 
electroplating bath. Overall, we examined 
11 electroplating baths in our experiment 
which were included into technological proc-
esses at three production lines: a line where 

aluminum was being prepared; a line where 
non-ferrous metals were being prepared; and 
a line where protection covers were being 
made. The list of sampling points and electro-
lytes applied in production processes is given 
in Table 1. 

We performed 5 measurements for each 
type of an electroplating bath (N = 60) in our 
experiment. 

2. Measuring mass concentrations of par-
ticulate matter. To determine concentrations 
of aerosol particles (mg/m3) in working area 
air in a galvanic workshop, we took a series 
of samples near stationary electroplating 
baths. We chose a gravimetric procedure to 
measure concentrations of GA particles and 
used an aspiratory LVS 3.1 type sampler (In-
geniero Nobert Derenda, Germany). This 
sampler has a nozzle for sampling РМ10 frac-
tion and is also equipped with 47 mm nylon-
based filters Nylon 66 Membranes without 
connections and their working surface diame-
ter being 47 mm (SUPERLCOUSA). Flowing 
capacity of the filters amounted to 0.45 µm. 
Thereby, an examined range of particulate 
matter varied from 0.45 µm to 10 µm. We 
chose 10 µm (РМ10) as an upper limit of the 
particles fraction as it is well in line with 
modern trends in control over particulate mat-
ter in the atmosphere [13–16].  

T a b l e  1  
Technological processes at a galvanic workshop 

No. A technological processes Electrolyte structure Production line  
for preparing 

1 Background territory (offices) – – 
2 Aluminum clarification HNO3 Aluminum 
3 Aluminum pickling NaOH Aluminum 
4 Sulfuric anodic treatment H2SO4 Aluminum 
5 Aluminum degreasing Na2CO3; Na3PO4 Aluminum 
6 Chemical degreasing Лабомид 203 Non-ferrous metals
7 Electrical degreasing Na2CO3; Na3PO4 Non-ferrous metals
8 Removal of sludges after pickling Cr2O3; H2SO4; NaCl Non-ferrous metals
9 Non-ferrous metals pickling HNO3; H2SO4; HCl Non-ferrous metals

10 Chrome plating H2CrO4; H2SO4 Non-ferrous metals
11 Nickel plating NiSO4; MgSO4; Na2SO4; NaCl; H3BO3 Non-ferrous metals
12 Chemical nickel plating NiSO4; MgSO4; Na2SO4; NaCl; H3BO3 Non-ferrous metals
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T a b l e  2  
Particle size distribution for an industrial aerosol in a galvanic workshop, units/100 cm3 

№ Sampling point PM0,3 PM0,5 PM1 PM3 PM5 PM10 
0 Background territories (offices) 159,643 29,317 2,318 196 74 10 
1 Aluminum clarification 19,247,204 3,126,713 269,112 42,071 18,171 2,282 
2 Aluminum pickling 18,774,926 2,858,021 234,399 34,086 13,895 1,711 
3 Sulfuric anodic treatment 18,758,289 3,134,410 286,763 48,169 20,977 2,938 
4 Aluminum degreasing 28,703,393 6,005,978 338,080 35,892 14,768 1,766 
5 Chemical degreasing 16,610,093 4,995,215 1,119,675 459,242 273,288 44,287 
6 Electrical degreasing 23,821,193 4,836,159 290,667 36,512 15,388 2,186 
7 Removal of sludges after pickling 19,961,226 3,427,211 250,587 33,378 13,710 1,666 
8 Non-ferrous metals pickling 20,526,593 3,053,826 237,555 30,997 12,420 1,600 
9 Chrome plating 10,932,963 1,671,387 181,983 24,534 9,946 1,150 
10 Nickel plating 20,245,996 3,689,208 337,626 33,953 12,332 1,180 
11 Chemical nickel plating 31,279,133 10,266,759 715,403 22,772 6,628 406 

 
Prior to sampling the filters had been dried 

in ТС-1/20 thermostat (Russia) for 24 hours at 
40 °С; after that each filter was weighted  
5 times with an electronic balance Sartorius 
(Germany) and a mean value for a weight was 
determined. Readings were taken at 5 points in a 
galvanic workshop; those points were located at 
a distance from 1 to 5 meters away from station-
ary nickel plating baths as such baths were 
sources of the most toxic particles. The nozzle 
was fixed at 1.5 meters height as it corresponded 
to a height at which a person usually breathes. 
We obtained 10 sets of data for each type of an 
electroplating bath (N = 50) in our experiment. 

3. Measuring particle-size structure of 
particulate matter via deposition. To perform 
particle-size analysis for particles contained in 
working area air, we took samples via the fol-
lowing procedure: we placed sterile plastic 
containers on the workshop floor where work-
ers performed their tasks in a workshop; a vol-
ume of each container amounted to 2.7 liters 
and they were all filled with distilled water 
(this water treatment procedure completely 
removes any particulate matter from water) 
obtained with DE-4-02-EMO water distillation 
device (“Electromedoborudovanye” LLC, 
Saint Petersburg, Russia). Particles settled into 
open containers. The procedure was chosen 
due to a possibility to collect the whole range 
of nano- and micro-particles as it is not the 
case with any other alternative method (any 

applied filter has a minimal size equal to 430 
nm and it means that smaller particles pass 
through it freely). Prior to the experiment all 
the containers had been thoroughly washed, 
firstly with running water, and then twice with 
distilled water; after it the containers were 
filled with 600–800 ml of distilled water 
which amounted to 1/3 of their overall volume. 
We wrote down a denomination of an electro-
plating bath for each sample as well as a date 
and time at which it was taken. 

Our experiment lasted for 8 hours as it 
was equal to working shift duration in the 
chosen workshop. The containers were 
placed close to operating stationary electro-
plating baths and were open at 8 a.m. just as 
a working shift started. As the shift ended at 
17 p.m., the containers were tightly closed, 
marked and transported to a laboratory for 
further research. 

Results were statistically processed with 
“Statistica 10.0” software package; we as-
sessed statistical significance of parameters 
and discrepancies between examined sam-
plings as per Student’s t-test taking into ac-
count a type of values distribution.  

Results and discussion. Having exam-
ined particle-size distribution, we detected 
that the smallest particles prevailed abso-
lutely (Table 2).  

A quantity of PM0,3 (particles smaller 
than 0.3 µm) was more than 10,000 times 
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higher than a quantity of PM10. Maximum 
particles concentrations were detected near a 
nickel plating bath, a stationary one with 
treatment temperature being 15–25 °С. The 
bath was applied for electrochemical treat-
ment of metals and was equipped with venti-
lation systems; it was heated by a direct cur-
rent source. As samples were taken directly 
above contents of stationary electroplating 
baths, the results we obtained prove that pri-
mary particles in industrial aerosols which 
occur during electrochemical processes tend 
to have very small sizes. Basically, primary 
particles tend to be smaller than 0.3 µm. 

We measured concentrations of particu-
late matter with particles sizes being less than 
10 µm at a distance 1–3 meters away from sta-
tionary baths for chemical nickel plating, 
nickel plating, and an aluminum preparation 
line; our measuring revealed that particles 
concentrations were within 0.0417±0.0001 – 
0.0438±0.0002 mg/m3 range and didn’t change 
significantly at an examined distance.  

At present, both in the RF and world-
wide, there are no standards for assessing 
nano- and micro-particles contents in working 
area air at galvanic production. But still, some 
research works [1, 4, 5, and 17] indicate that 
particles with different sizes occur in the air 
inside galvanic workshops. Our particle size 
analysis revealed that particles with their size 
being less than 10 µm prevailed in working 
area air; among them the most frequent parti-
cles were ultrathin ones or РМ0,3. The small-
est particles of heavy metals in industrial 
aerosols are able to penetrate deep into the 
respiratory organs and spread further all over 
a body [11] causing chronic diseases in the 
respiratory tracts and overall decrease in 
working capacity. 

As there are no data on elemental struc-
ture of GA mixture in electroplating produc-
tion, it is impossible to hygienically assess 
the results we have obtained in our experi-
ments. We should note that standards for 
permissible nano-particles contents differ 
greatly for their types; thus, for example, the 
standard for single-shell carbon nanotubes is 

0.007 mg/m3, and that for titanium oxide 
nanoparticles is 0,3 mg/m3. Given that, it is 
necessary to perform further research and 
standardize contents of nanoparticles with 
various chemical structures.   

The results of particle size analysis per-
formed on particulate matter via deposition 
indicate that there are two types of suspension 
occurring at electroplating production. The 
Figures show typical graphs of particles dis-
tribution as per their sizes: first, prevailing 
particles with their size being less than 10 µm 
(Figure 1) and, secondly, with prevailing par-
ticles sized more than 700 µm (Figure 2). The 
first variant occurs only at an aluminum hard-
ening line (2 samples out of 12). We should 
note that the greatest specific weight of parti-
cles smaller than 10 µm (88.2%) was detected 
in a sample taken at an aluminum hardening 
line near a stationary bath for aluminum de-
greasing. Samples taken at other points con-
tained from 30% to 90% particles which were 
bigger than 700 µm. We should also note that 
there were practically no particles with their 
sizes ranging from 50 µm to 400 µm in the 
examined samples. 

 
Figure 1. Particle size distribution in Sample No. 4 

(aluminum degreasing) 

 
Figure 2. Particle size distribution in Sample No. 12 
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Data obtained via analysis of particle 
size distribution indicate that there is quanti-
tative prevalence of large particles. The de-
tected discrepancy between results of two dif-
ferent procedures which we applied is due to 
both different sampling techniques and parti-
cles behavior in the air. When samples are 
taken directly above electroplating baths, 
РМ0,3 are detected most frequently. Primary 
particles with their size being smaller than 
0.3 µm occur above stationary baths during a 
working shift, turn into suspended state, stick 
together, and form large aggregates and clus-
ters; as such aggregates and clusters grows 
bigger than 700 µm, they settle. We should 
note that measuring itself was limited by flow 
capacity of chosen filters which was 0.45 µm; 
that is, particulate matter that were smaller 
flew through the aspirator freely and didn’t 
settle on the filter. Therefore, we should as-
sume that if filters with lower flow capacity 
are applied in an experiment, obtained values 
can be higher than ours. However, it is a 
common thinking that ultrathin particles, de-
spite their significant quantity, make a very 
small contribution into the overall weight of 
particulate matter in the air [18]. 

Our pilot research proves there is a high 
quantitative concentration of particulate matter 
in a galvanic workshop with predominant par-
ticles sized up to 0.3 µm; such particles are the 
most hazardous for human health as they can 
cause bronchopulmonary diseases, including 
industrially induced and occupational patholo-
gies. Workers should be well aware of the 
risks as it will allow better control over expo-
sure to such particles. 

But at the same time, the obtained results 
have some uncertainties. As PM properties 
depend not only on sizes but also on chemical 
structure, we can’t compare obtained concen-
trations with any standard at the moment. 
There should be further research; in particular, 
it is necessary to determine chemical and 
qualitative structure of GA. When the task is 
solved, it will allow performing a toxicological 
experiment and developing hygienic standards 
for nano- and micro-particles contents in 
working area air [19–21].  

Conclusion. We examined stationary 
nickel plating and aluminum preparation 
lines and showed that high PM10 mass quan-
tity in working are air was caused by occur-
rence of large aggregates made of primary 
finest particles suspended in working are air 
in a galvanic workshop. Absolute prevalence 
of finest PM0,3 (data obtained with a portable 
particle counter) and a consequent decrease 
in their quantity (as per measuring particles 
size distribution) was caused by aggregation 
of particles in the air during a working shift 
and a prevailing gas component in an indus-
trial aerosol. The results of our research, to-
gether with those obtained in further one, 
can be applied for consequent correct as-
sessment of exposure to particulate matter 
distributed in working area air. The results 
can also be applied in epidemiologic research 
on workers’ health. 
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ANALYZING HEALTH RISKS FOR EMPLOYABLE POPULATION CAUSED  
BY FOOD PRODUCTS CONTAMINATION (EXPERIENCE GAINED 
IN SAMARA REGION) 

D.O. Gorbachev, O.V. Sazonova, L.M. Borodina, M.Y. Gavryushin 
Samara State Medical University, 89 Chapayevskaya Str., Samara, 443099, Russian Federation 
 

 
Nowadays it is essential to provide safe nutrition for population via activities aimed at reducing risks related to ad-

verse effects produced by contaminants on people’s health; such activities include those accomplished within the state sani-
tary-epidemiologic surveillance. As per data provided by Samara Regional Center for Hygiene and Epidemiology, 
71,204 food products samples were analyzed; analysis focused on contents of heavy metals (cadmium, mercury, lead, and 
arsenic), pesticides (hexachlorocyclohexane or HCCH, Dichlorodiphenyltrichloroethane or DDT,) nitrates, nitrites, afla-
toxin B1, and benzpyrene. Next, exposure was assessed and risks of carcinogenic and non-carcinogenic effects were calcu-
lated. Analysis of an aggregated hazard index created as per median values of contaminants contents revealed that arsenic 
made a substantial contribution into risks which was equal to 48 %. The second rank place belonged to cadmium that ac-
counted for 14 %; the third one was occupied with nitrates, 12 %. The following food products groups contributed into the 
aggregated hazard index: melons and vegetables (23 %), bread and grocery (22 %), milk and milk products (12 %), meat 
and meat products (11 %), fruit and berries (9 %). It was shown that simultaneous introduction of the examined contami-
nants taking into account the highest non-carcinogenic risks exerted the most adverse impacts on the hormonal system due to 
combined exposure to cadmium, mercury, lead, arsenic, and DDT. We assessed carcinogenic risks caused by combined in-
troduction of the contaminants taking into account their median concentrations and revealed that the risks were within the 
third range. We designed evolution models for carcinogenic risks basing on calculated consumption of various food products 
both as per median concentrations and 90%-percentile; it allowed us to assess these risks as being “negligible”. It was 
shown that the state sanitary-epidemiologic surveillance in Samara region accomplished all the necessary activities as re-
gards monitoring over quality and safety of food products, both domestic and imported.  

Key words: contamination, heavy metals, pesticides, food products, non-carcinogenic risks, carcinogenic risks, evolu-
tion models, food security.  
 

 
 Nutrition plays a key role in protecting 

and preserving people’s health [1, 2]. Com-
ponents in nutrition provide a body with all 
the necessary macro- and microelements; 
food is a source of energy; nutrients that are 
contained in a ration exert their influence on 
body growth and development and protect it 
from adverse effects produced by environ-
mental factors [3–7]. But still, alien compo-
nents that occur in food raw materials and 

food products can exert negative impacts on 
human health via reducing adaptation poten-
tial of a body; in its turn, it can result in car-
cinogenic and non-carcinogenic effects [8–13]. 
Food products contamination primarily occurs 
due to anthropogenic reasons as it is closely 
connected with economic activities performed 
by people [14–19]. At present there are cer-
tain activities that are being accomplished 
within implementation of such documents as 
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“The Doctrine of Food Security in the Rus-
sian Federation”1, “The Basics of the state 
policy as regards providing healthy nutrition 
to population up to 2020”2, “The Strategy for 
improving quality of food products in the 
Russian Federation up to 2030»3; these activi-
ties are aimed at reducing risks of adverse 
effects produced by contaminants in food on 
human health and they are accomplished, 
among other things, via the state system for 
sanitary-epidemiologic surveillance [20]. 
Monitoring over quality and safety of food 
products, both produced domestically and 
imported from abroad, is an efficient tool that 
allows achieving the above-mentioned goals. 
This monitoring is performed within the so-
cial-hygienic monitoring system due to the 
Federal Information Fund (FIF) functioning. 
All the data that are accumulated due to 
monitoring give grounds for taking adminis-
trative measures that can include products be-
ing withdrawn from distribution, ban on food 
products imports, or imposing limitations on 
their application. Besides, monitoring activi-
ties also involve assessing health risks caused 
by contamination of food products and food 
raw materials. Monitoring results are applied 
to make managerial decisions and to provide 
customers with information on food products 
[21, 22]. Nowadays experts in Russia apply 
methodic approaches based on unified risk 
assessment criteria and consisting of several 
stages; these stages are hazard identification, 
assessment of “exposure – response” relation-
ship, assessment of exposure, and risk charac-
teristics. Mathematical modeling of risks 
evolution over time is a promising trend in 
risk assessment. This approach allows the 

most precise estimation of probable impacts 
exerted by alimentary contaminants on vari-
ous organs and systems in living objects [23]. 

So, we should consider influence exerted 
by nutrition on a human body not only in 
terms of its ability to satisfy its physiological 
needs in nutrients and energy but also in terms 
of potential risks caused by anthropogenic 
contaminants contained in food raw materials 
and products. We should note that adverse ef-
fects produced by the said contamination are 
aggravated when people work under hazardous 
conditions and/or when they don’t adhere to 
the principles of rational and healthy nutrition. 
All the above-mentioned issues determined 
our research goal and methodology; our re-
search object was Samara region, an average 
statistical one in the RF. 

Our research goal was to assess health 
risks for employable population in Samara re-
gion caused by food products contamination. 

Data and methods. We assessed admix-
tures in food products as per data collected 
over 11 years and provided by the laboratory 
of the Samara Regional Center for Hygiene 
and Epidemiology. We analyzed 71,204 sam-
ples during our research and made a data ar-
ray that was applied to create a database enti-
tled “the Database on food products contami-
nation”4 that allowed collecting, storage, and 
dynamic processing of data on food products 
contamination. We applied median and 90-th 
percentile of contaminant contents in food 
products in order to calculate exposure. We 
examined food products that were both pro-
duced locally and brought to the region from 
other territories, including imports. We de-
termined contents of heavy metals (cadmium, 
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mercury, lead, and arsenic), pesticides (hexa-
chlorocyclohexane (HCCH), DDT), nitrates, 
nitrites, aflatoxin B1, and benzpyrene in all 
examined food products. Exposure was as-
sessed and risks of carcinogenic and non-
carcinogenic effects were calculated automati-
cally according to “the Guidelines on assess-
ment of population health risks under exposure 
to chemicals that pollute the environment”5. 
Total hazard index (HI) was calculated for a 
single-time introduction and long-term expo-
sure to several contaminants as per median val-
ues of exposure and its 90-th percentile. 

We assessed carcinogenic risks basing 
on calculated values of exposure to contami-
nants as per median and the 90-th percentile 
taking into account factors of carcinogenic 
potential (slope factors). In addition we cal-
culated population carcinogenic risk (per 
10,000 people). 

Workers employed at industrial enter-
prises, educational establishments, medical 
organizations, agricultural companies, and of-
fice personnel took part in our research; they 
all permanently lived in Samara region. Our 
sampling included 1,736 people. Unlike a 
methodology for exposure calculation based 
on the data on average annual food products 
consumption per capita (applied by the Federal 
Statistics Service), we applied data on individ-
ual average annual food products consumption 
obtained via assessing actual nutrition con-
sumed by employable population. The assess-
ment was based on a methodology that in-
volved 24-hour reproduction of a ration with 
“Nutri-prof” software package.  

To assess health risks caused by food 
products contamination, we additionally used 
calculation forms of evolution models. They 
were based on recurrence relations for differ-
ent responses to exposure that became appar-
ent via health disorders [24]. 

Results and discussion. We analyzed 
distribution of the examined samples and re-
vealed that fruit and vegetables accounted for 

the greatest share of samples (28%); all the 
other food product groups on average ac-
counted for 12-14%. The greatest number of 
samples was local food products, and only 
18.2% were products brought to the region 
from other territories.  

We analyzed contaminants contents in 
food products and revealed the greatest cad-
mium concentrations as per median values in 
milk and milk products, sugar and confec-
tionary (mostly in cacao beans), fish and fish 
products, bread and groceries; the smallest 
cadmium concentrations were detected in 
eggs and potatoes (the median value spread 
was 0.04-0.0125 mg/kg). The greatest quan-
tities of mercury were detected in fish and 
fish products; as for the other food products, 
they had mercury in almost identical concen-
trations, the median value spread being 
0.0161-0.0013 mg/kg. 

Analysis of lead contents in food prod-
ucts revealed its maximum median concentra-
tions in fish and fish products, potatoes, bread 
and groceries, the median value spread being 
0.076–0.02 mg/kg. 

We ranked food products as per median 
concentrations of arsenic and revealed that fish 
and fish products, potatoes, bread and groceries 
contained this metal in the greatest quantities, 
the value spread being 0.0691–0.0122 mg/kg.  

The maximum HCCH median concentra-
tions were detected in eggs, vegetable oil, and 
other fats. The lowest concentrations were de-
tected in vegetable products such as vegeta-
bles, fruits, and potatoes, the value spread be-
ing 0.0163–0.0032 mg/kg. DDT was detected 
in the greatest concentrations in meat and meat 
products, vegetable oil, and other fats, the 
value spread being 0.0143–0.0044 mg/kg. 

The greatest median nitrates concentra-
tions were detected in potatoes, vegetables, 
and melons, the value spread being 56.48–87.3 
mg/kg. Median nitrates concentration in ber-
ries amounted to 26.456 mg/kg. The maximum 
nitrates concentration was detected in meat 

__________________________ 
 
5 G 2.1.10.1920-04. The Guidelines on assessment of population health risks under exposure to chemicals that pollute the 

environment. Moscow, The Federal Center for State Sanitary-Epidemiologic Surveillance of the RF Public Healthcare Ministry 
Publ., 2004, 143 p.  



Analyzing health risks for employable population caused by food products contamination…   

ISSN (Print) 2308-1155    ISSN (Online) 2308-1163    ISSN (Eng-online) 2542-2308 45

and meat products (sausages, boiled sausage, 
and smoked sausage).  

We ranked food products as per median 
concentrations of aflatoxin B1 and revealed 
its greatest concentrations in vegetable oil 
and other fats, bread and groceries, sugar 
and confectionary, the value spread being 
0.0002–0.00019 mg/kg. The greatest benz-
pyrene concentrations as per median values 
were detected in fish and fish products, 
meat and meat products, the value spread 
being 0.0002–0.0004 mg/kg.    

The data we obtained on admixtures con-
tents in food products together with data on 
individual average annual consumption ob-
tained via assessing actual nutrition consumed 
by employable population, allowed us to cal-
culate exposure and hazard quotients for non-
carcinogenic effects produced by exposure to 
anthropogenic contaminants (Table 1). 

T a b l e  1  

Exposure (EXP, mg/kg/day) and hazard 
quotients (HQ) for non-carcinogenic effects 

produced by exposure to anthropogenic 
contaminants as per median and 90-the 

percentile 
Contami-

nants EXPме EXP90 HQме HQ90

Cadmium 0.00013 0.00028 0.27 0.56 
Mercury 4.28097E-05 0.00014 0.14 0.48 
Lead 0.00061 0.0017 0.17 0.50 
Arsenic 0.00027 0.00057 0.89 1.9 
HCCH 7.55513E-05 0.000601 0.0075 0.0604
DDT 8.79349E-05 0.00022 0.175 0.45 
Nitrates 0.3462 1.0085 0.22 0.63 
Nitrites 2.40469E-05 0.028 0.00024 0.28 
Aflatoxin 
В1 9.23169E-07 1.08517E-05 0.0185 0.217

Ben-
zpyrene 2.03296E-07 1.50772E-06 0.00041 0.003

 
Total hazard index as per median 

amounted to 1.9; as per 90-th percentile, to 5. 
We detected substantial contributions made by 
the following contaminants into the total haz-
ard index calculated as per median contami-
nants concentrations: arsenic, 48%; the second 
rank place belonged to cadmium, 14%; the 
third place was taken by nitrates, 12%. Contri-

butions made by contaminants into total haz-
ard index as per 90-th percentile were distrib-
uted as follows: the first rank place belonged 
to arsenic (37%); the second one, nitrates 
(13%); the third one, cadmium (11%). Basic 
product groups that made the most substantial 
contribution into the total hazard index were 
vegetables and melons (23%), bread and gro-
ceries (22%), milk and milk products (12%), 
meat and meat products (11%), fruit and ber-
ries (9%). 

We considered a scenario when all the 
examined contaminants were introduced si-
multaneously taking into account maximum 
non-carcinogenic risks and revealed the high-
est risks of probable adverse effects for the 
hormonal system due to combined exposure to 
cadmium, mercury, lead, arsenic, and DDT 
(Table 2). 

T a b l e  2  
Total hazard index (HI) under combined 

effects produced by contaminants on critical 
organs and systems (90-th percentile) 

Critical organs and systems/contaminants HI 
Hormonal system (cadmium, mercury, lead, 
arsenic, and DDT) 

3.6 

Nervous system (mercury, lead, and arsenic) 2.7 
Immune system (mercury and arsenic) 2.2 
Cardiovascular system (arsenic and nitrates) 2.4 
Reproductive system (mercury and lead) 0.9 
Skin (arsenic) 1.8 
Kidneys (cadmium and mercury) 0.9 
Gastrointestinal tract (arsenic) 1.8 
Blood (lead, nitrates, and nitrites) 0.9 
Liver (DDT) 0.4 

 
We detected that maximum individual 

and population carcinogenic risks were caused 
by exposure to arsenic taking into account me-
dian values of exposure to contaminants; if we 
took exposure values as per 90-th percentile, 
the maximum risks were caused by exposure 
to HCCH and arsenic (Table 3). 

We assessed carcinogenic risks caused by 
combined exposure to contaminants taking 
into account their median concentrations and 
revealed that the risk level corresponded to the 
third range (individual lifelong risk was within 
a range from 1Е-04 to 1Е-03) which was ac-
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ceptable for occupational groups and unac-
ceptable for population in general. We also 
assessed carcinogenic risks under combined 
lifelong exposure to contaminants as per 90-th 
percentile and revealed that the risk was within 
the fourth range and was characterized as un-
acceptable (individual lifelong risk was equal 
to or higher than 0.001); it called for immedi-
ate organizational activities aimed at reducing 
the said risk. 

T a b l e  3  
Individual and population carcinogenic  

risks caused by exposure to contaminants  
(as per median and 90-th percentile) 

Contaminants CRме PCRме CR90 PCR90
Cadmium 5.15E-05 0.5 0.000107 1.07 
Lead 2.8E-05 0.28 7.9E-05 0.79 
Arsenic 0.00040 4 0.00086 8.6 
DDT 2.9E-05 0.29 7.6E-05 0.76 
Benzpyrene 1.4E-06 0.01 1.1E-05 0.11 
HCCH 0.000135 1.35 0.00108 10.8 
∑ 6.45E-04 6.43 0.00221 22.13

 
We built evolution models for combined 

introduction of contaminants taking into ac-
count individual average annual consumption; 
it allowed us to determine groups of products 
that caused the highest risks as well as organs 
and systems that were the most susceptible to 
adverse effects produced by contaminants. Our 
calculations revealed that the earliest transition 
of a risk from being “negligible” to being 
“moderate” happened at an age equal to 58.2 
years when bread and groceries were con-

sumed and then the risk caused by this product 
group turned into “high” at an age of 74.8; 
when milk and milk products were consumed, 
the risk became “high” at 74.9; the risk caused 
by bread and groceries became “extremely 
high” at 76 (Figure 1). 

When we applied concentrations as per 90-
th percentile to assess combined introduction of 
contaminants (“pessimistic scenario of con-
sumption”), the youngest age at which risk be-
came “moderate” was also detected for bread 
and groceries and was equal to 41.2 years; the 
risk became “high” at 66.1 for this product 
group and “extremely high” at 70.4. 

Our assessment of effects produced by con-
taminants on a body revealed that the most sig-
nificant adverse effects were produced by cad-
mium, arsenic, and HCCH; effects were primar-
ily produced on the endocrine system (Figure 2). 

We built evolution models for non-
carcinogenic risks caused by exposure to con-
taminants for other organs and systems (the 
cardiovascular system, urogenital system, he-
matopoietic system, and immune system) and 
assessed them to be “negligible”.  

We also created evolution models for car-
cinogenic risks taking into account calculated 
consumption of bread and groceries; the risks 
were caused by adverse effects produced by 
cadmium, arsenic, HCCH, and DDT and were 
calculated as per median concentrations and 
90-th percentile. Both calculations allowed us 
to assess risks caused by the said contaminants 
to be “negligible”. 

 
Figure 1. Reduced non-carcinogenic risk index for calculated  

consumption of bread and groceries 
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Figure 2. Reduced non-carcinogenic risk index (the endocrine system)  

for calculated consumption of bread and groceries 

Conclusions. In order to assess risks in 
our research, we took data on individual aver-
age annual consumption of food products ob-
tained via assessing actual nutrition con-
sumed by employable population basing on a 
technique that reproduced a 24-hour nutrition 
scheme. The procedure that we propose al-
lows maximum possible precision in deter-
mining impacts exerted by alimentary con-
taminants as it is not based on statistical data 
on average annual food products consumption 
per capita. 

We revealed in our research that the 
maximum hazard quotient for non-carcinoge-
nic effects was caused by arsenic being intro-
duced with food. Total hazard index under 
combined exposure to the examined contami-
nants, both in their median and 90-th percen-
tile concentrations, was predominantly caused 
by introduction of arsenic, cadmium, and ni-
trates contained in vegetables and melons, 
bread and groceries, milk and milk products, 
meat and meat products, fruits and berries. We 
detected that the endocrine system was the 
most susceptible to adverse effects produced 
by combined exposure to cadmium, mercury, 
lead, arsenic, and DDT, and it was also con-

firmed by evolution models. We assessed car-
cinogenic risks caused by combined exposure 
to contaminants taking into account their me-
dian concentrations; the assessment revealed 
that risk level was within the third range; when 
90-th percentile concentrations were consid-
ered, the risk was within the fourth range. We 
built evolution models for carcinogenic risks 
basing on calculated food products consump-
tion and resulting contaminants contents both 
in their median concentrations and 90-th per-
centile and it allowed us to assess risks caused 
by the said effects as being “negligible”. 

Therefore, application of various me-
thodical approaches to assessing risks caused 
by food products contamination revealed that 
the state system of sanitary-epidemiologic sur-
veillance in Samara region provided all the 
necessary monitoring over safety and quality 
of food products, both domestically produced 
and imported ones, and made for preservation 
of population health.   
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SCREENING RESULTS FOR NON-DECLARED SYNTHETIC  
PHOSPHODIESTERASE-5 INHIBITORS BEING ADDED TO DIETARY  
SUPPLEMENTS OF PLANT ORIGIN 

I.B. Perova, K.I. Eller, E.V. Tumol`skaya 

Federal research centre of nutrition and biotechnology, 2/14 Ustinskiy Proezd, Moscow, 109240, Russian 
Federation 
 

 
Non-declared addition of synthetic phosphodiesterase-5 inhibitors (PDE-5 inhibitors) to dietary supplements (DS) 

of plant origin in order to stimulate potency is a serios problem. Such counterfeiting strengthens therapeutic effects pro-
duced by a product; similar effects can’t occur only due to components of DS of plant origin. Synthetic PDE-5 inhibitors 
are both substances of official medications and their structural analogues. When synthetic PDE-5 inhibitors are con-
sumed as components in DS in order to increase potency, it can be hazardous for consumers’ health due to unpredictable 
or even lethal side effects. 

Our research goal was to reveal concentrations of non-declared synthetic PDE-5 inhibitors in DS consumed by males. 
Our research objects were 175 DS selected by Rospotrebnadzor in different Russian regions. Synthetic PDE-5 inhibitors were 
detected in samples by HPLC with diode array spectrophotometric detection and MS-detection as per guidelines developed by 
us and approved on by Rospotrebnadzor (MG 4.1.3331-16). 

Our research revealed that 36% of DS that were consumed to increase potency contained non-declared synthetic 
PDE-5 inhibitors with Tadalafil and Sildenafil being the most widely spread ones 42.9% and 28.6% of all counterfeit 
cases). Their combination or analogues of PDE-5 inhibitors were detected significantly less frequently; complicated mix-
tures containing three or more components were also rather rare. Contents of Tadalafil, Sildenafil, or Vardenafil in DS 
varied from trace quantities to concentrations that corresponded to recommended daily doses for these medications or 
even higher than such doses. We identified derivatives of Sildenafil and Tadalafil among PDE-5 inhibitors; their quanti-
ties varied from 1.2 mg/capsule to 24.3 mg/capsule. 

The developed procedure allowed detecting counterfeited DS with not only Tadalafil, Sildenafil, or Vardenafil being 
added to them, but also analogues of synthetic PDE-5 inhibitors. 

Key words: DS, safety, health risk, Synthetic phosphdiesterase-5 inhibitors, Tadalafil, Vardenafil, Sildenafil, 
HPLC-DAD-MS. 
 

 
 Vegetable biologically active additives 

(BAAs) to food that are used to stimulate 
potency are widely spread all over the world 
and considered to be safe. But it is such ad-
ditives that are the most frequently falsified 
as they contain non-declared drug substances 
that are added to raise their stated efficiency. 
These additives are applied to stimulate po-
tency in case there is overall weakening of a 
body but they are non-efficient in case of 

erective dysfunction (ED) which occurs due 
to diseases in the urogenital system. BAAs 
to food aimed at stimulating potency usually 
contain certain aphrodisiacs (extracts of bar-
renwort, ginseng, magnolia-vine, eleuthero-
coccus, yohimbe, damiana, etc.), prostate 
protectors (extracts of cinquefoil, pumpkin 
seeds, palmetto, yam, licorice, ground bur-
nuts, etc.), antioxidants (coenzyme Q10, ex-
tracts of maidenhair tree, tomatoes, Acai 
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palm, etc.), vitamins (especially A, E, and 
PP), and microelements (selenium, zinc and 
some others). At the same time accom-
plished research revealed that potency-
stimulating BAAs to food contained not only 
declared vegetable components but also syn-
thetic phosphodiesterase-5 inhibitors (PDA-5 
inhibitors).  

These drugs are selective inhibitors of c-
GMP-specific phosphodiesterase-5 (PDE-5) 
that metabolizes c-GMP into 5'-GMP in 
smooth muscles cells of blood vessels that 
supply blood to cavernous bodies of the pe-
nis (and artery walls in the lungs). PDE-5 
blocking is accompanied with c-GMP accu-
mulation and stronger and longer erection 
when sexual arousal occurs. So, PDE-5 in-
hibitors are applied to treat ED and pulmo-
nary hypertension. At present there are four 
drugs belonging to PDE-5 inhibitors group 
that are registered in the RF: Sildenafil (Via-
gra®, Pfizer), Tadalafil (Sialis®, ElliLilly), 
Vardenafil (Levitra®, Bayer), and Udenafil 

(Zidena®, Dong-A Pharmaceutical Co. Ltd)1. 
The latter is also registered in South Korea 
and Malaysia [1]. In the USA and EU there 
is another allowed drug in this group in addi-
tion to Tadalafil, Vardenafil, and Udenafil, 
namely Avanafil (Stendra®, Vivus; Spedra®, 
Mitsubishi Tanabe Pharma) [2]. There is an-
other PDE-5 inhibitor allowed in South Ko-
rea; it is called Mirodenafil (Mvix®, SK 
ChemicalsLifeScience) [1]. Lodenafil car-
bonate is applied in Brazil to treat ED 
(Helleva®, Cristália Produtos Quími‐cose 
Farmacêuticos) [3]. Chemical structures of 
all the drugs from PDE-5 inhibitors group 
are shown in Figure 1. 

In some cases falsified BAAs to food 
contained structural analogs of PDE-5 in-
hibitors that were not registered as pharma-
ceutical substances but produced the same 
pharmacological effects. Since 2003 a lot of 
research work has been accomplished with 
its focus on discovering and identifying 
various analogs of Sildenafil, Tadalafil, and

 
 

 

Tadalafil Vardenafil Sildenafil Udenafil 

 

 

Avanafil Mirodenafil Lodenafil carbonate  

Figure 1. Chemical structures of PDE-5 inhibitors 

__________________________ 
 
1 The State Register of Medications. Available at: https://grls.rosminzdrav.ru/Default.aspx (date of visit 

March 23, 2019). 
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Vardenafil via high-performance liquid 
chromatography (HPLC) with diode-array 
detector (DAD) and mass-spectrometric de-
tectors with high and low resolution as well 
as infra-red spectroscopy and nuclear-
magnetic resonance spectroscopy [4–32]. So, 
by 2018 approximately 80 synthetic PDE-5 
inhibitors have been discovered in potency-
stimulating BAAs to food, Sildenafil analogs 
prevailing among them [33]. 

Synthetic substances that are illegally 
included into BAAs to food create substan-
tial hazards for consumers’ health. While 
there is available information on toxicity, 
counter-indications, side effects, and maxi-
mum single or daily dose for PDE-5 inhibi-
tors allowed to be used in medical practices, 
there is practically no such information for 
most their analogs. Hypersensitivity to PDE-
5 inhibitors and simultaneous intake of ni-
trates or other nitrogen oxide donators are 
counter-indications to intake of these drugs. 
Safety precautions and limitations imposed 
on taking these drugs mostly concern men 
with cardiovascular diseases, diabetes, those 
who are older than 71, men suffering from 
hereditary degenerative diseases of the eye 
retina, and those prone to priapism. Besides, 
quality, efficiency, and safety of PDE-5  
inhibitors that are allowed to be used in 
medical practices are controlled by public 
healthcare authorities while there are no such 
procedures for illegally manufactured sub-
stances. Therefore, taking non-declared sub-
stances contained in BAAs to food can result 
in grave side effects, especially when it 
comes to analogs that have not been regis-
tered as pharmaceutical substances as their 
safety has never been examined and their 
interaction with other drugs can be unpre-
dictable or even lethal.  

Our research goal was to detect con-
tents of non-declared synthetic PDE-5 inhibi-
tors in potency-stimulating BAAs to food. 

In order to protect population health 
and provide safety and quality of BAAs to 
food consumed by men, in 2015 Rospotreb-
nadzor started examining possible BAAs 
falsifications with synthetic PDE-5 inhibi-
tors. Analytical tasks that are to be solved 
by test laboratories in order to perform con-
trol over potency-stimulating BAAs to food 
are rather complicated due to a great num-
ber of synthetic PDE-5 inhibitors (there are 
approximately 100 known substances and 
80 of them have been detected in BAAs to 
food), standard substances being available, 
unfair manufacturers being too creative 
(they add exotic analogues and their mix-
tures into BAAs or include PDE-5 inhibitors 
into a cover of a capsule), and a great variety 
of BAAs matrixes. Given that, it has become 
necessary to develop a new methodology 
that would allow detecting synthetic PDE-5 
inhibitors in a multi-component matrix of 
a BAA to food; it was the main task of our 
research. 

Data and methods. We accomplished 
our research on Agilent 1100 liquid chroma-
tographer with degasser, binary pump, col-
umn thermostat, constant-temperature auto-
sampler, diode-array spectrophotometric de-
tector (DAD), and time-of-flight Agilent 
6210 LC/MS-TOF mass-spectrometric detec-
tor (Agilent Technologies, the USA); we 
also applied Ultimate 3000 system for liquid 
chromatography equipped with degasser, two 
three-channel pumps, column thermostat, 
constant-temperature autosampler, DAD, and 
TSQ Endura triple quadruple mass-spec-
trometric detector (Thermo Fisher Scientific, 
the USA).  

__________________________ 
 
2 MUK 4.1.3331-16. The procedure for measuring a mass fraction of synthetic PDE-5 inhibitors (Tadalafil, Varde-

nafil, and Sildenafil) in biologically active additives to food via high-performance liquid chromatography with ultraviolet 
and mass-spectrometric detecting: Methodical guidelines. Available at: http://www.rospotrebnadzor.ru/documents/de-
tails.php?ELEMENT_ID=6314 (date of visit March 23, 2019). 
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Our research objects were BAAs to food 
consumed by men including those applied to 
stimulate potency; BAAs were selected by Ro-
spotrebnadzor experts in different RF regions. 
Overall, we analyzed 175 samples.  

In order to solve tasks formulated by Ro-
spotrebnadzor, we developed and metro-
logically tested a procedure for measuring  
a mass fraction of synthetic PDE-5 inhibitors 
(Tadalafil, Vardenafil, and Sildenafil) in bio-
logically active additives via high-performance 
liquid chromatography with ultraviolet and 
mass-spectrometric detecting; in 2016 the pro-
cedure was granted a status of being the Me-
thodical guidelines MUK 4.1.3331-162.  

Results and discussion. Our research 
revealed that 36% of BAAs to food consumed 
by men contained non-declared synthetic 
PDE-5 inhibitors. We should note that we ap-
plied the fixed procedure for measuring  
a mass fraction of synthetic PDE-5 inhibitors 
and it allowed us to determine not only  
Tadalafil, Vardenafil, and Sildenafil in BAAs 
to food but also some analogs of drugs from 
PDE-5 inhibitors group with various chemical 
structures. 

Detected BAAs falsifications with syn-
thetic PDE-5 inhibitors are given in Figure 2. 

 

 

Figure 2. Distribution of BAAs falsifications  
with synthetic PDE-5 inhibitors (%)  

As we can see from Figure 2, Tadalafil 
and Sildenafil prevailed among non-declared 
PDE-5 inhibitors in BAAs to food (42.9% and 
28.6% of all falsifications respectively). Typi-
cal chromatograms of extractions from BAAs 
containing Tadalafil are given in Figure 3. 

Tadalafil and Sildenafil combinations 
were less frequent (9.5%); they were followed 
by combinations of Tadalafil with other syn-
thetic PDE-5 inhibitors (6.3%); combinations 
of Tadalafil and Vardenafil (4.8%); and com-
binations of Tadalafil, Sildenafil, and other 
synthetic PDE-5 inhibitors (4.8%). The rarest 
falsifications were those with structural ana-
logs of drugs from PDE-5 inhibitors group as 
they accounted for only 3.2%. 

Quantity of non-declared synthetic PDE-5 
inhibitors in BAAs to food varied greatly start-
ing from trace concentrations (0.004–1.0 mg/ 
capsule (pill, etc.)) that couldn’t produce any 
pharmacological effects to concentrations 
comparable with recommended daily doses for 
respective drugs or being even higher than 
them (Table 1). 

We identified derivatives of Sildenafil 
(Homosildenafil, Tiosildenafil, Hydroxyhomo-
tiosildenafil), Tadalafil (Aminotadalafil), and 
Acetyldenafil (Metoxyacetyldenafil) among 
structural analogs of drugs from PDE-5 inhibi-
tors group detected in BAAs to food.  

Table 2 contains data on chemical struc-
tures of these substances, wave lengths of maxi-
mum absorptions in UV-part of a spectrum, 
molecular masses and protonated ion masses. 

Hiomosildenafil was detected in BAAs to 
food in a quantity equal to 1.2-1.8 mg/capsule 
(pill) and it was combined with Tadalafil or 
Tadalafil and Sildenafil. A typical chroma-
togram for such a combination of PDE-5 in-
hibitors is shown in Figure 4. 

Another falsification was a combination 
of Hydroxytiohomosildenafil in a concentra-
tion equal to 15.3 mg/capsule and a derivative 
of Acetyldenafil with Tadalafil. The rarest 
falsification (only 3.2% of all falsification 
cases) was only one PDE-5 inhibitor analog 
added to a BAA to food; such analogs were 
either Tiosildenafil or Aminotadalafil and 
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they were detected in concentrations equal to 
24.3 mg/capsule and 12.2 mg/capsule respec-
tively. As analogs of PDE-5 inhibitors have 
not been properly examined we don’t have 

any available data on their single and daily 
pharmacological doses and it complicates as-
sessment of risks caused by their contents in 
consumed BAAs to food. 

 

 
 

Figure 3. Chromatograms showing extractions from BAAs to food that contained Tadalafil.  
А is total ion current (TIC). Б is extracted ion chromatogram (EIC) of Tadalafil with m/z 390.  

В is a chromatogram showing extraction form a BAA to food at λ=292 nm. Г is an UV-spectrum  
of Tadalafil in a BAA to food 
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T a b l e  1  
Recommended daily doses of Tadalafil, Sildenafil, and Vardenafil, and their quantities  

detected in examined BAAs to food  
Substances from PDE-5  

inhibitors group Recommended daily dose, mg Detected in a BAA to food, 
mg/capsule (pill) 

Tadalafil 5–20 0.004–26.7 
Sildenafil 25–100 0.001–115.8 
Vardenafil 5–20 0.1–14.0 

T a b l e  2  
Structure formulas, UV maximum absorptions, molecular masses, and protonated 

 ion masses [M + H]+ of PDE-5 inhibitors analogs detected in BAAs to food 
Analog of PDE-5  

inhibitor Structure formula λmax, nm M, gr/mol [M+H]+ 

Homosildenafil 

 

294 488.6 489 

Tiosildenafil 

 

295, 355 490.6 491 

Hydroxyhomotio-
sildenafil 

 

295, 355 520.6 521 

Aminotadalafil 

 

270 arm, 
284, 292 390.39 391 

Metoxyacetyldenafil 

 

230, 
280 496.6 497 
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Figure 4. Chromatograms showing an extraction from a BAA to food that contained Tadalafil, Sildenafil,  

and Homosildenafil. А is total ion current (TIC). Б is extracted ions chromatogram (EIC) showing Tadalafil 
ions with m/z 390 (8.6 minutes), Homosildenafil ions with m/z 489 (9.4 minutes), and Sildenafil ions  

with m/z 475 (11.1 minutes). В is a chromatogram of extraction from a BAA to food at λ=292 nm.  
Retention time amounts to 8.4 minutes for Tadalafil; 9.2 minutes, for Homosildenafil; and 10.9 minutes,  

for Sildenafil. Г is an UV-spectrum of Homosildenafil in a BAA to food. Д is an UV-spectrum  
of Sildenafil in a BAA to food 
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Conclusions. Our research revealed that 
the fixed procedure allowed detecting concen-
trations of not only Tadalafil, Vardenafil, and 
Sildenafil, but also some structural analogs of 
drugs from PDE-5 inhibitors group. Obtained 
data are applied when a BAA to food is certi-
fied by state authorities. In particular, a sani-
tary-epidemiologic inspection of a potency-
stimulating BAA to food obligatorily includes 

checking whether a BAA to food contains 
non-declared synthetic PDE-5 inhibitors. Re-
search results can be considered a database 
necessary for assessing potential health risks. 
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Results obtained in previous studies on the relationship between exposure to organic solvents and risk of multiple scle-

rosis are not entirely consistent. 
The aim of this study was to investigate the relationship between exposure to organic solvents and risk of multiple 

sclerosis and possible interactions between exposure to solvents and smoking; exposure to solvents and infectious mononu-
cleosis; exposure to solvents and D-vitamin.  

The case-control study on Evironmental Factors In Multiple Sclerosis (EnvIMS) was used. We examined two samples, 
the first one made up of 1.197 MS patients, and the second one, 2.361 healthy controls from Sweden and Norway; both group 
were matching in terms of their sex and age. We examined their exposure to organic solvents prior to the study; we also ex-
amined whether they had suffered from infectious mononucleosis, their outdoor activity (D-vitamin) and smoking status. The 
relationships between exposure to solvents and other risk factors were estimated as odds ratios (ORs) with 95 % confidence 
interval (95 % CI) using logistic regression. 

Exposure to organic solvents was found to be associated with an increased MS risk, OR 1.51 (95 % confidence interval 
(CI): 1.19–1.90; p = 0.001), adjusted OR was 1.36 (95 % CI: 1.05–1.75; p = 0.020). Adjusted ORs for different combina-
tions including exposure to solvents and other risk factors such as smoking, infectious mononucleosis and D-vitamin showed 
an increased risk of MS. Among those who reported infectious mononucleosis there was no increased risk associated with 
exposure to solvents, OR 1.03 (95 % CI: 0.48–2.19). 

The increased risk seems to be present only in individuals with unfavorable smoking status and low D-vitamin status. 
Keywords: multiple sclerosis, risk factors, organic solvent, smoking, infectious mononucleosis, D-vitamin. 

 
 
 Several environmental factors have been 

demonstrated to increase the risk of develop-
ing multiple sclerosis (MS), such as Epstein 
Barr infection (EBV), smoking [1], low levels 
of vitamin D [2] and sun exposure, and obe-
sity [3]. Landtblom et al also investigated if 

there were any appears to be an exposure time 
window of vulnerability for example regard-
ing Epstein Barr infection after childhood and 
obesity in adolescence. For some risk factors 
there appears to exposure time window of 
vulnerability for example regarding Epstein 
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Barr infection after childhood and obesity in 
adolescence [4]. 

Studies regarding solvents started early 
on with the observations of Amaducci in 
shoemakers in Florence. Eventually series of 
case control studies were performed, many 
of which seemed to suggest an odd ratio of 
about 2. Flodin [et al.] [5] and Landtblom 
[et al.] [6] saw an increased risk for MS in 
men due to occupational exposure to sol-
vents, particularly in combination with weld-
ing in case-control studies. 

An early meta-analysis of thirteen small 
studies in 1996 showed an association be-
tween organic solvents and MS in ten of 
them with about a two-folded risk of MS in 
exposed individuals [7]. They found no 
clinical differences between the two groups 
but there was a significant higher proportion 
of the exposed MS-patients who had hypoin-
tensity in basal ganglia on MRI compared to 
unexposed, although some of the unexposed 
MS-patients also had hypointensity in their 
basal ganglia [8].  

Lantblom [et al.] compered MS-patients 
exposed to organic solvents with unexposed 
MS-patients to see if there was a difference 
in their metabolization of organic solvents. 
They investigated the occurrence of patients 
with GSTM1null and CYP2D6 poor metabo-
lizers in the two groups but saw no differ-
ence between the exposed and unexposed 
group [9]. A big register study on occupa-
tional exposure in men between 1970 to 
1980 saw no association between MS and 
occupational exposure [10]. A recent case-
control study found no association between 
exposure to organic solvents and MS [11]. 

A review by Barragán-Martínez [et al.] 
in 2012 investigated the association between 
organic solvents and autoimmune diseases 
and saw an association between organic ex-
posure and primary systemic vasculitis, sys-
temic sclerosis and multiple sclerosis. Fif-
teen studies on MS and exposure to various 
organic solvents were included [12], about 
half of them was also included in the review 

by Landtblom et al in 1996. Barragán-
Martínez [et al.] found a slight but signifi-
cantly increased risk of developing MS after 
exposure to organic solvents, the odds ratio 
calculated to 1,53 (95% Cl:1,03-2,29) [12]. 

Since many anesthetics are related to 
organic solvents and trichloroethylene (TCE) 
previously have been used as an anesthetic 
[13] some groups have investigated if there 
is an association between exposure to anes-
thetics and an increased risk of MS. In 1988 
Noseworthy reported two patients with TCE 
poisoning initially diagnosed as MS due to 
their fluctuation of symptoms. Both patients 
had normal MRI and clinic did not fully sup-
port MS [14]. A big study of marines ex-
posed to mainly TCE and tetrachloroethyl-
ene in drinking water between 1975 and 
1985 showed no association to MS. The lev-
els of TCE were lower than the estimated 
exposure in industry at the same period and 
the time of exposure was relatively short 
[15]. Landtblom [et al.] noted a trend to-
wards a higher cumulative incidence of MS 
in anesthetic nurses compered to teachers, 
only significant in the 1990–2000 strata and 
an almost two-fold non-significant risk com-
pared to other nurses [16]. On the other 
hand, Stenager et al could not find an in-
creased risk of MS among anesthetic nurses 
compared to the expected incidence in a 
matched population [17]. Nor did Hedström 
[et al.] in a later study where they also 
looked at anesthetic nurses exposed before 
1985 as a separate group [18]. 

In a recently presented article by Hed-
ström [et al.], a significantly increased risk 
of MS was shown after exposure of organic 
solvents, OR 1.5 (95% CI 1.2-1.8). They 
have also analysed ORs for different combi-
nations of genetic risk factors (DRB1*15 and 
HLAA*02), smoking and exposure to or-
ganic solvents. An OR of 30.3 was seen 
when participants, carrying HLA-DRB1*15 
and lacking HLA-A*02, were exposed to or-
ganic solvents and smoking in combination. 
However, it can be pointed out that the num-
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ber of cases and controls was quite little 40 
respective 5 [19]. 

The purpose of this study was to analyze 
the risk for MS after exposure to organic sol-
vents and possible interactions between sol-
vent exposure and smoking; solvent exposure 
and EBV; solvent exposure and D-vitamin. 

Methods. Study design. Our study is a 
part of the International multicenter case-
control study of Environmental Factors in 
Multiple Sclerosis (EnvIMS). The EnvIMS 
aims to investigate the effects of self-reported 
exposure of risks, environmental issues and 
lifestyle in early stages of life to disease out-
breaks in MS and to reveal possible risk dif-
ferences between distinct populations using a 
common method. It has been carried out in 
well-defined geographic areas in Europe 
(Norway, Italy, Serbia and Sweden) and in 
Canada. Details of study design and method-
ology in EnvIMS have previously been re-
ported by Magalhaes [et al.] [20]. 

Study population and area. The current 
study includes participants from Sweden and 
Norway aged 18 years or older at the time of 
selection. The cases were recruited from 
population-based MS registries. Four times 
as many age and sex frequency-matched 
controls were randomly selected from the 
population registries of each region under 
study. The response rates among the cases 
were 68% and 70% for Sweden and Norway 
respectively. The response rates among the 
controls were similar in Sweden and Norway 
(37% and 36%). 

Exposure. Exposure information was 
collected through a novel, self-administered 
questionnaire. Ten questions about occupa-
tional exposure: engine oil, cutting oil, form 
oil, hydraulic oil, turbine oil, asphalt, drilling 
mud, crude oil, anesthetic gases and organic 
solvents (e.g. thinner, tri, trichloroethylene, 
lacquer naphtha, toluene, styrene, xylene or 
the like) were reported as «no», «don´t know» 
and «yes». They reported age when exposure 
started, during how many years they were ex-
posed and in what kind of work. 

Smoking habits were reported as «ever» 
and «never» smoker, age at smoking initia-
tion, total years of smoking and number of 
cigarettes per day in different age groups be-
tween 11 to 30 years.  

EBV infection was measured as a posi-
tive history of infectious mononucleosis (IM) 
answered as «yes», «no» and «don´t remem-
ber». They also reported which age period the 
disease was contracted. 

As an indication of D-vitamin status 
there were questions about outdoor activity 
rated as «little (1)», «medium (2)», «pretty 
much (3)», «out almost all the time (4)», in 
age groups.  

Statistical analysis. The association be-
tween disease and exposure was estimated as 
OR with 95% confidence interval (95% CI) 
using logistic regression. All controls were 
randomly assigned an index age based on the 
distribution of age of disease onset in the 
cases. Events or reported behavior occurring 
after the age of MS onset or index age were 
not considered as exposure. The exposure 
time for solvents, smoking and IM must have 
occurred before onset of MS. All analyses 
were adjusted for age and sex. 

To account for outdoor activity through-
out adolescence the age periods «16–18» 
were used, which in previous studies from 
EnvIMS has shown been the most relevant 
MS risk. The values in the original variables 
(ranging from 14) were added and the new 
variable took value «Low D-vitamin» (rate  
1–2) and «High D-vitamin» (rate 3–4).  

Results. A total of 3558 people's an-
swers are involved this study, 1197 cases 
and 2361 controls. The occupational ques-
tions about organic solvents were answered 
in total by 3457 individuals (97.2 %). «Yes» 
by 408 persons «No» by 2926, «Don't know» 
by 123 and there were 101 missing. Higher 
proportion of men than women has reported 
that they have been exposed of organic  
solvent.  

In total the question about smoking was 
answered by 3461 persons (97.3 %). «Yes» 
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by 1879 persons «No» by 1582 and there 
were 97 missing. 

A total of 3447 (96.9%) answered the ques-
tion of IM, «Yes» by 403, «No» by 2872 and 
«Don't remember» 172, missing 111. Outdoor 
activity answered by 3463 persons (97.3%). 

Exposure to organic solvents was found to 
be associated with MS in the pooled data from 
Sweden and Norway. The OR for risk of MS 
was 1.51 (95% CI: 1.19-1.90, p = 0.001), ad-
justed to IM, smoking and outdoor activity (vi-
tamin D-level) the OR was 1.36 (95% CI: 
1.05-1.75, p = 0.020). In men the OR was 1.42 
(95% CI: 1.002.02, p = 0.050), in women 1.24 
(95% CI: 0.85-1.82, p = 0.267). 

A calculation of the ORs associated 
with different combinations of solvent ex-
posure and smoking, solvent exposure and 
IM; solvent exposure and D-vitamin showed 
an increased risk of MS. Cases with expo-

sure to organic solvents and smoking the 
OR was 3.2 (95% CI: 2.36-4.36, p = 0.000); 
organic solvents and low D-vitamin had an 
OR 2.87 (95% CI: 2.02-4.10, p = 0.000), 
Table 1. 

Table 2 shows the effect of interaction 
providing the effect estimates for each of the 
three exposures variables (smoking, infec-
tious mononucleosis (IM), D-vitamin level) 
stratified on exposure of organic solvents. 
The estimates for smokers and low D-vita-
min show a significantly increased risk. In 
those who reported no history of IM there 
was a significantly increased risk. 

Discussion. It is interesting to consider 
possible mechanisms that may be related to the 
effect of solvent exposure in MS. An effect on 
the blood brain barrier has been proposed as a 
cause of the increased risk, possibly opening 
for immunocompetent cells to enter the central 

T a b l e  1  
Adjusted odd ratios of risk for multiple sclerosis with different combinations of exposure 

to organic solvents, smoking, infectious mononucleosis (IM) and D-vitamin 

Parameter Cases, n (%) Controls, n (%) OR (95% CI)  p 
Both countries     
No Solvents, No Smoking 356 (33,5) 1041 (48,7) 1,00 (reference)  
Yes Solvents, No Smoking 38 (3,6) 98 (4,6) 1,12 (0,75–1,67) 0,582 
No Solvents, Yes Smoking 560 (52,6) 896 (41,9) 1,91 (1,63–2,25) 0,000 
Yes Solvents, Yes Smoking 110 (10,3) 103 (4,8) 3,21 (2,36–4,36) 0,000 
No Solvents, No IM 725 (72,1) 1689 (83,7) 1,00 (reference)  
Yes Solvents, No IM 116 (11,5) 172 (8,5) 1,49 (1,15–1,94) 0,003 
No Solvents, Yes IM 149 (14,8) 142 (6,0) 2,35 (1,83–3,02) 0,000 
Yes Solvent, Yes IM 16 (1,6) 16 (0,7) 2,17 (1,08–4,39) 0,030 
No Solvents, High D-vitamin 432 (39,5) 987 (46,0) 1,00 (reference)  
Yes Solvents, High D-vitamin 72 (6,6) 140 (6,5) 1,12 (0,82–1,53) 0,486 
No Solvents, Low D-vitamin 511 (46,7) 955 (44,5) 1,26 (1,07–1,47) 0,005 
Yes Solvents, Low D-vitamin 79 (7,2) 62 (2,9) 2,87 (2,02–4,10) 0,000 

T a b l e  2  
The association between smoking, infectious mononucleosis, D-vitamin level and risk 

of multiple sclerosis and cases exposed by solvents 
OR (95% CI) for MS with history of solvents exposure Data 

No Smoking Yes Smoking No IM Yes IM High D-vitamin Low D-vitamin
1,17 1,62 1,48 1,03 1,11 2,31 р 0,453  0,002  0,004  0,945  0,526  0,000 
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nervous system. Since solvent exposure only 
seems noxious in smokers, one also must to 
consider the local inflammation caused by 
cigarette smoking as a mandatory variable for 
increasing the risk further. 

In the Nordic countries, exposure to  
solvents is nowadays rather rare,  because of 
hygienic regulations. Our finding is concern-
ing a previous time period, and the partici-
pants are to certain extent, older people. 

However, in other parts of the world, sol- 
vent exposure is still a valid health prob-
lem. In addition, our findings can say some-
thing about the mechanisms of MS patho-
genesis. 
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Recently there has been a growth in number of HIV-infected people among migrants in Russia. Migrants from Asian 

and African countries are especially dangerous in this respect. An initial stage of HIV epidemic is observed in 13 countries 
out of total 97 in these two macro-regions (without the Democratic People’s Republic of Korea). A generalized stage in the 
process when HIV spreads beyond common risk groups is detected on the Seychelles and in continental African countries 
south from Sahara, excluding countries located in the Horn of Africa and several Western African countries. All the other 
countries in the examined macro-regions are somewhere in-between as regards HIV territorial diffusion as a concentrated 
stage in the epidemic process is observed there and the disease is predominantly spreading within several risk groups; how-
ever, it is highly likely to spread beyond them in the nearest future.  

Hierarchical cluster analysis was accomplished as per four aggregated groups of parameters (the current situation in 
these countries as regards HIV spreading; inflow of migrants from them into Russia; migrant inflow differentiation as per its 
chronological and chorologic parameters). It allowed assigning all Asian and African countries into four groups as per a 
size of threat they imposed for Russia concerning HIV-infection spread. The first group included countries with the highest 
threat (Uzbekistan, Kazakhstan, and Tajikistan). The second group meant a high threat (most North African countries and 
Middle-East countries, South and Eastern Asian countries, and Nigeria as well). The third group meant an average threat 
(most African countries located to the south from Sahara and South-Eastern Asian countries as well as some countries ex-
cluded from the second group such as Libya, Saudi Arabia, Qatar, Kuwait, Nepal, Bangladesh, Sri Lanka, Laos, Cambodia, 
and the Philippines). The fourth group included countries that imposed a low threat (all the rest, but there were only few of 
them, Gambia, Liberia, Niger, Burkina Faso, Gabon, Democratic Republic of Congo, Malawi, Botswana, Eswatini, Lesotho, 
Eritrea, Djibouti, Oman, Brunei, Butane, and Myanmar). Nevertheless, overall contribution made into HIV spread in Russia 
by migration is still insignificant. Return migration of people from Russia into a country of their origin is a much greater 
threat within cross-border HIV diffusion.  

Key words: HIV-infection, spread, territorial diffusion, risk groups, cluster analysis, international migration. 
 

 
 HIV-infection was first detected in Rus-

sia in 1987 among Russian citizens who had 
had some sexual contacts with infected for-
eigners, “mostly, from African countries” [1]. 
HIV in Russia, just as all over the world, was 
probably first detected among homosexual 
men [2]. Obviously it was the case with other 
former Soviet Republics. Thus, for example, 
first HIV cases in Tajikistan were registered 
in 1991 among helicopter pilots who had pre-
viously worked in Africa and “got infected 
due to homosexual contacts with locals” [3]. 

However, by now the virus has spread be-
yond HIV risk groups that are usually deter-
mined by epidemiologists in many countries 
all over the world, Russia included. Although 
migrants are not conventionally assigned into 
such groups, it was migration that gave way 
for spatial diffusion of HIV infection between 
regions and countries in the past (and it still 
remains a pathway for this infection on multi-
ple territories) [4, 5]. 

Recently in the RF there has been perma-
nent, although uneven, growth in a share of 

__________________________ 
 
 Dmitriev R.V., 2019 
Ruslan V. Dmitriev – Candidate of Geographical Sciences, Senior Researcher (e-mail: dmitrievrv@yandex.ru; 

tel.: +7 (495) 691-00-61; ORCID: https://orcid.org/0000-0003-4018-9832). 

 



Assessing potential threat of HIV-infection spread in Russia by migrants from Asian and African countries    

ISSN (Print) 2308-1155    ISSN (Online) 2308-1163    ISSN (Eng-online) 2542-2308 67

foreign citizens among people who are “pa-
tients with primarily detected antibodies to 
HIV”; this share went up from 2.9% in 2011 to 
4.3% in 20151. The consequent period was an 
exception as the parameter dropped to 1.2% in 
20162 and to 0.8% in 20173 due to an introduc-
tion of a new statistical report form which dif-
fered from previously used ones. In Moscow, 
for example, it resulted in a decrease in “mor-
bidity with HIV-infection” from 60.5 cases in 
2015 to 19.5 cases per 100 thousand people in 
2016; but an ascending trend still occurred in 
2017 as this parameter grew by 23.3%.  

Our research goal was to determine po-
tential threats of HIV-infection being spread in 
Russia by migrants from African and Asian 
countries. 

Data and methods. Some experts state 
that “there are no grounds to believe that 
nowadays foreigners exert considerable im-
pacts on HIV spread in Russia” [6]. But at 
the same time, a growth in relative and abso-
lute number of migrants with detected HIV-
infection in Russia (primarily due to greater 
number of them being examined by medical 
personnel) has naturally attracted a lot of ex-
perts’ attention to the issue and resulted in 
greater number of scientific works on the 
subject.  

Most such works dwell on analyzing re-
gional distribution of migrants with HIV over 
administrative territories in the RF. Thus, data 
collected in the Far East [7] and North Cauca-
sian [8] Federal Districts and distributed as per 
countries of migrants’ origin allowed exploring 
detection of HIV-infection among examined 
foreign migrants. Research performed on mi-
grants in Saint Petersburg led to a very remark-
able conclusion on HIV subtype A1 prevailing 
in the city; that is, on migration processes being 
“secluded” between this RF region and Central 

Asia [9]. But still, it was shown that in Russia 
as a whole over the last years there has been a 
growth in a share of migrants from Ukraine 
among those with primarily detected HIV infec-
tion and a decline in a share of those who came 
from other CIS states [10]. Experts took data 
collected in Omsk region and showed [11] that, 
on one hand, HIV-infection spread was rather 
low among labor migrants but, on the other 
hand, “they had a very irresponsible attitude 
towards medical examinations and tended to 
practice unsafe sex” and it could result in “dete-
riorated epidemiologic situation, both in a re-
gion where they temporarily resided and in a 
country of their origin” [12]. Also migrants 
from former Central Asian USSR republics 
were usually not so well aware about 
HIV/AIDS prevention [13] than their coun-
terparts from the Eastern Europe [14]. 

It is interesting to note that most papers 
focusing on a role played by migration in 
HIV infection spread (including above-
mentioned ones) usually dwell on analyzing 
the current situation and developing applied 
aspects of the matter. They are frequently 
based on quantitative data that are not so eas-
ily available for collection, but nevertheless, 
their predictive potential is rather low. Given 
that, mathematical and statistical modeling 
seems to be quite useful for obtaining new 
knowledge on potential trends in migration of 
HIV-infected people, current demographic 
situation as per HIV and ways to regulate it. 
The present research, in no way being com-
prehensive and complete, is just a tentative 
step into this direction.  

Our process of data collection and gener-
alization, as regards its contents, consisted of 
three stages. The first one focused on migra-
tion from Asian and African countries to Rus-
sia. To assess its scales, we took data provided 

__________________________ 
 
1 The situation with HIV-infection in Russia (in 2015). Available at: http://mednet.ru/ru/czentr-monitoringa-tuber-

kuleza/produkcziya-czentra/analiticheskie-obzory.html (date of visit January 12, 2018). 
2 HIV-infection in Russia in 2016. Available at: http://mednet.ru/images/stories/files/CMT/2016vich.pdf (date of visit De-

cember 22, 2017). 
3 The situation with HIV-infection in Russia in 2017. Available at: http://mednet.ru/images/stories/files/miac/2017_vich.pdf 

(date of visit August 25, 2018). 
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by the Russian Federal State Statistic Service 
(Rosstat)4  on migration flows from all coun-
tries in the world into each RF region over a 
period from 1993 to 2015 inclusive. Still, there 
was no consistency in determining this notion, 
“a migrant”, by statistical authorities (and not 
only them) in the RF over the whole examined 
period. Given that, we examined four time pe-
riods in our analysis as data on migration into 
RF available for each of them were compara-
ble. These periods were 1997–2000, 2003–2006, 
2007–2010, and 2011–2015. Although certain 
changes in migration accounting appeared at 
boundary periods of 2006–2007 and 2010–2011, 
they had some effects on calculating a number 
of migrants and not on determining countries 
of their origin.   

So, we obtained ultimate data on intensity 
of migration flows from Asian and African 
countries into each RF region and analyzed 
them. Data on countries from which migrants 
moved to each RF region in each year of the 
examined time period gave grounds for pre-
liminary distribution of all the countries into 
four groups as per scales of their “migration” 
activity. These four groups were “local” coun-
tries (migrants from them moved to less than 
¼ of all the RF regions); “regional” ones (from 
¼ to ½), “macro-regional” ones (from ½ to ¾), 
and “federal” ones (more than ¾). 

The only exception here is Crimea and 
Sevastopol and they are not considered in our 
research as they became RF regions only at 
the end of the examined time period and sta-
tistical data on these two RF regions are 
scarce; they can’t give grounds for any valid 
conclusions on migration-related “threats”. 
As for foreign countries, we didn’t consider 
some of them (such as South Ossetia or 
Abkhazia) as they have only recently become 
independent states.  

In this relation the second stage involved 
work with sources, collection, and systemati-

zation of data on HIV spread in Asian and Af-
rican countries and their analysis for a period 
from 1993 to 2015. Our primary data sources 
were two databases that integrated national 
data on all the world countries, namely  
UNAIDS, the United Nations AIDS program 
[15] and the WHO database [16]. 

To assess rate of HIV spread, we took dy-
namics of expected number of people in each 
risk group as our basic parameter (risk groups 
included sex workers; men who had homosex-
ual contacts; drug addicted people who took 
injection drugs; transgenders; people in pris-
ons) and HIV prevalence in each of them. 
UNAIDS and the WHO give recommenda-
tions on how to distinguish between different 
stages in HIV epidemics: the initial stage 
means HIV has been present in a country for a 
long time but its prevalence in each risk group 
stably doesn’t exceed 5%; the concentrated 
stage means that HIV primarily spreads among 
people from risk groups and incidence in at 
least one of them exceeds 5% while incidence 
among population in general5 doesn’t exceed 
1%; the generalized stage means HIV spread 
beyond risk groups and incidence among a 
country population in general exceeds 1% 
[17]. Basing on the said recommendations, we 
distributed all the Asian and African countries 
into three groups according to a stage in HIV 
epidemics that occurred in each of them.  

Therefore, if migration from a country 
into Russia is insignificant in its scales but 
HIV prevalence in it can be considered the 
generalized stage in the epidemic process, 
than, obviously, this country is more danger-
ous in comparison with another one that “pro-
vides” more migrants but the epidemics in it is 
only at its initial stage.   

The third stage was classifying countries 
as per threats they caused for the RF in general 
and RF regions in particular as regards HIV 
spread by migrants. At this stage we analyzed 
four groups of parameters: 

__________________________ 
 
4 The Central Statistical Database of the RF Federal state Statistics Service (Rosstat). Available at: http://cbsd.gks.ru/ 

(date of visit January 12, 2018). 
5 According to UNAIDS and the WHO recommendations, when concentrated and generalized stages are concerned, it 

means HIV spreads among pregnant women. Due to lack of such statistical data on all the Asian and African countries over the 
examined time period, we considered it practicable to take all the population in general as a basis. 
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1) migration flows from Asian and Afri-
can countries into Russia, their scales having 
been identified at the first stage. We primarily 
paid our attention here to migration flows in 
2015 taking into account the current threats. 
But at the same time migration flows by them-
selves can’ be a “sufficient” parameter for 
analysis; given that, the overall number of mi-
grants that came to Russia was multiplied by 
HIV prevalence in countries where migrants 
came from (%). The obtained values showed a 
potential volume of HIV-infected migrants 
that came to Russia. Data as per countries 
were summed up, and after that we calculated 
a share of each country in the overall number 
of potential HIV-infected migrants. This pa-
rameter was given in the first column of the 
data array which we applied to perform our 
cluster analysis; 

2) it is important to note that the threat of 
HIV spread in Russia exists not only at the 
country level, but at the regional one as well. 
We took a ratio of RF regions where migrants 
from Asian and African countries came to in 
2015 to the overall number of RF regions as 
our second parameter; 

3) but at the same time it is obvious that 
not only the last year out of the examined 
ones (2015) makes its contribution into occur-
ring threats of HIV spread in the country. 
Probably, migrants from certain countries 
come to Russia persistently and every year, 
and as for other countries, it could be a single 
migration inflow in 2015. In order to level off 
the effect produced by the last year, we calcu-
lated a ratio of non-zero years for each coun-
try as per a number of migrants that came to 
Russia from it to the overall number of the 
examined years over the time periods which 
we had spotted out at the first stage, namely 
1997–2000, 2003–2006, 2007–2010, and 
2011–2016. This was the third parameter ap-
plied within the cluster analysis; 

4) threats caused by each country are 
obviously determined not only by a share of 
HIV-infected people among its population. 
We determined a ratio between a number of 
those risk groups with more than 5% of peo-
ple included into them being infected and the 

overall number of risks groups according to 
stages in epidemics development in each 
country. This was our fourth and final pa-
rameter.  

We performed hierarchical cluster analy-
sis as per Ward’s method and four above-
mentioned parameters with SPSS Statis-
tics 17.0 software; it allowed us to distribute 
98 examined Asian and African countries into 
four groups as per a potential threat they 
caused for Russia in terms of HIV-infection 
spread. The threat could be extremely high, 
high, average, and low. The only exception 
was The Democratic People’s Republic of Ko-
rea as there were no necessary data available 
for that country. 

Results and discussion. We analyzed 
HIV spread among risk groups in Asian and 
African countries; our analysis revealed that 
at least one risk group existed in 84 out of 
97 countries where more than 5% of its rep-
resentatives were infected. It means that the 
initial stage in HIV epidemics is registered 
only in each eighth country in these two 
macro-regions. It is only natural that such 
countries are predominantly Muslim states 
in the Middle East and North Africa taking 
into account an existing inverse dependence 
between a share of Muslims in a country 
and HIV spread among population [18]. On 
the other hand, an effect produced by only 
one factor related to a religion can’t provide 
a comprehensive explanation for HIV 
spread: thus, Indonesia is a world leader as 
per Muslim population [19] but this country 
has the highest ratio of risk groups with 
more than 5% of their representatives being 
HIV-infected to the overall number of risk 
groups (4 out of 5). Still, the generalized 
stage in epidemics with HIV spreading be-
yond risk groups occurs only on the Sey-
chelles and in continental African states 
south from Sahara excluding states located 
on the Horn of Africa and several Western 
African states. All the remaining countries 
(most of them are non-Muslim Asian coun-
tries) are somewhere in between in terms of 
HIV diffusion: there is the concentrated 
stage in epidemics and the infection spreads 
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predominantly within several risk groups; 
however, it can spread beyond them in the 
nearest future. 

At the same time, if we take a threat for 
our country related to HIV being spread by 
migrants, we can’t state it is obvious that it is 
African states located to the south form Sa-
hara that create the greatest migration inflows 
into our country. Indeed, recently more than a 
half of all migrants to Russia have been com-
ing from three countries, namely Uzbekistan, 
Kazakhstan, and Tajikistan [20]. And only 
0.2% of the relative number of migrants come 
from Nigeria that takes the leading place as 
per a number of migrants to Russia among 
African countries located to the south from 
Sahara. 

 We analyzed a potential threat of HIV 
spread for Russia caused by migrants coming 
from Asian and African countries; to do that, 
we multiplied a number of migrants coming to 
Russia by a share of HIV-infected people in 
these countries. It allowed us to detect that it 
was the first multiplier that made the main 
contribution. Thus, Uzbekistan, Kazakhstan, 
and Tajikistan could account for 52% of po-
tentially HIV-infected migrants. At the same 
time two African countries, Namibia and 
Zambia, were also among top ten countries as 
per this parameter.  

However, these quantitative values mostly 
describe the situation that existed in 2011–
2015, and this period is the most significant 
but not the only one. Obviously, previous 
years in the examined time period can also 
make their contribution into the overall pic-
ture. Our analysis of those years during which 
this or that country “sent” migrants to Russia 
revealed that existing migration flows are ex-
tremely stable. Thus, over the examined period 
migrants from each of 98 Asian and African 
countries came to Russia at least once (that is, 
during at least one year). Besides, more than 
one third of such countries created annual mi-
gration flows to Russia, and all post-USSR 
states were among these countries, as well as 
most Northern African and Middle East states. 
And migrants from only 15 states came to 
Russia rarer that during each second year; 

these 15 states include Botswana, Eswatini, 
and the Seychelles which are dangerous in 
terms of HIV spread. 

At the same time, migrants from some 
countries come to a lot of Russian regions 
while migrants from other countries come 
strictly to just several of them; that is, not 
only migration flows themselves are quite 
stable (including those with HIV-infected mi-
grants) but also places where they go to. We 
analyzed distribution of migrants depending 
on a country of their origin and a region in the 
RF as a place where they came to stay and it 
allowed us to distribute all the flows into four 
groups (federal, macro-regional, regional and 
local ones). The greatest role in the process 
belongs to the flows from the first group com-
ing from countries which “send” migrants to 
more than ¾ of the RF regions, namely all the 
post-USSR Asian states, as well as China, 
India, Turkey, Iran, and some other countries; 
there is only one African country among them 
and it is Egypt.  

All the Asian and African countries were 
distributed into four groups as per potential 
threats for Russia related to HIV-infection 
spread; the threshold values for each group are 
given in Table 1: 

1) countries that cause the maximum 
threats: Uzbekistan, Kazakhstan, and Tajiki-
stan are among them; 

2) countries that cause high threats: most 
North African and Middle East countries, 
South and East Asian countries, as well as 
Nigeria; 

3) countries that cause average threats: 
most African countries located to the south 
from Sahara, Southeast Asian countries, as 
well as “exceptions” from the second group – 
Libya, Saudi Arabia, Qatar, Kuwait, Nepal, 
Bangladesh, Sri-Lanka, Laos, Cambodia, and 
the Philippines; 

4) countries that cause low threats: all 
the remaining countries but there are very 
few of them; this group includes Gambia, 
Liberia, Niger, Burkina Faso, Gabon, Congo, 
Malawi, Botswana, Eswatini, Lesotho, Eri-
trea, Djibouti, Oman, Brunei, Bhutan, and 
Myanmar. 
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T a b l e  1  

Threshold values of the examined parameters for Asian and African countries distributed 
 into four groups as per threats for Russia caused by HIV-infection spread by migrants  

Groups as 
per a level 
of threat 

A share of each 
country in the 

overall quantity of 
potential HIV-

infected migrants 
from all countries 

to the RF 

A ratio of a number of 
RF regions to which 
migrants from each 

country in a group came 
to in 2015 to the overall 

number of regions in 
the RF 

A ratio of years that were 
non-zero in terms of mi-
grants during which each 

country from a group “sent” 
migrants to the RF to the 

overall number of years  in 
the examined time period 

A ratio of a number of 
risk groups as per HIV 
with more than 5% of 
their representatives 

being HIV-infected  to 
the overall number of 

risk groups 
extremely 
high 0.142–0.206 1.000 1.000 0.200 

high 0.000–0.096 0.617–1.000 0.938–1.000 0.000–0.600 
average 0.000–0.034 0.074–0.519 0.625–1.000 0.000–0.800 
low 0.000–0.015 0.012–0.222 0.063–0.563 0.000–0.600 

 
Conclusion. Our analysis allowed us to 

establish a contribution made by each of four 
quantitative parameters into a HIV-related 
threat caused by migration for Russia: the 
current situation with the infection spread in 
Asian and African countries, scales of overall 
migration flows from these countries to Rus-
sia as well as their differentiation as per their 
chronological features (over each year in an 
examined time period) and chorologic ones 
(migration to each of the RF regions). As we 
can see from Table 1, the greatest contribu-
tion is made exactly by the first component as 
Uzbekistan, Kazakhstan and Tajikistan that 
“send” the greatest quantities of migrants to 
Russia are included into a group that causes 
the maximum threat.  

Similar contributions into the overall threat 
are made by a number of RF regions that accept 
potentially HIV-infected migrants from Asian 
and African countries and regularity of such di-
rections in migration flows (the latter parameter 
here makes a bit higher contribution though). 
Finally, the smallest contribution is made by a 
number of risk groups with more than 5% of 
their representatives being HIV-infected in coun-
tries that “send” migrants to the RF. But still, 
effects produced by each component in the over-
all threat can grow stronger or, on the contrary, 
weaker. Thus, for example, a migration flow 
from Armenia has been almost similar to that 
from Tajikistan, but nevertheless, this Caucasian 
state is among countries that cause high, and not 

extremely high, threats; it is probably due to less 
significant HIV spread in it. On the other hand, 
Nigeria is more dangerous for Russia than the 
SAR where HIV is more widely spread. It is ob-
viously due to much more considerable migra-
tion flows to the RF from this African country 
which has the greatest population in Africa. 

So, if we consider two abstract countries, 
the former with the greater number of migrants 
coming form it to Russia but lower HIV inci-
dence, and the latter, on the contrary, with 
smaller number of migrants bur high HIV in-
cidence, we can state that the former will 
cause higher threat of HIV spread by migrants. 
Therefore, in spite of much more significant 
HIV spread in African countries located to the 
south from Sahara in comparison with Asian 
and Northern African countries, it is the latter 
states that create much more significant threats 
for Russia in terms of HIV spread by migrants. 
Nigeria is the only African country located to 
the south from Sahara that is similar to those 
states as per this parameter. 
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The article dwells on opportunities granted by application of geoinformation technologies in surveillance over anthrax, 

an infection that still remains rather dangerous. It was shown that, in spite of a decrease in incidence with anthrax among ani-
mals and people, risks persist on the RF territory; these risks are caused by residual activity in soil foci. A geoinformation sys-
tem was applied to determine that at present areas where anthrax can be detected are predominantly located in forest-steppe 
zones, steppe zones, dry steppe zones, and Caucasian-Crimean mountain regions. 82 % of all the outbreaks detected in the 21st 
century occurred in these geographic zones. Unfavorable situation with anthrax seems to be clearly bound to territories with 
prevailing leached black earth, common black earth, mountain black earth, and mountain cinnamonic soil. Over the last years 
most anthrax outbreaks have occurred on these territories. All these territories were shown to have warm climate, with pre-
dominant stockbreeding in agriculture, as well as great numbers of cattle in private households; these cattle grazed freely on 
territories of natural foci with anthrax, and a lot of household work was handled manually. Territories that took leading places 
among unfavorable ones usually had a lot of households with cattle that nowadays remains a basic source of epidemiologic risk. 
We chose Tatarstan as a model region to show opportunities offered by a geoinformation system for improving epidemiologic 
surveillance over anthrax in relation to risk assessment. This territory was chosen due to high epizootologic activity and spo-
radic incidence among population detected there.  We revealed risk territories in the region, determined basic reasons for unfa-
vorable situation with anthrax as well as factors that made this situation even more complicated. 

Key words: anthrax, soil focus, stationary unfavorable point, anthrax disposal, risk assessment, geoinformation system. 
 

 
Issues related to elimination of anthrax 

are rather complicated but nonetheless further 
decrease in population morbidity with the 
disease and even putting a stop to people get-

ting infected due to sporadic morbidity 
among animals seems to be quite achievable 
in the Russian Federation [1–3]. It can be 
done due to long-term experience accumu-

__________________________ 
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lated in managing epidemiologic processes 
with its key focus being on epizootologic and 
epidemiologic surveillance. Given that, ex-
perts have made a lot of efforts trying to im-
prove organizational and, above all, concep-
tual and methodological components in sur-
veillance over anthrax [4].  

Spread of information technologies and 
development of geoinformation systems 
(GIS) provide new tools for analyzing and 
assessing epizootologic and epidemiologic 
risks. GIS technologies here are considered 
an instrument for pre-epidemic diagnostics 
and prediction of how a situation may de-
velop in future [5, 6]. They allow accumulat-
ing significant data arrays on risk factors, 
performing conjugate multi-factor analysis 
with revealing indicators of unfavorable epi-
zootologic and epidemiologic situations, and 
determining trends and forecasts of their fu-
ture development [7]. Anthrax outbreak that 
occurred on Yamal Peninsula in 2016 proved 
it was necessary to monitor over natural and 
social risk factors that could cause the dis-
ease [8, 9]. Such monitoring should be ori-
ented at anthrax soil foci, stationary unfa-
vorable points (SUPs) that are located within 
them [10], and anthrax disposals where dead 
animals were buried [11] with their hazards 
being determined via GIS. 

So, at present it is vital to develop and 
implement GIS technologies into surveillance 
over anthrax as it helps to provide sanitary-
epidemiologic welfare of the population in 
the country.  

Our research goal was to assess the ex-
isting epizootologic and epidemiologic situa-
tion as regards anthrax and risks related to its 
probable worsening on the RF territory apply-
ing GIS technologies. 

Data and methods. We took official sta-
tistic data collected in 2001–2018 (The federal 
statistics reports, Form No. 2 “Data on infec-
tious and parasitic diseases”; Forms No. 23-06 
and 23-09 “Data on outbreaks of infectious 

diseases”; statistic data on morbidity with an-
thrax among animals in the Russian Federation 
given in forms No 1-VET and 1-VET A); in-
formation and analytical and archives materi-
als; data taken from the Register of anthrax-
related stationary unfavorable points (SUPs) in 
the Russian Federation [12] with the latest en-
tries made in 2017 (3,5631 SUPs), the freshest 
data from the regional register of Tatarstan 
(1,205 SUPs), and also data on 806 anthrax 
disposals (ADs) existing in this region.  

To assess existing risks, we took data 
provided by the Federal State Statistics Ser-
vice on the structure and numbers of agricul-
tural animals that were epidemiologically 
significant1; we also took data from other 
available sources that could help us describe 
social and economic development of the ex-
amined territories. 

Spatial and time dynamics of the situa-
tion with anthrax in the RF as well as any 
possibility it could get worse due to risk fac-
tors was assessed on the example of Tatarstan 
in GIS applications built on ArcGIS 
[www.esri.com] and QGIS [www.Qgis.org] 
platforms. To do that, we created digital maps 
that showed SUPs localization and activity as 
well as ADs locations. There were several 
stages in creating these subject maps; first, we 
created a cartographic database on registered 
anthrax outbreaks and SUPs becoming active; 
then we gave geocodes to SUPs and ADs and 
implemented cartographic layers into a devel-
oped GIS-project. These layers showed bind-
ing to settlements; administrative division; 
natural and agricultural zones existing on a 
territory; soil, landscape, and hydrographic 
conditions. Our task was to examine peculi-
arities related to territorial distribution of 
SUPs and ADs in Tatarstan; to do that, we 
built a digital map in a GIS-application and 
applied gradient coloring to show administra-
tive districts depending on a number of an-
thrax outbreaks in each of them; we also cre-
ated “a heat map” and applied gradient color-

__________________________ 
 
1 Basic results of agriculture in Russia in 2017: Bulletin. The Federal State Statistics Service: official web-site, 2018 Available 

at: http://www.gks.ru/wps/wcm/connect/rosstat_main/rosstat/ru/statistics/publications/catalog/doc_1140096652250 (date of visit 
March 03, 2019). 
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ing to show the greatest density of spatial ob-
jects location on it. 

Results and discussion. Intensity and 
geography of anthrax in the RF has changed 
considerably over almost a hundred-year ob-
servation period. Maximum number of regis-
tered anthrax outbreaks among animals oc-
curred in the middle of the 20th century and 
reached 2,273 by 1950. Anthrax outbreaks 
among animals resulted in people being in-
fected with the disease. Back then there were 
more than 500 registered anthrax cases 
among population in the Russian Soviet Fed-
erative Socialist Republic [13]. 

A set of activities was implemented; they 
were aimed at breaking an epizootologic chain 
(carcasses of dead animals were obligatorily 
burnt and there was large-scale regular vacci-
nation of agricultural animals). It led to a 
steady decrease in intensity of anthrax epizo-
oties. Number of outbreaks went down expo-
nentially with approximately a three-time de-
crease occurring each ten years [14, 15].  

Starting from 2001 on average 7 epizootic 
foci were registered annually in the RF; over 
the last decade an average annual number of 
anthrax outbreaks has been equal to 3.6. In 
2001–2018 there were 2,926 anthrax cases 
registered among animals. Simultaneously 
with a decrease in morbidity among animals 
there was a drop in number of the RF regions 
where anthrax outbreaks were detected. Thus, 
in 50ties last century anthrax was detected in 
79 regions in the country, but as for the last 
decades, it was detected in only 22 regions 
(Figures 1 and 2).   

Most active SUPs were located in the 
Central Federal District (22.2%), Southern 
Federal District (20.7%), North-Caucasian 
Federal District (20.0%), and Privolzhskiy 
Federal District (19.2%).  

In 2001–2018 there were 171 anthrax 
cases registered among people. We should 
note that recently ratio of morbidity among 
people to that among animals has changed. 
Thus, in the 20th century epizooties among 
animals didn’t necessarily resulted in people 
getting infected; at present any registered epi-
zooty leads to infection spread among popula-

tion. Large epidemic foci that occurred during 
anthrax epizooties were detected in 2004 
(Orenburg, 10 people), 2008 (Buryatia and 
Bashkortostan, 8 and 11 people respectively), 
2010 (Omsk region and Dagestan, 6 people in 
each region), 2012 (Altai region, 6), 2016 
(Yamal-Nenets Autonomous Area, 36 peo-
ple). All the above-mentioned deteriorated 
situations were caused by recurrent activities 
in soil foci including those located close to 
old anthrax disposals (Altai region, Buryatia, 
and Bashkortostan) as well as close to places 
where a lot of animals had died prior to epi-
demics outbreaks (Yamal-Nenets Autono-
mous Area). 

 
Figure 1. A map showing territorial distribution 

of epizootic anthrax foci in the Russian Federation 
in 1950–1959  

 
Figure 2. A map showing territorial distribution 

of epizootic anthrax foci in the Russian Federation 
in 2008–2017 

Conjugated analysis of morbidity among 
people and animals revealed that sometimes 
anthrax cases among animals were detected 
only after anthrax had been diagnosed in peo-
ple. Thus, our analysis revealed that only 46 
out of total 55 epidemic foci were related to 
morbidity among animals. Any relation with 
morbidity among animals wasn’t detected for 
9 epidemic foci but still there were some indi-
cations that infected people had contacted ei-
ther animals or animal raw materials. On one 
hand, it can be due to negligent surveillance 
over morbidity among animals; on the other 
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hand, it can be caused by social and economic 
risks that led to changes in ways and factors of 
contagion.  

To sum up, a contemporary situation 
with anthrax in Russia, as well as all over the 
world, can still deteriorate as there are risks 
that can cause it; such risks may result not 
only in epizooties but also in morbidity 
among population exposed to existing risk 
factors [16, 17]. An anthrax outbreak that oc-
curred in 2016 on Yamal Peninsula is a good 
example; such outbreaks prove it is necessary 
to perform constant complex risk assessment. 
Recently GIS technologies have been widely 
and successfully used to solve this compli-
cated scientific and practical task as they al-
low determining existing trends related to 
epizootic activity and tracking dynamics of 
changes in risk factors; consequently, such 
technologies enable predicting possible epi-
zootic and epidemic complications [18].  

GIS technologies allow determining terri-
tories where epizootologic and epidemiologic 
risks occur with geographic zones being 
ranked as per level of risks existing there and 
with identifying most significant risk factors. 
We performed spatial analysis of epizootic 
outbreaks localization and revealed that over 
the last 15 years unfavorable situations with 
anthrax have been clearly bound to zones with 
prevailing black soils. 58.1% anthrax out-
breaks were registered exactly on such territo-
ries (Figure 3).  

 
Figure 3. Anthrax outbreaks registered in 2003–2018 
given on the map of Russia that shows types of soils  

We analyzed how anthrax outbreaks 
were distributed over natural and agricultural 
zones and revealed that a contemporary an-
thrax area was predominantly located in for-

est-steppe, steppe, dry-steppe, and Caucasian-
Crimean mountain zones. In 21st century 82% 
of all the registered anthrax outbreaks oc-
curred in these four natural zones. All these 
territories have warm climate, animal breed-
ing is well-developed there, and there are 
great numbers of cattle in private households. 
As is known, specific epidemiologic signifi-
cance now belongs to cattle and small cattle 
bred in private and farmer households located 
on territories where the situation with anthrax 
is unfavorable.  

As per data provided by Rosstat, in 2017 
sheep accounted for the greatest specific 
share among agricultural animals in Russia 
(36.9%); pigs and cattle had the second and 
the third place with 34.9% and 28.2% respec-
tively. Cattle were mostly bred by agricultural 
organizations (44.2%) and private households 
(42.4%); pigs were predominantly bred by 
agricultural organizations (85.6%); sheep 
were bred by private households (46.5%) and 
farmers (37.0%).  

Cattle are mostly bred in Privolzhskiy 
Federal District (27.6%), Siberian Federal Dis-
trict (21.9%), Central Federal District (15.6%), 
Southern Federal District (12.5%), and North 
Caucasian Federal District (11.8%). The great-
est cattle numbers are bred in Bashkortostan, 
Tatarstan, Dagestan, Altai region, Krasnodar 
region, Rostov region, and Orenburg region; 
all these territories are stationary unfavorable 
as per anthrax. Also significant numbers of 
cattle are bred In Novosibirsk region, Vo-
ronezh region, Bryansk region, Saratov region, 
Zabaikalye region, Krasnoyarsk region, and 
Kalmykia; there are SUPs in all these regions.  

The greatest numbers of small cattle are 
bred in North Caucasian Federal District 
(40.0%), Southern Federal District (26.4%), 
Siberian Federal District (16.1%), and 
Privolzhskiy Federal District (11.0%). Leading 
regions in this respect are Dagestan, Kalmykia, 
Tyva, Karachai-Cherkess, Stavropol region, 
Astrakhan region, Rostov region, and Volgo-
grad region. More than 400 thousand small 
cattle are bred in Bashkortostan, Altai region, 
Transbaikalia, and Saratov region, that is, on 
territories with elevated anthrax risks.  
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T a b l e  1  
Active anthrax-related stationary unfavorable  

points depending on soil types, %  
Periods during which stationary  

unfavorable points became active, yearsSoil types 1929–
1953 

1954–
1978 

1979–
2002 

2003–
2017 

Sod-podzol 8.3 3.9 5.4 1.4 
Gray forest 12.3 4.8 7 4.1 
Leached-
black 14.8 14.8 25.4* 24.3* 

Typical 
black 1.1 3.1 9.2 8.1 

Ordinary 
black 6.5 7.9 17.1* 24.3* 

Southern 
black 2.6 3 9.2* 1.4 

Chestnut 0.2 0.4 2 2.7 
Chestnut-
Solonetzic 0.9 1 3.3 5.4 

Others 63.3 71.1 31.4 38.3 

*p<0.001 against 1929–1953 and 1954–1978.  
 
If we compare boundaries of nosoareas that 

existed in different time periods, we can see that 
starting from the end of the last century territo-
ries with leached-black and ordinary black soils 
have become much more significant from epizo-
otologic point of view whereas territories with 
gray forest soils and sod-podzol soils have be-
come considerably less significant (Table 1). 

Simultaneously, a share of zones located 
in mountains has grown from 2% to 16.3%. 

Given complicated landscapes in mountains 
and prevailing combinations of several differ-
ent soil types there, it was difficult to exactly 
determine a type of soil in a zone where a SUP 
occurred; most probably, animals caught the 
disease on pastures that were predominantly 
located in areas with mountain black soils and 
mountain cinnamonic soils (Dagestan and 
Chechnya).  

We analyzed spatial distribution of SUPs 
and ADs in a specific region with a GIS appli-
cation on larger-scaled maps and it allowed us 
to examine risks in greater detail.  

We chose Tatarstan as a model region for 
demonstrating how GIS technologies could be 
applied to improve epidemiologic surveil-
lance over anthrax and to assess related risks 
more precisely. This region is permanently 
considered unfavorable from epizootologic 
points of view. Over the last 100 years 2,035 
anthrax outbreaks have been registered in 
Tatarstan in 1,205 SUPs located there (3.4% 
out of total anthrax-related SUPs in the Rus-
sian Federation, the 7th rank place in the 
country). At present the situation is unfavor-
able in 37.5% settlements located in Tatarstan 
(the 27th rank place in the RF), and SUPs den-
sity amounts to 17.7 per 1,000 square km (the 
14th rank place in the RF) 

In 2001–2018 epizootic activity was high 
in Tatarstan and occurred in 8 SUPs located in 
7 municipal districts; 3 people got infected 
with anthrax and fell ill (Table 2). 

T a b l e  2  

Active anthrax-related stationary unfavorable points in Tatarstan 

Active SUP Morbidity 
District Settlement Multiplic-

ity, times
The 

1st year
The last but 

one year 
The last 

year people animals

Tukaevskiy Terovo village 1   2001  + 
Cheremshanskiy Chyorniy Klyuch village 2 1967 1967 2001  + 
Myslyumovskiy Tegermyanlek village 1   2002  + 
Sarmanovskiy Martysh-Tamak village 1   2003  + 
Zelenodol’skiy Kugushevo village 2 1962 1962 2003 + + 
Bavlinskiy Isergapovo village 3 1935 1953 2008  + 

Knyabash village 2 1937 1937 2014 + + Kukmorsliy 
Lyuga village 6 1942 1951 2014 + + 
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Accomplished SUPs mapping revealed 
that in the 21st century the most epizootically 
unfavorable situation occurred in the northern 
and central parts of the region (Figure 4). 
Baltasinskiy, Elabuga, Mendeleevskiy, Al’met-
yevskiy, Chistopolskiy, Atninskiy, and Kuk-
morskiy districts as well as Naberezhnye Chelni 
are the most unfavorable as per SUPs density. 
Animal breeding is well-developed in all the 
above-mentioned regions, except from Bal-
tasinksiy district and Naberezhnye Chelni. Ag-
ricultural organizations in the region, including 
farmers, are numerous (there can be more than 
100 hundred of them in a district, for example, 
in Kukmorskiy district); they breed cattle and 
small cattle as well as pigs and horses; conse-
quently, certain anthrax-related risks may well 
occur on these territories.  

ADs mapping revealed that they occurred 
in most administrative districts in the republic 
(Figure 5).  

However, spatial analysis didn’t reveal 
their exact binding to SUPs that have become 
active over the last 20 years. All the anthrax 
disposals were located 1,000 meters or more 
away from SUPs. It can be explained via mul-
tiple anthrax soil foci that occurred in the past 
in places where animals died; such places 
were often located far from boundaries of ar-
eas where cattle were buried. At the same 
time, we can’t neglect a possibility that there 
are spontaneous animal burial places that ha-
ven’t been registered; such burials can con-
tain carcasses of animals infected with an-
thrax as those animals died from the disease 
during mass epizooties that occurred in the 
19th and early 20th century.  

We analyzed density of risk objects lo-
cation and revealed that anthrax disposals 
were predominantly located in districts that 
were close to boundaries of the region and 
the maximum density was observed in the 
northern parts (Figure 6). The results we ob-
tained are naturally in line with SUPs distri-
bution in the republic and correspond to 
places where anthrax epizooties were regis-
tered in the 20th century. Over the last 100 
years animal-breeding areas located in the 
northern parts of the republic suffered most  

 
Figure 4. Territorial distribution of anthrax-related 

stationary unfavorable points registered in Tatarstan  

 

Figure 5. Anthrax disposals located in Tatarstan 

 
Figure 6. “Heat” map showing density of anthrax 
disposals in Tatarstan Zones with higher density  

are given in darker color; red color means  
the maximum density 

from anthrax epizooties (Figure 7), and it 
should result in them being the most con-
taminated with B.anthracis spores. 

Hiowever, northern areas mostly have 
gray forest soils with average humus contents, 
whereas  black soils with high humus contents  
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Figure 7. A map showing density of anthrax  

outbreaks in Tatarstan  

 
 Anthrax outbreaks from 1988 to 2002 
 Anthrax outbreaks after 2003 

Figure 8. Territorial distribution of anthrax outbreaks in 
Tatarstan from 1988 to 2018 (combined with soils map) 

can be found in central and southern parts of 
the republic (Figure 8). 

Should we stick to a concept that 
describes formaiton of “incubation” soil zones 
[19, 20], than in Tatarstan we face a situation 
when initially maximum soil foci occurred in 
the north of the republic whereas the most 
stable soil foci should have occurred in the 
center and in the south of it. The existing epi-
zootic situation is well in line with this hy-
pothesis. Over the last 30 years anthrax out-
breaks were divided in approximately even 
proportions between areas with bleached black 
soils and gray forest soils, 35% and 31% re-
spectively. 

Since 2003 there have been 4 anthrax 
outbreaks registered in 4 administrative dis-
tricts in Tatarstan located in the north (Kuk-
morskiy district), west (Zelenodol’skiy dis-

trict), east (Sarmanovskiy district), and south-
east (Bavlinskiy district) of the republic. Un-
favorable situations with anthrax were mostly 
(in three cases) due to recurrent activities in 
SUPs located in areas with back soils.  

An only exception here is an outbreak that 
occurred in 2014 in Kukmorskiy district, a ter-
ritory with high SUPs density and prevailing 
gray forest soils; there were several settle-
ments involved and 2 people got infected. Epi-
zootology might occur due to recurrent activi-
ties in soil foci that resulted in stored forages 
being contaminated with the infectious agent; 
it might also occur due to infected cattle being 
brought to the district from other unfavorable 
territories.  

Conclusions. In the next decades epizo-
otic situation as regards anthrax is going to 
remain the same as it is now, given the exist-
ing procedures for veterinary-sanitary sur-
veillance activities and trends in animal 
breeding development in the RF. Risks that 
it may deteriorate are persistent due to recur-
rent activities in soil foci that have been in-
active for a long period of time; expectation 
period here may amount to 40 and even more 
years.  

As our research has revealed, there is a 
hazard that new anthrax outbreaks may occur 
in any SUP should there be any relevant risks; 
such risks are suitable soils as well as suscep-
tible animals that contact potentially hazardous 
soils. Given that, at present the greatest epizo-
otologic and epidemiologic risks are related to 
private agricultural farms and households 
where cattle and small cattle graze freely and 
most tasks are man-handled.  

Data accumulated in cartographic data-
bases allow accomplishing comprehensive 
spatial-time analysis of anthrax prevalence on 
the RF territory. Its results indicate that maxi-
mum epizootic and epidemiologic risks still 
tend to occur on areas with black soils. But 
still, other soil types, especially gray forest 
soils and chestnut soils, are still significant 
form epizootologic point of view in some re-
gions, including Tatarstan.  

At present application of GIS technolo-
gies in surveillance over anthrax is an integral 
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component in epidemic diagnostics as it al-
lows establishing dynamics in soil foci activ-
ity, putting forward hypotheses on causes and 
conditions of epizootic and epidemiologic 
processes as well as ranking regions in the 
country as per potential epizootic and epide-
miologic risks. 

It is necessary to integrate data on sta-
tionary unfavorable points and anthrax dis-
posals with cartographic grounds for adminis-
trative-territorial division and natural and ag-

ricultural zoning basing on GIS applications; 
it is a significant step in improving risks pre-
diction and providing information support for 
decision making in the sphere of surveillance 
and control over anthrax in the Russian Fed-
eration. 
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Our research goal was to examine a response in mortality among population in Arkhangelsk caused by exposure to 

high and low temperatures. We determined the best available mortality predictor out of air temperature and Universal 
Thermal Climate Index that characterizes how people feel temperature and detected threshold temperatures depending on 
sex, age, and cause of death; under exposure to such temperatures there was a statistically authentic increase in mortality. 

We analyzed data on daily mortality among population and meteorological data collected in 1999–2016. Relative pre-
ciseness in calculating attributive fractions of additional mortality during all hot and cold days was taken as a numeric cri-
terion for selecting the best predictor. All the calculations were accomplished basing on Poisson’s regression model taking 
into account a non-linear dependence between mortality and weather with a distributed lag up to 21 days long. 

Although people in Arkhangelsk live in a climate with cold summer and moderately cold winter, we determined attribu-
tive fractions of mortality both for cold and heat. In summer high temperatures at night have greater effects on mortality 
than average daily ones. Differences in temperature-related mortality depend not only on age (people who are older than 65 
are more vulnerable in this respect) but also on sex. We detected lower threshold heat temperatures for males as well as 
greater increase in mortality among them caused by exposure to cold. It is advisable to use different predictors to obtain the 
maximum precise characteristics for heat and cold stress. We recommend applying UTCI to determine threshold tempera-
tures and additional mortality.  

Key words: heat waves, cold waves, mortality, population, circulatory organs diseases, cerebrovascular diseases, res-
piratory organs diseases, Universal Thermal Climate Index (UTCI), Arkhangelsk. 
 

 
 At present there are a lot of data on an in-

crease in mortality caused by exposure to ex-
treme cold or hot temperatures. These data 
have been accumulated in various research; 
and issues related to influences exerted by 
climatic and weather conditions on population 
health still remain vital, especially taking into 
account abnormal climatic phenomena like 
extremely hot summer in 2019. Extreme cold 
or heat has been proved to be a risk factor that 
can cause additional death cases, primarily due 

to diseases in the circulatory system and respi-
ratory organs [1–3]. Influence exerted by heat 
on population mortality has been studied pro-
foundly, especially due to global warming [4] 
whereas exposure to cold and effects produced 
by it have been given much less attention [5]. 

Developing timely preventive activities 
requires better and more precise insight into all 
peculiarities of a relationship between mortal-
ity and air temperature. Among other things, it 
is important to reveal differences in suscepti-
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bility to temperature among various population 
groups depending on a sex and age; it is also 
necessary to improve prediction techniques 
applied to determine a response in mortality to 
changes in weather conditions. Recently bio-
climatic indexes have been widely used as 
promising mortality predictors due to their 
ability to give a more precise insight into peo-
ple’s sensation of warmth or cold as compared 
with air temperature [6]. 

People who live in arctic regions in Rus-
sia where apparent climatic changes occur can 
be considered one of the most vulnerable 
population groups in this respect. Such people 
can have different adaptive capacities as re-
gards exposure to heat or cold. Given all that, 
our research goal was to examine a response in 
mortality to exposure to heat and cold among 
population in Arkhangelsk. For several years 
Arkhangelsk has been a model territory where 
impacts exerted by air temperature and tem-
perature waves on mortality among population 
have been examined. The first research was 
accomplished within a project of the WHO 
Regional Office for Europe and focused on 
adaptation of public healthcare systems to cli-
matic changes. Experts who conducted the re-
search applied Poisson’s model to determine 
additional mortality caused by temperature ex-
posures [7]. The consequent research yielded a 
significant result as it allowed obtaining a nu-
merical forecast on expected additional mor-
tality among population living in this city; it 
was also shown that by 2040-2059 a decrease 
in mortality in cold season will compensate for 
an increase in it during summer, and an overall 
effect produced by warming is quite favorable 
as there should be an approximately 2% de-
crease in average annual mortality [8]. Differ-
ent bioclimatic indexes were assessed in Ark-
hangelsk, Murmansk, and Yakutsk when ex-
perts tried to determine relative rises in 
mortality during heat and cold waves [9]. Heat 
and cold waves are discrete weather phenom-
ena; therefore, risks that occur during such 
waves are characterized not only with tem-
perature-depending mortality, as is the case 
with the present work, but also with duration 
of uninterrupted exposure to extreme tempera-

tures. Hence, it is advisable to apply specific 
models of mortality in such studies; for exam-
ple, those that take into account an ordinal 
number of a day since a wave has started. In 
particular, it was shown that in Arkhangelsk 
ordinary temperature was more closely related 
to mortality during heat waves than effective 
one. In the present work we, for the first time 
in Russia, have examined a possibility to apply 
a bioclimatic index UTCI as a marker of a tem-
perature-induced stress and also used standard 
statistical numerical procedures to test a hy-
pothesis that has been often stated in multiple 
research, namely, that high nighttime tempera-
ture might exert greater influence than daytime 
one during hot season due to people being un-
able to get their usual night rest from heat. 

We aimed to solve two major tasks in our 
research: (1) to determine the best available 
predictor out of the examined ones (air tem-
perature and a bioclimatic index UTCI) sepa-
rately for cold and hot seasons; (2) to deter-
mine threshold temperatures for the chosen 
predictor under exposure to which there is a 
statistically authentic increase in mortality; the 
temperatures were to be determined depending 
on a sex, age, and a cause of death.  

Data and methods 
Examined region 
Arkhangelsk is located in a geographical 

zone with moderate climate with some features 
of marine one, with a correction for the geo-
graphic latitude (64°n.l., approximately 220 km 
to the south from the Arctic Circle). Summers 
are usually short and cool there and winters are 
long and moderately cold. As the city is located 
on the sea, there can often be drastic changes in 
weather conditions (for example, caused by ul-
trapolar cold invasions from the Kara Sea). An-
nual temperature range amounts to 29.1˚С [10], 
resulting from average monthly temperature in 
January, the coldest month (-12.8˚С), and in 
July, the warmest one (16.3˚С).  

Statistical data on mortality 
We took data on daily mortality (an abso-

lute number of deaths) in Arkhangelsk for 
each day from 1999 to 2016. We analyzed 
mortality by all natural causes of death exclud-
ing any external impacts; we also studied mor-
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tality rates as regards circulatory system dis-
eases (CSD) including ischemic heart disease 
(IHD), cerebrovascular diseases (CVD), and 
diseases of respiratory system (DRS). Statisti-
cal data on all the above mentioned parameters 
were examined separately for different sex and 
age groups, with spotting out separate age 
groups of people aged 30-64 and older than 
65. Overall, we used 10 mortality rates sepa-
rately for men and women. 

Testing sufficiency of mortality data for 
modeling 

To test whether we had sufficient data for 
regression analysis, we calculated average 
daily mortality (μ) over the examined period. 
Taking into account the overall number of de-
grees of freedom in the statistical model for 
mortality, we can state that μ 0.24 is the bot-
tom limit for conditions of Gauss-Markov 
theorem to be met. If μ has smaller values, sta-
tistical power of a sampling is not sufficient 
for obtaining reliable regression results. As 
regards parameters that we chose for our re-
search, μ values for them varied from 0.03 
cases per day (mortality among women aged 
30-64 caused by DRS) to 5.0 cases per day 
(mortality caused by all natural reasons among 
women older than 65).  

We revealed that mortality caused by 
DRS among men and women in both age 
groups didn’t have sufficient statistical power; 
it was also the case with IHD and CVD among 
women and CVD among men aged 30–64. We 
took this fact into account when interpreting 
our results further.  

Temperature predictors of mortality 
We applied two basic temperature predic-

tors to examine impacts exerted by heat and 
cold on mortality among population; they were 
air temperature (T) and Universal Thermal 
Climate Index (UTCI). The latter has an ad-
vantage of being universal as it is calculated 
within a temperature range from -50 to +50оС. 
This index takes into account a physiological 
model of human energy balance and is such an 
equivalent temperature for a given combina-
tion of wind speed, solar radiation, humidity, 
and air temperature that would give the same 
feeling of weather under etalon conditions 

[11]. A relevant estimation scale was devel-
oped on the basis of modeled physiological 
reactions and included 10 categories starting 
from extreme cold stress (lower than -400С) to 
extreme heat stress (higher than +460С). 

Our first research task was to select the 
most informative mortality predictor that would 
give the most exact forecast on a temperature-
related component in mortality separately for 
all hot and cold days over the examined period. 
Temperature dependence of mortality has an 
apparent minimum, so called MMT or mini-
mum mortality temperature. All days during 
which temperature was higher than MMT were 
considered to be “hot”; and those during which 
temperature was lower than MMT were “cold”. 
We chose the best predictor out of six for hot 
days: average daily temperature, maximum 
temperature during a day and at night, and 
UTCI. We chose one of four predictors for cold 
days: average daily temperature, minimum 
daily temperature, and UTCI (Table 1). Night 
temperatures were taken between 10 p.m. and 8 
a.m. next day. We took data obtained via eight 
routine observations over daily meteorological 
parameters at Arkhangelsk weather stations 
(Index WMO 22550). UTCI index was calcu-
lated with Rayman software package [12]. 

T a b l e  1  
Temperature predictors in examining influence 

exerted by heat and cold on mortality  
Temperature  

predictor 
Influence  
by heat 

Influence  
by cold 

Tday_max ✓ – 
Tnight_max ✓ – 
Tmean ✓ ✓ 
Tmin – ✓ 
UTCIday_max ✓ – 
UTCInight_max ✓ – 
UTCImean ✓ ✓ 
UTCImin – ✓ 

Notes: 
 “day_max” means maximum temperature at 

daytime,  
“night_max” means maximum temperature at 

nighttime, “mean” is daily average,  
“min” is minimum temperature during a day;  
“✓” means an index was taken for research. 
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Our numeric criterion for selecting the best 
predictor was precision in calculating attribute 
fractions of additional mortality during all hot 
and cold days (AFheatand AFcold). This precision 
was characterized with a relative standard error 
(RSE) in estimated value of these parameters 
calculated on the basis of comparable mortality 
models. RSE ≤ 0.5 means that AF estimation is 
authentic at 95% level and it corresponds to 
Student’s t=1/RSE>1.96. We calculated popu-
lation attribute fraction AFx and attribute num-
ber of outcomes ANx for a given exposure x on 
the basis of Poisson’s model as per a procedure 
given in [13]. Attribute number of deaths was 
calculated relative to a hypothetic situation 
when a temperature during a day i was equal to 
MMT. It is possible to determine cumulative 
relative risk RRoverall accumulated within a 
population during a time period equal to L days 
after exposure to air temperature Ti, as an in-
crease in mortality on average per 1 day in a 
period of exposure relative to a hypothetic 
situation given above. This possibility is pro-
vided by models with a distributed lag when it 
is assumed that an exposure lasts for L days and 
after this period is over any further exposure 
can be neglected. Attribute number of deaths 
AN(Ti) accumulated within a population during 
L days after an exposure to temperature Ti, is 
determined as an average excess of daily mor-
tality Mi over minimum mortality MM: 
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To calculate an estimated value of attrib-
ute mortality  iAN  over all days in the given 
period, we applied a distributed lag non-linear 
model-; it is described in details in [14]. There 
was previous research conducted in largest cit-
ies such as London and New-York where 
qualitative statistical data on daily mortality 
were available; that research revealed that 
three weeks were quite enough to be consid-
ered a maximum lag L during which an effect 
produced by exposure to extreme temperatures 
reached its maximum [15]. We applied the 

same lag in our work. We summed up  iAN  
over all the days in the examined period and 
obtained total attribute mortality  totAN  which 
could be divided into two summands corre-
sponding to all the days with temperatures 
higher than optimal ( heatAN ) and all days with 
temperatures lower than optimal ( coldAN ). Af-
ter that we determined attribute fractions for 
heat and cold: 

   
; ,cold heat

cold heat

tot tot

AN ANAF AF
M M

   

where Mtot is total mortality over all the 
days in the examined period. User-defined 
function attrdl.R applied to calculate these pa-
rameters in R software (R-package dlnm2.2.0) 
and is available in online-application to the 
work [13]. This function also allows calculat-
ing empirical confidence intervals (CI) around 
attribute fractions with Monte-Carlo method 
assuming that model coefficients are normally 
distributed. Having looked through mortality 
models with alternative temperature predictors 
from Table 1, we found the best one that al-
lowed minimizing a relative standard error in 
calculating attribute fractions. 

Our second research task was to calculate 
heat and cold thresholds for the most informa-
tive predictors. Due to finiteness of a primary 
data array applied for modeling, MMT value 
was determined approximately as a model es-
timate. Given that, we applied an empirical 
procedure for assessing standard deviation and 
95% confidence interval of MMT; the proce-
dure was suggested in the work [16]. The right 
(upper) limit of MMT 95% confidence interval 
was considered to be a required “heat thresh-
old”; an increase in mortality that exceeded it 
became statistically authentic. The left (bot-
tom) limit of the interval was considered to be 
a required “cold threshold”.  

The final stage in our research involved 
linearizing obtained dependences of cumula-
tive relative risks RRoverall (Т) for predictors 
with the best predicting capacity. A relative 
increase in mortality during hot weather was 
calculated per 1 degree of an increase in a pre-
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dictor value on average within a range from 
MMT to 97.5-percentile of its historical long-
term distribution; for cold weather, it was cal-
culated per 1 degree of temperature drop within 
a range from MMT to 2.5-percentile. 

Results and discussion. Our assessment 
and analysis of average UTCI values over 
1999-2016 revealed that bioclimatic condi-
tions in Arkhangelsk tended to be comfort-
able since June till September as there was 
no temperature stress, and the index values 
varied within +9…+26 оС (Figure 1). There 
was a strong cold stress in January and Feb-
ruary (–13…–27 оС); as for all the other 
months, a stress was moderate or slight 
(+9…–13 оС). 

Tables 2 and 3 contain data which we ap-
plied to select the best predictor via minimiz-
ing a relative standard error in determining an 

attribute fraction of mortality for cold and hot 
weather. We obtained convincing evidence 
both for cold and hot weather that allowed us 
to make a choice on the “best” one out of sev-
eral possible predictors; that is, a predictor that 
was the most closely related to mortality from 
a statistical point of view.  

 

 
Figure 1. Average monthly values of UTCI (oC)  

in Arkhangelsk in 1999–2016 

T a b l e  2  
Attribute fractions for heat (AFheat), minimum relative standard error in estimation (RSE) 

is given in bold 
Tday_max Tnight_max Tmean UTCIday_max UTCInight_max UTCImean Cause  

of death AFheat RSE AFheat RSE AFheat RSE AFheat RSE AFheat RSE AFheat RSE 
best  

predictor 
Women aged 30-64 

IHD 0.001 7.000 0.0000 NA 0.001 7.450 NA  0.004 2.563 0.0000 NA UTCInight_max
CVD NA  NA  NA  NA  NA  NA   
CSD NA  NA  NA  NA  NA  NA   
DRS 0.025 0.600 0.25 1.090 0.27 1.056 0.015 1.283 0.016 1.438 0.010 2.025 Tday_max 
All natural 0.0025 1.800 NA  0.0003 6.333 0.0011 2.864 0.000 NA 0.000 NA Tday_max 

Women older than 65 
IHD 0.0016 2.141 0.0012 2.146 0.0005 3.800 0.0000 NA 0.0019 1.803 NA  UTCInight_max
CVD 0.0025 1.720 0.004 1.188 0.0007 4.536 0.001 3.000 0.0043 1.052 0.0010 3.350 UTCInight_max
CSD 0.0032 0.938 0.0034 0.787 0.0014 1.696 0.0010 1.850 0.0040 0.681 0.0010 1.925 UTCInight_max
DRS 0.019 0.658 0.013 1.000 0.013 0.846 0.016 0.750 0.016 0.672 0.014 0.857 Tday_max 
All natural 0.0030 0.933 0.0036 0.681 0.0015 0.741 0.0010 1.850 0.0041 0.622 0.0013 1.500 UTCInight_max

Men aged 30-64 
IHD NA  NA  NA  NA  NA  NA   
CVD 0.002 3.625 0.20 0.913 0.20 0.838 0.25 0.670 0.13 1.404 0.22 0.716 UTCInight_max
CSD NA  NA  NA  NA  NA  NA   
DRS NA  NA  NA  NA  NA  NA   
All natural 0.0033 1.053 0.0042 0.750 0.0035 0.893 0.0015 1.917 0.0042 0.851 0.0024 1.260 Tnight_max 

Men older than 65 
IHD 0.007 0.893 0.0083 0.711 0.008 0.719 0.006 0.921 0.013* 0.442 0.008 0.719 UTCInight_max
CVD 0.000 NA 0.003 3.250 0.003 2.833 0.003 3.250 0.003 3.250 0.003 2.833 UTCInigh_ max
CSD 0.005 1.150 0.006 0.833 0.005 0.950 0.005 1.000 0.009* 0.500 0.0062 0.694 UTCInight_max
DRS NA  NA  NA  NA  NA  NA   
All natural 0.0010 4.100 0.002 2.250 0.002 2.000 0.0014 2.714 0.006 0.667 0.0033 1.144 UTCInight_max

*means an AF value is authentic at 95%-th level. 
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T a b l e  3  
Attribute fractions for cold (AFcold), minimum relative standard error in estimation (RSE) 

is given in bold 
Tmean Tmin UTCImean UTCImin Cause  

of death AFcold RSE AFcold RSE AFcold RSE AFcold RSE 
best  

predictor 
Women aged 30-64 

IHD 0.27 0.741 0.38 1.974 0.22 1.511 0.29 2.897 Tmean 
CVD 0.75 0.360 NA NA 0.79 0.320 NA NA UTCImean 
CSD 0.50 0.460 NA NA 0.50 0.505 0.72* 0.229 UTCImin 
DRS 0.031 0.452 0.038 0.434 0.23 2.554 0.031 0.863 Tmin 
All natural 0.22 0.443 0.49 0.383 0.23 0.467 0.39 0.571 Tmin 

Women older than 65 
IHD 0.29* 0.276 0.45 0.394 0.28* 0.393 0.56* 0.290 Tmean 
CVD 0.19* 0.447 0.22 1.273 0.21 0.464 0.22 1.364 Tmean 
CSD 0.22* 0.250 0.27 0.602 0.21* 0.310 0.32 0.477 Tmean 
DRS 0.43 0.576 NA NA 0.38 0.770 0.20 1.025 Tmean 
All natural 0.15* 0.367 0.18 0.861 0.14* 0.411 0.23 0.630 Tmean 

Men aged 30-64 
IHD 0.37 0.534 0.32 0.867 0.42 0.458 0.24* 0.448 UTCImin 
CVD 0.001 6.750 0.000 NA 0.001 6.500 0.003 3.667 UTCImin 
CSD 0.21 0.940 0.16 0.750 0.22 0.977 0.15 0.550 UTCImin 
DRS 0.42 1.214 0.56 0.929 0.48 1.130 0.50 1.280 Tmin 
All natural 0.14* 0.446 0.17* 0.368 0.14* 0.464 0.17* 0.353 UTCImin 

Men older than 65 
IHD 0.26* 0.385 0.26* 0.356 0.31* 0.315 0.27* 0.352 UTCImean 
CVD 0.16 0.891 0.19 0.697 0.20 0.738 0.22 0.580 UTCImin 
CSD 0.20* 0.413 0.21* 0.369 0.25* 0.340 0.25* 0.300 UTCImin 
DRS 0.49 1.250 0.55 1.445 0.62 1.113 0.70 0.868 UTCImin 
All natural 0.10 0.725 0.12 0.563 0.15 0.483 0.15* 0.417 UTCImin 

* means an AF value is authentic at 95%-th level 
 
The most convincing results were ob-

tained for hot weather. It was possible to select 
the best predictor only for 14 parameters (we 
didn’t obtain any temperature-related depend-
ences for high temperatures for the remaining 
6 parameters). The UTCI nighttime maximum 
(UTCInight_max) which we chose out of 6 alter-
native predictors turned out to be the best one 
in 11 cases out of 14. 

We obtained reliable AFheat estimations 
only for two parameters out of 20, namely IHD 
and CSD in men older than 65; it proves that 
elderly people are too sensitive to negative im-
pacts exerted by heat as it was also confirmed 
in some previous research [3, 17, 18]. 

During cold days predictors turned out to 
have different predictive capacity depending on a 
sex. Average daily temperature Tmean was a better 

predictor for women (for 6 mortality parameters 
out of ten). As for men, the best predictor for 
them was minimum daily UTCImin (for 8 out of 
10 parameters). At the moment we can’t give any 
authentic explanation for the detected sex-
dependent differences in predictors. Among other 
things, they can be caused by differences in 
physical and social activity of men and women in 
winter. UTCI was chosen as a probable mortality 
predictor during a cold season in research con-
ducted in Czech Republic [19] and Iran [20]. 

We obtained a lot more statistically au-
thentic estimations of AF for exposure to cold 
(both for men and women); these estimations 
were detected for all the chosen pathologies 
excluding DRS. And not only elderly people 
but also younger age groups (30-64 years) 
were sensitive to this exposure. 
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T a b l e  4  
Temperature that corresponds to MMT; heat and cold thresholds, relevant increases 

 in mortality (%) per 1°С increase in exposure 
Heat Cold 

Cause  
of death MMT 

(%) 
ММТ 
(°С) 

Heat 
threshold 

(°С) 

Relative in-
crease in mortal-
ity (% per 1°С)

MMT 
(%) 

ММТ 
(°С) 

Cold 
threshold 

(°С) 

Relative increase 
in mortality 
(% per 1°С) 

Women aged 30-64 
predictor UTCInight max Tmean 
IHD 93 22.1 NA 2.0 95 19.2 -12.6 2.9 
CVD NA NA NA NA NA NA -8.4 NA 
CSD NA NA NA NA NA NA -8.1 NA 
DRS 90 20.3 NA 8.6 NA -12 -17 NA 
All natural 98** 27 NA NA 97 20.7 -12.5 1.3* 

Women older than 65 
IHD 94 23.1 NA 1 97 20.4 17.1 1.8* 
CVD 93 21.8 NA 1.6 95 19.3 -10.5 1.4* 
CSD 93 21.9 30.6 1.7 95 18.8 16.8 1.4* 
DRS 90 20.1 NA 10.2 90 16.2 NA 3.8 
All natural 92 21.5 26.7 1.5 95 18.4 -11.8 1.0* 

Men aged 30-64 
predictor UTCInight max UTCImin 
IHD NA NA NA NA 98 16.1 10.3 2.0* 
CVD NA NA NA NA NA NA NA NA 
CSD 99** 28.6 NA NA 95 13.5 -20.2 1.1* 
DRS NA NA NA NA NA NA -21.1 NA 
All natural 92 21.4 NA 1.5 93 12 -20.7 1.0* 

Men older than 65 
IHD 90 20.2 23 4.7* 93 11.7 8.9 2.2* 
CVD 91 21 NA 0.8 89 10.1 -6.3 3.4* 
CSD 90 20.3 24.7 3.1 91 11.1 8.9 2.6* 
DRS NA NA NA  NA NA 9.6 NA 
All natural 90 20.4 NA 1.8 91 11 0.5 1.4* 

Note:  
* is an authentic increase per 1 1°С at 95%-th level; 
** are suspect (too high) ММТ values that are higher than 97.5-th percentile of UTCInight_max distribution. 
 
There are heat and cold weather thresh-

olds; when they are reached, there occurs a 
statistically significant increase in mortality. 
These thresholds are of great practical interest. 
The results in Table 4 are given for the best 
predictors chosen at the previous stage in our 
research, namely UTCInight_max, Tmean, UTCImin 

ММТ values and heat values are given for 
UTCInight_max. Overall, MMT parameter was 
determined for 15 mortality parameters (Table 4). 
Having excluded suspect values, we concluded 
that MMT value was most frequently expected 
between 90 and 94 percentile. It corresponded 

to UTCInight_max index reaching 20–21оС. We 
can’t possibly expect more exact calculation 
here. Lower MMT values for UTCInight_max 
were detected for men than for women, espe-
cially among people older than 65; therefore, 
men are more sensitive to heat exposure. It 
confirms the results we obtained in our previ-
ous research in Rostov-on-Don that men were 
more sensitive to a temperature factor than 
women. Especially in older age groups [14]. 

Statistically authentic threshold values for 
heat were determined only for four mortality 
parameters (CSD and all natural death causes 
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for women older than 65 as well as IHD and 
CSD for men older than 65) that varied from 
23.0оС to 30.6оС for UTCInight_max. Naturally, 
the minimum value +23.0оС was the most in-
teresting one since in case there were such 
maximum UTCI values at nighttime we could 
expect an authentic increase in mortality 
caused by IHD among men older than 65 in 
Arkhangelsk. We didn’t detect any authentic 
heat threshold for age groups that included 
people aged 30–64.   

We calculated a relative increase in mor-
tality in % per 1 degree Celsius and revealed 
that they varied from 0.8 to 10.2% for hot days 
depending on a specific pathology and sex and 
age group; but still, practically all obtained 
results were not significant except from mor-
tality caused by IHD among men older than 65 
(4.7% per 1оС). 

When interpreting cold thresholds for 
women, we should take into account that “ex-
treme cold threshold” which we require to de-
termine a temperature range for linearizing tem-
perature dependence is equal to T2.5%=-22.8 оС 
for Тmean. As we applied another predictor for 
men, the relevant 2.5 percentile was UTCI2.5%=  
-31,5оС. The most complicated task was to ex-
plain why the determined cold thresholds were 
heterogeneous and varied from -12.6 to +17.1оС 
(a 92-th percentile) among women and from -
21.1 to 10.3оС (a 89-th percentile) among men 
depending on a parameter. 

There can be two possible explanations 
for this spread. The first is that there is a long 
“plateau” below MMT within a range of tran-
sient year temperatures. It confirms a typical 
temperature dependence of mortality for Ark-
hangelsk (Figure 2). In this case differences in 
plateau length estimations should be consid-
ered a modeling artifact (it can be eliminated 
via greater degrees of freedom when modeling 
temperature dependence of mortality; how-
ever, authenticity of obtained results decreases 
drastically in this case due to very few lethal 
outcomes in Arkhangelsk).  

The second explanation is that a “true” 
dependence should be U-like without any pla-
teau; then “true” cold thresholds should be 
near MMT, that is, they are close to the fol-
lowing maximums: +17.1оС for Tmean and 
+10.3оС for UTCImin (percentiles of these val-
ues are close, 92% and 89%). This or that ex-
planation can be chosen only after testing 
whether modeling results for MMT CI are sta-
ble; such testing can be accomplished only on 
a big data array on mortality (for example, in a 
large city with millions of population, for ex-
ample, in Moscow or Saint Petersburg). 

The most significant difference in model-
ing results for heat and cold is much greater 
evidence obtained for authentic influence ex-
erted by cold temperatures. For example, Ta-
ble 4 contains 5 statistically significant results 
of linearization for women (out of ten) and 7

 

 
Figure 2. Temperature-dependent mortality caused by all natural reasons among women older 

 than 65 in Arkhangelsk: we can see a plateau within a period of transient autumn and spring temperatures.  
Solid vertical line shows central MMT estimation, and broken lines show its confidence intervals.  

A broken line to the left is a cold threshold 
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(out of 10) for men. As a rule, results that are 
not statistically significant are related to in-
sufficient statistical power of mortality sam-
plings (see above). Average increases in mor-
tality per 1-unit decrease in a predictor within 
cold temperatures range varied from 1.0% to 
1.8% for women (out of authentic estima-
tions); from 1.0% to 3.4%, for men. Effects 
produced by cold were greater for men than 
for women as it was shown by comparing all 
the authentically detected increases in mortal-
ity in an older age group. 

Results which we obtained in this work al-
low comparing damage to health of population 
in Arkhangelsk caused by exposure to heat and 
cold, taking into account specific features of a 
local climate; it is well in line with bioclimatic 
conditions existing in the city. People in Ark-
hangelsk are rarely exposed to heat stress dur-
ing summer; therefore, we didn’t obtain many 
authentic results about a response in mortality 
during hot days. High temperatures at nighttime 
are likely to be the most significant factor that 
makes its contribution into an increase in mor-
tality during hot weather.  

People in Arkhangelsk live under expo-
sure to cold stress during the most part of a 
year and it causes additional cold-related mor-
tality that was numerically estimated in our 
research. It is in line with previously obtained 
results [8, 9]. For example, experts detected an 
increase in mortality caused by IHD and natu-
ral causes in Archangelsk during cold waves 
occurring in 1999–2008 [7]. Similar results 
were obtained in another northern city, Stock-
holm; research conducted there revealed that a 
number of additional death cases caused by 
heat had been decreasing over the last ten 
years whereas a number of additional death 
cases caused by cold remained stably high 
[21]. Most additional death cases caused by 

CSD and ROD were related to cold days in 
some cities in the USA [22], China [23, 24], 
and many other regions [1]. Therefore, impacts 
exerted by cold weather on population mortal-
ity still remain an outstanding issue in public 
healthcare. 

Conclusion. Although people in Arkhan-
gelsk live in a climate with cool summer and 
moderately cold winter, we can’t neglect im-
pacts exerted by heat on additional death 
cases. Such impacts become extremely ap-
parent when there are high temperatures at 
night. It is necessary to work out and imple-
ment action plans for both extremely high 
and cold weather conditions and pay atten-
tion to individual precautions, including 
medications [25, 26]. 

Differences in temperature-related mortal-
ity are not only age-dependent (people who are 
older than 65 are more vulnerable in this re-
spect) but also sex-dependent. As we detected 
lower heat thresholds for men as well as higher 
increases in mortality among them during ex-
posure to cold, we can state that their health is 
more susceptible to such exposure. 

As regards heat and cold stresses, it is ad-
visable to apply different predictors. When we 
analyze heat exposure, we should apply a night 
maximum for UTCI; when analyzing cold ex-
posure, we should take an average daily tem-
perature (as a mortality predictor for women) 
and minimum daily UTCI value (as a mortality 
predictor for men). It is advisable to use UTCI 
to determine temperature thresholds and addi-
tional mortality values. 
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The present paper dwells on assessing oral sub-acute exposure of a warm-blooded body to non-organic compounds that con-

tain antimony and arsenic and are introduced with drinking water. Another issue was to assess changes in their concentrations as 
well as concentrations of other elements in tissues of certain organs. We accomplished elemental analysis of tissues taken from 
exposed white Wistar rats; the analysis included the following elements: S, Cl, K, Ca, Ti, Cr, Mn, Fe, Ni, Cu, Zn, Se, Br, Rb, Sr, Mo, 
As, Hg, Pb, Sb. As per its results we characterized changes in elemental structure of the liver, kidneys, heart, lungs, femoral muscle, 
thyroid gland, and whole blood caused in white male Wistar rats by sub-acute combined oral exposure to arsenic and antimony. 
Arsenic was detected in all the examined internal organs after 3 weeks of combined oral exposure to it in a dose equal to 15 µg/kg 
together with exposure to antimony in a dose equal to 61 µg/kg. It concerned both test and control group as animals in the test 
group had arsenic in a dose equal to 0.010 ± 0.002 µg/kg in the thyroid gland tissues and up to 0.950 ± 0.155 µg/kg in blood; ani-
mals in the control group, from 0.028 ± 0.003 µg/kg in muscular tissues to 1.56 ± 0.03 µg/kg in blood. Antimony was detected in 
blood only (0.005 ± 0.0021 µg/kg in the control group and 0.021 ± 0.0009 µg/kg in the test one). 

We detected a direct correlation between arsenic contents in organ tissues and contents of potassium, iron, and mer-
cury in the control group and contents of iron and mercury in the test one. Strontium and rubidium concentrations in organs 
of animals in the test group were inversely correlated with arsenic concentrations. 

We analyzed a correlation between growing arsenic contents in tissues of animals in the test group against the control 
and changes in contents of other elements and revealed a statistically authentic correlation with an increase in concentra-
tions of potassium, molybdenum, iron, and lead, as well as an inverse character of this correlation.   

We concluded that there were several markers of oral exposure to arsenic and antimony as components in a complex 
mixture detected in white Wistar rats; they were arsenic in tissues of the liver, kidneys, muscles, thyroid gland, and whole 
blood; antimony in whole blood; increase in contents of chlorine, potassium, sulfur, calcium, rubidium, zinc, manganese, 
and chromium in the liver and kidneys; a decrease in concentrations of chromium, manganese, iron, copper, molybdenum, 
nickel, selenium, and strontium in blood, heart, thyroid gland, and lungs. 

Key words: antimony, arsenic, water, elemental structure of white rats’ organ tissues, markers of exposure, chemical 
mixtures, combined examination, oral exposure. 
 

 
 Abnormal contents of chemical elements 

in the atmosphere exert their impacts on regula-
tion of live processes in a body; induce disor-
ders in morphogenesis, metabolic processes and 
metabolic coherence; make enzymes less ac-
tive; cause dysfunctions and endemic diseases. 
A range of chemicals concentrations between 
their upper and bottom limits in external and 

internal environment defines how well a body 
can regulate its chemical homeostasis [1, 2]. 

Biogeochemical monitoring substantiates 
medical and preventive support for demo-
graphic, social, and industrial development of a 
society [3]. Regulatory systems of a body 
change within certain ranges under exposure to 
abnormal geochemical conditions and it is vital 
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to determine these ranges when general and 
specific medical and prevention activities are 
implemented [4–6]. A key focus in implement-
ing monitoring programs should be a choice on 
criteria that describe influence exerted by ad-
verse environmental factors on a human body 
and responses it gives to such influence.  

A significance this or that element can 
have for a body is determined by a role it plays 
in vital activities [7]: sulfur is a component in 
many proteins and hormones, liver cells use it 
to neutralize toxic metabolic products. Potas-
sium is a constant component in all body cells 
and tissues; its greatest quantities can be found 
in cells of the liver, kidneys, skin, muscles, and 
nervous system as salts such as chlorides, phos-
phates, carbonates, and sulfates. Ionized potas-
sium or potassium bound to proteins or other 
organic compounds regulates activity of certain 
enzymes, notably   К+-ATP-ase, acetyl kinase, 
and pyruvate phosphokinase; the element is 
regulated by mineral corticosteroids produced 
by the adrenal cortex [8]. Chlorine is found in a 
body as anions of salts (sodium, potassium, cal-
cium, manganese and others) in all body fluids 
[9]. Calcium participates in bone tissue forma-
tion, provides contractile function of plain and 
skeletal muscles, and regulates functions of the 
heart [10]. Titanium is necessary for erythro-
cytes creation in the bone marrow; it influences 
immune system functioning, regulates choles-
terol and carbamide (urea) contents in blood, 
and participates in many metabolic reactions 
[11]. Chromium is a component in the low-
molecular organic complex, tolerance factor to 
dextrose; it stimulates biosynthesis of glycogen 
and protein, and normalizes lipid metabolism as 
well [12]. Manganese is a part of multiple en-
zymes, such as phosphoglucomutase, enolase, 
mitochondrial superoxide dismutase, etc.; it ac-
tivates phosphofructokinase, arginase, dipepti-
dase, and bone and alkaline phosphatase [13]. 
Iron is contained in hemoglobin and muscle 
hemoglobin and is also a component in respira-
tory enzymes that catalyze breathing processes 
in cells and tissues [14]. This chemical element 
is a part of more than 70 various enzymes and it 
explains significant influence exerted by it on 
body growth and development, tissue breathing, 
hemopoiesis, immune genesis, and other 
physiological processes. Nickel participates in 

structural organization and functioning of 
DNA, RNA, and proteins [15]. Copper cata-
lyzes hemoglobin formation in blood and is a 
part of many key enzymes such as cytochrome-
c-oxidase, tyrosinase, ascorbinase, etc. [16]. 
Zink can be found in more than 80 enzymes, 
the most significant ones being alcohol dehy-
drogenase, lactate dehydrogenase, glutamate 
dehydrogenase, carbonic anhydrase, DNA- and 
RNA-polymerase, carboxypeptidase, glyceral-
dehyde-3-phosphate dehydrogenase, and aldo-
lase. Selenium participates in redox processes at 
the cellular level (dextrose metabolism, the 
Krebs cycle, potassium-sodium-calcium me-
tabolism etc.) and is involved in activities of 
more than 100 enzymes that take part in meta-
bolic products detoxication; it is a component in 
most hormones [17]. Bromine can be found in 
an adult body in blood, bone, and muscle tis-
sues, and its concentrations are the highest in 
the kidneys, hypophysis, and thyroid gland 
[18]. Rubidium can substitute potassium and is 
its synergist [19]. Rubidium also accumulates 
in the intracellular fluid and can substitute 
equivalent amounts of potassium in various 
processes. Strontium is concentrated in bones 
and it partially substitutes calcium [20]. Stron-
tium is basically excreted with urine and to a 
lesser extent with bile. Molybdenum is a com-
ponent in prosthetic groups of enzymes includ-
ing xanthine oxidase, aldehyde oxidase, xan-
thine dehydrogenase, and sulfite oxidase [21]. 
Arsenic is intensely accumulated when there is 
shortage of selenium and can make for defi-
ciency of this microelement [22]. Excessive 
quantities of arsenic are accumulated in the thy-
roid gland and cause endemic goiter. Arsenic 
interacts with thiol protein groups, cysteine, 
glutathione, and lipoic acid. Antimony (Sb) is 
similar to arsenic in its properties and is known 
to inhibit enzymes that participate in carbohy-
drate, fat, and protein metabolism [23, 24]. 

Therefore, a human body provides homeo-
stasis involving a lot of elements that differ 
from each other conditionally; sulfur and stron-
tium predominantly have structural roles; chlo-
rine, potassium, rubidium, calcium, zinc, and 
selenium are predominantly enzyme-dependent; 
copper, titanium, chromium, manganese, iron, 
molybdenum, nickel, and bromine have appar-
ent metabolic and antioxidant activities. Multi-
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functional properties of certain elements and 
their metabolic dependence determine a variety 
of responses to multiple exposures that can give 
grounds for revealing initial shifts in elemental 
homeostasis of a body. At the same time, com-
bined exposure to several elements in hazard-
ous concentrations makes it difficult to predict 
probable effects produced by it.   

Our research goal was to experimentally 
substantiate elemental exposure markers for tis-
sues of internal organs taken from experimental 
animals after combined oral exposure to arsenic 
and antimony that were introduced into them as 
a complex mixture contained in drinking water. 

Our research tasks were:  
1) to perform hygienic assessment of 

chemicals concentrations in sewage from  a 
tailings dam of a gold mine;  

2) to assess doses in which antimony and ar-
senic were introduced into experimental animals;  

3) to analyze dynamics of antimony and 
arsenic concentrations in blood of experimen-
tal animals under sub-acute oral introduction;  

4) to describe changes that occurred in ele-
mental structure of the liver, kidneys, heart, 
muscles, and thyroid gland under combined sub-
acute oral exposure to antimony and arsenic.  

Research objects. In Komsomolskiy set-
tlement located in Kemerovo region specific lo-
cal conditions could make for penetration of 
sewage that contained antimony and arsenic 
from a tailings dam into underground water-
bearing layers used for providing drinking water 
supply to population. Antimony and arsenic pro-
duce similar toxic effects on a warm-blooded 
body as they deactivate thiol protein groups, 
amino acids, and metals in enzyme systems; tak-
ing it into account, we performed an experiment 
with a model mixture that contained sewage 
from a gold mine. This mixture contained high 
concentrations of antimony and arsenic. The ex-
periment was performed to predict changes in a 
body under combined oral exposure to arsenic 
and antimony. Animals from the control were 
given drinking water from centralized water 
supply systems in Novosibirsk.  

We examined tissues of internal organs, 
notably the liver, kidneys, heart, lungs, mus-
cles, and thyroid gland, as well as whole blood 
of white male Wistar rats with their body 
weight being equal to 280–340 grams; there 

were 2 groups, the test and the control, 6 ani-
mals in each.  

Data applied in the research:  
– results obtained via analyzing structure 

of a model complex mixture in water that con-
tained arsenic and antimony;  

– hygienic standards for chemical con-
tents in water;  

– results of determining elements concen-
trations in tissues of internal organs, namely 
the liver, kidneys, heart, lungs, muscles, thy-
roid gland, and whole blood of white male 
Wistar rats from the test and control groups.  

Animals in the test group were given model 
drinking water with increased quantities of anti-
mony and arsenic and we kept daily accounting 
of water quantities consumed by them. Animals 
from the control group were given drinking water 
taken from centralized water supply systems in 
Novosibirsk. We took samples of organs and tis-
sues after animals had been autopsied. Prior to 
autopsy all animals were taken out of the experi-
ment via intraperitoneal introduction of Nembutal 
in a dose equal to 4 mg/100 g of body weight. 

We performed atomic absorption analysis 
with “Kvant-2A” atomic absorption spec-
trometer (Moscow, KORTEK) equipped with 
deuterium correction device with non-selective 
absorption and relevant hollow cathode lamps. 
Heavy metals in samples were determined in 
accordance with requirements fixed in conven-
tional procedures. Lead (Pb) was determined 
in “propane-air” flame. We applied standards 
samples with IAEA-SOIL-7, IAEA-336 (Li-
chen), SRM 1572 (CitrusLeaves), SRM 1575 
(PineNeedles) structures as reference ones in 
both analysis procedures. 

As a result, we determined elemental struc-
tures of internal organs taken from experimen-
tal animals; all the obtained data were statisti-
cally processed with calculating mean values 
and standard error of the mean, coefficients of 
variation, validity of discrepancies in disper-
sion, and average values of parameters in both 
groups as per Fischer and Student’s tests. To do 
that, we used applied Excel software package. 
Discrepancies with their validity being р<0.05 
were considered to be statistically significant. 

Research results. The model complex 
mixture contained in water consumed by 
animals in the test group was orally intro-
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duced into them via providing them with free 
access to standard drinking bowls; animals 
from the control group consumed drinking 
water from similar bowls. Therefore, to calcu-
late doses of chemicals consumed by rats, we 
kept daily accounting of water consumption 
volumes. We analyzed water consumption 
during three weeks of the experiment and re-
vealed that there were no statistically authen-
tic discrepancies in water consumption be-
tween the test and the control groups taken 
both in ml per day and recalculated per 1 kg 
of animals’ body weight a day (р>0.05). So, 
having free access to drinking water from 
automated water bowls, animals from both 
groups consumed it in similar quantities, 
71.9±4.9 ml/kg/day in the test group, and 

65.6±4.4 ml/kg/day in the control group, 
(р>0.05) (Table 1).  

We took data on actual water consump-
tion by animals from the test and control 
groups and concentrations of chemicals in 
consumed water and calculated average daily 
doses of chemicals introduced into animals 
from both groups with drinking water. 

We revealed that animals from the test 
group consumed higher quantities of chemi-
cals than animals from the control group; for 
example, doses of strontium were 1.1 times 
higher; doses of potassium, calcium, chro-
mium, manganese, iron, copper, zinc, rubid-
ium, molybdenum, and lead, 7.7 times higher; 
sulfur, 18.3 times higher; nickel, 26.3 times 
higher (Table 2).  

T a b l e  2  
Summary table showing water consumption by white male Wistar rats from the test  

and control group; water was consumed from automated water bowls in cages 
Dates of experiment Test, ml/day Control, ml/day t P 

March 04–10, 2018 122±9.6 113±7.8 0.06 0.9521 
March 11–17, 2018 127±8.1 105±5.9 0.22 0.8289 
March 18–25, 2018 125±7.8 105±8.1 0.16 0.8786 
Total 125±8.1 108±7.2 0.14 0.8936 
Average body weight, г 289±14.5 273.5±12.4 0.04 0.9669 
Water consumption,  ml/kg/day per 1 animal 71.9±4.9 65.6±4.4 0.15 0.8867 

T a b l e  3  
Concentrations in water (Ct, Cc) and daily doses (ADt, ADc) of chemicals consumed  

by animals form the test and control groups 
Control Test 

Elements Hygienic standard  
2.1.5.1315-03, mg/dm3, MPC Cc, 

mg/dm3 
ADc, 

mg/kg/day 
Ct,  

mg/dm3 
ADt, 

mg/kg/day 
Ca 130 physiological* 15 0,98 86 6,2 
Ti 0.1 overall 0.002 0.0001 0.0053 0.0004 
Cr 0.05 с.т. <0.001 0.00003 0.0012 0.0001 
Mn 0.1 organoleptic 0.0068 0.0004 0.02 0.0014 
Fe 0.3 organoleptic 0.1 0.006 0.35 0.025 
Ni 0.02 sanitary <0.001 0.00003 0.012 0.0009 
Cu 1.0 sanitary 0.01 0.0006 0.07 0.0050 
Zn 1.0 overall 0.03 0.0019 0.042 0.0030 
Rb 0.1 sanitary <0.001 0.00003 0.0021 0.0002 
Sr 7.0 sanitary 0.3 0.01968 0.31 0.022 

Mo 0.07 sanitary <0.001 0.00003 0.0016 0.0001 
As 0.01 sanitary <0.001 0.00003 0.21 0.015 
Pb 0.01 sanitary <0.001 0.00003 0.001 0.0001 
Sb 0.005 sanitary <0.008 0.0002 0.85 0.061 
Note: * means as fixed in section 4.7 of the Sanitary-Epidemiologic Rules 2.1.4.1116-02. Drinking 

water. Hygienic requirement to quality of bottled water. Quality control. 
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Antimony and arsenic were orally introduced 
into animals from the test group in doses that were 
equal to 0.061 mg/kg/day and 0.015 mg/kg/day 
respectively; deviations from the hygienic stan-
dards were the highest for these two metals as 
their doses exceeded MPC by 605 times for anti-
mony and by 500 times for arsenic.  

We analyzed chemicals contents in tissues 
of organs taken from experimental animals after 
a three-week experiment and detected arsenic in 
all internal organs of animals form both groups, 
its quantities in the control group being from 
0.010±0.002 µg/g in thyroid gland tissues to 
0.950±0.155 µg/g in blood; from 0.028± 
±0.003 µg/g in muscle tissues to 1.56±0.03 µg/g 
in blood in the test group (Table 3). 

Antimony was detected in blood only, 
0.005±0.0021 µg/kg in the control group and 
0.021±0.0009 µg/kg in the test group.  

Although animals from the test group con-
sumed other elements that were included into the 
complex mixture in concentrations not exceeding 
MPC but being higher than those consumed by 
the control group, concentrations of such ele-
ments in tissues of their internal organs were still 
statistically authentically different from those 
taken out of animals from the control group. 

We detected higher concentrations of some 
elements in blood of animals from the test 
group against the control group; these higher 
concentrations were detected for arsenic (on 
average by 64%, with scaled-down dispersion 
(pF<0.05)); antimony (on average by 320% 
(р<0.05); chlorides (by 110%, р<0.05)), cal-
cium (by 52%, р<0.05). We also detected lower 
concentrations of such elements as chromium 
(by 43%, р<0.05); manganese (by 42%, 
р<0.05); molybdenum (by 75%, р<0.05); lead 
(by 36%, р<0.05); we also detected scaled-
down dispersion for contents of iron, nickel, 
and copper (pF<0.05) with a 30–56% descend-
ing trend for their average values.  

There was a decrease in dispersion of arse-
nic contents in liver tissues taken out of animals 
from the test group against the control group 
(рF<0,05) with a simultaneous trend for a 46% 
increase in its average value; liver tissues of 
animals from the test group also contained in-
creased concentrations of chlorides (by 120% 
higher, р<0.05); potassium (by 309%, р<0.05); 
calcium and chromium (by 2 times, р<0.05); 

bromine (by 32%, р<0.05); rubidium (by 31%, 
р<0.05); there was also a decrease in dispersion 
of copper contents (рF<0.05), with a trend for 
decrease in its average value by 20%.  

Kidney tissues taken out of animals from 
the test group contained arsenic in higher con-
centrations as compared with the control (by 
102%, р<0.05); they also contained higher con-
centrations of manganese (by 14%, p<0.05) and 
bromine (by 20%, р<0.05), and there was a de-
crease in dispersion of potassium contents 
(pF<0.05) with a trend for a 364% increase in 
its average value. We detected an increase in 
dispersion of sulfur, chlorides, calcium, and 
zinc contents in the test group against the con-
trol one (рF<0.05) with a trend for a 47–364% 
increase in their average values.  

Heart tissues taken out of animals from the 
test group contained arsenic in higher concen-
trations against the control (by 212%, рF<0.05); 
we also detected lower average molybdenum 
contents (by 38%, р<0.05) and a trend for lower 
contents of nickel (by 88%, pF<0.05) and cop-
per (by 22%, рF<0.05) as well as a trend for 
increased contents of chlorides (by 431%, 
рF<0.05), potassium (by 255%, рF<0.05), and 
selenium (by 50%, рF<0.05). 

There were no statistically authentic dis-
crepancies in arsenic contents in lung tissues be-
tween the test and control groups (р>0.05), but 
still we detected increased potassium contents 
(by 134%, р<0.05), a trend for higher bromine 
contents with increased dispersion of the pa-
rameter (by 28%,  рF<0.05), a trend for higher 
lead contents with increased dispersion of the 
parameter (by 70%, рF<0.05) and lower con-
tents of iron (by 33%, р<0.05), zinc (by 18%, 
р<0.05), and molybdenum (by 24%, р<0.05). 

Tissues of thigh muscle taken out of ani-
mals from the test group contained some ele-
ments in higher concentrations as compared 
with the control group; these elements were ar-
senic (by 55%, р<0.05), sulfur (by 13%, 
р<0.05), calcium (by 31%, р<0.05), strontium 
(by 125%, р<0.05), and lead (by 85%, р<0.05). 
We detected a trend for higher concentrations 
with simultaneous decrease in dispersion of the 
parameter for potassium contents (by 400%, 
pF<0.05), and a trend for a decrease in the pa-
rameter together with a decrease in its disper-
sion was detected for nickel (by 53%, pF<0.05).  
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T a b l e  3  
Elements concentrations in tissues of internal organs (µg/g) taken out of male white Wistar rats 

after 3 weeks of daily oral exposure to arsenic in a dose equal to 15 µg/kg/day and antimony  
in a dose equal to 61 µg/kg/day, both metals were contained in sewage from a tailings dam 

of Komsomolskiy gold mine  
Chemical elements/organs Groups,  

statistical 
 parameters S Cl K Ca Ti Cr Mn Fe Ni Cu Zn Se Br Rb Sr Mo As Hg Pb Sb 

 Blood 
Control, Х 4,808 1,229 7,639 14.7 0.58 1.67 5.26 236.2 0.121 0.392 31.5 0.19 0.96 0.10 0.223 1.32 0.95 0.026 0.115 0.005
±m 141 125 981 1.2 0.07 0.14 0.26 15.7 0.015 0.046 1.2 0.01 0.04 0.01 0.018 0.07 0.155 0.0009 0.00680.0021
V% 7% 25% 31% 20% 28% 21% 12% 16% 31% 29% 9% 12% 10% 14% 20% 13% 40% 8% 15% 103%
Test, Х 4,283 2,601 6,614 22.5 0.40 0.96 3.07 164.8 0.054 0.293 30.9 0.183 0.92 0.11 0.215 0.34 1.56 0.025 0.074 0.021
±m 206 255 406 0.9 0.05 0.07 0.31 3.5 0.005 0.004 0.96 0.007 0.05 0.01 0.016 0.04 0.03 0.002 0.004 0.0009
V % 12% 24% 15% 10% 29% 18% 25% 5% 23% 4% 8% 9% 15% 15% 18% 26% 5% 15% 14% 11%
P 0.0801 0.0029 0.3715 0.0019 0.0661 0.0040 0.00160.00440.00590.07670.68100.6570.544 0.17320.76700.0000 0.0086 0.5037 0.00220.0004
pF 0.2417 0.0990 0.0577 0.2834 0.2739 0.1078 0.37550.00680.02720.00020.34510.3170.273 0.35010.40630.1233 0.0047 0.8460 0.19960.0750

 Liver 
Control, Х 2,772 378 1,373 14.73 0.21 0.26 5.59 30.02 0.064 1.3 84.3 0.2700.317 0.189 0.112 2.565 0.037 0.0007 0.059  
±m 297 96 390 2.26 0.07 0.009 0.27 1.25 0.021 0.091 2.0 0.0250.033 0.018 0.008 0.030 0.006 0.0001 0.009  
V% 26% 62% 70% 38% 81% 9% 12% 10% 79% 17% 6% 22% 26% 23% 18% 3% 40% 35% 37%  
Test, Х 3,312 848 5,688 28.7 1.19 0.53 6.06 29.03 0.087 1.1 86.7 0.2490.414 0.25 0.295 2.7 0.054 0.0009 0.125  
±m 115 102.1 421 3.6 0.57 0.09 0.42 2.05 0.028 0.043 2.4 0.0180.018 0.012 0.040 0.1 0.003 0.0002 0.030  
V% 9% 30% 18% 31% 118% 45% 17% 17% 81% 10% 7% 17% 11% 12% 33% 9% 12% 54% 56%  
P 0.1415 0.0151 0.0002 0.0169 0.1402 0.0317 0.38 0.69 0.54260.05080.47630.5210.044 0.03330.00420.1465 0.0410 0.4055 0.0634  
pF 0.018 0.44 0.4294 0.14 0.0001 9E-06 0.153 0.129 0.22260.04730.35120.2220.086 0.20440.00060.0040 0.0383 0.0579 0.005  

 Kidneys 
Control, Х 3,098 872 1,181 26.4 0.26 0.49 3.14 18.88 0.0783 2.1 73.5 0.58 0.80 0.14 0.235 1.94 0.017 5E-05 0.101  
±m 33 63 145 0.91 0.04 0.06 0.13 0.62 0.0059 0.080 0.194 0.0310.017 0.003 0.022 0.026 0.005 0.00001 0.003  
V% 3% 18% 30% 8% 38% 30% 10% 8% 18% 9% 1% 13% 5% 5% 23% 3% 72% 72% 9%  
Test, Х 4,565 2,134 5,487 42.0 0.34 0.42 3.57 19.15 0.093 2.07 83.0 0.657 0.96 0.18 0.34251.8825 0.036 0.00008 0.179  
±m 249 253 317 4.5 0.10 0.05 0.11 0.92 0.03 0.23 3.41 0.07 0.03 0.01 0.04 0.19 0.004 0.00002 0.04  
V% 13% 29% 14% 26% 71% 30% 8% 12% 75% 27% 10% 27% 7% 11% 30% 25% 27% 64% 59%  
P 0.0011 0.0028 2E-05 0.0151 0.4787 0.4272 0.04850.8177 0.64 0.83 0.03 0.35 0.00 0.00 0.06 0.78 0.02 0.26 0.12  
pF 0.0001 0.0019 0.0394 0.0006 0.0245 0.3483 0.39260.17780.00070.01030.00010.0310.123 0.01130.06320.0001 0.3089 0.1868 0.0001  

 Heart 
Control, Х 5,171.6 280 2,120.4 33.2 0.4674 0.78 2.33 35.6 0.086 1.842 59.54 0.125 0.41 0.104 0.228 0.688 0.079 0.0002 0.079  
±m 182 39 276 0.60 0.042 0.029 0.067 1.2 0.006 0.057 0.352 0.0010.029 0.007 0.004 0.034 0.009 0.0001 0.002  
V% 9% 34% 32% 4% 22% 9% 7% 8% 17% 8% 1% 3% 18% 17% 4% 12% 28% 83% 6%  
Test, Х 5,859 1,488 7,529 31.4 0.31 0.36 1.99 37.65 0.066 1.41 64 0.185 0.78 0.173 0.273 0.435 0.249 0.001 0.073  
±m 426 113 1034 3.9 0.07 0.09 0.2 6.0 0.010 0.17 2.261 0.020 0.16 0.016 0.020 0.040 0.073 0.0002 0.005  
V% 18% 19% 34% 31% 57% 58% 25% 39% 37% 29% 9% 27% 51% 22% 18% 22% 72% 84% 19%  
P 0.1888 0.0001 0.0023 0.6572 0.1032 0.0035 0.15830.75550.13990.04960.09920.0260.062 0.00800.06820.0028 0.0610 0.1560 0.3458  
pF 0.0289 0.0101 0.0027 0.0001 0.1072 0.0092 0.00810.0005 0.128 0.00930.00010.0000.001 0.04250.00030.3483 0.0000 0.0211 0.0070  

 Lungs 
Control, Х 4,143 1,067 2,553 41.4 0.44 1.6 2.4 44.6 0.1 1.47 89 0.18 1.07 0.14 0.39 0.78 0.11 0.001 0.098  
±m 87 140 510 1.3 0.07 0.0 0.1 3.6 0.008 0.081 3.9 0.0060.061 0.012 0.014 0.038 0.023 0.0005 0.006  
V% 5% 32% 49% 8% 39% 5% 11% 20% 19% 13% 11% 8% 14% 21% 9% 12% 49% 122% 16%  
Test, Х 4,606 2,604 5,979 49.7 0.60 1.15 2.05 31.7 0.092 0.928 73.75 0.1761.081 0.17650.3575 0.60 0.18375 0.0004 0.170  
±m 300 739 576 5.8 0.07 0.31 0.18 3.6 0.025 0.245 2.686 0.0020.174 0.010 0.054 0.027 0.026 0.00027 0.023  
V % 16% 69% 24% 29% 31% 67% 22% 27% 67% 65% 9% 3% 39% 14% 37% 11% 35% 163% 34%  
P 0.189 0.0868 0.0043 0.2114 0.9824 0.2176 0.11740.04460.75660.07940.01840.2500.947 0.05 0.54270.0098 0.0931 0.3304 0.0252  
pF 0.0175 0.0034 0.4093 0.0063 0.4469 0.0004 0.1256 0.514 0.005 0.008 0.190 0.0430.033 0.31 0.002 0.226 0.376 0.0757 0.0032  

 Muscle 
Control, Х 3,980 134 1,822 25 0.28 2.13 3.37 19.8 0.145 0.413 32.5 0.0630.182 0.1675 0.16 0.26 0.018 0.0002 0.045  
±m 106 15 211 1.7 0.04 0.12 0.35 0.96 0.016 0.025 6.3 0.0010.021 0.012 0.060 0.016 0.003 0.00003 0.003  
V% 7% 27% 28% 17% 37% 14% 26% 12% 27% 15% 48% 2% 29% 17% 92% 15% 34% 31% 19%  
Test, Х 4,508 841 9,024 32.6 0.37 0.61 0.92 6.42 0.069 0.36 48.9 0.07 0.35 0.19 0.36 0.22 0.028 0.0003 0.083  
±m 112 141 708 1.21 0.03 0.11 0.21 0.456 0.004 0.016 14.3 0.0090.075 0.021 0.042 0.011 0.003 0.00004 0.004  
V% 6% 41% 19% 9% 20% 46% 56% 17% 14% 11% 71% 31% 53% 27% 29% 12% 26% 29% 12%  
P 0.0139 0.0024 7E-05 0.0109 0.1298 0.0000 0.00100.00010.00350.13800.33430.4630.081 0.38310.03460.1043 0.0429 0.1660 0.0004  
pF 0.4598 0.0003 0.0189 0.2596 0.2491 0.4631 0.17280.08960.01000.19810.07310.0010.016 0.14270.25930.2614 0.3662 0.3312 0.3699  

 Thyroid gland 
Control, Х 5,346 314 3,718 50.3 0.9 1.0 2.1 13 0.30 0.71 50.28 0.084 0.34 0.14 0.428 0.522 0.010 0.0015 0.097  
±m 263 21 363 4.1 0.1 0.1 0.2 2.2 0.023 0.074 1.6 0.0050.036 0.011 0.020 0.073 0.002 0.0005 0.003  
V% 12% 16% 24% 20% 34% 29% 26% 41% 19% 26% 8% 14% 26% 19% 12% 34% 39% 82% 7%  
Test, Х 3,260 1,880 9,424 41.1 0.5 0.5 1.5 13.7 0.128 0.493 67.1 0.111 0.65 0.204 0.34 0.46 0.060 0.0018 0.16  
±m 106 175 355 4.9 0.1 0.04 0.2 0.72 0.024 0.026 3.1 0.006 0.04 0.007 0.03 0.02 0.008 0.0006 0.030  
V % 8% 23% 9% 29% 39% 20% 28% 13% 47% 13% 11% 13% 16% 8% 22% 12% 35% 82% 46%  
P 0.0003 0.0001 3E-05 0.1962 0.0811 0.0045 0.06750.76990.00240.03050.00300.0140.001 0.00270.04460.4113 0.0015 0.7141 0.0803  
pF 0.0525 0.0005 0.5169 0.3637 0.2756 0.0219 0.30130.02740.45500.03390.12680.3310.395 0.21200.22980.0195 0.0055 0.3662 0.0002  
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Figure 1. A relationship between arsenic concentrations 

and contents of various elements in tissue of internal 
organs taken out of white male Wistar rats from  

the control group (Х axis shows arsenic concentration, 
µg/g; Y axis shows concentrations of elements, µg/g) 

 
Figure 2. A relationship between arsenic concentrations 

and contents of various elements in tissue of internal 
organs taken out of white male Wistar rats from the test 

group  (Х axis shows arsenic concentration, µg/g;   
Y axis shows concentrations of elements, µg/g) 

 
Figure 3. A correlation between changes in arsenic 

concentration and concentrations of other elements in tissues 
of organs taken out of white male Wistar rats under  

sub-acute oral combined exposure to arsenic and antimony 
in doses equal to 0.015 mg/kg/day and 0.061 mg/kg/day 
respectively  (Х axis shows a difference between arsenic 
concentration in the test and control groups, µg/g; Y axis 
shows a difference between concentrations of elements in 

the test and control groups, µg/g;  to bring all concentrations 
to the same dimension, we multiplied iron concentration  

by 100; molybdenum, by 10,000; lead, by 100,000) 

We detected lower contents of chromium 
(by 72%, р<0.05), manganese (by 83%, р<0.05), 
iron (by 68%, р<0.05), and nickel (by 53%, 
р<0.05).  

We examined tissues of thyroid gland taken 
out of animals from the test group and detected 
an apparent trend for increased average arsenic 
contents and an increase in dispersion of the pa-
rameter (by 500%, рF<0.05); there were also 
higher concentrations of potassium (by 153%, 
р<0.05), zinc (by 34%, р<0.05), selenium (by 
37%, р<0.05), and bromine (by 91%, р<0.05). 
We also detected a trend for higher chlorides 
concentrations together with an increase in dis-
persion of the parameter (by 498%, рF<0.05). 
A trend for lower concentrations was detected 
for chromium (by 50%, pF<0.05), copper (by 
31%, рF<0.05); there were statistically authenti-
cally lower concentrations of nickel (by 58%, 
p<0.05) and strontium (by 21%, p<0.05). 

We detected a direct relationship between 
arsenic concentration and contents of potas-
sium, iron, and mercury in the control group 
(Figure 1); arsenic concentration and contents 
of iron and mercury in the test group (Figure 2). 

There was an inverse relationship between 
arsenic concentration and contents of strontium 
and rubidium in organs of animals from the test 
group (Figure 2). 

We analyzed a correlation between higher 
arsenic concentrations in tissues of organs 
taken out of animals from the test group 
against the control and changes in contents of 
other elements; our analysis revealed a statisti-
cally authentic inverse correlation between ar-
senic concentration and an increase in concen-
trations of potassium, molybdenum, iron, and 
lead (Figure 3). 

Results and discussion. Our experiment 
allowed us to obtain data on changes in ele-
mental structure of internal organs taken from 
white male Wistar rats under combined  
sub-acute oral exposure to arsenic and anti-
mony in doses equal to 0.015 mg/kg/day and 
0.061 mg/kg/day. In general, all the data are 
well in line with common toxic effects pro-
duced by these semimetals known as “endo-
crine destroyers” and “thiol poisons”. It becomes 
apparent via prevailing arsenic accumulation 
(1.56 µg/g) and antimony accumulation 
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(0.021 µg/g) in blood; arsenic was also accu-
mulated in the heart (0.249 µg/g), lung tissues 
(0.183 µg/g), and thyroid gland (0.060 µg/g). 
Antimony concentration was lower than de-
tection limit in other internal organs and it is 
coherent with data on antimony compounds 
being scarcely capable to be absorbed into a 
body out of the digestive tracts [7, 24].  

Although antimony and arsenic were the 
only elements consumed by animals from the 
test group in substantially higher quantities, tis-
sues of all the examined organs contained other 
elements in quantities that differed from those 
detected in tissues of animals from the control 
group, some being higher and some lower. 
Thus, the following elements were detected in 
higher concentrations in tissues of animals from 
the test group as compared with animals from 
the control group: 

– chlorides (blood, liver, kidneys, heart, 
and thyroid gland); 

– potassium (liver, kidneys, heart, lungs, 
thigh muscle, and thyroid gland); 

– calcium (blood, liver, kidneys, and thigh 
muscle); 

– selenium (heart and thyroid gland); 
– bromine (liver, kidneys, lungs, and thy-

roid gland); 
– rubidium (liver).  
The following elements were detected only 

in lower concentrations in tissues of animals 
from the test group as compared with animals 
from the control group: 

– iron (blood, lungs, and thigh muscle); 
– nickel (heart, thigh muscle, and thyroid 

gland); 
– copper (blood, liver, heart, and thyroid 

gland);  
– molybdenum (blood, heart, and lungs).  
The following elements were contained in 

certain internal organs in higher concentrations, 
and in other ones, in lower concentrations in 
animals from the test group against the control: 

– sulfur (increased concentrations in kid-
neys and thigh muscle, but lower one in the 
thyroid gland); 

– chromium (lower concentrations in blood, 
thigh muscle, and thyroid gland, and higher con-
centrations in the liver); 

– manganese (lower concentrations in blood 
and thigh muscle, and higher concentrations in 
the kidneys);  

– zinc (lower concentrations in the lungs, 
and higher concentrations in the kidneys and 
the thyroid gland); 

– strontium (higher concentrations in thigh 
muscle, and lower ones in the thyroid gland); 

– lead (higher concentrations in the lungs 
and lower ones in blood).  

 Obviously concentrations of the above-
mentioned elements (except form antimony 
and arsenic) grow due to redistribution of ele-
ments that are contained in a body to organs 
that are “in need” after intoxication with anti-
mony and arsenic. Therefore we can state that 
all the examined organs with increased con-
centrations of elements are susceptible to in-
toxication with arsenic and antimony; here we 
can mention blood (increased concentrations 
of chlorides and calcium), liver (increased 
concentrations of chlorides, potassium, cal-
cium, chromium, zinc, bromine, and rubid-
ium), heart (increased concentrations of chlo-
rides and potassium), lungs (increased concen-
trations of sulfur, calcium, bromine, and lead), 
thigh muscle (increased concentrations of po-
tassium, calcium, and strontium), thyroid 
gland (increased concentrations of chlorides, 
potassium, zinc, and bromine). 

At the same time there is a well-known 
toxic effect produced by metals when they re-
place other metals and co-enzymes and dis-
place them out of molecules. Hence the de-
tected decreases in concentrations of chro-
mium, manganese, iron, copper, molybdenum, 
selenium, zinc, nickel, and strontium in tissues 
are naturally caused by toxic damage done to 
the heart, liver, blood system, lungs, muscles, 
and thyroid gland. It is interesting to note that 
tissues of kidneys taken out of experimental 
animals didn’t contain any of the above-
mentioned elements in concentrations lower 
than standard ones. On the contrary, there 
were increased manganese concentrations in 
the kidneys and it was obviously due to their 
increased functional activity caused by occur-
ring toxic effects produced by antimony and 
arsenic. Table 4 contains lists of elements that 
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were contained in organs of the experimental 
animals in concentrations being either higher 
or lower than standard ones. 

T a b l e  4  
Distribution of elements in tissues of internal 

organs taken out of white mal Wistar rats from 
the test group against the control group in 

a sub-acute (21 day) experiment involving oral 
introduction of antimony and arsenic in doses 
equal to 0.061 mg/kg/day and 0.015 mg/kg/day 

Organs Decreased  
concentrations 

Increased  
concentrations 

Blood  Cr, Mn, Fe,  
Cu, Mo, Pb Cl, Ca 

Liver  Cu Cl, K, Ca, Cr, 
Zn, Br, Rb 

Kidneys   S, Cl, K, Ca,  
Mn, Br 

Heart  Ni, Cu, Se, Mo Cl, K 
Lungs  Fe, Zn ,Mo K, Br, Pb 
Thigh muscle  Cr, Mn, Fe, Ni S, K, Ca, Sr 
Thyroid gland Cr, S, Ni, Cu, Se, Sr Cl, K, Zn, Br 

 
We should note that increased concentra-

tions of elements indicate that metabolic proc-
esses related to those elements are active; ob-
viously, when concentrations go down, it 
means these processes are inactive. Conse-
quently, elemental deficiency in most organs, 
except from the kidneys, means they are sus-

ceptible to intoxication and toxic effects influ-
ence biochemical processes that involve par-
ticipation of chromium, manganese, iron, cop-
per, molybdenum, nickel, selenium, and 
strontium. 

Therefore, the results we obtained in our 
experiment allow us to conclude that: 

1. Arsenic in tissues of the liver, kidneys, 
muscles, thyroid gland and whole blood of white 
rats and antimony in whole blood of white rats 
are markers of oral exposure to antimony and 
arsenic contained in a complex mixture. 

2. Sub-acute combined oral exposure of 
white male Wistar rats to arsenic in a  dose 
equal to 15 µg/kg and antimony in a dose 
equal to 61 µg/kg introduced into a body as 
components in a complex mixture results in 
increased concentrations of chlorine, potas-
sium, sulfur, calcium, rubidium, zinc, manga-
nese, and chromium in the liver and kidneys, 
and decreased concentrations of chromium, 
manganese, iron, copper, molybdenum, nickel, 
selenium, and strontium in blood, heart, thy-
roid gland, thigh muscle, and lungs; all these 
metals are elemental markers of exposure. 
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OXIDATIVE STRESS AND ANTIOXIDANT PROTECTION IN PEOPLE OF VARIOUS 
AGE UNDER CONTACT WITH ADVERSE OCCUPATIONAL FACTORS 

I.A. Umnyagina, T.V. Blinova, L.A. Strakhova, V.V. Troshin, S.A. Kolesov, О.V. Sherstobitova 
Nizhegorodskiy Scientific Research Institute for Hygiene and Occupational Pathology, 20 Semashko Str.,  
Nizhniy Novgorod, 603950, Russian Federation 
 

 
Free radical oxidation and antioxidant protection system has been examined for decades. However, experts still have-

n't been able to determine cause-and-effect relations between oxidative stress, age, working conditions, and a risk of func-
tional and organic disorders that can develop in a human body. 

Our research goal was to detect peculiarities related to age dynamics of integral parameters that describe oxidative 
stress and total antioxidant capacity of blood serum; to assess their changes depending on impacts exerted by adverse occu-
pational factors on a worker's body. 

244 people aged from 18 to 65 were under observation; they all had physical loads at their workplaces and contacted 
adverse chemicals. These people underwent regular medical check-ups at a consultancy polyclinic of the Rospotrebnadzor's 
Nizhniy Novgorod Scientific Research Institute for Hygiene and Occupational Pathology. 

The first stage in the research involved mass screening aimed at detecting parameters related to oxidative stress and 
total antioxidant capacity of blood serum in all the examined people. At the second stage in research we analyzed levels of 
oxidative stress and total antioxidant capacity of blood serum taking into account age of an examined person and impacts 
exerted by adverse occupational factors (n = 174). 

Integral parameters of oxidative stress and total antioxidant capacity of blood serum were determined with a calo-
rimetric biochemical microplate procedure. 

We detected that oxidative stress grew with age and antioxidant protection dropped. It was shown that adverse 
chemical factors exerted more apparent impacts on oxidative stress and antioxidant capacity of blood serum on people 
from the same age group than physical loads. We determined integral parameters of oxidative stress and antioxidant ca-
pacity of blood serum in people from various age groups and limits of their age-dependent changes. These parameters 
can serve as informative tests for monitoring over health, assessing gravity of a disease, its forecast, treatment efficiency, 
and preventive activities. 

Key words: oxidative stress, total antioxidant capacity of blood serum, age, physical overloads, chemical factors. 
 

 
For many years, researchers have been 

focusing on free radical oxidation processes. 
Multiple research results prove there is a tight 
correlation between oxidative stress (OS) and 
anti-oxidant protection and various diseases, 
functional disorders, and psycho-emotional 
state of a body [1–4]. Adverse occupational 

factors (physical, chemical, and psychophysi-
ological ones) also make for disorders in bal-
anced functioning of oxidant and anti-oxidant 
systems [5, 6]. Latest research confirms a hy-
pothesis that OS makes a significant contribu-
tion into pathogenesis of ageing. Free radical 
or "oxidation theory of ageing" states that a 
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body grows old due to products damaged by 
free radicals. These products accumulate in 
body cells with time [7, 8]. As a body grows 
older, metabolic disorders occur in it, it be-
comes more susceptible to various diseases, 
and a person suffers from more and more 
chronic diseases. It all leads to a decrease in 
anti-oxidant protection processes and to free 
radicals growth in a body [9]. Excessive free 
radicals accumulation in middle-aged and 
elderly people is unquestionable. But free 
radicals occurrence in younger people and 
subsequent age dynamics require explanation 
as there are certain related issues here: 
whether excessive free radicals always exert 
negative impacts on a body; how apparent 
OS is in practically healthy people; whether 
OS intensity in a specific individual is con-
stant or it can change depending on a per-
son's age, working conditions, or effects 
produced by various adverse occupational 
factors. When experts analyze risks of health 
disorders for people who have to work in ad-
verse working conditions, they often face a 
question: can OS parameters serve as bio-
markers of an effect produced by adverse 
occupational factors on a body resulting in 
functional and organic disorders? Similar 
issues arise as regards body antioxidant sys-
tem. Over recent years, some research has 
been performed proving that free radicals, 
being signal molecules, perform significant 
regulatory functions in a body, and excess 
antioxidants that eliminate them can lead to a 
so called "antioxidant" stress [10–12].  

Our research goal was to reveal pecu-
liarities related to age dynamics of integral 
oxidative stress parameters and total anti-
oxidant capacity of blood serum, and to as-
sess their changes depending on impacts 
exerted by adverse occupational factors on a 
worker's body. 

Data and methods. We examined 244 
people who underwent a regular medical 
check-up at the consultancy polyclinic of 
Rospotrebnadzor's Nizhniy Novgorod Scien-
tific Research Institute for Hygiene and Oc-
cupational Pathology. All the participants 

gave their voluntary informed consent to be 
examined and the examination results being 
published. The performed research didn't in-
fringe on the examined people's rights and 
didn't endanger their well-being in accor-
dance with the biological and medical ethics 
requirements fixed in the Helsinki Declaration 
of the World Medical Association (2000) and 
the Order by RF Public Healthcare Ministry 
No. 266 (dated June 19, 2003). We excluded 
people with chronic diseases in their acute 
state, as well as with inflammatory and on-
cologic diseases from our research. 

The first stage in the research involved 
mass screening of parameters related to 
oxidative stress (OS) and total antioxidant 
capacity (AOC) of blood serum in all the 
examined people. Occupation and impacts 
exerted by occupational factors were not 
taken into account at this stage in the re-
search. Having analyzed all the obtained 
results, we divided all the examined people 
into four age groups; the 1st group (n+78) 
included young people aged 18–20 
(19.1±1.5); the 2nd group (n = 84), young 
people aged 21-35 (26.5±7.5); the 3rd group 
(n = 67), middle-aged people aged 36–59 
(46.6±9.5); the 4th group (n = 15), elderly 
people aged 60 an older (56.2±5.1).  

At the second stage in the research we 
analyzed OS and AOC taking into account 
age of an examined person and impacts ex-
erted by adverse occupational factors 
(n = 174). Depending on impacts exerted by 
an adverse occupational factor, all the exam-
ined people were divided into five groups; 
the 1st (n = 33, aged 18–20) and the 2nd 
(n = 34, aged 21–35) groups were made up 
of students attending higher educational es-
tablishments and doing cyclic sports; the 3rd 
group (n = 52, aged 21–35) were workers 
employed at a metallurgic plant that manu-
factured pipes; the 4th group  (n = 29, aged 
36–65) included workers employed at a met-
allurgic plant and by a water supply organi-
zation; the 5th group  (n = 26, aged 36–65) 
were workers employed at chemical and bac-
teriological laboratories. We considered the 



I.A. Umnyagina, T.V. Blinova, L.A. Strakhova, V.V. Troshin, S.A. Kolesov, О.V. Sherstobitova 

Health Risk Analysis. 2019. no. 3 106 

following adverse factors in our research: 
physical overloads (the 1st, 2nd, and 4th 
groups) and chemical factors (exposure to 
formaldehyde, metals aerosols, acrylic 
polymers, phenol, acids, metals, chlorine, 
and disinfectants) (the 3rd and 5th groups). 
Working places and occupational factors 
were assessed and working conditions cate-
gories were established by in-house labora-
tories of a metallurgic plant and water sup-
ply organization according to the Federal 
Law FZ-426 issued on December 28, 2013 
«On specialized assessment of working con-
ditions». According to the above-mentioned 
assessment, chemicals factors at working 
places didn't exceed MPC. We assessed 
physical overloads for students who did cy-
clic sports as per their heart rate [13].  

We determined integral parameters of 
OS and total AOC with reagent kits «PerOx 
(TOS/TOC) Kit» and «ImAnOx (TAS/TAC) 
Kit» manufactured by «Immundiagnostik» 
(Germany). OS was estimated as per perox-
ides occurrence in blood serum and was 
given in µmol/l of peroxide that was present 
in a sample. To assess OS intensity in blood 
serum, we applied values recommended by 
reagent kits manufacturers; a value lower 
than 180 µmol/l meant OS was low; 180–310 
µmol/l, average OS: more than 310 µmol/l, 

high OS. AOC was given in µmol of exoge-
nous peroxides decayed by antioxidants per 1 
liter of blood serum. To assess AOC, we ap-
plied values recommended by reagent kits 
manufacturers; a value lower than 280 µmol/l 
meant AOC was low; 280–320 µmol/l, aver-
age AOC; more than 320 µmol/l, high AOC. 
Blood was taken from the median cubical vein, 
and all the samples were treated immedi-
ately; blood serum was obtained with con-
ventional techniques and stored at minus 
80°C until it was analyzed. 

We processed the results statistically 
with «АtteStat» software package. We ap-
plied non-parametric statistics methods for 
parameters with their distribution deviating 
from the standards one. The data were given 
as median, 25%- and 75%-quartiles (Med ± 
IQR (25%-75%)). Validity of discrepancies 
between groups was calculated with Mann-
Whitney test. If parameters distribution was 
standard, the data were given as simple mean 
(М) ± standard deviation (σ), and validity was 
assessed with Student's test. Critical signifi-
cance of the results was fixed at р < 0.05. 

Results and discussion. We analyzed 
results of screening examinations and re-
vealed that OS and AOC in the examined 
people were age-dependent. The data are 
given in the Table 1. 

T a b l e  1  
Os and AOC levels frequency and their quantitative characteristics in people from 

different age groups 
Age groups 

1 2 3 4 Parameters 
18–20 (n = 78) 21–35 (n = 84) 36–59 (n = 67) 60 and older (n = 15)

OS and AOC levels OS % / AOC % 
Low 60.2 / 10.3 34.5 / 10.7 28.4 / 35.2 20.0 / 40.0 
Average 24.4 / 41.0 25.0 / 31.1 17.9 / 47.8 26.7 / 46.7 
High 15.4 / 48.7 40.5 / 58.2 53.7 / 17.0 53.3 / 13.3 
Med ± IQR (25%–75%) OS (µmol/l) / AOC (µmol/l) 
Med 176.2 / 320.2 289.0 / 348.5 355.7 / 290.9 394.1 / 280.0 
25% 114.9 / 298.8 131.5 / 293.8 178.0 / 274.4 225.5 / 260.2 
75% 275.8 / 342.0 403.0 / 368.9 600.0 / 304.8 630.9 / 300.0 

p р1,2=0.006; р2,3=0.009; р1,3=0.00036; р3,4=0.331. 
р*1,2=0.213; р*2,3=0.00015; р*1,3=0.00022; р*3,4=0.072; р*2,4=0.003; р*1,4=0.001. 

Note: р is validity of discrepancies in Med (µmol/l) OS between different age groups; 
 р* is validity of discrepancies in Med (µmol/l) AOC between different age groups. 
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T a b l e  2  
OS and AOC levels frequency their quantitative characteristics in people from different age 

groups who are exposed to adverse occupational factors 
Age / Groups / Occupational factors 

18–20 21–35 36–65 
1 2 3 4 5 Parameters Physical  

overloads 
n = 33 

Physical  
overloads 

n = 34 

Chemical  
factor 
n = 52 

Physical  
overloads 

n = 29 

Chemical  
factor 
n = 26 

OS and AOC levels OS % / AOS % 
Low 78.8 / 9.1 50.0/5.9 28.8/5.8 31.0/27.5 7.7/42.3 
Average 15.2 / 24.2 11.8 / 20.6 21.2/11.5 41.4/48.3 15.4/42.3 
High 6.0 / 66.7 38.2/73.5 50.0/82.7 27.6/24.2 76.9/15.4 
Med ± IQR (25–75%) OS (µmol/l) / AOC (µmol/l) 

Med 107.8/341.0 200.8/336.7 360.0/360.0 252.0 / 294.3 540.0 / 283.7
25% 56.4/320.0 97.9/319.6 192.3/327.0 107.2/277.9 414.1/248.7 
75% 138.0/385.0 321.8/347.9 412.0/360.0 310.0 / 317.1 733.3/302.7 

р р1,2=0.0006; р2,3=0.009; р2,4=0.001; р4,5=0.0009. 
р*1,2=0.382; р*2,3=0.351; р*2,4=0.033; р*4,5=0.034. 

Note: р is validity of discrepancies in Med (µmol/l) OS between different age groups and occupational factors; 
 р* is validity of discrepancies in Med (µmol/l) AOC between different age groups and occupational factors 
 
The obtained results show that perox-

ides formation intensified with age and it 
proved that OS grew. Changes to a greater 
extent were related to high and low OS. We 
should note that most younger people tended 
to have low OS as high OS was met 4 times 
less frequently among them. But a share of 
people with high OS started to grow among 
those aged 21 and older, by 25.1% in the 2nd 
group, and by 13.2% in the 3rd group against 
previous groups. A share of people with low 
OS in groups 2–4 decreased by 25.7%, 6.1% 
and 8.4% respectively. Peroxides contents in 
blood serum grew in people who were 
younger than 59 (р1,2=0.006; р2,3=0.009; 
р1,3=0.00036) and didn't change in the fol-
lowing years (р3,4=0.331). Average OS fre-
quency didn't depend on age and a share of 
people with average OS varied from 17.9 to 
26.7%.  

Changes in AOC were oppositely di-
rected. High and average AOC prevailed 
among young people and low AOC was de-
tected only in 10% people from this age 
group. Decayed peroxides contents in blood 
serum didn't differ authentically in the 1st 

and 2nd groups (р*1,2=0.213). Low and aver-
age AOC prevailed among people from the 
3rd and 4th groups and high AOC was de-
tected only in 13–17% of the examined peo-
ple from these groups. Decayed peroxides 
contents in blood serum didn't differ authen-
tically in these groups (р*3,4=0.072). AOC 
parameters in middle-aged and elderly peo-
ple were different from those detected in 
young people (р*2,3=0.00015; р*1,3=0.00022; 
р*2,4=0.003; р*1,4=0.001). Average AOC 
frequency didn't depend on age and varied 
from 31.1 to 47.8%.   

Table 2 contain s the results of changes 
in OS and AOC parameters in people from 
different age groups who are exposed to ad-
verse occupational factors. 

The obtained results show that impacts 
exerted by both physical overloads and 
chemical factors became greater with age 
and led to higher OS and lower AOC. People 
who were exposed to chemical factors had 
authentically higher OS than people from the 
same age group who had to face physical 
overloads. This discrepancy was the most 
apparent among people aged 36–65 (the 4th 
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and the 5th groups, р4,5=0.0009). Younger 
people (aged 18–20) who faced physical 
overloads at their workplaces had 2 times 
lower peroxides contents in their blood se-
rum than young people aged 21–35 (the 1st 
and the 2nd groups, р1,2=0.0006). Changes in 
AOC were less dependent on physical over-
loads and chemical factors among people 
from the 1st, 2nd, and 3rd groups as AOC 
remained stably high regardless of any occu-
pational factors. Discrepancies were detected 
among middle-aged and elderly people  
and chemical factors had greater adverse ef-
fects on AOC than physical overloads 
(р*4,5=0.034). Physical overloads at older 
age promoted more apparent decrease in 
AOC against parameters detected among 
young people (р*2,4=0.033). 

Our research revealed that peroxides 
contents in blood serum increased and total 
AOC went down with age. It indicated that 
OS grew and antioxidant protection de-
creased. We detected age-related dynamics 
of integral OS and AOC parameters and de-
termined their values for each age group. 
Low OS and high / average AOC prevailed 
among younger people. Negative changes in 
OS and AOC grew in people older than 20, 
the trend continued up to age of 59 and then 
the parameters remained stable in most of 
the examined people. The obtained results on 
increased OS in elderly people are consistent 
with literature. Thus, Edrey and Salmon 
think than ageing involves a decrease in 
adaptive mechanisms, antioxidant and de-
toxification reserves of a body that are able 
to resist high OS [14]. Even if an elderly 
person consumes antioxidant micronutrients, 
it often doesn't produce any positive effects 
[15]. Excess peroxides quantities were re-
vealed even in practically healthy people 
aged 18–20 and 21–35. Peroxides contents in 
blood serum varied from 436.2 to 733.7 µmol/l 
and AOC was high, from 350.0 to 386.5 µmol/l. 
In this case an increase in OS can have a 
positive regulatory effect aimed at activating 
antioxidant protection processes. Some re-
searchers showed that lipid peroxidation 

products caused an adaptive response and 
increased tolerance to future oxidative stress 
thus enhancing protective capacities of a 
body [16, 17]. A share of people with in-
creased OS parameters went up among peo-
ple from older age groups. Some researchers 
believe that disorders in the system of free 
radical oxidation and antioxidant protection 
are a significant pathogenetic component in 
development of various pathologies and 
these parameters can be a risk factor that 
causes this development. Therefore young 
people should have regular medical check-
ups aimed at determining free radicals occur-
rence and antioxidant protection parameters. 
Should there be any negative changes, 
a person has to undergo a more profound 
medical examination, pay greater attention to 
his or her work and rest regime and nutri-
tion. Should there be any persistent disorders 
in antioxidant protection, a physician might 
prescribe medications or biologically active 
food additives in order to increase resistance 
to OS and enhance antioxidant protection of 
a body.  

Our research revealed different changes 
in OS depending on exposure to an adverse 
factor in different age groups. Physical over-
loads tend to have greater adverse effects on 
free radical oxidation system with age. 
Young people aged 18–20 and 21–36 are 
more resistant to oxidative stress under 
physical overloads. High AOC prevailed 
among people from these age groups. Our 
research results indicate that within the same 
age group OS is more apparent in people 
who are exposed to chemical factors than in 
those who have to face physical overloads at 
their workplace. Obviously it is due to a 
body getting gradually adapted to physical 
loads. Similar adaptation to a chemical factor 
never occurs. Constant exposure to chemi-
cals, even if their concentrations in a work-
ing area don't exceed MPC, exerts negative 
impacts on metabolism, organs, and systems 
in a body. Workers employed at a metallur-
gic plant and those who deal with water sup-
ply and treatment are exposed to chemical 
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factors that can cause OS and damage anti-
oxidant protection of a body. Experimental 
toxicological research revealed that multiple 
chemical environmental factors (nitrogen 
oxide, sulfur dioxide, formaldehyde, ciga-
rette smoke etc.) can cause free radicals for-
mation and it results in OS and damage to 
DNA, proteins, and lipids, mutagenicity and 
anti-inflammation factors stimulation [18, 
19]. Besides, ecological contaminants in the 
environment can act at the molecular level 
and damage any molecules (for example, 
polyunsaturated fat acids, glutathione, anti-
oxidant enzymes, and some aminoacids) and 
it can lead to a decrease in antioxidant pro-
tection against free radicals [20]. When wa-
ter is chlorinated, hypochlorous acid occurs 
in the process; this substance is highly reac-
tive and causes singlet oxygen formation and 
greater OS. Redox metals (iron, copper, 
chrome, cobalt, and others) that occur in water 
can have negative effects on mitochondrial 
membranes, produce free radicals, cause OS 
and inhibit antioxidant protection [21].  

Conclusions. So, our research allowed 
to determine age-related dynamics of inte-
gral OS and AOC parameters and their val-

ues for each age group, to differentiate de-
pendence of changes in them on a type of an 
adverse occupational factor in different age 
groups. We can assume that colorimetric 
techniques for integral OS and AOC as-
sessment and gradation of their level that 
we applied in our work give a relevant pic-
ture of OS and AOC intensity depending on 
age and impacts exerted by adverse occupa-
tional factors. These parameters can be ap-
plied in practical healthcare as routine bio-
chemical tests aimed at assessing oxidation-
antioxidation system; we recommend to ap-
ply them for analyzing risks related to a 
worker's body being exposed to adverse oc-
cupational factors, both physical and 
chemical ones. They can also serve as in-
formative tests for monitoring over health, 
assessing gravity of a disease and forecast-
ing its course, as well as assessing treatment 
efficiency and preventive activities imple-
mentation. 
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ASSESSING MORPHOFUNCTIONAL STATE OF MICROCIRCULATION  
CHANNEL IN SMOKING YOUNG MALES 

A.V. Kharin, I.V. Aver`yanova, S.I. Vdovenko 
«Arctica» Scientific and Research Center, the Far Eastern Branch of the Russian Academy of Sciences, 24 Karla 
Marksa Avе., Magadan, 685000, Russian Federation 
 

 
According to statistical data provided by the World Health Organization, death causes related to smoking annually 

account for approximately six million deaths all over the world, and here more than five million deaths are directly caused 
by smoking and more than 600 hundred thousand deaths occur due to passive smoking. 

In order to study effects produced by smoking on human microcirculation, we examined capillary blood flow and mor-
phofunctional state of capillaries in smoking and non-smoking people.  

195 practically healthy young males aged 17–21 took part in our research; at that moment they were studying at the 
North-East State University. Microcirculation parameters were examined with non-invasive techniques, namely via computer 
capillaroscopy performed in a zone of skin swelling near the nail-bed. 

We obtained 12 quantitative parameters to characterize the microcirculation channel. Having analyzed the data, we 
revealed a shift in artery-venous ratio of a capillary dimensions towards a greater diameter of an artery section and smaller 
diameter of a venous section in a capillary among smoking young males; there was also a decrease in capillary length. Re-
search results allowed revealing a significant correlation between smoking and capillary deformation. Blood capillaries 
were more twisted and erythrocytic sludges were more apparent among smoking people. 

The results we obtained can be added to a database that is applied to create recommendations on healthy lifestyle 
among young people in order to prevent risks of smoking-related diseases.  

Key words: microcirculation, microcirculation channel, capillary blood flow, capillaroscopy, nail-bed, young 
males, smoking. 
 

 
Studies on morphofunctional and func-

tional state of blood capillaries are interest-
ing both in terms of their fundamental and 
applied significance as the microcirculation 
channel is a reactive area where biochemi-
cal and immunologic processes occur. As is 
well known, blood and tissues in a body are 
connected via capillaries [2, 3]. Capillaries 
are the most sensitive component in the 
vascular system and the most susceptible to 
impacts exerted by exo- and endogenous 
factors [4–6]. 

At present the microcirculation channel 
is usually examined with computer capillaro-

scopy; the procedure is conventionally per-
formed on capillaries in the skin swelling 
near the nail-bed as it allows intravital study-
ing of capillaries and estimating their func-
tional state objectively. Such results can’t be 
obtained via any other non-invasive proce-
dure [7, 8]. 

Scientific literature that focuses on is-
sues related to effects produced on a body 
by smoking has very few works that dwell 
on examining blood capillaries. However, 
these works usually describe clinical cases 
when damage is already done to organs and 
systems in a body or concentrate on thermal 
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and toxic impacts exerted by smoking di-
rectly on the vessels in contact zones of the 
oral cavity. They also contain data obtained 
via procedures aimed at examining blood 
flow; such procedures don’t allow visualiz-
ing any morphological changes in the circu-
latory channel.  

Therefore, visualization of blood flow and 
capillaries stricture is the most significant is-
sue in assessing influence exerted by tobacco 
smoking on blood microcirculation. 

Given all the above-mentioned, we chose 
the following research goal: to examine im-
pacts exerted by tobacco smoking on morpho-
fucntional state of capillaries in smoking 
young males. 

Research object and methods. Our 
participants were practically healthy young 
males aged 17–21 (n = 195); they were stu-
dents at the North-East State University 
(Magadan). 

To perform comparative analysis and re-
veal any changes in the system of blood 
microcirculation caused by long-term addic-
tion to smoking, we divided out examined 
young males into two groups. The first group 
was a control one and included non-smoking 
young males (n = 155); the second one was a 
test group and included young males with 
their smoking experience ranging from 1 to 
10 years (n = 40). 

Capillaries structure and microcirculation 
were examined in the skin swelling near the 
nail-bed with “Capillaroscan-1” computer 
capillaroscope (Moscow, “New Energy Tech-
nologies, Skolkovo” LLC). All the examined 
young males didn’t have frostbites or any 
other injuries that could produce effects on 
microcirculation in capillaries located in the 
nail-bed. The research was accomplished ac-
cording to ethic principles stated in Helsinki 
Declaration (2008). Prior to the research, all 
the participants gave their informed written 
consent to it.  

Morphometric parameters were calcu-
lated with a software package provided for 
the capillaroscope. Microcirculation was 

registered with uninterrupted video-
recording and the software package allowed 
assessing all the visually observed proc-
esses and anatomic structures together with 
obtaining averaged values for the velocity at 
which erythrocytes moved in the examined 
capillaries.  

We analyzed the following parameters: 
blood flow velocity in the arterial, venous, 
and transitional sections, length and diameter 
of various sections in capillaries, size of the 
perivascular zone, capillary network density, 
an extent to which capillaries were twisted, 
frequency of erythrocytic sludges, and tem-
perature of an examined skin section. 

All the examined parameters were sta-
tistically processed with MS Excel; we de-
termined whether distribution was normal 
or not, mean value and its error (М±m), and 
significance of discrepancy with Student’s 
t-test. Critical significance was fixed at 
p ≤ 0.05. We also performed correlation ana-
lysis as per Pearson’s test to assess a correla-
tion between morphological structures of 
capillaries and dynamic properties of micro-
circulation [9]. 

Results and discussion. Table 1 con-
tains the results of our comparative analysis 
performed on blood microcirculation pa-
rameters in smoking and non-smoking 
young males. 

We revealed statistically significant dif-
ferences between smoking and non-smoking 
young males as per morphofucntional pa-
rameters of microcirculation. Thus, the 
groups had different diameters of the arterial 
and venous sections in a capillary, different 
number of erythrocytic sludges, different 
capillary lengths and coefficients of capillary 
deformation. 

Capillary lumen is known to determine 
flow capacity for blood corpuscles [4]. Regis-
tered values of capillary diameters and blood 
flow velocity in both examined groups were 
within physiological standards, had weak cor-
relations with blood flow velocity and an ex-
tent to which capillaries were twisted, and 
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T a b l e  1  
Compared parameters of blood flow and capillary structure in smoking  

and non-smoking young males  
Parameters Non-smoking, n = 155 Smoking, n = 40 Significance

Arterial section diameter, µm 8.4±0.1 8.8±0.1 p<0.01 
Venous section diameter, µm 12.2±0.2 11.6±0.1 p<0.002 
Transitional section diameter, µm 16.9±0.2 16.6±0.2 p=0.20 
Capillary length, µm 323.0±5.9 302.0±6.9 p<0.03 
Capillary network density, rel. units 0.041±0.001 0.039±0.001 p=0.09 
Perivascular zone, µm 91.9±1.5 89.0±1.7 p=0.22 
Velocity in the arterial section, µm\sec 231.5±8.3 204.2±8.8 p=0.44 
Velocity in the venous section, µm\sec 154.3±6.2 148.1±6.9 p=0.51 
Velocity in the transitional section, µm\sec 181.8±7.0 193.5±9.8 p=0.34 
Sludges, units\sec 3.1±0.1 3.9±0.3 p<0.01 
Coefficient of deformation, rel. units 0.3±0.01 0.4±0.01 p<0.05 
Skin temperature, t° 30.6±0.4 29.9±0.2 p=0.08 

 
didn’t depend on how long a young male 
had been smoking. However, we detected 
certain deviations among smoking young 
males as diameters in the arterial section of 
capillaries tended to be bigger among them, 
and those in the venous one tended to be 
smaller. We should note that those capillary 
diameters were diameters of the visible 
erythrocytic flow due to capillary walls not 
being visible in an optical capillaroscope. 
Therefore, we can assume that more appar-
ent erythrocytes aggregation in smoking 
young males makes the arterial capillary 
section widen. 

The perivascular zone is a significant pa-
rameter that characterizes intensity of the tran-
scapillary exchange [8]. Size of the perivascu-
lar zone depends on an overall exchange sur-
face of a capillary that is determined by its 
length and diameter. Although we detected 
significant discrepancies between groups as 
regards capillary length and diameters, there 
were no significant differences in sizes of 
perivascular zones. 

Obviously, capillaries in smoking young 
males are shorter due to a higher coefficient of 
deformation determined for the vessels. It was 
confirmed by data obtained via correlation 
analysis as the coefficient of deformation 
tended to have an inverse correlation with a 

capillary length and amounted to r = –0,6 
(p < 0.05). An extent to which capillaries were 
twisted had not only quantitative but also 
qualitative properties as smoking young males 
tended to have more apparently deformed cap-
illaries (Figure 1). 

At the same time we detected a correla-
tion between the coefficient of deformation 
and capillary network density. The greatest 
number of capillaries per one unit of area was 
detected in young males with the most twisted 
capillaries. Probably, a greater number of 
capillaries is a compensatory mechanism that 
allows making up for insufficient blood sup-
ply in tissues. 

 

 

Figure 1. Deformation types observed in capillaries.  
1 is a single intersection; 2 is two or more intersections; 

3 is a bushy capillary 
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 According to the obtained data smoking 
young males also had the greatest number of 
erythrocytic sludges. When erythrocytes ag-
gregation and disaggregation conform to 
standards, they support efficient exchange 
function of blood and stable intravascular 
pressure [10]. However, pathological occur-
rence of erythrocytic sludges is accompanied 
with tissues getting poorer provision with 
oxygen [11, 12]. It happens due to aggrega-
tion preventing blood cells from entering cap-
illaries and making for bypassing blood flow 
that doesn’t run through capillary networks 
[13]. In its turn, lower density of functional 
capillaries leads to a decrease in efficient area 
of transcapillary exchange [14]. As a number 
of sludges grows, a mechanism that provides 
stable pressure in capillaries becomes less and 
less efficient [15]. 

We didn’t detect any significant differ-
ences between two groups as regards tem-
perature of the examined skin area. Mathe-
matical modeling and experiments show 
that heat exchange with blood flow doesn’t 
occur in capillaries [16]. Therefore, heat 
emission occurs due to larger vessels, and 
not capillaries. 

Conclusion. We applied computer capil-
laroscopy to compare parameters of the  
microcirculatory channel in smoking and 
non-smoking young males. We detected cer-
tain discrepancies, such as shorter capillar-
ies, wider arterial sections and narrower ve-
nous sections of capillaries among smoking 
young males. We obtained parameters of  
deviations in microvessels, such as capillary  

deformations and erythrocytic sludges that 
were more apparent among smoking young 
males. 

These changes are a common basis for 
microcirculatory disorders in future [17]. It 
was detected that greater density of capil-
lary networks could be considered as an 
adaptive sign that allowed making up for 
insufficient blood supply up to a certain 
moment.  

It is also important to note that when 
adaptation mechanisms of the microcircula-
tion system are depleted, long-term non-
compensated disorders in metabolic proc-
esses in any section of the vascular system 
ultimately result in structural changes; such 
changes become apparent when a disease 
occurs.  

Taking into account global long-term 
experience in examining effects produced by 
smoking on a human body, we can unambi-
guously state that tobacco smoking is a fac-
tor exerting negative influence on health and 
life quality. However, an extent to which this 
factor influences blood microcirculation and 
the structure of this influence require addi-
tional research. The results we obtained can 
enrich a database applied to work out rec-
ommendations on preventing smoking-
related diseases and on making young people 
pursue a healthy lifestyle. 
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MULTISEPARATION OF ANTHOCYANINS AND ANTHOCYANIDINS BY HIGH 
PERFORMANCE LIQUID CHROMATOGRAPHY COMBINED WITH RESPONSE 
SURFACE METHODOLOGY 
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A method has been developed for the separation of anthocyanins and anthocyanidins with high performance liquid 

chromatography (HPLC). Experimental designs were applied for multivariate optimization of the HPLC experimental condi-
tions with using response surface methodology (RSM). Three independent factors, namely formic acid concentration, initial 
ratio of acetonitrile in gradient program and flow rate, were used to design mathematical models. The responses were reso-
lutions of four peak couples which were the most difficult to separate including: pelargonidin-3-glucoside and delphinidin, 
delphinidin and peonidin-3-glucoside, peonidin-3-glucoside and malvidin-3-glucoside, peonidin and malvidin. Variance 
analysis proved a chosen model was highly fit and the RSM method yielded good results in improving separation of antho-
cyanins and anthocyanidins. The optimized HPLC parameters were as follows: C18 column (250 mm × 4.6 mm × 5 µm), 
mobile phase is FA 10 % and ACN used as a gradient; flow rate 0.8 mL.min-1. Using these optimum conditions, separation 
of compounds with good resolutions and a run time of less than 30 min were archived. The results for method validation 
satisfied the requirement of AOAC, linearity range from 0.2–10 ppm with R2 ≥ 0.9955, LOD from 0.05–0.1 mg/kg, RSD from 
4.79–6.45 % and the recovery is from 85.4 – 109.6 %. The method was applied to determone anthocyanins and anthocyanid-
ins in some fruits and vegetables samples with the content of anthocyanidins being from 5.74 – 218.27 mg/100g. Antho-
cyanins primarily concentrate in peel of fruits and vegetables, black bean peel contains most anthocyanins. 

Key words: anthocyanin, anthocyanidin, response surface methodology (RSM), HPLC, antioxidant, chromatography. 
 

 
 Introduction. The anthocyanins are the 

largest and most important group of water-
soluble pigments which are responsible for the 
blue, purple, red and orange colors of numerous 
fruits and vegetables. Anthocyanins occur natu-
rally as glycosides of their respective aglycone 
(anthocyanidin) nucleus with the sugar moiety. 
The differences between anthocyanins are re-
lated to the number of hydroxyl groups, the na-
ture and number of sugars attached to the mole-
cule, the position of these sugars, and the nature 
and number of aliphatic or aromatic acids at-
tached to the sugars [12]. It is reported that 
more than 600 different anthocyanins have been 
found in plant sources [20]. Most of them were 
formed from the six most common anthocya-
nidins including cyanidin (Cya), delphinidin 

(Del), petunidin (Petu), pelargonidin (Pelar), 
malvidin (Mal) and peonidin (Peo) [3]. In na-
ture, anthocyanins rarely exist in the free state 
(unglycosylated) because the lack of electrons 
in the cationic flavylium makes it very reactive 
and therefore the molecule is very unstable 
[13]. Sugar attachment is thought to be of im-
portance for pigment stability. They occur in 
flower mainly as 3-monoglucosides, 3,5-diglu-
cosides or 3,7-diglycosides [13].   

Anthocyanins possess potent antioxidant 
capacities and health-promoting properties. 
With such advantages and popularity, antho-
cyanins and anthocyanidins compounds are 
replacing artificial food colorants.  

The daily intake of anthocyanins in the 
U.S. diet is estimated to be between 180 and 
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215 mg, whereas the intake of other dietary 
flavonoids such as genistein, quercetin or an-
dapigenin is only 20-25 mg.day-1 [15]. Antho-
cyanins are postulated to act as antioxidants by 
donating hydrogen atoms to form highly reac-
tive free radicals [5].  

There are numbers of methods applied to 
determine anthocyanins or anthocyanidins 
such as UV-Vis [2], HPLC [19, 11, 9], LC-MS 
[7, 8, 23, 1] or CE [17, 6]. However, the pub-
lished studies usually applied these techniques 
to determine the total content of anthocyanins 
or anthocyanidins. It has been reported that a 
simultaneous determination of anthocyanin 
glucosides and anthocyanidin aglycones is 
challenged due to different polarities between 
the anthocyanin glucoside group and the an-
thocyanidin aglycone group [18]. Therefore, 
this study focused on the multi-separation of 
twelve anthocyanins and anthocyanidins by 
HPLC combined with response surface meth-
odology. 

Experimental. Materials and reagents. 
Anthocyanidins standards including Del-
phinidin chloride, cyanidin chloride, pelargo-
nidin chloride, peonidin chloride and 
malvidin chloride were provided by Sigma – 
Aldrich.  Petunidin chloride was provided by 
Chromadex. Anthocyanins standards: Pelar-
gonidin – 3 – glucoside (Pelar-3-G), cya-
niding – 3 – glucoside (Cya-3-G), peonidin – 
3 – glucoside (Peo-3-G) and malvidin – 3 – 
glucoside (Mal-3-G) were purchased from 
Sigma – Aldrich. Delphinidin – 3 – glucoside 
(Del-3-G) and Petunidin – 3 – Glucoside 
(Petu-3-G) are from Chromadex. All other 
reagents and chemicals were of analytical or 
HPLC grade from Merck.  

Several fruits and vegetables (red apple, 
purple potato, black grape, black bean, etc.) 
were randomly collected from the markets and 
supermarkets in Hanoi, Vietnam, and analyzed 
using the optimized method. 

Apparatus and procedures. All experi-
ments were conducted on a Shimadzu LC 
20AD series liquid chromatography equipped 
with a vacuum degasser, binary pump, auto-
sampler, column oven and photodiode array 
detector. Instrument control and data acquisi-

tion and analysis were performed through LC 
Solution software. 

Separation was achieved on a Sun Fire 
C18column 250 mm × 4.6 mm, 5 µm with a 
guard column. The injection volume was 20 µL 
with PDA detection at 520 nm. The elution sol-
vents were formic acid in water and acetonitrile 
at specific compositions.  

A homogenized sample was weighted into 
a heat-resistant flask. 30 mL of methanol was 
then added to the flask. The solution was ex-
tracted at 1000C during 30 min. After cooling, 
the extract was diluted and filtered by using 
0.45 µm membrane. Obtained solution was 
finally analyzed on HPLC system with PDA 
detector for anthocyanin.  

For anthocyanidin detection, the antho-
cyanin extract was added with concentrated 
hydrochloric acid to reach hydrochloric acid 
concentration of 2.4 M and heated in water 
bath at 900C in 60 min. After cooling to the 
room temperature, the solution was diluted by 
adding methanol, filtered and analyzed on 
HPLC system with PDA detector for antho-
cyanidin. 

Data analysis. The data analysis was per-
formed using Design-Expert Version 10.0.7 
statistical software (Stat-Ease Inc., Minneapo-
lis, MN, USA). Factor significance was calcu-
lated using such a statistical tool as analysis 
of variance (ANOVA) that was estimated and 
run up to the first order interaction terms. For 
all the calculation, it was assumed that higher 
order interaction terms did not contribute sig-
nificantly to the behavior of the selected sta-
tistical model, since the chances of these in-
teractions happening are low.  

Method validation. The optimized method 
was validated with the following parameters: 
linearity and range, precision, accuracy, and 
limit of detection and quantitation. The results 
were verified according to AOAC strict valida-
tion guidelines. 

Results and discussions. Selection of 
HPLC analytical conditions. Due to the polar-
ity of anthocyanins and anthocyanidins the 
nonpolar column C18 was chosen as the sepa-
rate column. It was reported that the anthocya-
nidins and anthocyanins were eluted by ace-
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tonitrile (ACN) and acid, such as: formic acid 
(FA) concentration of 0.05–10%, trifluoroace-
tic acid (TFA) concentration of 0.05–0.1%, 
phosphoric acid 0.3–4%, and hydrochloric 
acid 5mM [10, 14, 16, 4, 21, 22]. In particular, 
FA and TFA acid were commonly used be-
cause organic acids increase the signal and 
should be added to water as eluent. The use of 
inorganic acids such as hydrochloric acid or 
phosphoric acid at high concentrations could 
affect the chromatographic column perform-
ance. Therefore, in this study FA and TFA 
were selected to investigate the separation of 
anthocyanidins and anthocyanins. 

Preliminary experiments showed that us-
ing TFA 0.1% produced sharp, symmetrical 
but overlapped peaks, while FA 0.1% com-
pletely separated the peaks. On the other hand, 
as FA is a weaker acid than TFA, it was possi-
ble to increase FA concentration to obtain 
higher sensitivity (sharper peak). Therefore, 
FA was chosen for optimizing the separation.  

Due to the different polarities, anthocya-
nidins and anthocynins interact differently 
with stationary phases. When eluting in an iso-
cratic mode they could be completely sepa-
rated from each other, but there is still a possi-
bility that the analysis time lasts approximately 
50 to 60 minutes and the signal could be sig-
nificantly low. For this reason, it is necessary 
to change the ratio of the mobile phase compo-
sition to the gradient program. 

In addition, the flow rate could strongly af-
fect the elution capacity, the amount of solvent 
consumed, and the analysis time. For the C18 
column (250mm × 4.6mm × 5µm) the flow rate 
was selected in the range of 0.6–1.0 mL/min-1 

In this part, investigates were archived to 
find out a condition in which the resolution of 
4 couples of peaks (Pelar-3-G and Del, Del and 
Peo-3-G, Peo-3-G and Mal-3G, Peo and Mal) 
was larger than 2 for a good determination.  

Optimization of analytical factors by RSM. 
RSM is a collection of mathematical and statis-
tical techniques for empirical model building. 
By careful design of experiments, the objective 
is to optimize a response (output variable) 
which is influenced by several independent 
variables (input variables). An experiment is a 
series of tests, called runs, in which changes are 

made in the input variables in order to identify 
the reasons for changes in the output response. 

In order to determine simultaneously 
twelve anthocyanins and anthocyanidins, a 
proper separation between them was abso-
lutely important. Hence, it was necessary to 
find a condition in which the peaks were 
separated completely, it means that the reso-
lutions of peaks were large enough (normally 
larger than 2). Aquadratic central composite 
designwas used with 3 independent factors, 
including the concentration of FA in mobile 
phase (X1), the initial ratio of ACN in the gra-
dient (X2), and the flow rate (X3). The re-
sponses were the resolutions of peaks that are 
usually small. According to our preliminary 
results, four responses were selected as fol-
lows: the resolution between Pelar-3-G and 
Del (Y1), Del and Peo-3-G (Y2), Peo-3-G and 
Mal-3-G (Y3), and Peo and Mal (Y4).  

The number of experiments performed on 
the quadratic central composite matrix was 
calculated by the following formula: 

N = No+ N* + Nc, 
where: 

N* is a number of experiments at point *, 
N* = 2n 

Nc is a number of experiments at center, 
No> 1 

No is a number of experiments at origin, 
No= 2n-q (n is a number of factors, q is a num-
ber of reduced factors) 

For n = 3, q = 0, we have the following:  
N* = 6; No = 8; Nc = 6 

Thus, the total number of experiments pro-
ceeded N = 20 with 6 repeated experiments at 
the center and the distance from the origin to 
the point * is d = 2(n-q)/4 = 1.682. 

By using the Design Expert software, the 
quadratic response with three factors was 
evaluated and the results are given in Table 1.  

T a b l e  1  
The base levels of 3 factors with their codes 

Level Factors –1 0 +1 
X1 (concentration of FA, % v/v) 5 10 15 
X2 (initial ratio of ACN, %) 1 6,5 12 
X3 (flow rate, mL.min-1) 0,6 0,8 1,0 
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The design matrix as well as the corre-
sponding resolution values are given in Table 2. 
All experiments were performed in randomized 
order to minimize the effects of uncontrolled 
variables that may introduce a bias in the meas-
urements. 

By postulating a fitted full quadratic 
model described in Eq. (1), the mathematical 
models were obtained for each response (Yi) in 

terms of coded factors after fitting Eq. (1) by 
the least square regression, see Table 3. 

 2
0

1 1 1
,

k k k

i i i ij i j ii i
i i j i

Y b b x b x x b x
   

        (1) 

Where k is the number of factors (variables); b0 is 
the intercept parameter; and bi, bij and bii are the 
regression parameters for linear, interaction, and 
quadratic effects of each factor xi, respectively. 

T a b l e  2  
Experimental design matrix of coded variables and studied responses 

Coded variable Response Std. 
Ord. 

Run 
Ord. X1 X2 X3 Y1 Y2 Y3 Y4 

19 1 10 6,5 0,8 2,641 3,483 2,344 2,696 
3 2 5,0 12 0,6 5,044 0,468 4,525 2,394 

15 3 10 6,5 0,8 2,637 3,609 2,381 2,717 
4 4 15 12 0,6 1,838 1,566 3,206 3,415 
9 5 1,6 6,5 0,8 1,589 0,729 3,227 1,601 
1 6 5,0 1,0 0,6 1,229 0,000 0,548 0,140 
8 7 15 12 1,0 2,271 2,272 2,988 3,122 

10 8 18,4 6,5 0,8 0,685 3,040 3,345 3,549 
7 9 5,0 12 1,0 4,479 0,611 3,522 2,579 

20 10 10 6,5 0,8 2,641 3,483 2,344 2,696 
6 11 15 1,0 1,0 1,527 3,010 2,593 3,438 

11 12 10 0,0 0,8 1,250 0,832 0,717 2,495 
14 13 10 6,5 1,1 2,663 3,500 2,143 2,405 
12 14 10 15,7 0,8 4,560 0,000 3,878 3,639 
13 15 10 6,5 0,5 2,669 1,271 1,817 0,943 
5 16 5,0 1,0 1,0 0,000 1,673 0,997 1,932 

16 17 10 6,5 0,8 2,630 3,438 2,325 2,717 
18 18 10 6,5 0,8 2,639 3,430 2,326 2,695 
2 19 15 1,0 0,6 1,436 0,877 1,382 2,427 

17 20 10 6,5 0,8 2,625 3,462 2,338 2,713 

T a b l e  3  
Refined regression equations and statistical parameters for studied responses  

from the experimental design  

Response Regression equationsa C.V. 
(%)b 

Adjusted 
R2 

Predicted 
R2 

Adequate 
precision

Y1
c Y1 = 2,72 – 0,38X1 + 1,10X2 – 0,094X3 –  

– 0,89X1X2 +  0,29X1X3 – 0,54X1
2 9,22 0,9707 0,9286 37,040 

Y2 
Y2 = 3,49 + 0,65X1 – 0,15X2 + 0,62X3 + 0,13X1X3 – 

– 0,37X2X3 – 0,59X1
2 – 1,11X2

2 – 0,42X3
2 7,35 0,9878 0,9628 34,651 

Y3
c Y3 = 2,32 + 0,057X1 + 1,03X2 + 0,072X3 – 0,54 X1X2 + 

+ 0,19X1X3 – 0,36X2X3 + 0,32X1
2 – 0,14X3

2 4,12 0,9904 0,9705 57,652 

Y4 
Y4 = 2,67 + 0,63X1 + 0,40X2 + 0,38X3 – 0,28 X1X2 –

– 0,16X1X3 – 0,36X2X3 + 0,13X2
2 – 0,36X3

2 4,44 0,9830 0,9433 46,720 
 

a Obtained by applying backward elimination tool to remove nonsignificant (P > 0.05) terms from the full models 
b Coefficient of variation 
c The nonsignificant terms X3 (in Y1), X1 (in Y3) were included in the equation to maintain model hierarchy. 
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As there are potential problems associ-
ated with the normality assumption, unequal 
error variance by treatment or block, and 
block treatment interaction, the adequacy of 
the assumed model needs to be examined. In 
this study, adequacy checking of ultimate 
refined models was carried out using the 
adequate precision statistic tool and normal 
probability plots of the residuals. "Adequate 
Precision" measures the signal to noise ra-
tios. A ratio greater than 4 is desirable. The 
ratios of 37.040, 34.651, 57.652, and 46.720 
indicate adequate signals. This model can be 
used to navigate the design space. Besides 
that, a fitted model is usually evaluated with 
a coefficient of determination, R2. A concern 
with this statistic value is that it always in-
creases when terms are added to the model, 
even if the terms are not significant. There-
fore, it is usually smaller for the refined 
model than the corresponding full model. To 
overcome the disadvantages associated with 
the use of R2, adjusted coefficients, adjusted 
R2, are used. Consequently, to get a simpler 
but more accurate model, the nonsignificant 
terms (P > 0.05) were removed from the 
models. Although the main effect X3 was not 
a significant term in models corresponding 
to Y1, and X1 was not a significant term in 
models corresponding to Y3 to comply with 
the model hierarchy, it was included in the 
resulting equations. In addition, the values 
fell within the reasonable agreement with 
predicted R2 and within the acceptable limits 
of R2 ≥ 0.80, indicating that the data showed 
good fit with the second-order polynomial 
equations. The values of model F implied 
that all four models were significant. There 
was only a 0.01% chance that an F-value this 
large could occur due to noise. The values 
obtained for the coefficient of variation 
(C.V.) percent, which measures the repro-
ducibility of a model, were less than 10% 
(from 4.12% to 9.22%). 

As we can see in Table 3 and Figure 1, 
the factors had very different effects on re-
sponses. Concentration of formic acid and 

flow rate made positive effects on responses 
Y2, Y3, Y4 but negative effects on response 
Y1. Concentration of acetonitrile made posi-
tive effects on responses Y1, Y3, Y4 but 
negative effects on response Y2. For Y1 reso-
lution (pelar-3-G and Del), Y3 resolution 
(Peo-3-G and Mal-3-G), the term X2had the 
most significant effect on separation. These 
resolutions were increased by X2. Interaction 
of formic acid and acetonitrile increased the 
resolutions, while interaction of acetonitrile 
and flow rate decreased them. Almost square 
terms had negative effects. The flow rate had 
little effect on the responses than the other 
two, possibly due to the limited operating 
range. 

Figure 1B showed the effect of formic 
concentration and flow rate in the resolution 
of Peo and Mal by keeping acetonitrile ratio 
at 6.5%. As we can see, increasing both for-
mic acid concentration and flow rate led to a 
gradual increase in the resolution. This can 
be explained by anthocyanins and anthocya-
nidins being stable at pH < 3. A higher acid 
concentration and lower pH level could raise 
the percentage of flavylium cation and in-
crease the peak area and resolution. How-
ever, high organic acids could increase the 
polarity of the mobile phase, resulting in 
weaker power of elution and thus a longer 
retention time. Subsequent reduction in the 
retention time could be attributed to a com-
petitive interaction between formic acid 
molecules and the polar groups of antho-
cyanins for the silanol group on the alkyl sil-
ica surface when excessive organic acid was 
added. 

When a simple response is being ana-
lyzed, model analysis indicates areas in the 
design region where the process is likely to 
give desirable results. Many response sur-
face problems involve the analysis of several 
responses. Meanwhile, simultaneous consid-
eration of multiple responses involves build-
ing an appropriate response surface model 
for each response and finding a set of operat-
ing conditions that in some senses optimizes
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(A) The resolution of Pelar-3-G and Del as a function 

of acetonitrile ratio and formic concentration  
(B) The resolution Del and Peo-3-G as a function  

of flow rate and formic concentration 

  

(C) The resolution of Peo-3-G and Mal-3-G as a 
function of flow rate and formic concentration 

(D) The resolution of Peo and Mal as a function  
of flow rate and acetonitrile ratio 

Figure 1. Response surface plots representing the responses 

all responses or at least keeps them within a 
desired range. Settings for multi-criteria opti-
mization of the individual factors and re-
sponses were showed in Table 4. 

The goals were combined employing this 
strategy into an overall desirability function 
and the global desirability for the optimal solu-
tion was determined to be 0.748. Following 
the conditions and restrictions discussed, the 
optimal calculated parameters were obtained 
as: formic acid concentration of 10%, acetoni-
trile ratio of 10% and flow rate of 0.80 
mL.min-1.  

 
 

T a b l e  4  

Settings for multi-criteria optimization  
of the individual factors and responses 

Factor/
Response Goal Lower 

limit 
Upper 
limit Importance

X1 In range 5 10 3 
X2 Inrange 1 12 3 
X3 Target = 1 0,6 1 3 
Y1 Maximum 0 5,044 2 
Y2 Maximum 0 3,609 5 
Y3 Maximum 0 4,525 5 
Y4 Maximum 0 3,639 4 
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Figure 2.Chromatogram of twelve anthocyanin and anthocyanidin at optimized conditions.  
The elution order was as follow: (1) Del-3-G, (2) Cya-3-G, (3) Petu-3-G, (4) Pelar-3-G,  

(5) Del, (6) Peo-3-G, (7) Mal-3-G, (8) Cya, (9) Petu, (10) Pelar, (11) Peo, (12) Mal. 

The optimized HPLC parameters: C18 Sun 
Fire column by Waters (250 mm × 4.6 mm × 
5 µm), mobile phase was FA 10% and ACN 
using a gradient: starting at 10% ACN, linear-
ity increasing from 10 – 12% ACN in 0 – 10 
minutes, constant at 19% ACN from 10.01 – 
21 minutes, constant at 10% ACN in 21.01 – 
25 minutes for the next analysis; flow rate: 
0.8 mL.min-1. Fig. 2 was the chromatogram of 
multi-separation anthocyanins and anthocya-
nidins with good resolutions. 

Method validation. Calibration curve of 
anthocyanins and anthocyanidins was estab-
lished in the concentration range of 0.2–10 
mg/L with the correlation coefficient > 0.9955. 
Limit of detection was determined by gradu-
ally spiking small amounts of standard solu-
tion into blank samples until getting the signal 
over noise equal to 3. The results showed that 
HPLC-PDA method provided a good sensitiv-
ity for the determination of anthocyanins and 
anthocyanidins with LOD of 0.05–0.1 mg/kg. 
Precision was assessed by six replicates in 
some sample matrixes. RSD was from  
4.79–6.45%. The recovery was determined by 
spiking standards into plum, sweet potato 
samples with three different levels. Assays 
were performed in three replicates at each 
added concentration. The recoveries between 

85.4 % and 109.6% have been obtained. The 
method satisfied the requirement of recovery 
for corresponding analyte concentration ac-
cording to AOAC. 

Analysis of the marketed products. The 
samples were collected randomly from the 
markets and supermarkets in Hanoi. After 
homogenizing, the samples were analyzed by 
the procedure as mentioned above. 

After the extraction, almost anthocyanins 
were transformed to anthocyanidins. The an-
thocyanins content before the hydrolysis and 
anthocyanidins content after the hydrolysis 
of some fruits were given in Tables 5 and 
Figure 3. 

 
Figure 3. The anthocyanidins contents 

 in marketed products  
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T a b l e  5  
Anthocyanins content in the marketed 

products 

Samples Content (mg/100g) 
Plum Cya-3-G Pelar-3-G Peo-3-G Mal-3-G
Purple 
potato 1.57 – – – 

Black bean 
(peel) – 1.05 – – 

Rose apple 
(peel) 18.67 – 8.28 19.30 

Garlic (peel) 11.23 – – – 
Eggplant 
(peel) 8.4 – – – 

Apple (peel) – – – – 
Red bean 27.17 – – – 
Grape (peel) 1.76 7.40 – – 

 
Accordingly, the anthocyanidins content 

was much higher than the anthocyanins-3-
glucoside content, so, there were other types of 
anthocyanins in the samples excluding antho-
cyanins-3-glucoside. Among them, cyanidin-3-
glucoside was the most appeared anthocyanin 
in fruits and vegetables, other anthocyanins 
were found in a less extent. In addition, cya-
nidin was the most common anthocyanidin, 
which occurs in almost sample, following by 
delphinidin. 

Black bean peel had the biggest diversity 
of anthocyanidins with all 6-most-common an-

thocyanidins and also had the highest total con-
tent, reaching more than 600mg anthocyanidins 
in 100g sample. Grape peel also contained a 
high total content of anthocyanidins, with the 
majority was malvidin, which reaches more 
than 450mg/100g. Plum, rose apple peel, garlic 
peel and apple peel contained only cyanidin. 
Purple potato and eggplant contained only pe-
largonidin and delphinidin, respectively.  

Conclusions. The main contribution of 
this study was to use experimental design to 
find optimal HPLC conditions for simultaneous 
separation twelve anthocyanins and anthocya-
nidins. The mathematical models developed for 
relating resolutions to the composition of the 
mobile phase proved to be an efficient strategy 
for optimization of the chromatographic 
method. A significant good fit with the models 
was found between predicted and observed 
data, which means the method was suitable for 
the analysis of the compounds. This method 
allows simultaneous determination of antho-
cyanins and anthocyanidins in fruits and vege-
tables samples in a short time, with a high se-
lectivity and sensitivity. The procedure is sim-
ple, and the cost is also reasonable. 
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Cardiac infarction still remains a leading cause of mortality among population. There are a lot of risk factors causing the 

disease and complicating it; undoubtedly, they require correction. Our research goal was to experimentally assess cardiotropic 
peculiarities of 4 chromone-3-aldehyde derivatives (coded as Х3АF, Х3АFOK, X3ANO2, and X3ANO2ОК) as medications aimed 
at minimizing risks of acute cardiac infarction complicated with hypercholesterolemia. The experiment was performed on 
70 male Wistar rats (pubescent, with body weight being equal to 220-240 grams); the animals were divided into 7 equal experi-
mental groups, 10 animals in each. The first group was made up of falsely operated animals. We modeled atherogenesis in 
60 remaining rats via oral introduction of 3 % cholesterol dissolved in sunflower oil; the solution was introduced daily for 
14 days. We also modeled acute cardiac infarction in them via ligating the left descending coronary artery with a silk thread. 
After 24 hours we performed electrocardiography to assess changes in QT range, and P, R, and T peaks amplitude. We also 
determined sizes of necrosis zones and ischemic damage foci in the cardiac muscle via double dying with Evans blue and tetra-
zolium chloride. We detected that compounds encoded as X3ANO2, X3ANO2OK, X3AF and X3AFOK had hypocholesteremic 
and cardiotropic effects which led to electrophysiological properties returning to physiological standards and a decrease  in 
ischemia/necrosis zones in the cardiac muscle under cardiac infarction. Objects encoded as X3ANO2OK and X3AFOK were 
more pharmacologically active than X3ANO2 and X3AF, and X3ANO2OK substance was comparable to a reference medication, 
Meldonium in our case, in terms of its activity. Overall, the examined substances can be considered medications able to mini-
mize risks of acute cardiac infarction complicated with hypercholesterolemia. 

Key words: hypercholesterolemia, cardiac infarction, population mortality, risk factors, ischemia, necrosis, chromone 
derivatives, Meldonium, cardiac hystiocytes. 
 

 
 Despite all the successes that have been 

achieved in contemporary cardiology, mortal-
ity caused by cardiac infarction and its com-
plications tends to grow. According to the 
WHO forecasts, by 2025 death cases caused 
by cardiac infarction are expected to rise from 
17 million to 25 million annually [1, 2]. It's 

common knowledge, that cardiac infarction 
means death of cardiac muscle cells (cardiac 
myocytes) that results from insufficient oxy-
gen supply to the cardiac muscle, or cardiac 
muscle ischemia [3], and cardiac muscle cells 
start to die more than 6 hours after ischemia 
occurs [4]. Cardiac infarction develops due to 

 

__________________________ 
 
 Voronkov A.V., Pozdnyakov D.I., Rukоvitsyna V.M., Oganesyan E.T., Voronkova M.P., 2019 
Andrei V. Voronkov – Professor, Doctor of Medical Sciences, Head of Pharmacology Department with a course 

in clinical pharmacology (e-mail: prohor.77@mail.ru; +7 (962) 427-35-55; ORCID: https://orcid.org/0000-0001-6638-6223). 
Dmitrii I. Pozdnyakov – PhD, senior lecturer, Pharmacology Department with a course in clinical pharmacology 

(e-mail: pozdniackow.dmitry@yandex.ru; +7 (918) 756-08-89; ORCID: https://orcid.org/0000-0003-0889-7855). 
Victoria M. Rukovitsyna – post-graduate student, Organic Chemistry Department (e-mail: rukovitcina.vika@mail.ru; 

+7 (918) 750-85-45; ORCID: https://orcid.org/0000-0003-4104-9217). 
Eduard T. Oganesyan – Professor, Doctor of Pharmaceutical Sciences Head of Organic Chemistry Department (e-mail: 

edwardow@mail.ru; +7 (928) 911-43-65; ORCID: https://orcid.org/0000-0002-2756-9382). 
Maria P. Voronkova – Associate Professor, Doctor of Medical Sciences, Department for Pharmacology and Bioinfor-

matics (e-mail: mpvoronkova@mail.ru; +7 (8442) 942-423; ORCID: https://orcid.org/0000-0001-6888-3725). 



Cardiotropic properties of chromone-3-aldehyde derivatives under an experimental cardiac infarction complicated …    

ISSN (Print) 2308-1155    ISSN (Online) 2308-1163    ISSN (Eng-online) 2542-2308 129

several factors, primary ones being hyperlipi-
demia and atherosclerosis, hyperglycemia, 
smoking, arterial hypertension, alcoholism [5]. 
Besides, such factors as endothelial dysfunc-
tion, inflammation in vascular walls, cytokine 
cascade, and apoptosis [6] also make a signifi-
cant contribution into cardiac infarction occur-
rence as they initiate damages in the cardiac 
muscle. 

 All the existing therapeutic strategies 
aimed at treating cardiac infarction are com-
binations of pharmaceutical, therapeutic, and 
instrumental techniques and "stent-technolo-
gies" [7] that are usually quite efficient. Their 
application allows to decrease mortality 
caused by acute cardiac infarction phase [8]. 
However, complications (mechanic, arrhyth-
mic, ischemic, and inflammatory ones) that 
usually accompany cardiac infarction on the 
contrary make mortality among patients in-
crease and it causes substantial health risks 
for population [9]. Given all the above stated, 
cardiac infarction prevention and risk factors 
elimination can be considered one of the most 
important tasks in contemporary medicine. 
Cardioprotectors are a pharmacological-thera-
peutic group of medications that exert favor-
able impacts on cardiac muscle functions and 
are predominantly aimed at prevention. Such 
medications can have direct and indirect ef-
fects [10]. Cardioprotectors with direct ef-
fects, or myocardial cytoprotectors, are the 
most promising; their action mechanism is 
directly aimed at recovering functions and 
stabilizing cell membranes, including mito-
chondria and lysosomes membranes [11]. 
This effect is pleiotropic when it comes to 
indirect cardioprotectors. At present, there are 
more than 2,000 molecules that can poten-
tially have cardioprotecting properties, but 
much fewer compounds have been actually 
introduced into clinical practices and it calls 
for targeted searching for cardiotropic medi-
cations with multi-target action mechanism 
aimed at stabilizing cardiac muscle function-
ing and risk factors elimination [12]. 

Our research goal was to experimentally 
assess cardiotropic properties of chromone-3-
aldehyde derivatives as medications that could 

minimize risks of acute cardiac infarction 
complicated with hypercholesterolemia. 

Data and methods. We performed our 
experimental research on 70 male Wistar rats 
(pubescent, with body weight being equal to 
220–240 grams); the animals were divided into 
7 experimental groups, 10 rats in each. The 
first group was falsely operated animals 
(FOA). We modeled atherogenesis in 60 re-
maining rats via oral introduction of 3–5 cho-
lesterol solution in sunflower oil (Pancreac, 
Spain); the solution was introduced daily dur-
ing 14 days [13]. The second group of rats was 
negative control (NC) as animals from this 
group didn't receive any pharmaceutical sup-
port. Animals from the third group were given 
a reference medication, Meldonium (Mildro-
nate, Grindex (Latvia)) in a dose equal to 90 
mg/kg [14]. The 4th, 5th, 6th, and the 7th 
group of rats were given new chromone-3-
aldehyde derivatives encoded as Х3АF, 
Х3АFOK, X3ANO2 и X3ANO2ОК respec-
tively in a dose equal to 20 mg/kg. All the ex-
amined medications and the reference one 
were daily introduced peros during 14 days, 
along with cholesterol introduction (there was 
a 2-hour break between two introductions), 
animals from NC group were given 0.9%-
sodium chloride solution in the same dose. 
When 14 days passed, we modeled acute car-
diac infarction (ACI) in all the rats (including 
falsely operated animals who had undergone 
all the above-mentioned procedures, apart from 
coronary artery ligation) via ligating the left 
descending coronary artery with silk thread un-
der chloral hydrate (350 mg/kg) anesthesia [14].  

We performed electrocardiography 24 hours 
after ligation to monitor the experimental ani-
mals in the II standard lead with «Poly-Spectr-
8/B» electrocardiograph (Nuerosoft, Russia) 
with assessing changes in QT range, P, R, and 
T waves. We also determined sized of necrosis 
zones and an ischemic damages focus in the 
cardiac muscle; to do that, we applied double 
dying with Evans blue and tetrazolium chloride 
(Figure 1) [15]. 

In order to examine probable favorable 
impacts exerted by the examined substances on 
lipid and lipoprotein blood profile, we assessed  
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Figure 1. Double dying of the cardiac muscle  

with Evans blue and tetrazolium chloride  
obtained in the research 

(after ACI had been modeled) changes in 
concentrations of total cholesterol (TC), low-
density lipoproteins (LDLP cholesterol, 
LDLPC), high-density lipoproteins (HDLP 
cholesterol, HDLPC), and triglycerides (TG) 
in blood serum of the experimental animals 
(to do that, we applied standards reagent kits 
«Olveks Diagnosticum»). Samples prepara-
tion and analysis procedures conformed to the 
instructions given by a manufacturer of each 
reagent kit.  

Experimental results were statistically 
processed with STATISTICA 6.0 package 
(StatSoft, the USA). Statistically significant 

discrepancies between groups of mean values 
were determined with «AVONA» technique 
together with Newman-Keuls post-test with 
significance level being p<0.05. 

Results and discussion. We assessed lipid 
and lipoprotein blood structure and detected 
that 14-day introduction of 3% cholesterol solu-
tion in sunflower oil led to an increase in con-
centrations of total cholesterol, LDLP choles-
terol, and TG (Table 1) in rats from the nega-
tive control group against falsely operated 
animals as these concentrations were by 54.3% 
(p<0.05), 86.2% (p<0.05), and 35.1% (p<0.05) 
higher in them respectively; as for HDLP cho-
lesterol, it was by 43.8% lower in NC animals, 
than in falsely operated ones  (p<0.05). 

Application of Meldonium under experi-
mentally induced atherogenesis promoted lipid 
metabolism recovery (table 1) as it became ap-
parent via a decrease in concentrations of TC, 
LDLPC, and TG in blood plasma of rats that 
were given Meldonium against animals from 
the negative control group; these concentrations 
were by 46.2% (p<0.05), 48.6% (p<0.05), and 
28.3% (p<0.05) lower respectively in the for-
mer group than in the latter one; HDLPC was 
also by 35.9% higher among rats which were 
given Meldonium than among animals from the 
negative control group (p<0.05). 

We assessed impacts exerted by the ex-
amined substances on lipid-lipoprotein blood 
profile and analyzed the results; the analysis

 
T a b l e  1  

Influence exerted by the examined substances and the reference medication on changes  
in lipid and lipoprotein blood profile under experimentally induced hypercholesterolemia 

Group Total cholesterol, 
mmol/l 

LDLP cholesterol, 
mmol/l 

HDLP cholesterol, 
mmol/l 

Triglycerides, 
mmol/l 

FOA 2,34 ± 0,1 1,38 ± 0,067 0,92 ± 0,033 0,57 ± 0,016 
NC 3,61 ± 0,126# 2,57 ± 0,177# 0,64 ± 0,029# 0,77 ± 0,014# 
Meldonium 2,47 ± 0,126* 1,73 ± 0,082* 0,87 ± 0,018* 0,60 ± 0,027* 
X3ANO2 2,89 ± 0,03* 2,11 ± 0,054* 0,73 ± 0,025* 0,64 ± 0,013* 
X3ANO2OK 2,37 ± 0,054* 1,81 ± 0,026* 0,79 ± 0,022* 0,61 ± 0,006* 
X3AF 2,51 ± 0,032* 2,35 ± 0,047 0,77 ± 0,025* 0,64 ± 0,011* 
X3AFOK 3,0 ± 0,051* 2,08 ± 0,075* 0,72 ± 0,032* 0,67 ± 0,006* 

Note: # means a value is statistically significant against falsely operated animals (p<0.05); * means 
a value is statistically significant against the negative control group (p<0.05). 
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revealed that X3ANO2 and X3AFOK led to 
practically the same changes in all the exam-
ined parameters (Table 1). Thus, X3ANO2 and 
X3AFOK application led to 24.9% (p<0.05) 
and 20.3% (p<0.05) decrease respectively in 
TC concentration (against the NC group); 
LDLPC was also lower (by 21.8% (p<0.05) 
and 23.6% (p<0.05) respectively); TG concen-
tration was by 20.3% (p<0.05) and15% lower 
respectively. On the contrary, HDLPC concen-
tration was higher after X3ANO2 and 
X3AFOK introduction than in animals from 
the negative control group, by 14% (p<0.05) 
and 12.5% (p<0.05) respectively.  

X3AF introduction led to lower TC and 
TG concentrations in rats' blood plasma against 
the NC group, by 43.8% (p<0.05) and 20.3% 
(p<0.05) respectively. On the contrary, HDLPH 
concentration was by 20.4% higher after the 
substance was introduced (against the NC 
group) (p<0.05). After X3ANO2OK was intro-
duced, we detected lower concentrations of TC, 
LDLPC, and TG, as well as higher HDLPC 
concentration in rats' blood plasma, by 52.3% 
(p<0.05), 42% (p<0.05), 26.2% (p<0.05), and 
23.4% (p<0.05) respectively. 

We assessed changes in bioelectric pa-
rameters of  heart functioning (Table 2) when 
acute cardiac infarction occurred and detected 
that P and T waves amplitudes were 3 (p<0.05) 
and 6 (p<0.05) times greater respectively in 
animals from the negative control group against 
falsely operated ones, and QT interval was by 

87.8% longer in them. Besides, R wave ampli-
tude was 3.3 times (p<0.05) smaller in rats from 
the negative control group against falsely oper-
ated animals and these data are consistent with 
literature [16]. Preventive introduction of Mel-
donium resulted in favorable dynamics of 
changes in cardiac muscle electrophysiology in 
rats under cardiac infarction as P wave ampli-
tude and QT interval length were 2 times 
(p<0.05) and by 68.7% (p<0.05) lower respec-
tively against animals from the negative control 
group, and R wave amplitude was 3.2 times 
greater (p<0.05). 

Introduction of the examined substances 
X3ANO2, X3ANO2OK, X3AF, and X3AFOK 
led to an increase in R wave amplitude against 
animals from the negative control group, by 
83.3% (p<0.05); 166.7% (p<0.05); 133.3%, 
and 216.7% (p<0.05) respectively. Besides, 
when X3ANO2, X3ANO2OK, and X3AFOK 
were introduced, it resulted in a decrease in 
QT interval against the NC group by 38.5% 
(p<0.05); 127.9% (p<0.05), and 51.6% (p<0.05) 
respectively. T wave amplitude went down by 
33.3% (p<0.05) against the NC group after 
X3ANO2OK introduction.  

We analyzed data obtained in assessing 
changes in sizes of ischemia/necrosis zones in 
the cardiac muscle and revealed that Mel-
donium introduction led to a decrease in sizes 
of both ischemia and necrosis foci against the 
NC group, by 59.9% (p<0.05) and 52.7% 
(p<0.05) respectively (Figure 2).  

T a b l e  2  
Influence exerted by the examined substances and the reference medication on changes  
in bioelectric parameters of heart functioning under acute cardiac infarction combined  

with experimentally induced hypercholesterolemia 
Group P, millivolt R, millivolt Т, millivolt QT, ms 

FOA 0,02 ± 0,004 0,2 ± 0,027 0,04 ± 0,01 81,11 ± 6,127 
NC 0,06 ± 0,004# 0,06 ± 0,017# 0,24 ± 0,027# 152,36 ± 3,269# 
Meldonium 0,03 ± 0,005 0,19 ± 0,013* 0,2 ± 0,007 90,33 ± 4,235* 
X3ANO2 0,04 ± 0,002 0,11 ± 0,011* 0,2 ± 0,015 110,04 ± 9,783* 
X3ANO2OK 0,04 ± 0,004 0,16 ± 0,01* 0,18 ± 0,009* 66,85 ± 2,459* 
X3AF 0,02 ± 0,002 0,14 ± 0,005* 0,21 ± 0,009 139,12 ± 3,297 
X3AFOK 0,03 ± 0,004 0,19 ± 0,013* 0,23 ± 0,022 100,5 ± 1,269* 

Note: # means a value is statistically significant against falsely operated animals (p<0.05); * means 
a value is statistically significant against the negative control  group (p<0.05). 
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Figure 2. Changes in sizes of ischemia/necrosis zones  
in the cardiac muscle when correcting cardiac infarction 

complicated hypercholesterolemia with the examined 
substances and Meldonium 

Note: # means a value is statistically significant against 
falsely operated animals (p<0.05); * means a value 

 is statistically significant against animals from the NC 
group (p<0.05). 

After the examined substances X3ANO2, 
X3ANO2OK, X3AF, and X3AFOK were ap-
plied, sizes of ischemic damage zone in the car-
diac muscle decreased against the NC group, by 
63.7% (p<0.05); 82% (p<0.05); 48.8% (p<0.05), 
and 59.1% (p<0.05) respectively.  

A necrotic focus decreased in sizes statis-
tically significantly against animals from the 
NC group after X3ANO2OK and X3AFOK 
had been introduced, by 37.7% (p<0.05) and 
32.3% (p<0.05) respectively.  

Such cardiotropic effects produced by 
chromone-3-aldehyde derivatives can be due to 
their anti-cytokine properties. Chromone de-
rivatives are known to be able to suppress oc-
currence of tumor necrosis factor-α (TNF-α) 
[17]. TNF-α activates external apoptosis path, 
and, in case of cardiac infarction, it promotes 
greater necrotic foci and, as a result, systolic 
functions performed by the left ventricle dete-

riorate substantially [18]. Besides, greater TNF-
α concentration leads to inflammation cascade 
development and fibrosis in the cardiac muscle 
thus exerting adverse impacts on the disease 
course [19]. Favorable effects produced by the 
examined chromone derivatives on lipid me-
tabolism can be related to their regulatory ca-
pabilities as regards sirtuin proteins [20] that 
play an important role in metabolic reactions 
of lipoproteins, fat acids, and dextrose [21]. 

Conclusion. Our research revealed that 
new chromone-3-aldehyde derivatives had cho-
lesterol-lowering and cardiotropic effects. Cho-
lesterol-lowering effects produced by the exam-
ined substances became apparent as lipid-
lipoprotein blood profile returned to its physio-
logical standards while their cardiotropic effects 
assessed under modeled cardiac infarction 
complicated with hypercholesterolemia pro-
moted recovery of electrophysiological proper-
ties and decrease in sizes of ischemia/necrosis 
zones in the cardiac muscle. All the obtained 
data allowed us to assume that X3ANO2OK 
and X3AFOK substances were more pharmaco-
logically active than X3ANO2 and X3AF. The 
research object encoded as X3ANO2OK has 
pharmacological properties comparable to those 
of Meldonium, which was the reference medi-
cation in the research. Overall, these substances 
can be considered medications aimed at mini-
mizing risks of acute cardiac infarction compli-
cated with hypercholesterolemia.  
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ASSESSING HEALTH RISKS FOR SCHOOLCHILDREN AND STUDENTS  
CAUSED BY EXPOSURE TO EDUCATIONAL AND ENTERTAINING 
INFORMATION TECHNOLOGIES 
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Information and communication technologies play a significant role in life of children, teenagers and young 

people as they are massively spread among these age groups. It is a new risk factor that can cause health disorders 
among oncoming generation. Our research objects were 465 senior schoolchildren living in Moscow and Moscow re-
gion and 598 students from Moscow and Arkhangelsk. Our research goal was to study influences exerted by informa-
tion and communication technologies on health of senior schoolchildren and students; to do that, we applied risk as-
sessment procedures, including hygienic, sociological, instrumental, and statistic techniques, as well as risk assess-
ment itself. The obtained results revealed a negative trend and it was a growing number of young people with 
overweight and obesity. 

We determined how and to what extent various frequency of electronic devices being in use influenced deviations in 
physical development of senior schoolchildren and students (p<0.05): a correlation between body weight and frequency of using 
a PC (0.60); fat mass and frequency of using a PC (0.67); control over fat mass and frequency of using a PC (–0.62); control 
over body weight and frequency of using a PC (–0.54); a fat mass fraction and frequency of using a PC (0.58). We detected an 
average and a high risk of myopia (RR – 6.62), disorders and diseases in the neuropsychic sphere (RR – 5.60) depending on 
how frequently young people used a laptop or a PC with an etiologic component being high in these two factors (62.4 % and 
21.9 % accordingly). We also detected a cause-and-effect relationship between functional disorders and diseases of the muscu-
loskeletal system (RR – 1.20–1.48) and using a PC, laptop or a pad with an attributive risk related to these factors being consid-
erable (21.7 % for using a pad and 11.7 % for using a PC or a laptop). We determined a safe period of time for “overall” use of 
electronic devices in educational activities and for entertaining; this period should not exceed 3 hours.  

Key words: risks, schoolchildren, students, information and communication technologies, electronic devices, myopia, 
overweight, muscle strength. 
 

 
A child’s body is constantly growing and 

developing; should the process be disrupted due 
to either endogenous or exogenous factors, it is 
considered hazardous for a child’s health [1, 2]. 

Over the last decades new hygienic factors 
have occurred and influence exerted by them on 
formation of a child’s body hasn’t been studied 
in great detail. Application of information and 
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communication technologies (ICT) is one of 
such factors. At present schoolchildren and stu-
dents widely use ICT as it is almost impossible 
to imagine contemporary educational processes 
and socialization without them in a hyper-
information society [3–7]. 

In 2015 the RF Government approved on 
the Concept of Information Security for Chil-
dren; the document clarified how significant 
information technologies were for a child’s 
development1 .  

As it is fixed in the Concept, information 
security for children means both protecting 
them from destabilizing impacts exerted by 
certain information products and creating fa-
vorable information environment that could 
support positive socialization and individuali-
zation, optimal social, personal, cognitive, 
and physical development and help preserv-
ing mental and psychological health and well-
being as well as creating positive mentality. 

But still, most contemporary research 
that dwells on examining impacts exerted by 
ICT on children’s and teenagers’ bodies fo-
cuses on effects produced on a human body 
by electromagnetic fields. Thus, intensity of 
electromagnetic radiation created by elec-
tronic appliances (EAs) was examined by Gri-
goryeva Yu.T et al (2017), Teksheva L.M. et al 
(2011), Vyatleva О.А., Kurganskiy А.М. (2018), 
Ushakvo I.B. et al (2018), HardellL. 
(2018) [8–12]. Peculiarities related to ICT use 
by children and teenagers and influence ex-
erted by ICT on young people were analyzed 
and examined by Saprykina G.A. (2012), 
Medvedeva Е.А. et al. (2014), Kuchma V.R. 
et al. (2016) [13–15]. A lot of research works 
focused on impacts exerted by ICT on partici-
pants in educational processes (Kuchma V.R. 
et al, 2015; Stepanova M.I. et al., 2015; 
BelandL.P., 2015) [16–18]. Scientific litera-
ture contains a lot of data on impacts exerted 

by ICT on psychological and psychophysi-
ological parameters of a growing body and al-
ready grown one [19–23]. And there are only 
few works that focus on impacts exerted by 
ICT on development of a child’s body [23]. 
Hygienic aspects related to children using ICT 
in leisure activities haven’t been given suffi-
cient attention; the situation is the same with 
hygienic standards fixed for such activities 
when ICT are used by children, teenagers, and 
young people. 

All the above-mentioned issues are to be 
resolved within implementing the Federal pro-
ject entitled “Public health improvement” in 
2019 and in future, 2020-2024; this project is 
an integral part of the National project called 
“Demography” which is being implemented 
with Rospotrebnadzor participation (the Order 
by Rospotrebnadzor No. 29 issued on January 
25, 2019)2.  

Our research goal was to apply risk cal-
culation procedures and to examine essence 
and an extent to which information and com-
munication technologies influenced health of 
senior schoolchildren and students.  

Research objects. 465 senior school-
children from Moscow city and Moscow 
region and 568 students from Moscow and 
Arkhangelsk took part in our research.  
The examined senior schoolchildren were 
16 years old; students, 20. Those age groups 
were selected as our research objects due to 
senior schoolchildren and students being 
able to plan their use of information and 
communication technologies on their own, 
without any limitations imposed by their 
parents. 

We chose those educational establish-
ments where administrative staff and parents 
(at schools) gave their consent to our re-
search. Schools selected for our research in-
cluded comprehensive ones, schools with ad-

__________________________ 
 
1 The Concept of Information Security for Children / approved by the RF Government Order No. 2471-r on De-

cember 2, 2015. Available at: cronao.ru/images/DAR/InformSafe/Koncepciya-iform-bez-detey.pdf (date of visit March 
02, 2019). 

2 Demography: The National project profile / approved by the minutes of the RF Presidential Council on strategic de-
velopment and national projects No. 16 dated December 24, 2018. Available at: https://rosmintrud.ru/ministry/prog-
ramms/demography (date of visit March 02, 2019). 
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vanced studies of some subjects, and gram-
mar schools. There were two basic educa-
tional programs attended by students who 
took parts in our research, “Public Healthcare 
and Medical Sciences” and “Mathematics and 
Mechanics”.  

Our research didn’t infringe on human 
rights and didn’t cause any hazards for ex-
amined children; it conformed to all re-
quirements fixed by biomedical ethics; it 
was planned and approved in accordance 
with GCP Rules by the Ethical Committee of 
N.I. Pirogov’s Russian National Research 
Medical University. All examinations were 
performed according to ethical standards 
fixed by Helsinki Declaration and EU Direc-
tives (8/609ЕU)3. 

We applied the following research tech-
niques: hygienic, sociological, instrumental, 
and statistical ones, and risk assessment pro-
cedures. 

Physical development of children, teenag-
ers, and young people is the most significant 
criterion showing how healthy they are; taking 
this into account, we analyzed body mass in-
dex and assessed fat mass of a body via bio-
logical impedance analysis (InBody 230 ana-
lyzer, Korea), standard anthropometric meas-
urements, and dynamometry.  

Highly qualified ophthalmologists exam-
ined health of senior schoolchildren and stu-
dents; we also applied ARMIS firmware 
(Rostov-on-Don, Russia) to accomplish diag-
nostics. Data obtained via preventive examina-
tions were analyzed with medical experts ren-
dering their assistance in the process.  

To assess influence exerted on health of 
senior schoolchildren and students by their life 
style as well as frequency and duration of ICT 
use, we accomplished questioning with stan-

dardized questionnaires developed by Scien-
tific Research Institute for Hygiene and Chil-
dren’s Health Protection of the RF Public 
healthcare Ministry. 

We examined educational conditions for 
children and teenagers at 12 educational es-
tablishments of different types; to do that, 
we performed sanitary-hygienic examination 
of educational establishments with subse-
quent analysis accomplished according to me-
thodical procedures suggested by O.Yu Mi-
lushkina4 . 

All the obtained data were statistically 
processed with Statistica 10.0 software pack-
age for statistical analysis (StatSoft, the USA). 

Relative risk (RR or a probability of a 
certain outcome depending on an environ-
mental factor) was determined as per evi-
dence-based medicine rules using fourfold 
contingency tables.  

Results. The obtained results allowed us 
to reveal a negative trend for an increase in 
number of senior schoolchildren and students 
who had overweight and obesity. 

We analyzed how harmonious their 
physical development was and revealed that 
60.6%±1.2% of the examined male senior 
schoolchildren and 56.8%±2.4% of the exam-
ined male students had normal (harmonious) 
physical development.  

12.2%±2.1% of the examined male sen-
ior schoolchildren and 24.6%±1.2% of the 
examined male students had overweight, and 
students tended to have it two times more 
frequently than schoolchildren. Obesity was 
detected in 3.0%±0.9% and 8.3%±1.1% re-
spectively, and students tended to have it 2.8 
times more frequently. We didn’t detect any 
regional peculiarities related to these pa-
rameters. 

__________________________ 
 
3 Helsinki Declaration by World Medical Association / approved by the 18th World Medical Assembly, Helsinki, Fin-

land, June 1964; revised by the 29th World Medical Assembly, Tokyo, Japan, October 1975, the 35the World Medical As-
sembly, Venetia, Italy, October 1983, the 41th World Medical Assembly, Hong Cong, September 1989 and the 48the Gen-
eral Assembly, Somerset West, SAR, October 1996. Available at:: https://rostgmu.ru/wp-content/uploads/2014/
12/WMA_Helsinki.pdf (date of visit March 02, 2019).  

4 Milushkina О.Yu. Regularities in formation of morphofunctional parameters in children and teenagers under con-
temporary medical-social and sanitary-hygienic conditions: doctoral thesis … for a Doctor of Medical Sciences degree.  
Мoscow, 2013, 313 p. 
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As regards female participants, we re-
vealed that 61.2%±2.7% of the examined fe-
male senior schoolchildren and 63.3%±1.5% 
of the examined female students had normal 
(harmonious) physical development.  

6.2%±1.1% of the examined female 
schoolchildren and 12.0%±1.5% of the exam-
ined female students had overweight and fe-
male students tended to have it two times more 
frequently. Obesity was detected in 2.0%±0.4% 
and 3.0%±0.4% respectively. We didn’t detect 
any regional peculiarities related to these pa-
rameters. 

Male senior schoolchildren tended to have 
average body mass index equal to 21.1± 
±3.2 kg/m2; and female senior schoolchildren, 
20.1±3.3 kg/m2 (standard for this age was 
equal to 18.5-24.9). Male students from Moscow 
and Arkhangelsk had average body mass index 
equal to 23.0±3.7 kg/m2 and 23.4±4.5 kg/m2. 
Female students from Moscow and Arkhangelsk 
had average body mass index equal to 
21.3±3.5 kg/m2 and 21.1±4.4 kg/m2.  

Male senior schoolchildren had their fat 
mass equal to 10.1±6.5 kg; female senior 
schoolchildren, 13.0±5.7 kg. Male students from 
Moscow had fat mass equal to 13.9±8.0 kg; fe-
male students from Moscow, 15.9±7.6 kg. Male 
students from Arkhangelsk had average fat mass 
equal to 14.8±9.5 kg; female students from Ark-
hangelsk, 15.6±6.6 kg. 

We should note that there was an authentic 
(p<0.05) age-dependent increase in average fat 
mass regardless of a sex and height as it re-
mained stable. Fat mass percentage also grew 
from 15.0±1.8% in boys to 19.0±2.0% in young 
males and recommended values for men should 
not exceed 15.3%. Fat mass percentage in girls 
authentically (p<0.05) grew from 23.0±1.8% to 
26.0±3.5% and recommended values for 
women should not exceed 23.0%.  

Control over fat mass (a quantity of fat 
mass in kilograms that should be lost or gained) 
indicates that male students on average have to 
lose 3 or more kg of fat mass; female students, 
2 or more kg.  

An existing negative trend for an increase 
in number of young people who have over-

weight or obesity requires searching for factors 
that cause this pathology. 

Our research allowed us to reveal that 
multiple correlation coefficient for overweight 
was R=0.55, p<0.05 for senior students, the 
correlation being detected between overweight 
and educational conditions at educational es-
tablishments and factors related to life style. 
Standardized regression coefficients (Beta) 
indicate there is influence exerted by a set of 
factors including sanitary-epidemiologic well-
being at an educational establishment (-0.57), 
an amount of time spent daily working at a PC 
(0.44), unfavorable microclimate in a family 
(frequency of conflicts) (0.33), having dinner 2 
or less hours before going to bed (-0.25). 

We detected averaged total time of ICT 
use with various electronic appliances; it 
amounted to 7 hours on a usual weekday both 
in studies and leisure activities for senior 
schoolchildren; 8.5 hours, for male students; 
10 hours, for female students.  

We also revealed that ICT use as an inde-
pendent activity accounted for 15% of the over-
all available daily time for senior schoolchil-
dren; 10.0%, for students. 

A lot of time spent by senior schoolchil-
dren and students on ICT during a day means 
they spend less time on other activities such as 
sleep, meals, doing sports, outdoor activities 
etc. Thus, time spent on sleep decreased by 9% 
among senior schoolchildren and by 7% among 
students; time spent on doing sports and out-
door activities decreased by 6.0% among senior 
schoolchildren and by 4.0% among students. 

We examined essence and extent to which 
various frequency of EAs application influ-
enced occurrence of deviations in physical de-
velopment of senior schoolchildren and stu-
dents; we revealed the following statistically 
significant correlations (p<0.05):  

– between body weight and frequency of 
PC use (0.60);  

– between fat mass and frequency of PC 
use (0.67);  

– between control over fat mass (a quantity 
of fat mass in kilograms that should be gained 
or lost) and frequency of PC use (-0.62);  
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– between control over weight (a quantity 
of body weight in kilograms that should be 
gained or lost) and frequency of PC use (-0.54);  

– between fat mass percentage frequency 
of PC use (0.58). 

Obtained statistically significant correla-
tions between deviations in physical develop-
ment of young people due to overweight and 
duration of stationary EAs use confirmed it 
was necessary to control time spent uninter-
ruptedly at such devices as frequent and long 
use of EAs could increase static loads on a 
growing body. 

We can show consequent steps in this influ-
ence with the following scheme: more frequent 
and longer EAs use → greater static load / lower 
physical activity → an increase in fat mass → 
deviations in physical development caused by 
overweight. 

This hypothesis can be tested with risks 
calculation. We determined statistically signifi-
cant values of relative risks (RR) related to dif-
ferent frequency of stationary EAs use (a PC or 
a laptop) for overweight and obesity occurrence 
in senior schoolchildren and students (Table 1). 

When relative risk is higher than 1, and in 
our case it is equal to 1.59, we can conclude 
that a factor (frequent use of a PC or a laptop) 
increases frequency of adverse outcomes, no-
tably overweight and obesity (direct correla-
tion) among young people. Etiologic fraction 
in this factor amounts to practically 10%, 
however, there are undoubtedly other influenc-
ing factors.  

T a b l e  1  
Relative risk of overweight and obesity in 

senior schoolchildren and students depending 
on frequency of stationary EAs use (р ≤ 0.05) 

Outcome Factor RR EF, % Se Sp

Overweight 
and obesity 

Frequency  
of PC or laptop 

use 
1.59 9.8 0.67 0.47

Note:  
RR is relative risk; 
EF etiologic fraction (attributive risk); 
Se is sensitivity of a technique; 
Sp is specificity of a technique. 
 

We determined statistically significant 
relative risk values related to different fre-
quency of a PC or laptop use for another 
important parameter that characterized 
physical development of children and teen-
agers. This parameter was muscle strength 
in hands; a decrease in this parameter often 
occurs together with overweight and obesity 
(Table 2).  

When relative risk is higher than 1, and 
in our case it is equal to 1.08 when a PC is 
used, and to 1.11, when a laptop is used, we 
can conclude that the factor increases fre-
quency of such adverse outcomes as reduced 
muscle strength. Etiologic fraction in these 
factors amounts to 13.0% and 25.0% respec-
tively; undoubtedly, there are other influenc-
ing risk factors. 

T a b l e  2  
Relative risk of a decrease in muscle strength 
in hands in senior schoolchildren depending  

on frequency of stationary EAs use (р ≤ 0.05) 
Outcomes Factor RR EF, % Se Sp

Reduced 
muscle 
strength 

Frequency  
of a PC use 1.08 13.0 0.33 0.69

Reduced 
muscle 
strength 

Frequency 
of a laptop 

use 
1.11 25.0 0.67 0.73

 
Our research results indicate it is vital to 

develop hygienic standards for total time spent 
on ICT during a day for senior schoolchildren 
and students; these standards should take into 
account both educational and leisure activities 
while existing standards fixed in regulatory 
documents predominantly cover only educa-
tional activities. 

Taking into account significance of eve-
ryday EAs use, we set a task to determine how 
much time spent on them a day wouldn’t cause 
overweight among senior schoolchildren and 
students (Figure 1). 

Having analyzed the data, we concluded 
that total time equal to up to 3 hours a day 
spent on EAs use both in educational and lei-
sure activities was a safe limit for deviations in 
physical development of young people.  
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Figure 1. Frequency of deviations in physical 
development due to overweight in senior 

schoolchildren and students depending on time 
spent on EAs use a day, % 

We also obtained some data on influence 
exerted by frequency of EAs use on health 
disorders in senior schoolchildren and students 
(Table 3).  

We confirmed a risk of average and grave 
myopia (RR – 6.62), and neuropsychic disor-
ders and diseases (RR – 5.60) depending on 
frequency of a PC or laptop use with etiologic 
fraction of these factors being high (62.4% and 
21.9% respectively). 

We detected a cause-and-effect relation 
between functional disorders and diseases in 
the musculoskeletal system (RR – 1.20 – 1.48) 
and use of a PC, laptop, or a pad with etiologic 
fraction of these factor being significant 
(21.7% when a pad was used and 11.7% when 
a PC or a laptop was used). We also revealed 

risks of functional disorders or diseases in the 
hearing organs depending on how frequently 
EA with headphones were used; the risks 
were 2.41 and etiological fraction was equal 
to 10.0%.  

Discussion. Contemporary electronic 
industry offers a wide range of EAs to con-
sumers; these devices can satisfy any need a 
customer might have and it stimulates 
greater interest in them among children, 
teenagers, and young people [14]. 

Previously it was shown that more fre-
quent and longer use of EAs changed life 
styles of contemporary schoolchildren and 
students, violating normal ratios of activities in 
their daily routines and influencing their health 
[24]; the situation seems alarming to hygien-
ists and requires developing standards for ICT 
use by children, teenagers, and young people 
in their educational and leisure activities. 

Our research allowed us to determine total 
permissible amount of time that can be spent 
on ICT during a day and it shouldn’t exceed 3 
hours; this amount wouldn’t cause any adverse 
effects on young people’s health that could 
result in overweight. 

Our data are well in line with research re-
sults obtained via examining influence exerted 
by ICT on emotional and behavioral disorders 
among teenagers5. 

T a b l e  3  

Relative risk of health disorders among senior schoolchildren and students depending 
on frequency of EAs use (р ≤ 0.05) 

Outcomes Factor RR EF, % Se Sp 
Average or grave myopia PC or laptop, frequency of use 6.62 62.4 0.96 0.47 
Neuropsychic functional disorders 
and diseases PC or laptop, frequency of use 5.60 21.9 0.80 0.65 

Functional disorders and diseases 
in the musculoskeletal system PC or laptop, frequency of use 1.20 11.7 0.33 0.77 

Functional disorders and diseases 
in the musculoskeletal system Pad, frequency of use 1.48 21.7 0.53 0.69 

Functional disorders and diseases 
in the hearing organs 

Frequency of use of EAs  
with headphones 2.41 9.5 0.72 0.51 

__________________________ 
 
5 Labutieva I.S. Hygienic assessment of influence exerted by contemporary life activities of studying teenagers on occur-

rence of emotional and behavioral disorders: thesis ... for a Candidate of Medical Sciences degree. Moscow, 2018, 23 p. 
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Our research proved there was a cause-
and-effect relation between health disorders 
among young people (average or grave myopia, 
neuropsychic disorders or diseases, functional 
disorders or diseases in the musculoskeletal 
system and hearing organs) and frequency of 
different EA use. The results we obtained de-
termine a necessity to introduce a differentiated 
approach to standardizing safe levels of expo-
sure to adverse factors related to ICT use; this 
approach should take into account a type of 
used EA, age and health of a user, regime and 
conditions under which an EA is used etc. 

Use of ICT is widely spread among 
young people at present; use of EA is proven 
to cause risks of adverse effects on a goring 
body; people tend not to be aware of how 
safely to use EA; there is no successive sys-
tem of hygienic education. Taking all the 
above-mentioned factors into account, we 
should state is it obviously necessary to per-
form further research in the sphere in order to 
develop a set of preventive activities [25, 26]. 
A significant trend in prevention should be 
strengthening and enhancing primary preven-
tion of diseases which are typical for a hyper-
information society via creating and main-
taining efficient methodical and technical in-
formation resources on developing and apply-
ing skills related to safe EAs use. Here we 

should also take into account basic ways used 
by contemporary young people to obtain in-
formation as well as how this information is 
introduced and implemented into everyday 
life. Subject web-sites and blogs on healthy 
life style, including those for active EAs us-
ers, may be quite useful in this respect. This 
research should become an integral part of 
scientific work planned within “The Program 
for multi-centered research on providing digi-
tal educational technologies that are safe for 
children’s health”.  

Conclusion. Given all the above-men-
tioned, we can state that at present it is neces-
sary to search for the most efficient ways to 
create healthy life-style attitudes among chil-
dren, teenagers, and young people. Today any 
issues related to preserving young people’s 
health should be solved by experts from vari-
ous fields of knowledge (hygienists, ophthal-
mologists, pediatricians, teachers, psycholo-
gists, etc). Creation of unified prevention 
space requires combining efforts made by all 
participants in prevention processes and a 
whole society as well.  
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Providing biological safety of population is determined by a current situation with the state sanitary-epidemiologic system 

and its being ready to detect, localize and eliminate infective episodes. As threats of bioterrorism attacks against people are 
growing and infectious diseases are becoming more widely spread, it calls for greater efficiency of sanitary-epidemiologic ex-
aminations due to optimized collection and processing of data that are necessary for decision making related to revealing basic 
determinants of an epidemic process, as well as causes and conditions for infection occurrence and spread. 

The paper dwells on a technology for automated data processing that helps to efficiently reveal all determinants of an 
epidemic process, and causes and conditions for infection occurrence and spread. The technology also allows automated 
checking of all proposed hypotheses basing on generalization of results obtained via independent research.  

Proposed solutions are verified within a sanitary-epidemiologic examination that focused on dysentery episode in an 
organized team with its members staying on a closed territory and having their meals provided for them at a canteen. The 
authors compared an already existing system for collection and processing of statistical data (applied to reveal basic deter-
minants of an epidemic process) and a proposed system for data collection and processing.  

Obtained results supplement and develop existing theoretical and practical achievements as regards IT implementation 
into sanitary-epidemiologic examinations; they have considerable practical significance especially bearing in mind a future 
transition to electronic circulation of documents within public healthcare and medical provision. When applied, a proposed 
approach allows considerable reduction in time spent on generalization of data obtained via sanitary-epidemiologic examina-
tions as well as a significant increase in validity of accomplished statistical calculations necessary to reveal factors that cause 
infectious agent transmission. 

Key words: sanitary-epidemiologic examination, epidemiological analysis, health risks, infectious diseases risks, infec-
tion focus, determinant of en epidemic process, infectious agent, evidence-based medicine, medical information science, 
medical cybernetics. 
 

 
 Biological terrorism is a grave problem 

related to providing biological safety nowa-
days as biological terroristic attacks on people 
are becoming more and more probable and 
there is a growing threat that infectious dis-
eases will spread rapidly [1–3]. But it is much 
more probable to face a biological terroristic 
act that is not clearly obvious when it is too 
difficult to track cause-and-effect relations and 
determine an actual goal pursued by terrorists 
who applied biological agents [4–6].  

State sanitary-epidemiologic surveillance 
should prevent occurrence and spread of haz-
ardous infectious diseases that can cause mass 
outbreaks and epidemics. In this respect bio-
logical safety provision is determined by a sys-
tem of state sanitary-epidemiologic surveil-
lance being well-developed and well-prepared 
to detect, localize, and eliminate infective epi-
sodes [2, 7–9]. To work out efficient and 
timely activities aimed at minimizing conse-
quences, localizing, and eliminating infective 
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episodes, one should make sanitary-epidemio-
logic investigations as efficient as it’s only 
possible [10, 11]. At present, as a number of 
sanitary-epidemiologic institutions is being 
gradually reduced but a number of object un-
der surveillance, on the contrary, is growing, 
issues related to staff, material, and instrumen-
tal provision call for implementing informa-
tion technologies (IT) that can support mana-
gerial decision-making [11–14]. 

Automated systems for control over vari-
ous infectious nosologies are widely used in 
Western European countries and the USA  
[13–19]. The most widely used systems are 
Germ Alert, Germ Watcher, Gideon, RODS, 
and EpidInfo. Analysis revealed that Gideon 
and EpidInfo systems were the most efficient 
as regards finding solutions to outstanding 
tasks; these systems are aimed at monitoring 
morbidity with infectious diseases and analyz-
ing monitoring data. However they can’t be 
efficiently applied in Russian public healthcare 
as they are built taking into account organiza-
tional structures in public healthcare, reports 
and accounts, and peculiarities related to pro-
viding medical assistance to population in a 
specific country. 

Domestic automated systems applied for 
control over morbidity with infectious diseases 
are aimed at keeping accounts and control over 
circulation of documents and at analyzing data 
including those on morbidity with infectious 
diseases as well as data on a sanitary-epide-
miologic situation at objects under surveil-
lance. However, none of such systems can 
provide automated collection, processing and 
analysis of data directly at foci where mass 
infective episodes occur; they don’t allow re-
vealing main determinants in epidemic proc-
esses and methods to eliminate basic ways and 
factors of contagion in organized teams. There 
are several problems related to creation of 
such systems; for example, there is a necessity 
to create algorithms for processing results ob-
tained via clinical examinations and epidemi-
ologic case histories; another problem is a ne-
cessity to formalize certain technological 
processes related to obtaining primary data on 
a disease from variable sources [20–23].  

Sub-systems for monitoring over hazard-
ous infectious diseases, analysis of data ob-
tained via clinical and laboratory examinations 
of patients and reference data are basic com-
ponents in automated systems that provide in-
formation support for decision-making when 
sanitary-anti-epidemic (preventive) activities 
take place [15–19]. It is also necessary to have 
a possibility to model epidemics scenarios de-
pending on an infectious agent, preventive 
measures that were taken, and potential ability 
to eliminate an infectious focus [20–22].   

Efficiency of anti-epidemic activities and 
medical aid for people who suffer from infec-
tious diseases is determined by clinical and 
epidemiologic diagnostics being efficient and 
correct; these activities should also be timely 
and it to a great extent depends on how rapidly 
basic determinants of an epidemic process and 
causes for an infective episodes have been re-
vealed [6–8, 10–13, 15, 17, 20]. When an epi-
demic is at its peak and patients with typical 
clinical symptoms are submitted to hospitals in 
great numbers, it is, as a rule, quite easy to de-
termine a nosology, and causes for its occur-
rence and spread, especially in such cases 
when it concerns epidemic outbreaks that are 
well-known to physicians (shigellosis, flu, vi-
ral hepatitis, etc.). However, there may be in-
fective episodes of diseases that are not so 
well-known, such as cholera, hemorrhagic fe-
ver with renal syndrome, malaria, contagious 
hemorrhagic viral fevers, etc.; they can occur 
both due to natural causes and biological ter-
roristic acts when a clinical course of a disease 
can’t be limited to only one nosology [10–27]. 
Therefore, to determine how an infectious 
agent is transferred in case of a mass infective 
episode, it is important to apply a principle of 
clinical-syndrome diagnostics (when major 
symptoms of a disease are revealed). Data 
taken from epidemiologic case histories and 
data obtained via operative epidemiologic 
analysis can be of critical importance for lo-
calizing and eliminating a focus of mass in-
fectious diseases [1–10].  

Our research can be considered vital due to 
Russian public healthcare being devoid of the 
above-mentioned sub-systems that are adapted 
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to peculiarities of data collecting and process-
ing when mass infections foci are localized and 
eliminated; such systems should take into ac-
count all the contemporary achievements in 
medical informatics.  

It is vital to determine basic ways and fac-
tors that induce contagion; to do that, experts 
who perform sanitary-epidemiologic investi-
gaions simultaneously detect infected people 
and those who were exposed to risks of conta-
gion, question and examine them, process data 
and analyze obtained results [23–29]. Such 
examinations are based on questioning that, as 
a rule, is a primary tool for collecting com-
plaints and symptoms of a disease that allow 
preliminary diagnosing and assuming how an 
infectious agent can spread and be caught; 
they also allow collecting data for epidemi-
ologic case histories or data on consumed food 
products [30–34].  

Our research goal was to increase effi-
ciency of sanitary-epidemiologic investiga-
tions in mass infections foci due to streamlined 
collecting and processing data necessary to 
support decision-making related to revealing 
basic determinants in an epidemic process as 
well as causes and conditions for infection oc-
currence and spread. 

Data and methods. Our research was 
simultaneously focused on detecting infected 
people and those who had been exposed to 
risks of contagion, questioning and examin-
ing them, data processing and analysis of 
obtained results. People who had been ex-
posed to risks of contagion were detected via 
questioning, with its results being conse-
quently processed.  

As typical questionnaires for patients 
recommended to be applied in such investiga-
tions don’t provide any possibility to auto-
matically process questioning results, we de-
veloped new questionnaires to be applied for 
collecting and processing data in a mass in-
fection focus (for acute enteric infections). 
Questionnaires included data on infected peo-
ple and those who had been exposed to risks 
of contagion with a possibility to provide 
console or optical data input for consequent 
automated processing of results. 

Questionnaires had a reference-identifica-
tion block (personal data), and two basic parts; 
one of them had to be filled in by a patient, 
another one, by a doctor (medical assistant). 
Table 1 contains a part of such a questionnaire 
as an example.   

T a b l e  1  
A questionnaire (a fragment) 

To be filled in by a patient 
1. Complaints: 
– headache                                          □ – no; □ – yes 
– overall weakness    □ – no; □ – yes 
– fever    □ – no; □ – yes 
…  □ – no; □ – yes 
2. Participating in: 
– field exercises □ – no; □ – yes 
– constructing □ – no; □ – yes 
– agricultural work □ – no; □ – yes 
… □ – no; □ – yes 
3. Water consumption: 
– from non-centralized water sup-
ply sources  

□ – no; □ – yes 

– potable water  □ – no; □ – yes 
– from open water reservoirs  □ – no; □ – yes 
4. Contacts with infected people □ – no; □ – yes 
5. Mechanical damage to skin: 
– mosquito bites □ – no; □ – yes 
…  
– visit to a dentist □ – no; □ – yes 
– injections □ – no; □ – yes 
 6. Data on nutrition 
1.Organized nutrition according to fixed rations: 
1 control day  
– cutlet □ – no; □ – yes 
– stewed meat □ – no; □ – yes 
– mashed potatoes □ – no; □ – yes 
– buckwheat cereal □ – no; □ – yes 
…  
2 control day  
… □ – no; □ – yes 
2. Additional list of products in non-organized 
rations 
– curds □ – no; □ – yes 
– sour cream □ – no; □ – yes 
– kefir □ – no; □ – yes 
…  

To be filled by a doctor 
Symptoms 
1. beginning of a disease  
– acute  □ – no; □ – yes 
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– sub-acute  □ – no; □ – yes 
– slowly progressive  □ – no; □ – yes 
2. Overall state a patient is in  
– satisfactory  □ – no; □ – yes 
– average gravity □ – no; □ – yes 
– grave  □ – no; □ – yes 
3. Body temperature  
– a drastic rise  □ – no; □ – yes 
– up to 38 °С  □ – no; □ – yes 
– 38 °С and more  □ – no; □ – yes 
4. Skin and mucous tunics 
… □ – no; □ – yes 
5. coated tongue  
… □ – no; □ – yes 
6. State of the digestive organs  
… □ – no; □ – yes 
7. Tachycardia □ – no; □ – yes 
8. Bradycardia □ – no; □ – yes 
9. Low blood pressure □ – no; □ – yes 
11. High blood pressure □ – no; □ – yes 
10. Enlarged liver □ – no; □ – yes 
11. Enlarged spleen □ – no; □ – yes 
12. Decreased daily diuresis □ – no; □ – yes 

 
A part of the questionnaire that was to be 

filled by a patient (or, following his or her 
words, by a medical expert) involved filling in 
basic complaints and data for epidemiologic case 
history. The other part that was to be filled by a 
doctor enlisted basic symptoms acute enteric in-
fections might have (primary clinical signs that 
were characteristics for certain acute enteric in-
fections such as dysentery, viral hepatitis of 
A type, cholera, salmonellosis, and yersiniosis). 

To avoid incorrect filling in question-
naires and to make analyzed data more valid, 
experts applied a system of predicates thus 
automatically checking whether questionnaires 
were filled correctly; this system allowed con-
trolling data input and warning a doctor that 
there was probably a mistake in data input or 
certain data had been inputted incorrectly.  

For example, high body temperature (Т1) 
can’t go with normal (Т2) or low (Т3) tempera-
ture. Therefore, when a predicate P (T) = if  
(T1 = true and T2= true) or (T1 = true and T3= true) 
or (T2 = true and T3 = true) or (T1 = T2 = T3) 
has “ture” value, it means that data on com-
plaints and symptoms of a diseases have been 
incorrectly filled in a questionnaire. 

We worked out our algorithm for a sani-
tary-epidemiologic investigation aimed at de-
termining basic ways and factors of contagion; 
this algorithm involved applying our devel-
oped questionnaires and could be considered a 
functional model for technological processes 
aimed at localizing and eliminating a mass in-
fection focus; the model also included relevant 
information flows and was completed with 
Ross’ notations (IDEF0), Gane – Sarson’s no-
tations (DFD), and Integrated Definition for 
Process Description (IDEF3) within All Fu-
sion Process Modeler 4.1 data modeling sys-
tem; its description can be found in [17, 19]. 

Data that were contained in questionnaires 
(complaints, symptoms, epidemiologic case his-
tories, and data on consumed food products and 
drinks) were processed with a technology that 
allowed us to generalize results of independent 
research in order to check suggested hypothe-
ses, or so called meta-analysis [11, 35–37].  
Algorithms applied for data processing in meta-
analysis procedures and interpreting its results 
are described in [35].  

Research results. Suggested solutions 
were verified during an investigation that 
was aimed at revealing reasons for several 
mass infective episodes. We compared an 
existing system for collecting and processing 
data related to statistical parameters (the sys-
tem was applied to detect basic determinants 
for epidemiologic processes related to those 
episodes) and a system for data collecting 
and processing based on all the suggested 
solutions. 

As an example, we can consider results ob-
tained during an investigation that focused on 
dysentery outbreak in an organized team; team 
members lived compactly on a closed territory 
and were provided with organized meals. 52 out 
of 160 team members caught dysentery (32.5%); 
13 people fell sick on the first day; 16, on the 
second day; 11, on the third day; 7, on the fourth 
day; 3, on the fifth day; and 2, on the sixth day. 

Our suggested approach involved filling in 
questionnaires both by those who had dysentery 
and those who ran a risk of contagion (control 
group); all the questionnaires were processed 
according to the following procedure. 
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On the first day when the disease was de-
tected we input information into the database 
that included both data from questionnaires 
filled in by those who felt sick on that day and 
by those who didn’t (the control group). On the 
second day we questioned only those who felt 
sick on that day and didn’t question healthy 
people (as we already had data on them filled in 
on the first day) etc. Starting from the second 
day, we created an intermediate summary table 
with data both on those who fell sick and the 
control group.  

For example: 13 people fell sick on the first 
day and the control group included 147 people; 
16 people fell sick on the second day and the 
control group now included only 131 people, etc. 
On the second day the summary table contained 
data on 29 sick people and 118 healthy ones in 
the control group. The same summary tables 
were created for each following day during the 
outbreak until new patients ceased to be re-
vealed. Accordingly, after all the data from filled 
questionnaires were fed and processed in a PC, 
the following reports were automatically created: 

1. A number of people who fell sick as per 
dates and isolation, affection as per divisions in 
an organized team, summing up quantity of sick 
people as a progressive total, as well as a typi-
cal graph showing dynamics of the disease de-
velopment (X axis showed dates of contagion; 
Y axis, a number of people who fell sick on a 
particular day).  

2. Complaints and symptoms. Basic com-
plaints that we received from people during the 
inspection were headache (71% sick people), 
thirst, dry mouth (85% and 98% respectively); 
colickly abdominal pains (65%). 65% and 
100% sick people complained they had tenes-
mus and diarrhea. The results were presented 
both in tables and on graphs. 

There were the following basic symptoms: 
acute onset of the disease involved drastic tem-
perature rise up to 39 С, patients were mostly in 
average gravity state, pains and spasms in the 
sigmoid section of the intestines were revealed in 
77% patients; 67% and 46% patients had frequent 
liquid stool with mucus and blood respectively.  

We analyzed the obtained results and re-
vealed prevailing complaints and symptoms 

that were typical for damage to the gastrointes-
tinal tract; it allowed a doctor to preliminary 
diagnose a disease and suggest a hypothesis 
that an infective episode was somehow related 
to contagion with food. 

3. Data taken from epidemiologic case his-
tories should include probable risk factors re-
lated to consuming water from non-centralized 
water supply systems, low quality food prod-
ucts, staying on geographically remote territo-
ries, possible contacts with infected people etc.  

As all the sick people didn’t attend any 
field activities during incubation, didn’t take 
part in agricultural works, and didn’t drink wa-
ter from non-centralized water supply systems, 
contagion was the most likely caused by sani-
tary-epidemiologic rules being violated during 
cooking.   

4. Reports on nutrition received by sick 
people and the control group were presented in 
the aggregate table. Dishes were selected from 
everyday menus by epidemiologists. In our ex-
amined case we took two menus, 2 and 3 days 
prior to the disease outbreak. We performed 
factor epidemiological analysis [24] to deter-
mine a specific product that was a possible fac-
tor causing contagion. 

The aggregate table with data on nutrition 
contained results for each specific product that 
was included into menus; data included those 
on how many people (%) who consumed this or 
that product were affected and on the control 
group (people who didn’t consume it), as well 
as significance of a zero hypothesis (“there are 
no discrepancies between sick people and the 
control group”) calculated with Pearson’s  
χ2 test and the exact Fischer’s test as per cross-
tabulation tables created for each product [35].  

We performed factor analysis to reveal 
what product was a contagion factor; to do 
that, we examined both groups: people who 
had consumed a certain product and the con-
trol group (people who hadn’t done it). We 
revealed how many disease cases occurred in 
each group after a specific food product had 
been consumed 2 days prior to the day when 
sick people were first detected and in how 
many cases there was absence of the abo-
ve effect. 
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Figure 1. Visualized results of factor epidemiologic 
analysis (the first day of the inspection, a fragment) 

 
Figure 2. Visualized results of factor epidemiologic 

analysis (the second day of the inspection, a fragment) 

Factor epidemiologic analysis aimed at de-
termining a food product that was a contagion 
factor was performed in three stages: signifi-
cance of a zero hypothesis was calculated; epi-
demiologic analysis results were visualized; ab-
solute and relative risks were calculated. 

Statistical properties related to authenticity 
of occurring effects caused by a specific prod-
uct being consumed were calculated as per 
cross tabulation tables according to [11, 35]; the 
results are shown in Figures 1 and 2. 

Y axis shows a list of consumed food 
products; X axis shows a difference between 
disease cases among people who were ex-
posed to a risk of contagion and in the control 
group. Segments that connect three given 
points for each product characterize how ap-
parent the disease occurrence is and how 
valid a suggested hypothesis is. The more to 
the right is a segment relative to the zero X 

axis, the more apparent is the disease and the 
higher its validity. And a product is consid-
ered to be a probable contagion factor if 95% 
confidence interval is located strictly to the 
right from the zero X axis. 

Thus, according to the research results 
(Figures 1 and 2), we can conclude that on the 
first day the most apparent effects indicating a 
product could be a contagion factor were de-
tected for lula-kabab, cheese, potato soup, and 
pelmeni; effects were not so apparent for cut-
lets, buckwheat cereal, macaroni pudding, 
salad, rump steak, and goulash; there were no 
effects detected for stewed meat, mashed pota-
toes, butter, milk, and shchi. 

As for products consumed on the second 
day, the most apparent effects were detected 
for vegetable salad and beef Stroganoff. Ef-
fects were either vague or absent for all the 
other products consumed on that day. 

To confirm the obtained results, we calcu-
lated absolute and relative risks of contagion 
caused by consumption of the listed products 
(Table 2). The highest absolute and relative 
risks were detected for lula-kabab and cheese. 

On the second day the highest absolute 
and relative risks were detected for salad and 
beef Stroganoff. But significance of a zero 
hypothesis was p = 0.09 for vegetable salad 
and p = 0.08 for beef Stroganoff, that is,  
it was higher than its critical value being 
equal to 0.05.  

Therefore, epidemiologic analysis as per 
risk factors based on analyzing cross tabula-
tion tables and visualizing its results allowed 
us to reduce a list of products that could possi-
bly cause contagion by 64% at the first two 
stages (determining significance of a zero hy-
pothesis and visualizing research results); and 
by additional 30% at the third stage (calculat-
ing absolute and relative risks). We detected 
that only 4 out of total 28 products that could 
possibly be risk factors were the most probable 
causes of contagion (lula-kabab, cheese, potato 
soup, and pelmeni).  

The obtained results were consistent with 
the data obtained via epidemiologic investiga-
tions on the infective episode and confirmed 
by laboratory research. 
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T a b l e  2  
Affection, absolute, and relative risks of contagion caused by consumption of food products 

included into menus 2 days prior to the day when the first disease cases were registered (a fragment) 

Affection, % 
A food product Among people who 

consumed a product
In the control 

 group 

Significance 
of a zero  

hypothesis 

Absolute 
risk 

Relative 
risk 

The 1st  day 
Cutlet 38.71 23.88 0.07 14.83 1.62 
Stewed meat 21.25 43.75 0.001 -22.5 0.49 
Macaroni pudding 30.49 34.62 0.47 -4.13 0.88 
Butter 32.08 100 0.019 -67.92 0.32 
Milk 26.56 56.25 0.0006 -29.69 0.47 
Cheese 46.38 21.98 0.0019 24.4 2.11 
Lula-kabab 85.71 27.4 0.0008 58.31 3.13 
Rump steak 37.5 29.81 0.42 7.69 1.26 
Goulash 40.28 26.14 0.083 14.14 1.54 
Pelmeni 47.17 25.23 0.009 21.94 1.87 

The 2nd day 
Vegetable salad 35.56 16 0.09 19.56 2.22 
Minced collops 20 36.67 0.03 -16.67 0.55 
Beef Stroganoff 36.67 20 0.08 16.67 1.83 
Goulash 29.03 44.44 0.05 -15.41 0.65 
Steak 27.08 34.82 0.25 -7.74 0.78 
Milk 32.69 25 0.82 7.69 1.31 
Butter 16.92 100 0 -83.08 0.17 

 
When necessary, this algorithm can be 

applied to test other hypotheses on probable 
causes for contagion. 

Therefore, when questioning results are 
properly processed, it allows timely determin-
ing a probable contagion factor; it is truly vital 
for performing efficient sanitary-epidemiolo-
gic investigaitons. 

Discussion. Our assessments revealed that 
an epidemiologist on average spent 20-30 min-
utes per 1 patient to collect data on clinical signs 
of a disease and other necessary data for epide-
miologic case history. When an infective epi-
sode is massive and 15-25 people fall sick 
every day, it takes on average 2-3 hours to cre-
ate analytical tables, generalize, and analyze 
available data. 

Our research revealed that the suggested ap-
proach allowed a substantial reduction in amount 
of time spent on generalizing all the obtained 
data; this amount dropped by more than 60 times, 
from 3 hours to 3 minutes. It also allowed making 

statistical calculations much more valid due to 
simultaneous use of several complimentary statis-
tical techniques. The most significant time gain 
was obtained via applying optical input of data 
from formalized questionnaires. 

Results that we obtained expand and de-
velop the existing theoretical and practical ex-
perience in IT implementation into sanitary-
epidemiologic research; they have great prac-
tical significance, especially bearing in mind a 
future transition to electronic circulation of 
documents within providing medical assis-
tance to population.  

The suggested way to implement IT into 
support for decision-making processes during 
sanitary-epidemiologic investigations allows 
optimizing collection and processing of data 
that are necessary to detect basic determinants 
of an epidemiologic process as well as causes 
and conditions of infection occurrence and 
spread. The achieved effect is higher effi-
ciency in preparing data for factor epidemi-
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ologic analysis; timely detection of factors that 
determine contagion risks and risks of morbid-
ity; revealing primary ways of contagion; and 
validity of obtained results.  

Conclusions. To provide timely epide-
miologic analysis that supports decision-
making when basic determinants of an epi-
demic process are revealed is a primary  
goal to be achieved via optimizing collec-
tion and processing of data during sanitary-
epidemiologic investigations in mass infec-
tions foci. 

A questionnaire applied to collect primary 
data on sick people and those who ran risks of 
contagion was adapted for further processing 
with IT; it is a basis for data structuring when 
an acute enteric infection is preliminary diag-
nosed. This questionnaire contains sufficient 
amount of primary data on sick people that 
allows assessing health of any patient objec-
tively and obtaining generalized data on a 
group of examined people.  

Questioning results are automatically 
processed due to implementing optical data 

input with automated primary test of its cor-
rectness based on a system of predicates and 
consequent visualization of results obtained 
via statistical data processing. It provides a 
significant time gain and increases validity of 
initial data that are necessary to support deci-
sion-making during sanitary-epidemiologic 
investigations. 

Suggested IT for data collection and proc-
essing during sanitary-epidemiologic investiga-
tions allow achieving more efficient collection 
and processing of initial data; providing greater 
validity of data analysis when revealing basic 
determinants of an epidemic process (due to 
simultaneous use of several complimentary sta-
tistical techniques); reducing time that is neces-
sary to make a decision on anti-epidemic pro-
tection of population and to eliminate conse-
quences of bioterrorism. 
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There is a pressing issue in prevention medicine related to improving approaches to detecting risk factors and reduc-

ing incidence with community-acquired pneumonia (CAP). Such approaches include analyzing health risks associated with 
adverse impacts exerted by environmental factors. 

Our research goal was to assess incidence with CAP in initially healthy organized communities made up of cadets un-
der influences exerted by a set of factors related to a body adapting to training at higher military educational establishments 
as well as to specific sea climate in Kaliningrad enclave. 

We applied epidemiologic analysis to assess incidence with CAP in educational establishments with different training 
conditions. We determined peculiarities related to registering disease cases among local students and those who came from 
other Russian regions; we also comparatively analyzed annual incidence among first-year cadets. 

Incidence among first- and second-year cadets was authentically higher than among senior ones. First-year students 
accounted for the greatest share in the overall incidence and it proved that adaptation to training was a truly significant 
factor. Incidence among cadets from other regions was higher and it proved that acclimatization to specific climatic and 
weather conditions was also a significant factor. Higher incidence among cadets who had poorer training conditions during 
their first and second training year confirmed that training conditions could also be considered a risk factor that caused 
CAP. Two peaks in annual morbidity among first years cadets were likely due to both a factor related to a new organized 
community formation and seasonal factors. 

The fact that the disease is detected among cadets at each year makes it necessary to analyze incidence with CAP in 
order to detect probable “specific” risk factors and to provide differentiated prevention for each year. 

Key words: educational establishments, cadets, community-acquired pneumonia, incidence, study cohorts, relative risk. 
 

 
 Community-acquired pneumonia (CAP) 

remains a significant social issue being a 
widely-spread disease among civilians and 
military personnel [1–3]. As per data provided 
by Rospotrebnadzor, in 2017 incidence with 
the disease amounted to 412.32 cases per 100 
thousand people1. A number of virus pneumo-
nia cases went down by 2 times against the 
previous year together with a registered de-
crease in incidence with flu; but there were 

practically no changes in a number of bacterial 
CAP cases and the incidence in 2017 was 
4.3% higher than in 2016. 

Children are the primary risk group as per 
CAP as the maximum incidence with the dis-
ease was registered among children aged 1-2 
(1,470.06 per 100 thousand children of this 
age) [4], other risk groups include adults who 
suffer from pathologies in the upper respira-
tory tracts, overweight, pancreatic diabetes, 
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chronic lung and liver diseases, as well as rein-
forcements who start their military service [2, 
5]. A factor related to adaptation and acclima-
tization was significant among students and 
cadets who attended higher educational estab-
lishments [6–12] and had to adapt themselves 
to specific occupational training [11]. A period 
during which there was a risk of an increase in 
incidence with CAP was determined for for-
eign students of a military HEE [6]; research-
ers also revealed a role played by seasonal ac-
climatization of the respiratory system (espe-
cially in September and October) in greater 
loads on the system accompanied with an in-
crease in respiratory organs diseases [12]. 
Nevertheless, there has been no research or 
differentiated analysis on incidence with CAP 
among cadets in a specific climatic region only 
during a period of adaptation to training condi-
tions as well as acclimatization to specific 
weather conditions.  

To prevent CAP, there is immunization 
against pneumococcal infections both among 
children within the national prevention vacci-
nation schedule (Prevenar-13 13-valent con-
jugated vaccine) and adults from risk groups 
(23-valent polysaccharide pneumococcal vac-
cine) that is quire efficient [13, 14]. A set of 
preventive and anti-epidemic activities al-
lowed to decrease incidence with CAP among 
draft military personnel from 69.6‰ in 2010 
to 27.2‰ in 2017, that is, by 2.6 times. How-
ever, this incidence still remains high in com-
parison to current incidence among contracted 
military personnel (5.3‰) and population 
(8.8‰) [15]. 

Therefore, there is still a vital issue in 
practical medicine regarding improved ap-
proaches to risk factors determination and a 
decrease in CAP incidence. Several authors 
state it is necessary to create and implement 
programs aimed at preventing respiratory or-
gans diseases, and at modeling criteria for de-
termining risk groups as per bronchopulmon-
ary pathology [6, 12]. Such mechanisms in-
clude health risk analysis methodology which 
can be applied to analyze risks caused by 
negative impacts exerted by adverse environ-
mental factors [16].  

Our research goal was to assess inci-
dence with CAP among initially healthy ca-
dets from organized teams under influences 
exerted by a set of factors related to a body 
adapting to training conditions at a military 
HEE and acclimatization to sea climate in Ka-
liningrad enclave. 

 Research tasks: 
1. To apply epidemiologic analysis in or-

der to assess incidence with community-
acquire pneumonia at two military higher edu-
cational establishments with different training 
conditions; 

2. To assess influence exerted by acclima-
tization on incidence with CAP among cadets 
from military HEE, both coming from Kalin-
ingrad region and those who came to Kalinin-
grad enclave from other Russian regions; 

3. To perform comparative analysis of 
annual incidence with CAP among first-years 
students at both establishments; 

4. To determine relative risk of incidence 
with CAP in teams with synergic environ-
mental factors that differed in their intensity. 

Data and methods. We performed co-
hort studies at two military higher educa-
tional establishments in Kaliningrad region. 

We accomplished a retrospective com-
parative analysis of incidence with CAP at 
two military HEE over 5 years (September 
2012 - September 2017) under the same in-
fluences exerted by Baltic Sea climate. Ca-
dets didn't have any preventive vaccination 
against CAP before they arrived at a HEE 
and during their training. Cadet teams had 
some differences in their parameters such as 
different occupational assignments, hygienic 
placement conditions, meals, and a ratio of 
cadets from Kaliningrad region and those 
who came from other regions. At the first 
HEE, shares of local students and those who 
came from other regions amounted to 57.7% 
and 42.3%: at the second one, 13.2% and 
86.8% respectively. 

Cadets from the first HEE lived in stan-
dard modern buildings and air per 1 person in 
first-year students bedrooms amounted to 
16,3 m3, and in the second HEE, to 9,9 m3. 
Cadets from the 2nd HEE lived in premises 
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built in 20-30ties of the 20th century (non-
standard buildings with basements). 20 cadets 
lived in each room, and air per 1 person in 
bedrooms for the first and second year stu-
dents amounted to 9.9 m3; temperature inside 
might drop to 16–180С in late September or 
early October, and there was increased humid-
ity inside. 

Meals were delivered by an outsource 
company (a choice of 3-4 dishes per each 
meal) or they were provided by HEE itself ac-
cording to a ration schedule (one dish per a 
meal). 

We assessed incidence (per 1 thousand 
people, ‰) as per training years (1–5) and 
determined peculiarities related to diseases 
registration from the 1st to 5th year. Applying 
the same approach, we assessed incidence 
among local cadets and those who came from 
other Russian regions. These data were con-
sidered to show dependence of the disease on 
natural resistance of a body and acclimatiza-
tion. We examined annual and long-term dy-
namics of incidence. 

We determined relative risks (OR) for in-
cidence with CAP in cadet teams with differ-
ent influences exerted by synergic environ-
mental factors with a PC program.  

The results were statistically processed 
with AtteStat software package. Validity of 
discrepancies between incidence levels was 
determined with Student's t-test. 

Results and discussion. The climate in 
Kaliningrad enclave has some peculiarities 
that make it rather distinct from other regions 
in the Russian Federation:   

1. Radiation balance is negative during 
four months (from November to February): 
substantial cloud cover reduces direct sun ra-
diation income by 50–60%;  

2. The territory is exposed to cyclonic 
circulation for 173 days a year and it makes 
the sky cloudy and causes moderate and 
strong winds;  

3. Relative air humidity is 81–82%, but in 
autumn and winter it goes up to 85–89%. High 
humidity and heavy cloudiness exert signifi-
cant influence on changes in light conditions 
(there are only 30-33 sunny days a year);  

4. Annually there are 178-183 days with 
precipitation in the region. There are also fre-
quent fogs (in November-December and in 
March, they last for 30–40 hours) [8, 9];  

Diseases from the "Diseases of the respi-
ratory system" category took the first rank 
place in the incidence structure at both HEE, 
accounting for 52.1% and 70.9% accordingly.  

Over the analyzed period, incidence at the 
first HEE was 2.5 times lower than in the sec-
ond one, 20.7±3,1‰ against 51.2±3,8‰, 
р=0.000. We analyzed incidence as per train-
ing years and found out that authentic discrep-
ancies occurred only during the 1st year as the 
figure was 2.52 times higher at the second 
HEE (Table 1). 

T a b l e  1  
Incidence with CAP in two educational 
establishments as per training years, ‰ 

Compared groups Training 
year HEE 1 HEE 2 

р = HEE 1/
HEE 2 

1 46.9±8.2 118.2±9.6 0.000 

2 22.8±6.2. 
р=0.019* 

34.3±6.1. 
р=0.000* 0.188 

3 6.3±3.6. 
р=0.022** 

7.5±3.3. 
р=0.000** 0.808 

4 3.3±3.3 9.9±4.9 0.274 
5 6.5±6.5 4.0±4 0.742 

Note: *р1–2;  **р2–3.  
 
Trends in incidence registration from the 

1st to 5th year were quite similar at these two 
HEE as the absolute decrease amounted to 
10.1% in the first one, and 28.5% in the sec-
ond one, decrease rate being equal to 18.6% 
and 44.2% respectively. Incidence with CAP 
authentically decreased at the second training 
year, by 2.1 times at the first HEE (р=0.019), 
and by 3.4 times, at the second one (р=0.000). 
However, it was still higher than at the 3rd 
training year, by 3.6 and 4.6 times respec-
tively. And any discrepancies between inci-
dence at the examined HEE disappeared only 
at the 3rd-5-th year. 

Overall, incidence was higher among ca-
dets who came from other regions than among 
local ones, by 2.0 times at the first HEE, and 
by 1.52 times, at the second one (Table 2). In 
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turn, incidence among cadets was authentically 
higher at the second HEE than at the first one, 
by 2.6 and 3.0 times respectively. 

T a b l e  2  
Incidence with CAP at two HEE among  
local cadets and those who came from  

other RF regions, ‰ 
Cadets 

HEE Local From other 
regions 

р = local/other

1 14.2±3.9 28.8±4.7 0.017 

2 43.0±10.2 
р=0.008 

65.4±4.5. 
р=0.000 0.046 

 
We analyzed incidence as per training 

years in both cadets cohorts and revealed the 
same dependence (Tables 3 and 4). Authentic 
discrepancies between incidence levels among 
local cadets and cadets from other regions 
were registered only at the 1st training year. 
Incidence was 3.0 times higher among cadets 
from other regions at the first HEE, and 1.74 
times higher, at the second one. However, at 
the first HEE there were no discrepancies in 
incidence among local cadets between the 1st 
and the 2nd training year, but as for cadets 
from other regions, incidence at the 2nd train-
ing year was 2.2 times lower than at the 1st 
one and there were no discrepancies in inci-
dence levels at the 2nd and 3rd year. 

As for the 2nd HEE, incidence with CAP 
was lower at the 2nd training year that at the 
1st one, both among local cadets and those 
who came from other regions, by 1.7 times and 
4.0 times respectively. There were no authen-
tic discrepancies in it at the 3rd training year 
among local cadets, but incidence among ca-
dets from other regions was 3.2 times higher. 
There were no discrepancies in incidence 
among local cadets and cadets form other re-
gions at the 3rd - 5th training years. 

We analyzed incidence with CAP 
among first-year cadets at the first HEE in its 
long-term dynamics and reveled a descend-
ing trend (an absolute annual decrease was 
equal to 8.5‰). Rises in incidence against 
the basic trend were detected in 2012-2013 
and 2014-2015 training years. We detected an  

T a b l e  3  
Incidence with CAP in the first HEE 

as per training years, ‰ 
Cadets Incidence as 

per training 
years Local From other 

regions 

р = local/
other 

1 20.8±8.4 62.7±12.4 0.005 

2 18.5±7.5 
р1-2=0.844* 

28.7±10.7 
р1-2=0.038 0.433 

3 22.5±9.1 
р=0.733 

33.7±12.5 
р=0.762 0.470 

4 5.7±5.7 
р=0.117 

8.3±8.2 
р=0.09 0.796 

5 10.3±10.3 17.9±17.7 0.713 

Note: *р1–2; 2–3 etc. 

T a b l e  4  

Incidence with CAP in the second HEE 
 as per training years,‰ 

Cadets Incidence as 
per training 

years Local From other 
regions 

р = local/
other 

1 75.2±22.9 131.0±10.7 0.027 

2 44.2±19.3 
р1-2=0.302*

32.9±0.6 
р1-2=0.000 0.578 

3 11.8±11.7 
р2-3=0.152

10.3±4.2 
р2-3=0.003 0.909 

4 11.9±14.1 9.9±4.9 0.894 
5 16.9±16.8 7.4±4.3 0.582 

Note: *р1–2; р2–3 etc. 
 

ascending trend in incidence at the second HEE 
with its absolute annual growth being equal to 
28‰ and rises in incidence in 2013-2014 and 
2015-2016. In those years up to 80% disease 
cases were detected among first- and second-
year cadets, with first-year cadets accounting 
for 60% of them. 

CAP cases were detected at both HEE 
year-round, however, the upper limit of all-
year incidence (ULAYI) was 1.8 times higher 
at the second HEE than at the first one and 
amounted to 4.4‰ against 2.4‰ at the first 
HEE (Figure). Monthly incidence dynamics 
was the same and tended to have two seasonal 
rises, from August to December, and from 
February to March, however, their intensity 
was different as the peak incidence was 3.8 times 
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higher at the second HEE during its epidemic 
rise and reached 22.2‰, against  5.9‰ at the 
first HEE and it means there were active risk 
factors at the second HEE. 

 
Figure. Annual incidence with CAP among  

first-year cadets, ‰ 

Relative risk of incidence with CAP was 
higher at the second HEE than at the first 
one and amounted to 2.436 units; it was due 
to difference in influences exerted by syner-
gic environmental factors. Relative risk of 
incidence with CAP among first- and sec-
ond-year cadets was also higher, OR=2.411 
and OR=1.855.  

A set of these factors exerted more appar-
ent impacts on incidence among cadets at the 
second HEE, both local ones and those who 
came from other Russian regions, ОR=3.036 
and OR=1.932. 

Acclimatization-related processes in a 
body made their own contribution into inci-
dence as it was proven by relative risk values 
at each HEE, its value being equal to 2.462 at 
the first HEE, and to 1.569, at the second one. 

All the research results were obtained via 
analyzing incidence with CAP on a specific 
territory with its weather and climatic peculi-
arities. Physical environmental factors pro-
duced negative effects on health during differ-
ent seasons [17–19]. Two rises in annual inci-
dence among first-year cadets were probably 
caused by both factors related to a new team 
formation and seasonal factors. In its turn, in-
cidence among cadets who came from other 
regions proved that adaptation mechanisms 
were a significant risk factor in case of such 
pathology. 

Our research was based on the following 
propositions: 

analysis performed on cohorts that include 
initially healthy people allows to reveal factors 
that play a significant role in epidemiologic 
process development and determine various 
"approaches" to preventing the disease;  

total incidence and incidence with respira-
tory organs diseases to a certain extent reflects 
immunity level and characterizes how adapted 
young men are to training conditions [10]; 

health is an indicator related to influences 
exerted by synergic adverse environmental fac-
tors and training-related factors and it should be 
taken into account when implementing medical 
and preventive activities [11].  

Analysis of incidence with CAP among 
initially healthy cadets who attended two HEE 
allowed to reveal the same peculiarities.  

1. Average incidence with CAP was au-
thentically higher among first- and second-
year cadets than among senior ones. First-year 
students accounted for the major share of inci-
dence with CAP  and it proved that a factor 
related to adaptation to training conditions was 
truly significant.  

2. Incidence at each HEE had a correla-
tion with a share of cadets who were not ac-
customed to local weather and climatic condi-
tions; it proved that acclimatization factor 
was significant as adverse impacts exerted by 
Baltic Sea climate on health of cadets who 
came from other Russian regions became ap-
parent via excess incidence. It allowed us to 
conclude that these weather and climatic con-
ditions were clinically irritating for this cate-
gory of people.  

3. Training conditions also had their ef-
fects on incidence with CAP as it was proven 
by higher incidence among first- and second-
year students at the second HEE and it meant 
they were risk factors that could probably 
cause CAP.  

4. Relative risks calculated among cadets 
from two HEE as per different training years 
and different cohorts (local cadets and those 
from other regions) proved  that synergic envi-
ronmental conditions exerted its influence on 
incidence with CAP. 
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The obtained data allowed to conclude 
that first-year cadets ran the highest risks of 
CAP. Training conditions at a military HEE 
cause increased incidence both during the first 
and the second training year. Cadets who come 
to Kaliningrad enclave from other regions also 
run elevated CAP risks.  

Disease registration that takes place at each 
training year determines the necessity to perform 

a retrospective analysis of incidence with CAP 
in order to reveal "specific" risk factors and 
probably differentiated activities aimed at CAP 
preventing among cadets at each training year. 
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S.I. Dolomatov1, T.P. Sataeva1, W. Zukow2 
1Medical Academy named after S.I. Georgievsky of Vernadsky Crimea Federal University, 5/7 Lenin Boulevard, 
Simferopol, 295006, Russian Federation jurisdiction 
2Universitas Nicolai Copernici, 1 Lwowska  Str., 87–100 Toruń, Poland 
 

 
Cobalt is an essential microelement which is an indispensable part of several enzymes and co-enzymes. Cobalt ions 

may occur in the environment from both natural sources and due to human activities. This metal is very widespread in the 
natural environment and can be formed due to anthropogenic activity. Toxic effects produced by cobalt and its compounds 
depend on the physical and chemical properties of these complexes, including their electronic structure, ion parameters 
(charge-size relations) and kinetics. Cobalt has both beneficial and harmful effects on human health. Cobalt is beneficial for 
humans because it is a part of vitamin B12, which is essential to maintain human health. If  humans and animals are exposed 
to levels of cobalt normally found in the environment, it is not harmful. When excessive cobalt amounts enter a human body, 
multiple and chronic harmful health effects can occur and the longer the cobalt ions are stored in the body, the more 
changes they cause in cells. Cobalt gets into a body via several ways: mainly with food, via the respiratory system, through 
the skin or as a component of various biomaterials.  Despite this metal being abundant, much of our knowledge on cobalt 
toxicity is based mainly on studies performed on animals. Undoubtedly, inorganic forms of cobalt are toxic as they accumu-
late in various tissues and can evoke a chain of pathological cascade changes in cells. Although some cobalt effects might be 
beneficial for medicine. Therefore, the purpose of our review is to provide the current analysis about the most significant 
regulatory, pathophysiological and epigenetic effects of Co2+ in a human body. 

 Key words: cobalt, Co2+ salts, Co2+ kinetics, heavy metal, cobalt toxicology, pathophysiology, epigenetics. 
 

 
Introduction. The environmental pollu-

tion with xenobiotics is one of global unre-
solved problems, the relevance of which in-
creased even more in the 21st century. 
Among modern xenobiotics the leading posi-
tion is occupied by salts of heavy non-
ferrous metals, which are extracted in large 
quantities into the human habitat. These in-
clude toxic trace elements such as: lead, 
cadmium, cobalt, chromium, mercury, alu-
minum, etc. Heavy nonferrous metals enter a 
body not only through the gastrointestinal 
tract, which is most vulnerable to effects 

produced by man-made exotoxicants, but 
also through the respiratory organs, integu-
ments and mucous membranes, especially 
with decreased barrier functions. 

 According to the modern data rather 
high bioavailability of cobalt salts and the 
presence of metal mineral compounds in 
human trophic chains can be caused by both 
endemic geochemical factors and the human 
activity itself associated with the operation 
of coal-fired power plants, the production of 
certain foods, the mining and processing of 
metals, medical alloys, ceramics, household 
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waste disposal, etc. There are numerous 
available data indicating a role diet plays in 
the intensity of cobalt entry into a human 
body [1–4]. The results of kinetics research 
on the bivalent cobalt ions (Co2+) in a hu-
man body demonstrate that the maintenance 
of stable systemic indicators of this ion can 
be enhanced by binding the cation to plasma 
polyanion proteins (e.g. albumin); accumula-
tion of significant amounts of Co2+ inside 
erythrocytes; its intense reabsorption by tu-
bular nephron epithelium. The predominant 
pathways for cobalt excretion out of a human 
body or other mammals' ones are the kidneys 
and the gastrointestinal tract. The intensity 
of renal clearance of Co2+ rather accurately 
reflects the balance of the soluble ion frac-
tion in the extracellular body fluid. A mod-
ern methodology for estimating the level of 
cobalt consumption by people can be based 
on analysis of the Co2+ dynamics in blood 
and urine [5–7]. Along with this, in popula-
tion studies it is quite interesting to compare 
the dynamics of cobalt content in various 
human blood and hair samples. The parallel 
between the metabolic pathways in a human 
body of the Ca2+ and Co2+ cations is em-
phasized suggesting a preferential distribu-
tion of those cations in the intravascular 
fluid, in erythrocytes and in specialized cel-
lular organelles of certain tissues with high 
rates of Ca2+ metabolism [8]. In particular, 
in experiments conducted on rats the cardio-
toxic effect of bivalent cobalt salts was dem-
onstrated mainly due to the accumulation of 
the Co2+ cation inside the cardiomyocytes. 
On the other hand, experimental evidence is 
given for the thesis stating that the intracel-
lular metabolism of Co2+ may be closely 
linked with the metabolism of Zn2+ ions and 
the transport system of positively charged 
aminoacids through cationic amino acid 
transporter – Cat1 [9]. 

 There are several reasons why the de-
velopment of effective methods for assessing 
the levels of Co2+ intake and the study of its 
kinetics in a human body can have practical 

importance. Firstly, physiologically active 
Co2+ -containing complex compounds (co-
balamins) are vital for the normal biochemis-
try of physiological processes. Secondly, co-
balt mineral salts (Co2+) are constantly pre-
sent in food products, mainly of animal 
origin (EFSA Panel on Additives, 2009). The 
obtained data suggest that a permissible 
daily intake of Co2+ into a human body may 
be limited up to 1,000 μg / day. According to 
other data, a permissible daily intake dose 
for Co2+ is about 600 μg / day (EFSA Panel 
on Additives, 2009). The existing sanitary 
norms of the Republic of France stipulate the 
limiting values of the permissible daily con-
sumption of Co2+ (depending on age), which 
are 1.6-8 µg / kg bw / day [10]. Given that 
normal food intake of cobalt ions is, on av-
erage, 0.012 mg day − 1 per person, reaching 
higher values in some populations of India 
0.23 mg day−1 and Japan 0.036 mg day−1. 
Excessive physiological norms of oral con-
sumption of Co2+ can cause toxic effects, 
activating the processes of mutagenesis, car-
cinogenesis and tissue necrosis through the 
induction of reactive oxygen species forma-
tion and suppressing the work of DNA repair 
systems [11–13], activation of pro-inflam-
matory factor products, thyroid dysfunction, 
increased risk of cardiomyopathy, encepha-
lopathy and congenital birth defects [14–16]. 
The obtained data from population-based 
studies confirm that higher levels of cobalt 
intake into a human body may lead to a de-
crease in visual acuity [17].  

 In humans as well as in other mammals 
the mineral salts of Co2+ do not participate 
in the processes of biosynthesis of cobala-
mins by the intestinal microflora. At the 
same time we have obtained some data re-
ports indicating that Co2+ ions coming from 
food (not included in cobalamins) can cause 
regulatory effects mediated by the produc-
tion of physiologically active substances that 
act as a kind of cation mediators in relation 
to various tissues and organs. Primarily, 
these effects are related to hypoxia-inducible 
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factor (HIF) [18–21]. Meanwhile, that par-
ticular influence of cobalt on a body which is 
mediated through the hypoxia-inducible fac-
tor does not entirely correspond to the gener-
ally accepted views on the toxic effects of 
cobalt substances. Perhaps, therefore, over 
the past two decades, this line of research 
has quite clearly transformed into an inde-
pendent research direction. The presence of 
its own specific approaches and research 
methods allows it to productively bring 
about a range of issues concerning the 
pathophysiological and regulatory aspects of 
the Co2+ influence on a human body. In our 
opinion, this is the most promising and rele-
vant direction for both fundamental science 
and practical medicine. 

Consequently, the purpose of our data 
analysis is to provide the current informa-
tion about the regulatory and pathophysi-
ological effects of Co2+ in a human body 
regarding the systemic, tissue and molecular 
levels after toxic food intake or during ac-
cumulation of the cobalt cation in the ex-
tracellular body fluid. 

Toxic effects of cobalt. In the context 
of the facts under consideration, information 
on the pronounced direct toxic effects of co-
balt can appear to be rather interesting be-
cause it allows to make a clearer distinction 
between the mechanisms of the regulatory 
and toxic effects of Co2+. It should be noted 
that the origin of the toxic effects and the 
level of the toxic dose of cobalt cation 
largely depend on the way how it enters the 
body: orally, inhaled, or through the skin. 
According to some authors, the threshold 
values of its oral intake were identified, the 
excess of which causes a toxic effect. In par-
ticular, for oral administration of Co2+, the 
minimum risk threshold is associated with 
daily ion intake of about 0.01 mg Co / kg 
body weight / day. The review shows that 
induced Co2+ cardiomyopathy can be caused 
by food intake of an ion within 0.04 to 0.14 
mg Co / kg / day. There is an opinion on the 
relevance of studies aimed at substantiating 

the threshold levels of Co2+ compounds in a 
human body since the proportion of anthropo-
genic factor in the bioavailability of this 
chemical element for humans has signifi-
cantly increased. It has been suggested that 
the threshold values of the systemic toxic 
effects of Co2+ may be due to the saturation 
of the intravascular deposition systems of the 
cation (plasma proteins and erythrocytes) 
and an increase in the concentration of 
free [22].  

Hence, not only the levels of food intake 
of metal ions, but the state, for example, of 
protein metabolism, can determine the de-
gree of Co2+ toxicity. Indeed, there are di-
rect evidences that a low protein diet can be 
considered as an additional risk factor for the 
development of the toxic effects produced by 
Co2 +. The results of clinical studies also 
confirmed the ability of plasma proteins to 
bind Co2+ ions, emphasizing the possible 
role of this mechanism in neurotoxic effects 
produced by metal cations. 

 The available data suggest that the di-
rect toxic effects of Co2+ on humans and 
animals occur mainly due to the elevation of 
reactive oxygen species resulting in the acti-
vation of lipid peroxidation and proteins, fol-
lowed by severe destructions of nucleic acids 
and the suppression of DNA repair systems 
[23]. It is indicated that the application of 
antioxidants reduces the toxic effect of co-
balt [24]. The authors of the cited review in-
dicate that not only salts, but also metallic 
cobalt possess genotoxic properties, while 
cobalt compounds, for example, with tung-
sten or tungsten carbide, can enhance their 
genotoxic and carcinogenic properties. 

 Meanwhile, there is some evidence that 
direct damage to mitochondria can be con-
sidered as another pathogenetic mechanism 
of polyorganic disorders induced by cobalt 
salts [25]. According to the authors of the 
cited publication, the toxic effect of Co2+ on 
mitochondria contributes to the development 
of oxidative stress and damage to mitochon-
drial DNA regardless of the nuclear DNA 
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damage. In vitro studies on murine embry-
onic stem cells revealed that cobalt dichlo-
ride CoCl2 enhanced the formation of reac-
tive oxygen species, reduced the level of an-
tioxidant defense, promoted the release of 
cytochrome C from mitochondria into the 
cytoplasm and finally activated mitochon-
drial cell apoptosis [26]. The authors high-
lighted that toxic effects of cobalt dichloride 
depended on a dose and a time period during 
which cells were exposed to a medium con-
taining heavy metal ions. It was reported that 
cobalt dichloride was able to induce the for-
mation of a superoxide anion in the mito-
chondria of various human cells [27].  

In our opinion, it should be taken into 
account that the toxic levels of Co2+ can 
have a specific effect on the immune system. 
In particular, studies on human monocytes 
and neutrophils in vitro have shown that 
Co2+ cations activate the Toll-like receptor-
4 (TLR4) of leukocytes, stimulating cell mi-
gration, resulting in increased production of 
pro-inflammatory cytokines and the forma-
tion of foci of infiltrates [28]. On the other 
hand, the induced by Co2+ Toll-like recep-
tor-4 is expressed on the human microvascu-
lar endothelial cells [29]. So, the cited results 
go in a good agreement with the previously 
obtained information about Co2+-dependent 
induction of TLR4 in murine peritoneal 
macrophages is accompanied by the over-
production of pro-inflammatory cytokines 
and tissue hormones [30]. 

Nevertheless, the analysis of the toxic 
properties that a substance might have 
should be always based on research on its 
kinetics in a human body. On one hand, a 
number of organs (myocardium, liver, kid-
neys) with the ability to accumulate Co2+ 
ions have been identified. There is indication 
of a change in metabolic processes in the 
liver and kidneys of rats exposed to pro-
longed exposure to cobalt dichloride in a dose 
equal to 12.5 mg cobalt kg-1 for 7 days [31]. 
Pathomorphological studies have shown that 
cobalt dichloride leads to dose-dependent 

structural disorders in the liver and myocar-
dial tissue [32]. In the context of the previ-
ously discussed issues, it is important to em-
phasize that the tissues characterized by a 
high intensity of Ca2+ metabolism can be 
considered as a target for the toxic effects of 
Co2+. Indeed, the results of experimental 
studies suggest that salts of Co2+ triggered 
the necrotic changes in the heart and kidneys 
[33]. Skeletal musculature can be also con-
sidered as a Co2+ target organ. It has been 
established that Bcl-2 adenovirus E1B inter-
acting protein-3 (BNIP3) is an important 
component in muscle tissue, determining 
Co2+ -induced autophagy via the HIF - BNIP3. 
In connection with these facts, information 
about the mechanisms of Co2+ ion entry into 
a cell and into its mitochondria can be quite 
helpful. Divalent metal ion transporter 1 
(DMT1) is considered to be the main chan-
nel of Co2+ entry (as well as divalent ions of 
iron and nickel). However, it is reported that 
the transport of the histidine aminoacid 
through the cationic aminoacid transporter – 
Cat1 can also be involved in the absorption 
of cobalt cations, whereas the Zhf1 transport 
protein, which is responsible for the metabo-
lism of zinc ions, can detoxify cells from co-
balt cations. According to the current refer-
ences, the further entry of the Co2+ from the 
cytoplasm into the mitochondrial matrix is 
carried out according to the equivalent trans-
port mechanism of Ca2+ and other bivalent 
metal ions - the mitochondrial permeable 
transitional pore mechanism mediated by the 
mitochondrial potential [34]. In addition, the 
authors draw attention to the fact that Co2+ 
ions alike Ca2+ ions, can influence the sys-
tem of mitochondrial translocations. 

 On the other hand, the results of in vitro 
studies on the culture of cardiomyocytes 
made it possible to establish that the toxic 
properties of cobalt dichloride occurred due 
to a direct toxic effect on the state of redox 
processes in mitochondria that triggered the 
cell apoptosis [35]. Perhaps a feature of the 
cardiotoxic action of Co2+ is the disruption 
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of the fundamental processes of energy me-
tabolism in mitochondria which are not ca-
pable to maintain the adequate contractile 
functions of cardiomyocytes affecting both 
systole and diastole [36]. Arguments con-
firming damage to mitochondria by cobalt 
(Co2+) ions of the tricarboxylic acid cycle 
[37] are also being discussed. In vitro studies 
have established that cobalt dichloride 
stimulates oxidative stress and apoptosis in a 
dose-dependent manner [38]. The authors 
showed that Co2+ ions stimulated the ex-
pression of dynamin-related protein 1 (Drp1), 
which determined the pathogenetic mecha-
nisms of cell death: a decrease in the mito-
chondrial membrane potential, a decrease in 
ATP level, the stimulation of the formation 
of reactive oxygen forms. The mechanisms 
of cell apoptosis caused by mitochondrial 
damage and excessive stimulation of oxida-
tive stress are considered to be the universal 
pathogenetic mechanism of Co2+ induced 
damage to the central nervous. It is also im-
possible to exclude the fact that a synergistic 
factor determining the nature of the influ-
ence of cobalt dichloride on the fundamental 
metabolic processes (Krebs cycle activity, 
electron transport rate by cytochromes and 
mitochondrial DNA transcription activity) in 
the mitochondria can be considered as a hy-
poxia-inducible factor [39]. 

Nowadays attention is drawn to the fact 
that most authors, discussing the toxic effect 
of Co2+ on mitochondria, point to increased 
production of reactive oxygen species and 
the induction of apoptosis, as two closely 
related effects. Meanwhile, there are reports 
in the literature that such close relationship 
between oxidative stress and apoptosis is 
more typical for the pure metallic cobalt 
[40]. At the same time, the authors of the 
cited publication provide the data that the 
path of stimulation of apoptotic signals by 
Co2+ ions may not be directly related to the 
activation of oxidative stress. 

 Pathophysiological effects of Co2+. 
An important aspect of the problem under 

discussion is that cobalt mineral salts, those 
which are not part of cobalamins, can have 
their own regulatory effect on the state of 
metabolic processes in a human body. Cobalt 
salts (Co2+) have been used for a long time 
as a pharmacological stimulators of hemato-
poiesis in the treatment of anemias [41, 42]. 
Further studies have shown that hypoxia-
inducible factor is the leading mediator that 
determines the pathway and intensity of the 
effects of cobalt mineral salts on a human 
body. The question regarding the feasibility 
of pharmacological treatment of anemia with 
cobalt hematopoietic salts was withdrawn 
from wide practical application in the 70s of 
the 20th century. Meanwhile, the possible 
aspects related to using cobalt mineral salts, 
mainly in the form of Co2+ still remain in 
the field of interests of modern practical 
medicine and is reflected in a number of 
modern publications. 

 According to the modern references the 
hypoxia-inducible factors are considered to 
be the main mediators of the regulatory and 
pathophysiological effects of the Co2+ salts. 
An analysis of the possible mechanisms of 
Co2+-dependent induction of hypoxia-indu-
cible factors allowed to express the opinion 
that the suppression of the metabolic clear-
ance of HIF-1α as a result of Co2+-induced 
decrease in the enzymatic activity of prolyl 
hydroxylases was not likely to be associated 
with the replacement of the Fe2+ ion with 
Co2+ in the enzyme catalytic center [43, 44]. 
According to the authors of the cited publica-
tions, the more likely mechanism of Co2+-
dependent stabilization of HIF-1α is depletion 
in the presence of Co2+ions of intracellular 
reserves of ascorbic acid, which is crucial for 
the reduction of Fe3+ to Fe2+ in the active 
center of prolyl hydroxylases. Some data 
represents the role of Co2+ in the metabolic 
clearance of HIF-1α with the participation of 
von Hippel-Lindau protein [45], as well as in 
the stimulation of HIF-1α translation. 

 However, by analyzing the effects pro-
duced by Co2+ salts bounded with the stabi-
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lization of HIF-1α, a unique pattern can be 
revealed that is not observed during review 
the basic pathogenetic mechanisms of the 
toxic effects produced by this metal. Firstly, 
the direct toxic effects of Co2+ mineral salts 
are considered as a uniquely negative factor. 
At the same time, in the case of low levels of 
Co2+ intake not exceeding the toxic thresh-
old values, in addition to negative body reac-
tions, we can observe physiological effects 
which are potentially applicable in practical 
medicine. For example, in earlier studies it 
was suggested that cobalt dichloride could 
serve as a promising adaptogen in the condi-
tions of hypobaric hypoxia [46]. The results 
of later studies show the promising outcomes 
of cobalt in vitro application in regenerative 
medicine in order to: form HIF-1α-depen-
dent Co2+ induce stem cells of a certain 
phenotype [47], create conditions that are 
optimal for implant engraftment [48] and to 
control osteogenic differentiation [49]. 
Along with this, promising results on neph-
roprotective properties of cobalt salts were 
obtained in in vivo studies [50, 51]. Consid-
ering the previously identified HIF-1α-
dependent nephroprotective properties of 
Co2+, the use of organometallic cobalt com-
plexes has been proposed, which are able to 
provide strictly supervised intrarenal level of 
Co2+ production in order to inhibit intersti-
tial fibrosis. 

Secondly, the ability of Co2+ ions to 
stabilize HIF-1α is considered to be a plei-
otropic pathophysiological mechanism of 
cation influence associated with producing 
various physiologically active molecules and 
affecting the mitochondrial function. In re-
gard to this statement, the warnings that co-
balt mineral salts are not the mandatory 
component of human diet and their food 
consumption should be strictly standardized 
are absolutely reasonable. Indeed, research 
results show that even relatively low levels 
of cobalt dichloride intake can cause vivid 
changes in metabolic processes in the myo-
cardium and in the renal parenchyma [52]. It 

was also established that cobalt dichloride 
even in the low doses not exceeding the 
toxic threshold, may trigger the tissue fibro-
sis and necrosis [53].  

In earlier publications, there is evidence 
of demand for biomonitoring of the presence 
of Co2+ in human food, emphasizing the 
versatility of such pathophysiological reac-
tions, such as inflammation, in response to 
the presence of a cation in the body [54]. 
Also, it is necessary to point out that the au-
thors of the cited reviews emphasize the role 
of HIFs proteins in the realization of the 
pathophysiological effects produced by co-
balt. It is possible that a more significant 
range of pathophysiological reactions to in-
take of Co2+ can be related to a number of 
HIF-1α-dependent regulatory effects of 
Co2+ [55, 56]. In particular, it is indicated 
that inflammation can be considered as one 
of the pathogenetic HIF-1α-related effects of 
hypoxia. There are also grounds to believe 
that Co2+ ions stimulate the expression of 
the cyclooxygenase-2 protein gene, against 
the background of a decrease in the enzy-
matic activity of endothelial NO-synthase 
complexes [57]. In vitro studies have shown 
that Co2+ have the ability to activate the 
biosynthesis of inducible NO synthase and 
pro-inflammatory interleukins in macro-
phages. A number of publications emphasize 
the universal pathogenetic role played by the 
Toll-like receptor-4 (TLR4) of leukocytes in 
body’s immune responses to salts of heavy 
metals such as cobalt and nickel [58]. It is 
interesting that nanoparticles of metallic co-
balt can also stimulate the dose-dependent 
production of human monocytic IL-1β and 
TNF-α [59]. The authors of the cited publi-
cations also provide facts confirming the role 
of the pro-inflammatory effect produced by 
cobalt and its compounds in the pathogenesis 
of the immunopathologies in muscular and 
bone tissues. However, there is evidence in 
the literature that cobalt dichloride can in-
duce immunosuppression by suppressing 
the action of pro-inflammatory factors [60]. 
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Although, as we have already observed, the 
regulatory effects of the metal may depend 
on the dose of exposure and some other ex-
perimental conditions. 

 At the same time, it has been shown 
that cobalt salts in the liver, in subtoxic con-
centrations, can stimulate the production of a 
transforming factor beta-pleiotropic cyto-
kine, which determines cell cycle restriction, 
stimulation of extracellular matrix protein 
synthesis combined with immunosuppressor 
effects. The authors of the cited source be-
lieve that the dynamics of TGF-beta produc-
tion reflects the risk of organ fibrosis and 
can act as the cancerogenic factor. Attention 
is drawn to the fact that Co2+ -induced fi-
brosis may be systemic and get triggered by 
the generation of reactive oxygen species, 
while the another heavy metal chromium 
ions (Cr3+) do not act this way [61, 62]. 

 Discussing HIF-1α-dependent regula-
tory effects of Co2+ in our consideration, it 
is necessary to point out another important 
area of research due to the ability of the 
metal to participate in the regulation of gene 
expression through such mechanisms as co-
valent chromatin modification and synthesis 
of small non-coding RNA. This line of re-
search is developing dynamically in the field 
of testing new diagnostic methods, and is 
also valuable in developing a fundamentally 
new way to treat the most lethal cancer cases 
[63–65]. 

Epigenetic effects of Co2+. The earliest 
publications on this topic contain informa-
tion that Co2+ can stimulate the transcription 
of certain proteins independently of the in-
tracellular endogenous production of reac-
tive oxygen species. Further, directly in-
duced by Co2+ HIF-1α-dependent epigenetic 
mechanisms associated with enzyme DNA 
methylation and histone acetylation systems 
were evidenced. In the modern reviews the 
role of epigenetic mechanisms in the imple-
mentation of toxic and carcinogenic effects 
of heavy metals is widely emphasized [66–69]. 
The importance of the HIF-1α-dependent 

epigenetic mechanisms induced by cobalt 
and other heavy metals is also recognized. It 
was also shown that stimulation of cobalt 
dichloride with extracellular matrix deposits, 
as well as induction of vascular endothelial 
growth factor and erythropoietin were asso-
ciated with HIF-1α [70]. In our opinion, the 
scientific novelty of the proposed approach 
consists in the fact that for the first time the 
pathogenesis of deadly oncological diseases 
induced by heavy metals was explained and 
based on epigenetic mechanisms for control-
ling of gene expression. At the same time, 
the pathogenesis of these diseases was not 
considered as a result of direct DNA damage 
[71, 72]. The developed approach was based 
on the carcinogenic effects produced by 
heavy metals and caused by a specific cova-
lent modification of chromatin that alters 
gene expression. The sustainability of this 
approach was confirmed by subsequent re-
search results [73]. 

 The results of in vitro studies on cell 
culture of multiple myeloma (B-cell malig-
nancy selectively localized in the bone mar-
row) showed that the presence of cobalt 
chloride had a significant effect on the levels 
of HIF-1α in cells, as well as on the state of 
expression of the genes identified as tran-
scription factors, cell differentiation mark-
ers, protein kinases, cytokines and growth 
factors, tumor suppressors, and oncogenes 
[74, 75]. According to the authors, they 
managed to isolate a group of genes sensitive 
to Co2+ ions. It was also established that co-
balt dichloride, through the processes of ace-
tylation of histone proteins, regulates the ex-
pression of extracellular-superoxide dismu-
tase [76]. On the other hand, valproic acid, 
and histone deacetylase inhibitors, has been 
shown to reduce the pathophysiological ef-
fects of HIF-1α [77].  

 Along with this, it was shown that HIF-
1α can regulate not only the covalent modi-
fication of chromatin, but also affect the bio-
synthesis of small non-coding RNAs capable 
of determining protein biosynthesis at the 
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level of transcription or translation. Indeed, 
there is evidence in the literature that HIF 
may influence the metabolic systems of non-
coding small RNAs [78]. At the same time, 
in vitro studies have established a link be-
tween the presence of cobalt in a medium, 
HIFs with proteins, and the expression index 
of micro RNA cells. There is evidence that 
HIF-dependent mechanisms, through the mi-
cro-RNA system, are involved in the regula-
tion of the expression of pro-inflammatory 
cytokines. The mechanisms of Co2+ in-
flammation induction play an important role 
in the pathogenesis of cobalt intoxication, 
however, the role of epigenetic mechanisms 
that determine the synthesis (including micro 
RNA) of pro-inflammatory protein factors 
has not been studied deeply enough. 

Conclusions. The relevance of studying 
the kinetics of heavy non-ferrous metals 
coming from the industrial objects is deter-
mined by significant pollution of the modern 
ecosystems. Ecotoxicants affect all internal 
organs at the molecular, cellular, tissue and 
systemic levels. The toxic effect of the dam-
aging factor depends on its concentration 
and exposure duration, its combination with 
the other damaging factors, chronic human 
diseases and its immunological reactivity.  

One of the representatives of heavy non-
ferrous metals is cobalt, which simultane-
ously belongs to the group of microelements 
and therefore is vital for the functioning of 
living organisms, but at the same time, with 
its increased intake, it is toxic to a body and 
even destructive. There are certain concen-
trations in which cobalt is essential for living 
organisms. The main biological role of this 
element is its presence in the molecule of 
water-soluble vitamin B12 (cyancobalamin), 
in which its mass fraction is 4%. However, 
excessive intake of cobalt in a body is geno-, 
enzyme-and membrane-toxic. The toxicity of 
cobalt in high concentrations occurs due to 
its hypoxic action, activation of lipid peroxi-
dation and depletion of antioxidant systems. 
Cobalt, as an ion with variable valence, se-

verely induces lipid peroxidation, promotes 
the formation of oxidative stress, which dis-
rupts the function of the endothelium, dam-
ages biological macromolecules of internal 
organs: respiratory organs, cardiovascular 
system, liver and especially kidneys, where 
xenobiotics are neutralized.  

The data from a number of studies indi-
cate a toxic effect produced by cobalt chlo-
ride on the kidneys and myocardium, char-
acterized by the development of microan-
giopathy, fibrotic proliferation, stimulation 
of apoptosis and even necrosis. The basis of 
the toxic effect produced by heavy non-
ferrous metal salts, including cobalt, is the 
development of oxidative stress that can 
damage the cell and mitochondrial mem-
branes and cause their structural and func-
tional changes. The blocking of functionally 
active groups, structural proteins and func-
tioning enzymes plays a significant role in 
the development of these disorders. Another 
mechanism of the toxic effect of heavy met-
als on the body is their ability to replace 
calcium ions in specific processes. 

The toxic effect produced by cobalt has 
been studied many times and has already 
been proven, however the mechanisms of the 
damaging effect produced by cobalt at the 
molecular and DNA level have not yet been 
fully studied. Cobalt dichloride (CoCl2) has 
a similar effect to hypoxia due to expression 
of HIF-1α mRNA, which indicates the de-
pendence of the expression process of this 
mRNA not only according to oxygen level, 
but also in the presence of iron ions. Cobalt 
is able to firmly bind with heme than iron. It 
was also shown that cobalt activates HIF-1 
due to depletion of the intracellular content 
of ascorbic acid, a co-factor for HIF-hyd-
roxylase, which destabilizes and inactivates 
HIF-1α. Hypoxia is known to be a typical 
pathological process that accompanies and 
determines the development of many patho-
logical conditions. It leads to functional, and 
then structural changes in organs and tissues 
as a result of a decrease in the intracellular 
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concentration of oxygen. This also applies to 
hypoxia of tumor cells (intratumoral hy-
poxia). Thus, many cancers include areas of 
hypoxia. Intratumoral hypoxia significantly 
worsens the forecast of the disease, since an-
giogenesis in the tumor tissues is very in-
tense. This, apparently, is one of the reasons 
for the rapid growth of malignant tumors and 
can explain cancerogenic cobalt effect. In 
addition, enhanced angiogenesis in the tumor 
contributes to the metastasis of its cells, 
which ultimately increases mortality among 
such patients. The principal mechanism with 
which cancer cells adapt to hypoxia is acti-
vation of the HIF-1 factor. The elucidation 

of the pathogenetic role played by the HIF-1α 
factor opens up new possibilities not only in 
the correction of hypoxia, but also in the 
treatment of malignant tumors. 

As illustrated, the influence of cobalt ions 
on a body should be researched deeply, as well 
as interactions between cobalt and other ions 
and aminoacids occurring in body fluid. Per-
haps these interactions can also have some 
specific and significant beneficial effects. 
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NEW LEGAL, REGULATORY AND METHODOLOGICAL 
DOCUMENTS ISSUED IN THE RF IN THE SPHERE OF 
HEALTH RISK ANALYSIS 

June 10 – September 13, 2019 
 
The Decision by the Eurasian Economic 

Commission (EEC) Council dated June 18, 
2019 No. 102 “On making alterations into the 
Decision by the EEC Council dated June 30, 
2017 No. 80” 

State registration certificates issued for prod-
ucts can now be electronic. Besides, there have 
been several alterations: the document contains a 
unified form of a state registration certificate for a 
product (the latest edition); amendments have been 
made into the Rules for issuing state registration 
certificates for products; the Procedure for keeping 
a unified register of state registration certificates 
for products has been adjusted.  

 
The Decision by the Eurasian Economic 

Commission (EEC) Council dated July 09, 
2019 No. 112 “On the Procedure for putting 
into effect amendments into the Customs Union 
Technical Regulations “On safety of perfume 
and cosmetic products” (CU TR 009/2011)” 

The document specifies terms of validity for 
documents certifying that a perfume or cosmetic 
product conforms to the requirements fixed in the 
Customs Union Technical Regulations “On safety 
of perfume and cosmetic products”. 

It is stated that all the documents that certify 
conformity of perfume and cosmetic products to 
the obligatory requirements fixed by the Customs 
Union Technical Regulations “On safety of per-
fume and cosmetic products (CU TR 009/2011) 
that have been issued until May 05, 2020 are valid 
till the term of their validity expires. All the state 
registration certificates for perfume and cosmetics 
products that certify conformity of those products 
to the obligatory requirements fixed by the above-
mentioned Technical Regulations and that have 
been issued prior to the above mentioned date re-
main valid till May 05, 2023 inclusively regardless 
of any changes fixed by the given Decision that 
may concern them. 

 
The Decision by the Eurasian Economic 

Commission (EEC) Council dated July 16, 
2019 No. 119 “On making alterations into the 

Decision by the EEC Council dated January 26, 
2016 No. 11” 

The document specifies peculiarities related 
to implementation of the Customs Union Technical 
Regulations “On safety of milk and milk products” 
in Kyrgyzstan. It is stated that documents on as-
sessing conformity of milk products to the obliga-
tory requirements fixed in Kyrgyzstan legislation 
that were issued or approved before August 12, 
2017 are valid till their validity expires but not 
longer than August 12, 2022. Till August 12, 2022 
it is allowed to produce and distribute milk prod-
ucts according to the requirements fixed by Kyr-
gyzstan legislation provided that there are docu-
ments on their conformity assessment. It is not al-
lowed to mark such products with a unified mark 
certifying that their distribution is permitted on the 
markets of the EAEU member states. 

 
The Recommendation by the EEC Council 

dated July 23, 2019 No. 22 “On interaction between 
state control (surveillance) authorities responsible 
for providing adherence to requirements fixed in 
the EAEU technical regulations and customs au-
thorities of the EAEU member states aimed at pre-
venting manufacture and distribution of products 
that don’t conform to requirements fixed by the 
EAEU technical regulations” 

The document specifies a procedure for inter-
action between authorized bodies in the EAEU 
member states responsible for providing adherence 
to requirements fixed in technical regulations. 
Recommendations include operational procedures 
for state control (surveillance) authorities and cus-
toms authorities should any products not conform-
ing to such requirement be revealed. It is recom-
mended to apply EEC information resources when 
interaction between state control (surveillance) 
authorities and customs authorities of the EAEU 
member states takes place.  

 
The Decision by the Eurasian Economic 

Commission (EEC) Council dated August 06, 
2019 No. 132 “On making alterations into the list 
of goods for which unified sanitary requirements 

 



New legal, regulatory and methodological documents issued in the rf in the sphere of health risk analysis 

Health Risk Analysis. 2019. no. 3 176 

are fixed (according to EAEU CN FEA codes), 
contained in Section 1, Chapter II of the Unified 
Sanitary-epidemiologic and hygienic require-
ments to products (goods) that are subject to 
sanitary-epidemiologic surveillance (control)” 

Alterations have been made into the list of 
goods for which unified sanitary requirements are 
fixed concerning setting up permissible contents of 
glycidyl ethers that are parts of fat acids. Some addi-
tions have been made, in particular, to sections clas-
sifying vegetable oils that are consumed by people 
as food products and are applied as food raw mate-
rials, adapted milk mixtures (dried, liquid, made 
from fresh and sour milk), and products based on 
partially hydrolyzed proteins, specific products for 
dietetic therapy for children etc. 

 
The Decision by the Eurasian Economic 

Commission (EEC) Council dated August 06, 
2019 No. 134 “On implementing amendments 
into the Customs Union technical Regulations 
“On safety of individual protection means” 
(CU TR 019/2011)” 

It is fixed that documents certifying confor-
mity of individual protection means to the obliga-
tory requirements fixed in the CU TR “On safety of 
individual protection means” (CU TR 019/2011 is-
sued on December 9, 2011 No. 878) issued or ap-
proved prior to May 28, 2019 No.55 are valid till the 
term of their validity expires. It is allowed to distrib-
ute products that are subject to technical regulations 
on the EAEU customs territory provided that their 
conformity is certified by the above-mentioned 
documents prior to expiration of their validity. Such 
products can be distributed only till expiration of 
their service life. 

 
The Federal Law issued on July 26, 2019 

No. 195-FZ “On performing an experiment on 
quoting emissions of contaminants and making 
amendments into certain legislative acts of the 
Russian Federation concerning reduction of 
ambient air pollution” 

From January 1, 2020 till December 31, 2024 
an experiment is to be performed in 12 cities in the 
Russian Federation (Bratsk, Krasnoyarsk, Lipetsk, 
Magnitogorsk, Mednogorsk, Nizhniy Tagil, Novo-
kuznetsk, Norilsk, Omsk, Chelyabinsk, Cherepov-
ets, and Chita); it will focus on quoting emissions 
of contaminants into ambient air. The top priority 
is to reduce ambient air pollution in cities. Quoting 
will be performed basing on aggregate calculations 
of emission dispersion. A list of objects that are 
subject to quoting will include objects that make 

ambient air quality deviate from hygienic stan-
dards. Such lists should be drawn up by Rospri-
rodnadzor with the help from Rospotrebnadzor and 
authorized bodies in RF regions. 

A set of activities will be approved for each 
territory; such activities will be aimed at reducing 
emissions of contaminants and there should be 
fixed targets that are to be achieved by their im-
plementation. It is also planned to create a federal 
information system for monitoring over ambient 
air quality in the above mentioned 12 cities. Public 
information contained in this system will be freely 
available to anybody. 

 
The RF President Order issued on June 

06, 2019 No. 254 “On the Strategy for public 
healthcare development in the Russian Federa-
tion up to 2025” 

The document fixes priorities in development 
of public healthcare in the country. They including 
stimulating Russian cities to pursue healthy life-
style; working out new medical technologies and 
their implementation into public healthcare; enlarg-
ing a list of preventive vaccinations; developing the 
system of medical education and staff provision for 
public healthcare; streamlining operations of the 
unified state information system in public health-
care; achieving better provision with medications 
for citizens as well as improving pricing for medica-
tions; streamlining control and surveillance activi-
ties in public healthcare and providing sanitary-
epidemiologic welfare of the population via risk-
oriented approach being implemented.  

 
Information by the RF Presidential Coun-

cil on civil society development and human 
rights dated June 11, 2019. “The RF Ministry 
“The Ministry of Natural Resources and the 
Environment of the Russian Federation and 
Rospotrebnadzor have submitted their propos-
als on wastes reduction” 

The RF Ministry of Natural Resources and 
the Environment and Rospotrebnadzor support the 
incentive to prohibit sales of disposable products 
made of plastic as it will help to reduce negative 
impacts exerted by economic activities on the envi-
ronment; they suggest excluding throwaway dishes 
and plastic bags out of consumption.  

Rospotrebnadzor believes it is important to fix 
the following in the country legislation: stage-by-
stage decrease (up to complete prohibition) in pro-
duction of disposable packets used in retail trade; 
stimulating production and application of reusable 
package and polymer materials that are able to self-
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destruct under  certain conditions (for example, in 
compost, under exposure to ultra-violet rays, tem-
perature etc.);  stimulating re-use of package; obliga-
tory certification of a sign “biologically degradable” 
or “ecologically safe disposal”; fixing obligatory 
standards for multiple use of specific package. 

Rospotrebnadzor believes it is necessary to 
develop legislative acts that prohibit dumping and 
elimination of food products that are esculent as 
well as to provide regulatory support for use of 
food wastes and unclaimed food products (wastes) 
as biological energy sources.  

 
The RF Government Order issued on July 

13, 2019 No. 1533-r “On making amendments 
into the RF Government Order issued on April 
28, 2018 No. 792-r”  

Certain milk products have been included into 
lists of products that are subject to being marked with 
identification means. The lists now include products 
with the following codes from the All-Russian Prod-
ucts Classifier as per Types of Economic Activities 
(OKPD 2): 10.51.11, 10.51.12, 10.51.21, 10.51.22, 
10.51.30, 10.51.40, 10.51.51, 10.51.52, 10.51.55, 
10.51.56, 10.52.10. A date by which obligatory 
marking should be introduced will be determined as 
per results of an experiment on certain milk products 
being marked with identification means; the list of 
such products has been fixed by the RF Government 
Order issued on June 29, 2019 No. 836.  

 
The RF Government regulation dated June 

14, 2019 No. 761 “On the RF Government regu-
lation issued on October 7, 2016, No. 1019 be-
coming invalid”  

The RF Government has withdrawn validity of 
the Technical Regulations on safety of chemical 
products which, according to the RF Government 
regulation issued on October 7, 2016, No. 1019, were 
to become valid on July 01, 2021. Starting from June 
02, 2021, the Technical Regulations on the Eurasian 
Economic Union “On safety of chemical products” 
(EAEU TR 041/2017) come into force; the EAEU 
TR 041/2017 were approved by the EEC Council 
Decision on March 03, 2017 No.19. 

 
The RF Government regulation dated June 

22, 2019 No. 790 “On performing an experiment 
on certain light industry products being marked 
with identification means on the RF territory” 

From June 27 till November 30 2019 an ex-
periment is to be performed on the RF territory; dur-
ing the experiment certain light industry products 
are going to be marked with identification means. 

The list of such products includes pieces of clothing 
made of natural or composite skin; blouses and 
jumpers made of knitted fabrics; coats, short coats, 
capes, jackets (including ski costumes), windbreak-
ers, and similar wear; bed linen; table cloths; 
kitchen towels and napkins. Among other things, the 
experiment is aimed at suppressing illegal imports, 
manufacture, and distribution of light industry prod-
ucts as well as raising volumes of collected customs 
and tax payments; participants in the experiment 
will provide initial data into a sub-system of the na-
tional catalogue that contains marked goods and is a 
part of the informational system for monitoring over 
goods distributed in the RF.  

 
The RF Government regulation dated 

June 26, 2019 No. 814 “On performing an ex-
periment on perfumes and toilet waters being 
marked with identification means on the RF 
territory” 

From July 01, 2019 till November 30, 2019 an 
experiment is to be performed on the RF territory; 
during the experiment perfumes and toilet waters 
are going to be marked with identification means. 
The experiment is aimed at suppressing illegal im-
ports, manufacture, and distribution of perfumes and 
toilet waters, including counterfeit ones, as well as 
raising volumes of collected taxes and customs 
payments. Participants in the experiment will pro-
vide initial data into a sub-system of the national 
catalogue that contains marked goods and is a part 
of the informational system for monitoring over per-
fumes and toilet waters distributed in the RF. 

 
The RF Government regulation dated June 

29, 2019 No. 836 “On performing an experiment 
on certain milk products being marked with 
identification means on the RF territory” 

From July 15, 2019 till February 29, 2020 an 
experiment is to be performed on the RF territory; 
during the experiment certain milk products are 
going to be marked with identification means. The 
list of such products include those made of pasteur-
ized milk, ultra-pasteurized milk, sterilized milk, 
and ultra-heat treated milk and (or) pasteurized, 
ultra-pasteurized, sterilized, and ultra-heat treated 
milk products manufactured via mass production 
and packed in consumer package.  

Among other things, the experiment is aimed 
at suppressing illegal imports, manufacture, and dis-
tribution of certain milk products, including coun-
terfeit ones, as well as at raising volumes of col-
lected taxes and customs payments; another goal is 
to analyze whether it is advisable to introduce 



New legal, regulatory and methodological documents issued in the rf in the sphere of health risk analysis 

Health Risk Analysis. 2019. no. 3 178 

obligatory marking with identification means for 
certain milk products; it is also vital to assess effi-
ciency of the “milk products” brunch component in 
the state system for monitoring over goods that are 
subject to obligatory marking.  

 
“The list of federal executive authorities re-

sponsible for legal regulation in the sphere of 
state control (surveillance), and federal executive 
authorities that perform control and surveillance 
and participate in implementing “regulatory 
guillotine” mechanism; types of state control 
(surveillance) performed by federal executive 
authorities which are to be covered by the “regu-
latory guillotine” mechanism (approved by the 
RF Government on July 04, 2019)” 

The list of state authorities that are to be in-
volved into the “regulatory guillotine” mechanism 
has been approved. The “regulatory guillotine” 
mechanism should allow solving an issue related to 
excessive loads imposed on businesses in Russia by 
control and surveillance authorities. The list in-
cludes ministries and federal services (including 
Ministry for Internal Affairs, RF Ministry of Emer-
gency Situations, Ministry of Justice, Ministry of 
Labor, Ministry of Digital Development, Communi-
cations and Mass Media, Rospotrebnadzor, 
Rostechnadzor, Rosobrnadzor, and federal Anti-
Monopoly Agency); all these federal authorities 
perform legal regulatory functions in the sphere of 
state control (surveillance) as well as direct control 
and surveillance activities. The RF Government has 
also approved on “The action plan on implement-
ing the “regulatory guillotine” mechanism on 
May 29, 2019, No 4714p-P36). The document 
fixes the procedure for implementing the “regu-
latory guillotine” mechanism. 

 
The RF Government regulation dated 

July 13, 2019 No. 895 “On making amendments 
into certain orders by the RF Government” 

Rospotrebnadzor is now authorized to per-
form surveillance and control over adherence to 
the obligatory requirements fixed in the RF legis-
lation as regards providing high quality and safety 
of food products. It has also been specified that 
federal state surveillance related to consumer 
rights protection should, among other things, in-
clude organizing and accomplishing inspections 
aimed at checking conformity of goods (works, 
services) with the obligatory requirements that are 
to provide quality and safety of food products, as 
well as materials or other objects that directly 
contact them. 

The RF Government regulation dated 
August 24, 2019 No. 1089 “On introducing tem-
porary quantitative restriction on imports of 
ozone-depleting substances into the Russian 
Federation in 2019” 

From September 07, 2019 till December 31, 
2019 quantitative restriction is imposed on imports 
of certain ozone depleting substances into the RF. 
Restrictions are imposed on ozone-depleting sub-
stances that are enlisted in the group I, list C. sec-
tion 2.1 in the list of goods for which an import 
license is required when they are imported onto the 
EAEU customs territory, or an export license when 
they are exported out of this territory; the list can 
be found in Appendix No. 2 to the Decision by the 
EEC Council dated April 21, 2015 No. 30 “On 
non-tariff regulation”, according to the appendix to 
the above RF Government regulation.  

 
The RF Government regulation dated Au-

gust 28, 2019 No. 1906-r “On approving a plan of 
activities aimed at implementing The Basics of 
the RF state policy in the sphere of providing 
chemical and biological safety for the period up 
to 2025 and beyond” 

The document fixes a set of activities neces-
sary for providing biological and chemical safety 
in the RF for the period up to 2025 and beyond. 
Among other things, the set includes the following 
activities: preparing a draft of a federal law entitled 
“On biological safety in the Russian Federation”, 
as well as legal documents necessary for its im-
plementation; preparing a draft of a federal law 
“On chemical safety in the Russian Federation” as 
well as legal documents necessary for its imple-
mentation; preparing a draft of a federal law “On 
industrial safety” (new edition) that should stipu-
late a procedure for performing audit over indus-
trial safety control at chemically hazardous indus-
trial objects; making alterations into the Federal 
Law “On licensing of certain activities” and revis-
ing lists of goods and technologies that are subject 
to control approved by the RF President Order on 
August 28, 2001 No. 1082; The RF accession to 
international treaties on cross-border movement of 
genetically modified organisms; etc.  

 
The Information Letter by Rospotrebnad-

zor from July 01, 2019 “Recommendations on 
how to place milk products, products made of 
milk raw materials and products containing 
milk on shelves at sales points” 

Rospotrebnadzor reminds that starting from 
July 01, 2019 the RF Government Regulation is-
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sued on January 28, 2019 No. 50 has come into 
force; among other things, this Regulation makes it 
obligatory to place milk products, products made 
of milk raw materials or products that contain milk 
in a sales area or any other place where such prod-
ucts can be bought in such a manner that allows 
visual distinguishing between them and other food 
products. Also these products are to be provided 
with information stating “Products that do not con-
tain any substitutes of milk fats”. 

On June 18, 2019 Rospotrebnadzor and the RF 
Ministry of Industry and Trade jointly issued the 
Order No. 368/2098 “On Approval on methodical 
guidelines as regards recommended ways to place 
milk products, products made of milk raw materials 
and products that contain milk in a sales area or any 
other place where such products can be bought and 
their placement should allow visual distinguishing 
between such products and other food products as 
well as recommended ways on how to provide such 
products with information stating “Products that do 
not contain any substitutes of milk fats” (hereinafter 
called The Guidelines). The Guidelines will allow 
securing a consumer’s right to obtain necessary reli-
able information on goods; this right is protected by 
statements fixed in Clause 8 of the RF Federal Law 
issued on February 07, 1992 No. 2300-1 “On con-
sumer rights protection”. 

 
The Information Letter by Rospotrebnad-

zor “On possibility to apply national legislation 
on consumer rights protection to purchases 
made on foreign online shopping sites” 

Rospotrebnadzor informs that national legisla-
tion on consumer rights protection can be applied in 
situations when purchases are made on foreign 
online shopping sites. Rospotrebnadzor informs that 
the Resolution “On applying regulations of interna-
tional private law by courts in the Russian Federa-
tion” by the RF Supreme Court Plenum dated July 
09, 2019 No. 24 has been published on the RF Su-
preme Court official web-site; the Resolution clari-
fies what legal norms courts in the RF are to be 
guided by when investigating cases of Russian con-
sumers suing foreign online shopping sites or online 
sites that render cross-border services. 

Specifically, a consumer who applies to a Rus-
sian court is released from paying a state due (for 
suits with their sum being lower than 1 million ru-
bles), and a seller is to be fined for failing to volun-
tarily meet legitimate demands of a customer; an 
online shopping site can be considered as oriented at 
Russian consumers provided that Russian language 
is available on it, prices are given in Russian rubles, 

there are contact numbers with Russian phone codes 
or there are any other similar indications (for exam-
ple, a site’s owner has ordered some services that 
could raise citing of it in the Russian segment of the 
Internet); a court on its own initiative is entitled to 
secure consumer’s rights protection granted by im-
perative norms fixed in a law of a country where a 
consumer lives. 

 
The Letter by Rospotrebnadzor dated 

May 21, 2019 No. 02/7115-2019-23 “On a pro-
cedure for assessing conformity of products” 

The Letter clarifies peculiarities related to as-
sessing conformity of products classified in EAEU 
CN FEA with codes 3901-3911 and aimed for use 
in communal and drinking water supply or in food 
products manufacture. In particular, it is stated that 
raw materials and active reactants that are to be 
used exclusively for producing perfumes, cosmet-
ics, household chemical goods, plant protectors, 
disinfectants, means of disinsection and deratiza-
tion as we’ll as pharmaceutical products are not 
subject to state registration.  

State registration is obligatory for products clas-
sified in EAEU CN FEA with codes 3901-3911, spe-
cifically, for goods that are applied in communal and 
drinking water supply or in food products manufac-
turing, in cases when their manufacturers rank them 
among products listed in items 8-9 of Clause II: “Ma-
terials, equipment, devices, or any other tools for wa-
ter treatment applied in communal and drinking wa-
ter supply systems (item 9) or potentially hazardous 
chemical and biological substances and preparations 
made of such substances… (item 8)”. 

 
“Methodical guidelines on how to use mobile 

communications means in educational establish-
ments” MG 2.4.0150-19 (approved by Rospotreb-
nadzor on August 14, 2019 No. 01-230/13-01) 

Among other things, the document recom-
mends: 

– imposing limitations on use of mobile 
phones by schoolchildren during educational 
process; 

– ensuring all mobile phones being switched 
into “silent mode” when their owners enter a school 
(vibration mode should be excluded); 

– providing places where schoolchildren can 
leave their mobile phones to be stored during classes 
(in case of necessity); 

– accomplishing regular educational and ex-
planatory work on health risks caused by expo-
sure to electromagnetic radiation generated by 
mobile phones.  
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Rospotrebnadzor is going to issue instructions 
for schoolchildren, parents, and teachers on how to 
prevent effects produced by mobile phones that are 
hazardous for children’s health and education.  

 
The Order by the RF Ministry of Natural 

Resources and the Environment dated June 06, 
2019 No. 355 “On Approval of a regulatory 
document on environmental protection headed 
“Technological parameters to assess the best 
available technologies for food products manu-
facturing” 

The document fixes technological parameters 
that should be taken into account when assessing a 
technology:  

– emissions into the atmosphere, notably, par-
ticulate matter, ammonia, methane, acetone, lead 
and its compounds, and hydrogen sulphide, that oc-
cur at productions of meat and meat-containing 
canned food, sausages and delicatessen, semi-
cooked products, processing and preserving fruits 
and vegetables, manufacture of tins for canned fruits 
and vegetables, manufacture of specific fats, marga-
rine, and spreads, sugar manufacture; 

–discharges into water objects, including par-
ticulate matter, iron, phenol, phosphates, and oil 
products. 

 

State Standard ISO/IEC 17025-2019. In-
terstate Standard. “General requirements for 
the competence of testing and calibration labo-
ratories (effected by the Order of the Federal 
Agency for Technical regulating and Metrology 
dated July 15, 2019 No. 385-st) 

The Interstate Standard ISO/IEC 17025-2019 
“General requirements for the competence of test-
ing and calibration laboratories” has come into 
force on September 01, 2019 and is now consid-
ered a national standard in the RF. 

The Standard replaced the previous one, 
GOST ISO/MEK 17025-2009 and is identical to 
the international standard ISO/IEC 17025:2017 
“General requirements for the competence of test-
ing and calibration laboratories”, IDT. 

The Standard fixes general requirements for 
the competence, objectivity, and stable functioning 
of laboratories; it can be applied to all the organi-
zations that are involved into laboratory activities 
regardless of their staff number. 

Customers who apply to laboratories, regula-
tory bodies, organizations and those who use parity 
assessment, accreditation institutions, as well as 
any other concerned parties should apply the pre-
sent Standard when certifying or acknowledging 
competence of a laboratory. 

 
 


