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Risk-oriented surveillance is a tool for state regulation over consumer products safety; it is fixed in the legislation of 

all the states belonging to the Eurasian Economic Union (EAEU). This approach involves concentrations of efforts by all 
controlling authorities on objects that cause high health risks for population with simultaneous easing off administrative 
barriers for those objects that cause insignificant risks. It is necessary to work out uniform and easy-to-replicate methodical 
approaches to organizing risk-oriented surveillance over products in the EAEU and it makes our research truly vital. 
It would allow to preserve independent national surveillance systems and simultaneously obtain comparable results that 
would be recognized in all the member states thus ensuring high confidence in any obtained data. 

Our research goal was to work out an algorithm and a system of procedures for risk-oriented surveillance over safety 
of consumer products distributed on the unified EAEU market. 

We analyzed regulatory, legal, and methodical  documents on issues related to assessing population health risks oc-
curring when consumer products are distributed; forms of statistical reports and algorithms applied for planning control and 
surveillance activities in the EAEU member states, other countries and unions. We took data collected in Russia and Belarus 
to analyze results obtained during control and surveillance activities performed in the sphere including results of more than 
3 million various laboratory examinations of consumer products conducted over 2014–2017. 

We suggest an algorithm for risk-oriented surveillance over consumer products safety that includes three basic stages: 
1) ranking of activities performed by juridical persons or private entrepreneurs in the sphere of consumer products distribu-
tion as per potential population health risks. The basic goal at this stage is to spot out objects that are subject to the most 
frequent and profound inspections performed by authorized governmental authorities entitled to check consumer products 
safety and protect population health; 2) products classification as per population health risks for drawing up surveillance 
activities schedules. The basic goal at this stage is to make up a list of the most "risky" groups of products for a documentary 
and laboratory inspection performed at a specific economic entity; 3) determining priority parameters for laboratory sup-
port of surveillance activities based on "risk profiles" creation. The goal at this stage is to optimize laboratory support pro-
vided for surveillance and to make it more "targeted" via substantiating those parameters of products that are related to the 
most frequently registered violation of standards and the greatest population health risks.  

Procedures and software are developed for each stage in the suggested algorithm.   
Key words: consumer products, risk-oriented surveillance, methodical support. 
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The Treaty on the Eurasian Economic Union 
signed on May 29 2014 declares in its Clause No. 
56 that the member states are to pursue a coordi-
nated policy in the sphere of sanitary measures 
application in order to provide sanitary-epidemio-
logic welfare of the population. Sanitary measures 
are to be applied basing on the principles that are 
scientifically substantiated and to an extent neces-
sary for saving lives and improving people's 
health. Products safety management is a most es-
sential component in implementation of this co-
ordinated policy. At the moment attention is be-
ing focused on safety of consumer products dis-
tributed on the unified EAEU market as achieving 
this safety is more than vital. It is related to in-
tense technological development (including 
nanotechnologies), and these new technologies 
are often not studied enough in terms of their hy-
gienic parameters [1, 2]; creation of new chemi-
cals [3–5] and biological agents [5, 6] which are 
directly included into products or contact them; 
persisting threats of secondary and tertiary prod-
ucts contamination [7–9] etc. 

The member states provide criterion grounds 
for products safety that are based on a compre-
hensive and wide set of sanitary-epidemiologic 
requirements and standards fixed in unified sani-
tary and technical regulations. This system of 
standards and regulations is being constantly de-
veloped basing on new scientific data and re-
search [10]. Simultaneously new activities are 
being worked out that are aimed at lowering 
state interference into business and reducing ad-
ministrative barriers for production and trade. 
A balance between consumer safety and state 
regulation over business can be reached, among 
over things, via wide implementation of risk-
oriented surveillance. The main purpose of such 
surveillance is to concentrate efforts made by 

state surveillance authorities on products that 
cause high risks for consumers' health and to 
minimize surveillance over products causing law 
risks [11–13].  

Risk-oriented state control (surveillance) is 
fixed in legal documents issued in many coun-
tries and by many international organizations 
and is efficiently applied in different manage-
ment spheres. For example, the EU Regulation 
2017/6251  fixes that competent surveillance 
authorities should focus on objects causing high 
risks taking into account inspection reports and 
applying qualitative informative and methodical 
base when they perform control and surveil-
lance activities. These bases are prepared by 
such organizations as European Food Safety 
Authority or EFSA, Food and Veterinary Office 
or FVO, and others. For example, EFSA pro-
vides a methodological base for assessing prod-
ucts risks by systematic publishing of relevant 
Guidances for Risk Assessment which can be 
used by all parties who are interested in assess-
ing products safety, such as manufacturers, dis-
tributors, authorities responsible for assessing 
conformity, and control and surveillance au-
thorities [14-16]. It is fixed in legislation that all 
concerned partied are to be obligatory informed 
about hazardous products2. Risk-oriented sur-
veillance is also fixed in the legislation in the 
USA, Canada, etc. [17-20]. 

The EAEU member states also adhere to 
risk-oriented surveillance [21, 22]. Thus, Clause 
No. 8.1 of the RF Federal Law No.294-FZ3 fixes 
a risk-oriented approach to state control in order 
to achieve optimal use of labor, material, and 
financial resources required for accomplishing 
state control (surveillance), to lower expenses 
borne by juridical persons and private entrepre-
neurs, and to make activities performed by state 

__________________________ 
 
1 Regulation (EU) 2017/625 of the European Parliament and of the Council of 15 March 2017 on Official 

Controls and Other Official Activities Performed to Ensure the Application of Food and Feed Law, Rules on Ani-
mal Health and Welfare, Plant Health and Plant Protection Products. – URL: http://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32017R0625&from=EN (date of visit February 07, 2019). 

2 Commission Regulation (EU) No 16/2011 of 10 January 2011: Laying down implementing measures 
for the Rapid alert system for food and feed [web-source] // Official Journal ofthe European Communities. – 
2011. – URL: http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=0J:L:2011:006:FULL&from=EN (date of 
visit February 06, 2019). 

3 The Federal Law "On protecting rights of juridical persons and private entrepreneurs when accomplishing 
state control (surveillance) and municipal control" issued on December  26, 2008 No. 294-FZ (the last edition). 
URL: http://www.consultant.ru/document/cons_doc_LAW_83079/ (date of visit February 01, 2019). 
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control (surveillance) authorities more efficient. 
In Belarus, "The Regulations on the order of in-
spections organization and procedure" approved 
by the Order signed by the Belarus President on 
October 16, 2009 No. 5104 approve the criteria 
for assigning economic entities that are subject 
to surveillance into a specific risk group for 
drawing up inspections schedules.  

The Code issued in Kazakhstan on October 
29, 2015 No. 375-V and entitled "The Business 
Code of the Kazakhstan Republic"5 (Chapter 
13, Clause 141) specifies that state control and 
surveillance are performed taking into account 
distribution of economic entities that are subject 
to surveillance into four groups basing on risk 
assessment. Risk is considered as a possible 
damage done to people's lives or health, the en-
vironment, legal interests of physical and ju-
ridical persons, or valuable interests of a state 
due to activities performed by an economic en-
tity under surveillance; a degree of a such dam-
age should also be taken into account. 

Risk-based systems for drawing up inspec-
tions schedules are fixed in the Law issued in 
Armenia "On organization and accomplishment 
of inspections in the Republic of Armenia"6 and 
also in the Law issued in Kirgizstan on May 25 
2007 No. 72 "On a procedure for accomplish-
ing inspections at economic entities"7. 

But at the same time it is vital to develop 
uniform and easy-to-replicate methodical ap-
proaches to organizing risk-oriented surveillance 
over products. If experts had an access to a 
united criterion base for determining products 
safety and common approaches to differentiation 
(classification or ranking) of surveillance objects 
as per risk levels, it would allow to preserve in-
dependent systems for national state surveillance 
and simultaneously obtain comparable results 

recognized in all the member states thus ensur-
ing high confidence in all the obtained data. 

All the above mentioned gave grounds for 
attempts made by the Eurasian Economic Com-
mission (EAEC) to develop common principles 
for creating and functioning of a typical risk-
oriented model for control and surveillance ac-
tivities as regards providing products safety on 
the territory of the Eurasian Economic Union. In 
2017–2018 Russian and Belorussian experts 
who worked together within a project supported 
by the EAEC8, substantiated certain approaches 
that could be applied within national systems for 
control over products safety as a unified me-
thodical base. The present paper dwells on these 
approaches. 

Our research goal was to work out an al-
gorithm and a system of procedures for risk-
oriented model of surveillance over safety of 
consumer products distributed on the common 
EAEU market.   

Research objects and methods. The algo-
rithm and the system of procedures were devel-
oped taking into account regulatory, legal, and 
methodical documents existing in the sphere of 
population health risks assessment, providing 
products (goods) safety, and accomplishing 
control (surveillance) over products distributed 
on the market (there are approximately 200 
regulatory and methodical documents issued in 
the EAEU member states – Belarus, Kazakh-
stan, Kirgizstan, Armenia, and the Russian 
Federation); we also examined and took into 
account documents issued by international or-
ganizations (including the World Trade Organi-
zation, Codex Alimentarius Commission, the 
World Health Organization, the UN Food and 
Agriculture Organization, The Organization for 
Economic Cooperation and Development, The 

__________________________ 
 
4 The Order signed by the Belarus President on October 16, 2009 No. 510 " On development of control (sur-

veillance) activities in Belarus. URL: www.bgs.by/files/files/10.doc (date of visit February 01, 2019).  
5 The Code of Kazakhstan Republic "The Business Code of the Kazakhstan Republic" (with amendments and 

latest supplements on January 21, 2019) URL: https://online.zakon.kz /Document/?doc_id=38259854 (date of visit 
February  01, 2019). 

6 The Law of the Republic Armenia issued on July 12, 2000 No. ZR-60 "On organization and accomplish-
ment of inspections in the Republic of Armenia". URL:  http://base.spinform.ru/show_doc.fwx?rgn=3039 (date of 
visit February 01, 2019). 

7 The Law of the Kirgizstan Republic issued on May 25, 2007 No. 72 "On a procedure for accomplishing inspec-
tions at economic entities".  URL: http://cbd.minjust.gov.kg/act/view/ru-ru/202105 (date of visit February 01, 2019). 

8 The scientific research entitled "Risk-oriented surveillance model in the sphere of providing safety of prod-
ucts for people's health".Cipher N-17/197. 
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International Organization for Standardization, 
The European Committee for Standardization, 
etc.). We examined statistical reports, algorithms 
for planning control and surveillance activities 
including those ones accomplished under com-
pliance with requirements fixed in the WTO 
agreements on sanitary and phytosanitary meas-
ures, standards developed by the Codex Alimen-
tarius Commission etc.; it allowed us to choose 
data sources that were the most suitable for cre-
ating a risk-oriented surveillance model in the 
EAEU member states. When modeling cause-
and-effect relations between frequency of cases 
in which obligatory requirements to products 
safety were violated and detected damages done 
to consumers' health, we applied data taken from 
the state statistics collected in Russia and Bela-
rus including analysis of cases in which damage 
was done to consumers' health. Certain conclu-
sions and suggestions were based on results of 
more than 3 million laboratory research on prod-
ucts collected over 3 years (2015–2017). 

When setting a task to create a risk-oriented 
model for surveillance over products, we as-
sumed that a) products themselves were not a 
subject in legal relationships; b) goods can ap-
pear on the consumer market only due to activi-
ties performed by juridical persons or private 
entrepreneurs9; c) products (goods) safety can be 
managed only via managing activities performed 
by juridical persons or private entrepreneurs. 

We took into account the following propo-
sitions: 

– scheduled surveillance over products is 
accomplished through control and surveillance 
over juridical persons and private entrepre-
neurs. Consequently, the most immediate task 
here is to identify juridical persons and private 
entrepreneurs that cause high risks for con-
sumers' health;  

– when a control and surveillance inspec-
tion is being accomplished directly at an eco-
nomic entity, it is impossible to examine all the 
goods or products. Therefore, it is very impor-
tant to have a priori knowledge what products 
(goods) can be the most hazardous or "risky"; 

– compliance of goods to safety criteria is, 
as a rule, determined with instrumental research 
and volumes of such research are often limited. 
Therefore, it is vital to primarily control those 
parameters of products non-compliance of 
which to hygienic standards can most certainly 
result in the highest consumer health risks. 

Basic results. We suggest an overall algo-
rithm for a risk-oriented model for surveillance 
over products safety which includes three main 
stages:  

1) ranking (classifying) activities performed 
by juridical persons or private entrepreneurs and 
related to consumer products distribution as per 
potential risks of damage to population health. 
The main goal at the stage is to spot out eco-
nomic entities which should be subject to the 
most frequent and profound inspections accom-
plished by state bodies authorized to monitor 
products safety and to protect consumers' health; 

2) classifying products as per possible 
risks of damage to health in order to draw up 
inspections schedules. The main goal at this 
stage is to make up a list of the most "risky" 
product groups in order to perform a docu-
mentary and laboratory inspection at a spe-
cific economic entity (juridical person or pri-
vate entrepreneur); 

3) determining priority parameters for 
laboratory support provided for surveillance 
activities on the basis of created "risk profiles". 
The main goal at the stage is to optimize labora-
tory support provided for surveillance, and to 
make it more "targeted" via substantiating those 
product parameters which are most frequently 
non-compliant with requirements fixed in stan-
dards and violation of which causes the highest 
consumer health risks. 

Implementation of the suggested model 
is aimed at determining exactly unsafe prod-
ucts that cause the highest consumer health 
risks during surveillance activities and to do it 
in the most convincing way applying all the 
available tools.  

The algorithm is given in greater detail on 
Figure 1. 

__________________________ 
 
9 Products made by citizens for their private purposes and for consumption at their households were not con-

sidered in the research. 
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Figure 1. An overall algorithm for organizing control and surveillance activities taking 

 into account  classification of products as per potential health risks 

The first stage is ranking (classifying) ac-
tivities performed by juridical persons or pri-
vate entrepreneurs in the sphere of consumer 
products distribution as per potential popula-
tion health risks; it involves having the complete 
data on economic entities under surveillance 
which are systemized in registers, inventories, 
databases, etc. Such registers or databases should 
contain data on activities performed by a ju-

ridical person or a private entrepreneur, where 
they take place and how long a production 
process is, as well as volumes of manufactured 
(distributed) goods or rendered services. Be-
sides, it is extremely important to accumulate 
and systematize results of control and surveil-
lance activities including results of documen-
tary, visual, and laboratory examinations of 
products as well as registers of cases in which 
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damage was done to population health (or if 
such registers have not been created yet, there 
can be registers of population health parame-
ters). The registers are considered to be an in-
formation database for calculating and predict-
ing probable frequency of obligatory require-
ments violation by economic entities performing 
various activities in the sphere of consumer 
products distribution and probable negative 
responses to such violations (in case when 
obligatory sanitary requirements are violated, 
it can be probability of deaths or diseases 
among potential consumers, breach of sani-
tary-epidemiologic welfare etc.) 

A scope of potential negative impacts (that 
is, health damage cases) is determined by scales 
of activities performed by a juridical person or 
a private entrepreneur. We suggest to assess a 
gravity of damage that was done according to 
the WHO recommendations applying a scale 
from 0 to 1, where 1 means death; any figures 
close to 1 are considered grave health disorders, 
and those close to 0 are mild disorders, symp-
toms, syndromes, etc. [23]. 

Methodical approaches to classification can 
vary significantly; however, just like any other 
risk assessment techniques, they should take into 
account both probability of a hazardous event 
(violation of standard levels fixed for hazardous 
factors) and a gravity of consequences caused by 
this event. In order to exclude or minimize sub-
jective experts estimations, we suggest to de-
velop a risk assessment procedure on the basis of 
actual statistical data collected during control 
and surveillance activities, data on hazards re-
lated to activities performed by juridical persons 
or private entrepreneurs and products distributed 
on the market, statistics on health damage cases 
or any other data on health disorders, and math-
ematic modeling techniques. 

In full conformity with international ap-
proaches, we suggest to assess a risk as a 
combination of probability, gravity, and a 
scope of negative exposure as per the follow-
ing formula (1):  

  I
i i

i
R p u M   (1) 

where ip  is a probability that i-th requirement 
(standard) in sanitary legislation is violated at 

industrial objects where I-type activity is per-
formed;  

ui is a parameter that characterizes dam-
age done to population health when i-th re-
quirement (standard) in sanitary legislation is 
violated at industrial objects where a specific 
activity is performed; it is calculated as  

α ,k ik i
i

u g  

where αi  is a parameter that reflects changes 
in mortality or morbidity frequency when fre-
quency of violation as per k – th clause in the 
legislation increases by 1; gi is a parameter 
that reflects gravity of i-th health disorder 
varying within a range from 0 to 1. 

M is a parameter that characterizes num-
ber of population exposed to activities per-
formed by an industrial enterprise. 

Probability of a case in which require-
ments are violated is determined basing on in-
spections histories of juridical persons and pri-
vate entrepreneurs and, taking into account 
"precaution" principles, can be taken as a 95% 
percentile of violations frequency over several 
years. It means that a risk as per "violation 
probability" criterion can be underestimated 
for not more than 5% of object under surveil-
lance. (For example, we analyzed results of 
control and surveillance activities performed 
by Rospotrebnadzor in 2014–2017 at more 
than 1,000 retail outlets and revealed that non-
compliance with sanitary-epidemiologic re-
quirements to food products and materials and 
products that contacted them was registered 
with an average frequency equal to 0.58 per 1 
inspection. Maximum frequency amounted to 
1.37; 95%-percentile was equal to 0.85 per 1 
inspection). Violations frequency and 95%-
percentile which is taken into account when 
economic entities or products are classified 
should be revised at least once a year.  

Probability and gravity of a response 
(damage done to a consumer health) is the sec-
ond component in a risk caused by an economic 
entity and its activities. An obligatory action at 
this stage is to identify a hazard, to describe 
hazardous factors and negative consequences 
caused by exposure to such factors as compre-
hensively as it's only possible. Relative damage 
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to health caused by violation of obligatory 
safety requirements ( l

ku ) is calculated on the 
basis of systemic, including expert one, analysis 
of cause-and-effect relations between frequency 
of legislation violations and prevalence of 
health disorders (mortality and primary morbid-
ity) among population taking into account their 
gravity. This task is complicated and science-
intense, and it requires access to databases on 
violations frequencies and population health. 

Obtained mathematical models which are 
biologically substantiated are subject to obli-
gatory statistical significance check. Only au-
thentic correlation models can be applied to 
assess risks. Table 1 contains several models 
obtained in the research and applied to assess 
health risks caused by products. The models 
can be applied many times, they can be sup-
plemented and revised by scientific organiza-
tions from time to time.  

T a b l e  1  
An example of models that describe cause-and-effect relations between frequency of cases 

in which obligatory requirements to activities related to consumer food products distribution 
are violated  and population health disorders (a is a number of cases per 1 violation)  

with assessing potential damage caused by these violations (a copy taken from a system  
of models obtained basing on the analysis of data collected in 84 RF regions over 2014–2017) 

Model  
parameters 

Category 

A clause  
in 52-FL 

which was 
violated 

Nosology Contingent
а F 

Gravity 
of 

a disorder 
(g) 

A parameter 
that character-
izes damage to 
health caused 
by violation of 
legal require-

ments (u) 
Clause 15 Gastritis and duodenitis Adults 0.00150 22.08 0.140 0.00021 

Clause 15 Gastritis and duodenitis Total 
population 0.00160 23.33 0.112 0.00018 

Clause 17 Digestive organs diseases Adults 0.00930 8.12 0.161 0.00150 
Clause 19 Pancreas diseases Children 0.00910 7.65 0.441 0.00400 

Food products 
manufactur-
ing, catering 
and retail 
trade in food 
products, 
overall 

Clause 20 

Diseases of the blood 
and blood-forming or-
gans and certain disor-
ders involving the im-

mune mechanism 

Adults 0.03310 20.31 0.273 0.00902 

Clause 17 Enteric infections Adults 0.01950 18.44 0.016 0.00031 

Children 0.00060 6.21 0.181 0.00012 

Food products 
manufactur-
ing, including 
drinks; to-
bacco prod-
ucts manufac-
turing 

Clause 19 Stomach  
and duodenum ulcer Total popu-

lation 0.00011 6.85 0.196 0.00002 

Clause 19 Non-infectious  
enteritis and colitis Children 0.01690 13.13 0.372 0.00630 

Gastritis and duodenitis Adults 0.00487 15.26 0.139 0.00068 

Catering 

Clause 25 Gastritis and duodenitis Total 
population 0.00444 13.37 0.126 0.00056 

Gastritis and duodenitis Adults 0.00154 8.96 0.139 0.00022 
Clause 15 Gastritis and duodenitis Total 

population 0.00165 8.15 0.126 0.00018 

Clause 17 Digestive organs diseases Adults 0.00930 14.87 0.161 0.00150 

Retail trade in 
food products, 
including 
drinks, and 
tobacco prod-
ucts Clause 19 Certain infectious and 

parasitic diseases Adults 0.03450 20.12 0.288 0.00993 
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T a b l e  2   
A scale for classifying activities performed by juridical persons or private entrepreneurs  

as per potential health risk  

Hazard category Health risk category Health risk value Recommended frequency  
of scheduled inspections 

1 hazard category Extremely high More than 1*10-3 
The highest (in conformity with the EAEU 

member- states legislations), 
 for example, at least once a year 

2 hazard category High 10-4<R≤1*10-3 
3 hazard category Considerable 10-5<R≤1*10-4 
4 hazard category Average 10-6<R≤1*10-5 
5 hazard category Moderate 10-7<R≤1*10-6 

From 1 time in 2 years 
 to 1 in 5–7 years 

6 hazard category Low R<10-7 Are released from scheduled inspections 
 
Number of population exposed to activi-

ties performed by an industrial object is de-
termined as a function of production capacity 
at an economic entity under surveillance or 
rendered services.  

When all the components are known (fre-
quency of registered violations, a scope of 
health damage as per 1 violation, number of 
exposed population), activities performed by 
an economic entity under surveillance can be 
characterized with a certain risk value. 

We suggest a risk scale that can be ap-
plied to classify surveillance objects; it allows 
to assign activities performed by a certain ob-
ject to this or that risk category taking into ac-
count scopes of such activities (Table 2).  

Objects ranking gives grounds for differen-
tiation of scheduled inspections frequency and 
their procedures. We suggest to fix maximum 
frequency of inspections for objects that cause 
extremely high and high risks and minimal fre-
quency for those that cause low risks (or to com-
pletely release them from any scheduled inspec-
tions). Scheduled inspections at objects that 
cause extremely high, high, and, partially, con-
siderable risks should be field ones and there 
should be laboratory support provided for them. 

The approaches were tested on economic 
entities in Russia that were subject to surveil-
lance. Totally, almost 400 thousand juridical 
persons and private entrepreneurs that dealt 
with catering were under state surveillance; the 
tests revealed that about 2.5% of them could be 
ranked as objects causing extremely high risk, 
and 5.5%, high risk. And it is these economic 
entities that are subject to the most frequent and 

systemic control. Approximately 17.3% eco-
nomic entities cause significant risks, and 
38.55%, average risk. Scheduled inspections at 
such objects should be performed with lower 
frequency. And almost 10% of economic enti-
ties are ranked as objects with low risk and they 
can be released from any scheduled inspections 
thus allowing to redirect resources of a surveil-
lance authority and to concentrate its efforts on 
objects that cause high risks. A share of objects 
that cause extremely high and high risks in the 
sphere of wholesale and retail trade (predomi-
nantly in food products) amounted to 2.1 and 
4.87% respectively; objects that caused low 
risks accounted for almost 20%. The obtained 
data are well in line with data taken from scien-
tific literature; according to literature sources, a 
share of objects that create high risks and are 
subject to the most frequent control by surveil-
lance authorities doesn't exceed 8-10% of the 
overall number of objects under state surveil-
lance. But as for unscheduled inspections per-
formed according to the rules fixed in the legis-
lation of the EAEU member states, they are not 
excluded and can take place at any time. Be-
sides, a risk-oriented model can (and should) 
include some measures that can assign an object 
either into a stricter category (when considerable 
violations of obligatory requirements are de-
tected during an inspection) or into a less strict 
one (when there are no violations of obligatory 
requirements and all the recommendations given 
by surveillance authorities or any other condi-
tions fixed for the process have been adhered to). 

Risk-oriented surveillance over activities 
performed by juridical persons and private en-
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trepreneurs is supplemented with a similar ap-
proach to surveillance over products and it al-
lows control and surveillance authorities to 
choose the most hazardous products for docu-
mentary and laboratory examinations. 

Methodical approaches allow to quantita-
tively estimate risks as a combination of poten-
tial frequency with which obligatory require-
ments to products can be violated and relative 
damage done to consumers' health in a case 
when specific requirements are violated. The 
formula for calculating risks caused by food 
products is given below  (2).  

  пищ ,I I I
i i

i
R p u W               (2) 

where I
ip  is a probability that obligatory 

safety requirements to food products are vio-
lated as per i-th hazard factor during a single 
inspection. A hazard factor can be a chemical, 
a microbe or a parasitic agent, a radiological 
parameter, a genetically modified organism, or 
any other factor that is examined when control 
and surveillance activities take place; 

I
iu   is relative damage to health caused 

by violations of sanitary-epidemiologic re-
quirements to an i-th hazard factor related to 
food products; 

W is a coefficient that characterizes con-
sumption of food products by people.  

Frequency (probability) of cases in which 
obligatory safety requirements to  products can 
be violated as per i-th hazard factor during a 
single inspection is determined as per statistical 
data provided by a surveillance authority; it is 
calculated as a ratio of examination results with 
detected violations of requirements and stan-
dards to the overall number of examinations.  

Damage to health is assessed either as per 
results of cause-and-effect relations modeling 
or as per data taken from relevant scientific lit-
erature. Table 3 contains examples of mathe-
matical models that show "violation of obliga-
tory requirements to food products safety" – " 
consumers' health disorders" relations (they are 
taken out of more than 800 authentic models 
that were obtained during the present research).  

T a b l e  3  
Examples of parameters included into mathematical models that show  

"violations of sanitary standards for products safety – consumers' health disorders"  relations   
Model  

parameter 
Products  
(group  

of products) 

A parameter with  
detected violation  

of sanitary standards 

Population  
contingent Health disorders 

а* F 
Confectionary Microbiological parameters Total population Enteric infections 12.99 16.22 

Canned food Microbiological parameters Total population Certain infectious and 
parasitic diseases 50.00 25.12 

Dairy canned 
products Microbiological parameters Children Enteric infections 19.81 17.17 

Cream products Microbiological parameters Children Enteric infections 10.47 12.43 

Cream products Microbiological parameters Older than employable 
population Enteric infections 0.28 6.88 

Cream products Microbiological parameters Employable population Enteric infections 8.96 8.98 
Cooked products 
in retail outlets Pathogenic microorganisms Total population Certain infectious and 

parasitic diseases 500.50 19.63 

Meat and meat 
products Antibiotics Children Non-infectious enteritis 

and colitis 12.21 17.11 

Butter and fat 
products Pesticides Older than employable 

population Diseases of the liver 87.04 12.56 

Vegetables Nitrates Total population Diseases of the blood and 
blood-forming organs 56.93 18.45 

* A growth in morbidity (cases / 100 thousand people) when frequency of violations grows by 1%. 
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Risk assessment methodology is quite 
versatile and it makes all the sequential steps 
in the algorithm interrelated and consistent. 
But at the same time, data that are applied in 
calculations can be completely different in the 
EAEU member states in  spite of the unified 
methodological base. Violations of obligatory 
requirements are detected with significantly 
different frequency in different regions due to 
peculiarities of products manufacturing, stor-
age, and transportation to an end customer. 

Thus, alcohol and non-alcohol drinks, 
honey, tropical and subtropical fruit and some 
other goods in Armenia are ranked as "low-
risk products" while in the RF a probability 
that requirements to safety of these products 
are violated is rather high. This discrepancy by 
no means is to be considered an inconsistency. 
It is quite possible that certain product groups 
differ significantly in the EAEU member 
states. But still, priorities that exist in different 
EAEU countries can be interesting and impor-
tant for surveillance authorities of a state that 
imports products manufactured in another state 
on its customs territory. We should note that, 
nevertheless, if unified methodical approaches 
to selecting priorities were applied, it would 
allow to assess objectivity of estimations made 
in each EAEU member state. 

The third stage in the algorithm for risk-
oriented surveillance implementation involves 
creating risk profiles for a specific product in 
order to optimize laboratory control. A risk pro-
file is a set of standardized safety parameters 
that is typical for a specific product; the set 
should include parameters regulated by such 
hygienic requirements that are violated most 
frequently and gravity of these violations 
should also be taken into account. 

Creation of a risk profile for a product in-
volves profound analysis of long-term labora-
tory research on products quality and safety. 
The basic tasks here are to spot out products 
groups (types) which are characterized with 
the highest probability that sanitary-hygienic 
standards and requirements to them are vio-
lated and these violations can be detected with 
instrumental research; to identify parameters 
obligatory requirements to which are violated 

with the highest frequency; to assess potential 
consumers' health risk when products with de-
tected violations are distributed on the market.  

For example, we analyzed how frequently 
safety requirements were violated and assessed 
health risks when examining migration of che-
mical admixtures from construction and finishing 
materials (approximately 3 thousand samples of 
products belonging to 30 groups in the Commod-
ity Nomenclature for Foreign Economic Activi-
ties (CN FEA) on the RF territory). We detected 
the following factors that caused risks for con-
sumers' health: formaldehyde, phenol, hydrogen 
chloride and ammonia; these factors formed risk 
profiles for products from the CN FEA groups 
4410, 4411, 4412 (flakeboards, wood-fiber 
boards, pressed plywood, etc.); other standardized 
admixtures (approximately 16 parameters) were 
practically never registered in quantities higher 
than standards and didn't cause any health risks.  

We revealed that acrylonitrite was a risk 
factor for materials from the group 4814 (acrylic 
wallpapers etc.); other migrating standardized 
admixtures didn't cause any significant risks. 

There were several products groups (CN 
FEA 3922 - bathtubs and sinks; CN FEA 4601 - 
wicker products and materials for wickerwork, 
mats, screens, etc; CN FEA 4823 - paper, card-
board, cellulose cotton, etc.; CN FEA 5602 - 
felt; CN FEA 5703-5705 - textile carpets, car-
pets made of felt or taffeta; CN FEA 5905 - tex-
tile wallpapers) for which data collected over 
long-term period were analyzed and the analy-
sis revealed it was not necessary to provide 
scheduled systemic laboratory support for them 
as frequency of detected violations in terms of 
chemicals migration amounted to less than 
0.01%, and hygienic standards in all the de-
tected cases were exceeded only slightly, by 
1.1-2.0. Therefore, laboratory support provided 
for a surveillance activity should be oriented at 
estimating priority risk factors including an in-
crease in number of examined samples. Other 
admixtures can be included into inspections 
programs on the residual principle. 

Stricter and more frequent control over 
risky products and orientation at priority parame-
ters in inspection programs with simultaneous 
decrease in frequency of measuring parameters 
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that are less informative should eventually pro-
vide growth in consumer market safety without 
any increase in overall expenses on instrumental 
support provided for inspections.  

Undoubtedly, it is necessary to perform 
laboratory control as per a wide range of pa-
rameters. Methodical approaches indicate that 
this control should either be performed in a 
screening mode when profound examinations 
are accomplished on a great quantity of similar 
products and are aimed at creating a risk profile 
for them, or it should be random and performed 
on random samplings in order to assess average 
compliance with hygienic standards fixed for 
products safety. A share of such examinations 
can be equal to about 20% according to rec-
ommendations given by world practice  [34]. 

Results of each inspection performed 
within the frameworks of the suggested model 
are to supplement and to expand the database 
which was an initial one for priorities determi-
nation. We should note that only this exact 
structure of the system provides consistent effi-
ciency of control activities and gradual growth 
in overall quality of distributed goods. And as 
priority juridical persons and private entrepre-
neurs as well as the most unsafe goods are un-
der constant and systemic control, including 
laboratory one, such goods should gradually be 
"washed out" from distribution and it will lead 
to a growth in overall consumers safety. 

Conclusion. Profound analysis of the legis-
lation and surveillance practices in the sphere of 
consumer products distribution in the EAEU 
revealed that the EAEU member states were in 
general committed to providing consumer 
products safety and to minimizing risks for 
people lives and health. The legislation in prac-
tically each member state envisages both prod-
uct risks assessment and risk-oriented surveil-
lance. The situation can be considered a good 
ground for developing a system of coordinated 
and mutually beneficial activities related to 
risk-oriented surveillance over products. Such a 
system would allow to make interstate relation-
ships more confident and objective and create 
efficient barriers for products that are hazardous 
for population health but at the same time it 
would minimize administrative barriers for 

products that don't cause any grave (significant, 
high, and alike) risks for consumers health in 
the unified EAEU economic space.  

Basing on principles of risk assessment as 
a combination including probable violation of 
obligatory sanitary requirements to products as 
well as probability and gravity of conse-
quences such violation would lead to, we sug-
gest a model for risk-oriented surveillance that 
can be applied in all EAEU member states as a 
methodical base for creating national models 
for surveillance over products.  

The suggested model includes three inter-
related modules: 

1) Ranking activities performed by eco-
nomic entities that deal with consumer products 
distribution as per potential risks of damage to 
health. Methodical support offered by the mod-
ule allows to spot out such juridical persons or 
private entrepreneurs whose activities performed 
in the sphere of products manufacturing, trade, 
or catering don't meet sanitary requirements and 
cause the highest risks for consumers health; it 
also allows to fix periodicity of scheduled in-
spections which is relevant to risks.  

2) Classification of products as per con-
sumer health risks. 

Methodical support offered by this module, 
basing on actual frequency with which sanitary 
requirements to products are violated and on con-
sequences of such violations, allows to spot out 
such consumer products which are the most 
"risky" for consumers. It allows to select priority, 
or, in other words, the most hazardous products 
for examinations during scheduled inspections.  

3) Creation of risk-oriented and differen-
tiated laboratory support for scheduled control 
and surveillance activities.  

Modules are provided with methodical 
support and specialized software. 

The procedure was tested in the RF and 
Belarus; its practical feasibility has been 
proven. But still, unified approaches to prod-
ucts classification as well as risk-oriented sur-
veillance model can function efficiently in the 
EAEU only if all their structural components 
are present. They are: 

–information base for surveillance that in-
cludes formalized, verified, and structured data 
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on parameters of inspected products; on cases 
in which obligatory requirements to products 
were violated; on consequences of such viola-
tions; on evidence proving that health disor-
ders were caused exactly by hazardous factors 
related to products;  

– methodical and mathematical tools and 
software that allow to process data arrays, to ob-
tain simple and easy-to-understand statistics on 
results of control and surveillance activities (cal-
culation of violation frequencies on product 
types in general, as per specific factors, manu-
facturers, etc.), as well as to perform more sci-
ence-intense operations: to detect relationships 
within "products - damage to health" system or 
"risk management activities - products risk char-
acteristics" system; to assess average and maxi-
mum expected gravity of health disorders; etc.; 

–  organizational structure that is provided 
with qualified personnel; this structure should 
collect, process, and analyze data, and inform 
all the concerned parties about obtained results. 

– well-organized channels for information 
exchange; some participants use then to feed ini-

tial data into the system (control results including 
laboratory tests reports, data on injuries, intoxica-
tion, diseases, complaints about products etc.), 
and other participants give a feedback when they 
"communicate" results of assessing hazards or 
risks related to this or that product. And informing 
about risks is supposed to transform into more 
complicated and sophisticated data exchange 
form, namely, risk communication.  

Overall, the system of risk-oriented sur-
veillance over products is developing quite 
intensely. Mutual disclosure of results ob-
tained during control and surveillance activi-
ties, data exchange, and multi-sided informing 
about cases in which damage to health oc-
curred give grounds for further development of 
the system and creation of barriers preventing 
unsafe products from entering the common 
EAEU market. 
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Our research goal was to create a mathematical model that described anti-viral immune response regulation taking 

into account influence exerted by exposure to variable chemical factors. We analyzed a body response to an infection 
taking into account innate and adaptive immunity mechanisms. This created mathematical model helps to describe spatial 
distribution of immune and infectious agents in various organs and systems due to allowing for time lags occurring dur-
ing interactions between different components participating in the process. The mathematical model is a system of ordi-
nary differential equations with a retarded argument; separate addends of the model describe velocity properties of the 
processes that produce their effects on the development of an infectious disease. We suggest an algorithm for conducting 
an experiment aimed at identifying certain parameters related to influence exerted by chemical factors on interaction 
between the neuroendocrine and immune systems. We calculated dynamics in parameters of the immune and neuroendo-
crine systems when a viral infection occurs under experimental exposure to aluminum oxide. The suggested approach is 
applied within the concept of a multi-level human body model that takes into account interactions between systems and 
functional state of organs that are being examined under exposure to adverse factors of variable genesis. The conducted 
research provides a qualitative conception about causes that explain quantitative changes in a viral agent when an im-
mune response occurs in a body under exposure to variable factors. This approach can be applied to adjust parameters of 
existing population models, spread and clinical course of different infections, and to draw up a long-term forecast of an 
epidemiologic situation which is necessary when risks of infectious diseases are analyzed, including those occurring 
when a body is exposed to adverse environmental factors. 

Key words: mathematical model, dynamic system, viral disease, innate immunity, adaptive immunity, neuroendocrine 
regulation. 
 

 
 Introduction. Nowadays an issue of de-

scribing interrelations in adaptive systems 
which modify their functioning in order to pre-
serve their optimal state under changing outer 
conditions is of great interest to researchers 

who study neuroendocrine regulation and im-
mune mechanisms [1, 2]. Works published in 
the field focus on various sings of mutual 
regulatory influences exerted by the systems 
being considered on each other [3, 4]. Some 
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research dwells on neuroendocrine regulation 
of the immune system [5, 6] and controlling 
influence exerted by the immune system, for 
example, via cytokines production, both on 
itself and on the neuroendocrine regulatory 
loop [7, 8]. Most experts in the field believe 
neuroendocrine and immune regulatory 
loops are a unified "super"-regulatory meta-
system [9, 10] which coordinates a compli-
cated multi-level regulatory process in a hu-
man body. The immune system protects a 
body from multiple threats, including viral 
infections; losses occurring due to such in-
fectious make a considerable contribution 
into overall damages done to population by 
various health disorders and are a great 
medical and social problem [11].  

Technogenic environmental factors can 
cause pathomorphism and lead to deteriorated 
clinical course and outcome of infectious dis-
eases [12, 13]. Technogenic processes exert in-
fluence on regulatory (immune and neuroendo-
crine) systems; thus, for example, it was shown 
[14, 15], that technogenic chemical factors ex-
erted negative impacts on functioning of the 
said systems. 

Observation techniques or an experi-
mental approach with subsequent statistical 
processing which are conventionally applied 
to assess functional disorders in the immune 
and neuroendocrine system, in spite of all 
their significance, don't fully allow to ana-
lyze mechanisms and assess consequences 
caused by an effect occurring when func-
tional disorders accumulate in body systems. 
It is due to limitations which exist in choice 
of representative groups, complications re-
lated to identification and detection of basic 
factors, and substantial material costs which 
are required for organizing and conducting 
experiments. 

Mathematical modeling seems to be one 
of the most efficient approaches to finding 
an optimal strategy for examining as well as 
predicting clinical course of virus diseases. 
This approach allows to save time and re-
sources required for solving the above-
mentioned tasks. Mathematical models make 

it possible to analyze influence exerted by 
various factors and their combinations at an 
individual and population level. An example 
of such models is mathematical prediction 
models which describe correlation between 
human health and environmental factors  
[16, 17, 18].  

Our research goal was to develop ap-
proaches to assessing body responses to an 
infectious disease taking into account interac-
tion between the immune and neuroendocrine 
system under exposure to aluminum oxide 
and with functional disorders accumulating in 
a body. 

Data and methods. We worked out an 
experimental procedure for examining nega-
tive influences exerted by chemical agents on 
interaction between components of the im-
mune and neuroendocrine systems. This pro-
cedure allows to determine impacts exerted 
by various factors on activity of immune cells 
that protect a body from infections. 

We chose aluminum oxide as an influ-
encing factor in this work. Technogenic pol-
lution with metals is a widely spread prob-
lem on industrially developed territories; pe-
culiarities related to influences exerted by 
such contaminants on population health are 
their ability to change immune cells func-
tioning, either inhibiting or stimulating them 
as well as controlling proteins produced by 
such cells. Aluminum compounds produce 
inhibiting effects on functions performed by 
immune cells (T- and B-lymphocytes and 
macrophages) and on controlling proteins 
production as well as ratio of immune cells 
quantity.  

Our experiment was accomplished on an 
undivided population of immune cells which 
included T-helpers (CD3/4), В-cells (CD19/22), 
NK-cells (CD16/56), and cytotoxic Т lympho-
cytes (CD3/8); the population was extracted 
from a peripheral blood sample. We examined a 
combine response given by the immune cells 
population to impacts, but to assess functional-
ity of each cells type, we chose a specific pa-
rameter that reflected functions of only one type 
of immune cells. 
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Influences exerted by controlling ele-
ments, such as intrleukin-1, interleukin-2, or 
hydrocortisone, were considered to be con-
tributors that induced (regulated) work per-
formed by immune cells; occurrence of viruses 
was another contributor (we applied a solution 
based on hemagglutinin and concanavalin as a 
viral load simulator due to its ability to induce 
similar responses from the immune system). 
Changes that occurred in functional activity of 
the examined immune cells population were 
assessed as per production of specific control-
ling proteins.  

Concentration of a viral load simulator 
(a universal mitogen based on hemagglutinin 
and concanavalin) applied in experimental re-
search was within 10-1,000 µg/ml range. Op-
erating levels of interleukin-1 were determined 
as per data on changes in cytokine concentra-
tion in a healthy body. Normally, interleukin-1 
contents should be within 0-10 pg/ml. Inter-
leukin-2 concentrations were determined as 
per data obtained for healthy people and exist-
ing standards; they amounted to 10 pg/ml and 
100 pg/ml respectively. Standard hydrocorti-
sone concentration is 138-635 nmol/l. We ana-
lyzed impacts exerted by two aluminum con-
centrations, 0.01 mg/l and 0.1 mg/l, its maxi-
mum permissible concentration in water being 
equal to 0.2 mg/l.  

We determined how many experiments 
we required judging from the necessity  to 
take into account impacts exerted by all the 
contributors, namely interleukin-1, inter-
leukin-2, hydrocortisone, aluminum oxide, 
and viral load. 16 experiments are a half-
replicate of a complete factor experiment for 
5 factors. Below one can see the overall view 
of a sought function that describes impacts 
exerted by the considered factors on marker 
proteins production by cells: 

0 1 1 2 2 3 3 4 4 5 5

1,4 1 4 2,4 2 4 3,4 3 4 1,5 1 5

2,5 2 5 3,5 3 5 4,5 5 4 1,4,5 1 5 4

2,4,5 2 5 4 3,4,5 3 5 4

( )

,

iy x b b x b x b x b x b x
b x x b x x b x x b x x
b x x b x x b x x b x x x
b x x x b x x x

      
    

    

 

  (1) 

where ( )iy x  is a concentration of a marker 
protein that characterizes functional activity of 
immune cells; 

jb  are sought coefficients of the model; 

1x  is a concentration of viral load simulator; 

2x  is interleukin-1 concentration; 

3x  is interleukin-2 concentration; 

4x  is hydrocortisone concentration; 

5x  aluminum oxide concentration. 
All the parameters were recalculated as per 

their maximum value obtained during the ex-
periment; as a result, all the variables in the 
mathematical model are of the same order. Maxi-
mum interferon-gamma concentration amounts to 
30.62 [pg/ml] and interleukin, 8 [pg/ml]. 

We applied a structural scheme shown in 
Figure 1 to describe interaction between the 
immune and neuroendocrine systems under 
exposure to aluminum oxide and with func-
tional disorders accumulating in a body. The 
scheme is a set of interrelated immune and 
neuroendocrine system elements which are the 
most significant components in a body re-
sponse to a virus invasion. The models takes 
into account functional state of organs being 
considered. 

As we describe interactions between the 
immune and endocrine system which are very 
complicated we introduce certain simplifying 
assumptions into the design of our model. 
Cells and viruses populations are assumed to 
be evenly spread over the epithelial layer of a 
target organ at any moment. We also assume 
that speed of changes in any variable in the 
model is determined by the current values of 
all the variables. At present we assume that the 
basic processes which regulate immune pro-
tection dynamics take place in three local vol-
umes: brains (hypophysis and hypothalamus), 
abdominal cavity (adrenals), and a target or-
gan. Interaction between these three local vol-
umes occurs with a time lag. 

Protection mechanisms are activated after 
macrophages have removed cells affected by a 
virus, simultaneously information molecules 
of (cytokine) interleukin-1 are synthesized [19].  
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Figure 1. A conceptual scheme showing how the immune and neuroendocrine  

systems function in case a virus infection occurs 

As interleukin-1 concentration in blood in-
creases, it makes for T-helpers producing 
interleukin-2 and stimulates specific recep-
tors in the hypothalamus to produce corti-
coliberin, a release hormone. Corticoliberin 
influences the adenohypophysis and causes 
adrenocorticotropic hormone (ACTH) secre-
tion [18]. When penetrating blood, ACTH 
stimulates the adrenals to produce hydrocor-
tisone; increased concentration of this hor-
mone inhibits ACTH secretions and blocks 
interleukin-1 production as per negative 
feedback mechanism. 

Regulatory impacts exerted by inter-
leukin-2 are aimed at NK-cells [35], cyto-
toxic T-lymphocytes [15] and В-cells [2]. 
Basic NK-cells function is related to  
infected cells elimination at early stages of 
a body protecting against virus infections. 
In our work we allow for inhibiting effects 

exerted on NK-cells by hydrocortisone  
[23; 24] and stimulating influence by inter-
leukin-2 [25]. 

Infected cells produce interferon and it is 
another mechanism of primary anti-virus body 
protection [26, 27]. There are basic mecha-
nisms of specific acquired immune response: 
B-cells produce antibodies [28] which bind 
free viruses, and cytotoxic T-lymphocytes de-
stroy cells infected with viruses [29]. Hydro-
cortisone inhibits antiviral activity of the ex-
amined cells.  

Basing on the above-given interaction 
scheme we can describe a mathematical 
model for the regulation mechanism compris-
ing elements of the immune and endocrine 
system with the help of the designed model 
which is a system consisting of 18 ordinary 
first-order differential equations with a retard-
ed argument (2): 
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(2)

where 
CHE is number of healthy non-resistant 

cells in a target organ, [cells]; 
ki are quotients of a model; 

CR is a number of resistant cells in a target 
organ, [cells]; 

CD is a number of dead cells in a target 
organ, [cells]; 
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CIFN is interferon concentration, [IU/ml]; 
CV is viruses concentration, [copies/ml]; 
CI is a number of infected cells in a target 

organ, [cells]; 
CNK is NK-cells (natural killers) concen-

tration, [cells/ml]; 
CIL2 is interleukin-2 concentration, 

[pg/ml]; 
CK is hydrocortisone concentration, [nano-

gram/ml]; 
T is time lag, [minutes]; 
CCTL is cytotoxic T-lymphocytes concen-

tration, [cells/ml]; 
CM  is macrophages (monocytes) concen-

tration, [cells/ml]; 
CA is antibodies concentration, [mIU/ml]; 
Fb is marrow functional capacity, synthe-

sizing function, [dimensionless value]; 
CIL1 is interleukin-1 concentration, [pg/ml]; 
CTH  is T-helpers concentration, [cells/ml]; 
CB is B-cells concentration, [cells/ml]; 
CCRH is corticoliberin concentration, [pg/ml]; 
Fh is hypothalamus functional capacity, 

synthesizing function, [dimensionless value]; 
CACTH is adrenocorticotropic hormone 

(ACTH) concentration, [picogram/ml (pg/ml)]; 
Fp is hypophysis functional capacity, syn-

thesizing function, [dimensionless value]; 
Fa is adrenals functional capacity, synthe-

sizing function, [dimensionless value]. 
Interactions between cells populations 

and body information molecules are based on 
the clonal selection theory (Burnet theory ac-
cording to which cells clones (B-cells)  
occur in a body; these cells are specific to dif-
ferent viruses and a virus selectively contacts 
a corresponding clone thus stimulating it to 
produce antigens), mass action law (reactions 
speeds are proportionate to substances con-
centration product), interaction characteristics 
and Markov's death and recovery processes. 

The model parameters were indentified on 
the basis of experimental data obtained during 
research on a process of a body being infected 
with a flu virus; values for the model parame-
ters are given in Table 1. 

As all the equations in the model are 
complicated and non-linear, it becomes more 
difficult to obtain analytical solutions with it. 

To solve the differential equation system, we 
apply implicit numerical technique by Runge-
Kutta of the third order. 

Results and discussion. We analyzed the 
results of our experiment during which we as-
sessed effects produced by various factors on 
interferon-gamma production and determined 
that the greatest influence was exerted by a vi-
ral load simulator. Average standardized value 
for interferon-gamma amounted to 0.225±0.058 
under low influence exerted by a viral load 
simulator, but when this influence was signifi-
cant, it amounted to 0.323±0.086 (there was an 
authentic discrepancy between the obtained av-
erage values, p<0.05). We can conclude that 
interferon-gamma is synthesized due to stimu-
lating effects produced by a viral load simulator 
and it is well in line with literature data. 

Influence exerted by low concentrations 
of a viral load simulator on interferon-gamma 
production is significantly modified by effects 
produced by hydrocortisone; this phenomenon 
corresponds with literature data on qualitative 
effects produced by hydrocortisone [39].  
Average standardized value for interferon-
gamma concentration amounts to 0.277±0.098 
when influence exerted by a viral load simula-
tor is low and so is hydrocortisone concentra-
tion; but when hydrocortisone concentration is 
high, interferon-gamma concentration is equal 
to 0.173±0.065 (there was an authentic dis-
crepancy between the obtained average values, 
p<0.05). These values are shown on Figure 2. 
This observed discrepancy can be an evidence 
that hydrocortisone has inhibiting effects un-
der low values of a factor that influences im-
mune cells. When a viral load simulator was 
high, we didn't reveal any significant effects 
produced by hydrocortisone. 

Interferon-gamma is produced in a human 
body primarily by infected cells in a target or-
gan and NK-cells. The performed experiment 
revealed that interferon-gamma production by 
NK-cells was stimulated by a controlling pro-
tein, namely interleukin-2. The obtained re-
sults are in line with literature data. Average 
standardized interferon-gamma concentration 
amounted to 0.193±0.049 under insignificant 
influence exerted by interleukin-2, but when
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T a b l e  1   
Parameters of the mathematical model that describes interactions between the immune  

and endocrine systems under a virus infection  

Parameter Value Source Parame-
ter Value Source 

k1 2.35*10-11 [1/cells*day] [30] k27 1.1*1014 [cells/ml*day]  
k2 0.98 [1/day] [31] k28 0.11 [1/day]  
k3 1.1*10-17 [ml/IU*day] [32] k29 4*1015 [cells/ml*day] [31] 
k4 2*10-12 [ml/copies*day] [31] k30 4.15 [ml/pg*day] [31] 
k5 2.5*10-17 [ml2/cells*pg*day]  k31 1.6*10-11 [1/cells*day] [32] 
k6 6.6*10-18 [ml/cells*day] [32] k32 0.4  [1/day] [31] 
k7 1.5 [1/day] [33] k33 5.75 [ml/pg*day] [31] 
k8 0.5 [dimensionless]  k34 0.4 [1/day] [31] 
k9 0.5 [dimensionless]  k35 7.56*1012[mIU/cells] [31] 
k10 3.2*106 [IU/cells*ml*day]  k36 0.5 [dimensionless]  
k11 1.01*10-10 [1/cells*day] [32] k37 8.6*10-10 [ml/copies*day] [32] 
k12 8 [1/day] [32] k38 0.043 [1/day] [31] 
k13 10-14 [ml/cells*day]  k39 0.5 [dimensionless]  
k14 510 [copies/ml*cells*day] [33] k40 0.002 [ml/pg]  
k15 8.6*10-10 [ml/mIU*day] [43] k41 3.767 [1/day] [36] 
k16 6.1*10-12 [1/cells*day] [32] k42 0.5 [dimensionless]  
k17 1.7 [1/day] [32] k43 0.7572 [1/day] [37] 
k18 3*109 [cells/ml*day] [31] k44 0.1972 [1/day] [37] 
k19 0.03 [1/day] [31] k45 1.8139*1020 [cells/ml]  
k20 2.94*10-19 [pg/cells2*say] [34] k46 0.4*1016 [cells/ml] [31] 
k21 0.5 {dimensionless]  k47 3.055 [ng/ml] [38] 
k22 0.1245 [1/day] [35] k48 7.659 [pg/ml] [36] 
k23 5.8*103[cells/ml*day]  k49 21 [pg/ml] [37] 
k24 0.0058 [1/day]  k50 3.055 [ng/ml] [38] 
k25 3.28*10-7 [ml/cells*day]  T 0.0132 [day] [38] 
k26 0.248 [1/day]     

 
 
 

 
Figure 2. Average standardized interferon-gamma 
concentrations with error of mean under different 
concentration of a viral load simulator taking into 

account effects by hydrocortisone 

 

Figure 3. Average standardized interferon-gamma 
concentrations with error of mean under different 
concentration of interleukin-2 taking into account 

effects by hydrocortisone  
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this influence was high, it was equal to 
0.289±0.074 (there was an authentic discrepancy 
between the obtained average values, p<0.05). 

As it is not the case with a viral load 
simulator, hydrocortisone produces significant 
effects when interleukin-2 concentration is 
high. This observed discrepancy can be ex-
plained by the following: when we consider a 
viral load simulator, hydrocortisone inhibits 
immune reaction at the initial stage in the 
process thus preventing the overall chain of 
protective reactions in a body from activating 
as a virus occurs in small quantities and it is 
not necessary to waste energy accumulated in 
a body. But if interleukin-2 occurs in high 
concentrations in a body, it can be a sign that 
all the protective mechanisms are activated. In 
this case hydrocortisone controls interferon-
gamma production in order to keep a body re-
sponse to an infection within standardized lim-
its. If the immunity exceeds these limits, inter-
feron-gamma can damage healthy cells thus 
making a disease even worse and wasting 
greater amounts of energy.  

Average standardized interferon-gamma 
concentration amounted to 0.372±0.14 under 
great influence exerted by interleukin-2 and 
low hydrocortisone concentration; but when 
hydrocortisone concentration was high, inter-
feron-gamma concentration was equal to 
0.217±0.048 (there was an authentic discrep-
ancy between the obtained average values, 
p<0.05); these data are shown on Figure 3. 
Low hydrocortisone concentrations don't have 
any significant influence on interferon-gamma 
production stimulated by interleukin-2. 

We applied the least squares method (Sta-
tistica 6.0 software) to identify parameters of 
the model that described effects produced by 
various factors (1). To test whether the model 
was relevant to experimental data, we applied 
dispersion analysis, and the obtained model 
had the following characteristics: R2=0.187 
and p=0.002. We simplified the obtained equa-
tion by dropping summands which didn't make 
any authentic contribution into the value for 
interferon-gamma concentration; this was done 
basing on Akaike test. We also dropped sum-
mands with low influences basing on the as-

sessment of their elasticity coefficient. The 
equation (1), taking into account the obtained 
quotients values, can be given as follows: 

 
 

 
1 4

3 5 4

( ) 0,35 0,29 0,32

0,72 0,56 ,
iy x x x

x x x

   

 
  (3) 

where )( ixy  is standardized interferon-gamma 
concentration, and interferon-gamma charac-
terizes functional activities performed by im-
mune cells; 

1x  is standardized concentration of a viral 
load simulator; 

3x  is standardized interleukin-2 concen-
tration; 

4x  is standardized hydrocortisone concen-
tration; 

5x  is standardized aluminum oxide con-
centration. 

The obtained relationship allows to adjust 
10k  quotient in the mathematical model (2). 

This adjustment allows to take into account 
influence exerted by aluminum oxide on an 
infectious process.  

Figure 4 shows the results obtained via 
modeling three different aluminum oxide con-
centrations. A discrepancy in solutions to the 
equations systems occurs at the adaptive re-
sponse stage. The obtained results revealed 
that exposure to aluminum oxide was at its 
maximum (concentration was equal to 1 mg/l), 
a body fought against a virus infection quite 
intensely but significant damage was done to it 
in the process. When aluminum oxide concen-
tration was average (0.1 mg/l), dynamics of 
changes in flu viruses concentration corre-
sponded to a typical average clinical course of 
the disease. But when exposure to an external 
factor was minimal (concentration was equal 
to 0.01 mg/l), the disease lasted longer but 
lesser damage was done to a body. 

In case aluminum oxide significantly 
stimulates interferon-gamma production by 
NK-cells, it allows a greater number of cells in 
a target organ to simultaneously become resis-
tant. It leads to a decrease in a number of 
healthy cells which are used by viruses for in-
fecting. This fact makes the disease shorter but 
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doesn't change maximum damage done to a 
target organ; we chose a virus for our model 
identification for which the upper respiratory 
tracts were such an organ.   

 
а 

 
b 

Figure 4. а) Relationship between viruses 
concentrations in a body and time under different 
aluminum concentrations b) relationship between 
damage to a target organ and time under different 

aluminum concentrations (blue line corresponds to 
aluminum oxide concentration equal to 0.01 ml/l; 

green line, 0,1 ml/l; black line, 1 mg/l) 

We assessed discrepancies in average in-
terleukin-8 concentrations under different lev-
els of influencing factors and revealed that 
interleukin-1 exerted the most significant in-
fluence. Average standardized interleukin-8 
concentration amounted to 0.414±0.046 under 
insignificant influence exerted by interleukin-1; 
but if this influence was great, it was equal to 
0.493±0.047 (there was an authentic discrep-
ancy between the obtained average values, 
p<0.05). We can conclude that interleukin-8 
synthesis that characterizes NK-cells func-
tional capabilities is stimulated by interleu-

kin-1 and it is in line with literature data [40]. 
Influence exerted by low interleukin-1 con-
centrations on interleukin-8 production is sig-
nificantly modified by effects produced by 
hydrocortisone. This phenomenon corre-
sponds to literature data on qualitative influ-
ence exerted by hydrocortisone on NK-cells 
functionality [41]. Average standardized in-
terleukin-8 concentration amounted to 
0.448±0.08 under insignificant influence ex-
erted by interleukin-1 and low hydrocortisone 
concentration; but if hydrocortisone concen-
tration was high, interleukin-8 concentration 
amounted to 0.38±0.049 (there was an au-
thentic discrepancy between the obtained av-
erage values, p<0.05). These values are given 
on Figure 5. This observed discrepancy can 
be an evidence that hydrocortisone produces 
inhibiting effects on immune cells when an 
influencing factor occurs in low concentra-
tions. We didn't reveal any significant influ-
ence exerted by hydrocortisone under high 
interleukin-1 concentration.  

This observed discrepancy in produced 
effects can be explained by the following: hy-
drocortisone inhibits immune reaction at the 
initial stage in the process thus preventing the 
overall chain of protective reactions in a body 
from activating as a virus occurs in small 
quantities and it is not necessary to waste en-
ergy accumulated in a body. 

 

 
Figure 5. Average standardized interleukin-8 

concentrations with error of mean under  
different concentration of interleukin-1 taking 

 into account effects by hydrocortisone  
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Aluminum oxide exerts similar influence 
on interleukin-8 production under exposure to 
interleukin-1. Average standardized interleukin-
8 concentration amounted to 0.453±0.082 under 
low interleukin-1 influence and low aluminum 
oxide concentration; but if aluminum oxide 
concentration was high, interleukin-8 concen-
tration was equal to 0.374±0.042 (there was an 
authentic discrepancy between the obtained av-
erage values, p<0.05). These values are shown 
on Figure 6.  

 

 
Figure 6. Average standardized interleukin-8 

concentrations with error of mean under different 
concentration of interleukin-1 taking into account 

effects by aluminum oxide  

We applied the least squares method (Sta-
tistica 6.0 software) to identify parameters of 
the model (1). The obtained equation, taking 
into account new quotients values, can be given 
as follows: 

 2 4 5( ) 0,35 0,11 0,13 0,11iy x x x x    ,   (4) 

where )( ixy  is standardized interleukin-8 con-
centration, and interleukin-8 characterizes func-
tional capabilities of immune cells; 

2x  is standardized interleukin-1 concen-
tration; 

4x  is standardized hydrocortisone con-
centration; 

5x  is standardized aluminum oxide con-
centration. 

The obtained relationship allows to adjust 
parameters of changes in infected cells quan-

tity under an immune response in the system 
of equations (2). The summand 5 2NK I ILk C C C  in 
the equation (2.2) describes destruction of in-
fected cells in a target organ by NK-cells 
without new viruses occurrence.  

To assess what influence was produced on 
solutions to the system of equations by effects 
produced by aluminum oxide on NK-cells func-
tional capabilities, we applied a function with 
an adjusted quotient 5k  together with the previ-
ously obtained relationship (4). Figure 7 shows 
results of modeling for three different alumi-
num oxide concentrations.  

 

 
а 

 
b 

Figure 7. а) the relationship between viruses 
concentration in a body and time under different 

aluminum concentrations, b) the relationship 
between damage done to a target organ and time 

under different aluminum concentrations (the black 
line corresponds to aluminum oxide concentration 

equal to 0.01 mg/l; the green line, 0.1 mg/l; 
 the blue line, 1 mg/l) 
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The obtained results revealed that when 
aluminum concentration was minimal 
(0.01 mg/l), a body recovered quickly, 
without any apparent symptoms of the dis-
ease. Under average exposure to aluminum 
(0.01 mg/l) and the same initial conditions, 
dynamics of changes in flu viruses quanti-
ties corresponded to a typical average clini-
cal course of the disease. But if influence 
exerted by an external factor was high 
(1 mg/l), viruses swiftly reproduced them-
selves and it resulted in almost fatal damage 
to a target organ. There are the following 
gradations for damages to a target organ tis-
sue corresponding to a clinical form of a 
disease: damage to less than 8-10% of a tis-
sue corresponds to a mild disease; 10-20%, 
an average disease; 20-25%, a grave dis-
ease; when more than 25-30% of a target 
organ tissue is damaged, lethal outcome is 
rather probable [39]. 

Conclusions. So, we developed a predic-
tive mathematical model that describes func-
tioning of the regulatory systems under expo-
sure to a virus infection; this model allows to 
take into account influence exerted by expo-
sure to chemical factors on key components in 

the immunity. We suggested an algorithm for 
conducting an experiment on identifying some 
parameters of influence exerted by chemical 
factors on interaction between the neuroendo-
crine and immune systems. 

We examined immune regulation peculi-
arities via experimental research and its results 
revealed that there were interrelations in the 
system of immune evolution-controlling pro-
teins under combined exposure to hydrocorti-
sone (a neuroendocrine factor) and aluminum 
(a chemical factor). The developed mathemati-
cal model showed that detected regularities re-
lated to influences exerted by chemical and 
physiological factors of various genesis on 
functions performed by immune cells were non-
linear. These detected relationships can be ap-
plied to efficiently predict disorders in an im-
mune response and to assess interactions  
between the neuroendocrine and immune sys-
tems as such interactions determine adaptation 
reserves of a body under technogenic exposure. 
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Preconceptive irradiation is considered to be a potential risk factor that can cause hemolymphoblastosis in children con-

ceived and borne by irradiated parents. A population cohort that comprises workers employed at "Mayak" Production Associa-
tion (Mayak PA), the first nuclear cycle enterprise, is a unique sampling to calculate a carcinogenic risk in their children.  

Our research goal was to assess risk of hemolymphoblastosis among children conceived and borne by workers em-
ployed at Mayak PA with individual preconceptive accumulated absorbed dozes.  

Data and methods. We performed retrospective research as per "case-control" study among all the people living in the 
city of Ozersk located near Mayak PA. Hemolymphoblastosis diagnosed in people younger than 25 in 1949–2009 (81 people) 
were considered to be "cases"; "controls were chosen taking into account sex, birth date, and parents' age when a child was 
borne (324 people). We calculated odds ratio and excessive relative risk per external gamma-radiation dose unit (ERR/Gy) 
with 95 % confidence interval; to do that, we applied PEGAN program module of EPICURE software.  

Results. Acute leukemia prevailed in the structure of hemolymphoblastosis, acute lymphatic leukemia occupying the first 
place. We didn't reveal any statistic correlation between a factor related to parents' preconceptive irradiation and oncohematologic 
pathologies in their offspring: overall, odds relation was equal to 0.76 (0.46–1.26). As we analyzed "dose – effect" correlation, we 
didn't reveal any statistically significant increase in morbidity with hemolymphoblastosis depending on a dose of irradiation accu-
mulated by their parents. ERR/Gy quotients were insignificant both for a dose accumulated by a mother and that accumulated by a 
father. Non-parametric analysis taking into account dose categories didn't reveal any elevated risks either.  

Conclusion. We didn't detect any dose dependence between long-term preconceptive external gamma-irradiation accumu-
lated by parents and risks of hemolymphoblastosis in their children. However, a relatively insignificant number of hemolymphoblas-
tosis cases among children younger than 25 imposes certain limitations on validity of our conclusions. Susceptibility to neoplasms 
in children and manifestation of the effect as a solid carcinoma at older ages are rather probable and it means that further observa-
tion and research is required.  

Key words: preconceptive radiation exposure of workers, children, dose dependence, risk assessment, malignant neo-
plasms in lymphoid and blood-making tissues. 
 

 
 Multiple experimental research consid-

ers preconception irradiation as a risk factor 
that can cause genetic instability, changes in 
DNA polymorphism [1, 2], and offspring sus-
ceptibility to neoplastic processes  [3-5]. Sev-
eral works dwell on cytogenetic effects as on-
cologic diseases predictors and on their prob-
able trans-generational transfer among irra-
diated people [6-9]. But still, epidemiologic 
assessment of effects produced by preconcep-
tion irradiation is rather controversial, and 
there are no common conclusions on peculi-
arities and regularities which carcinogenic 

processes have in offspring of people who 
were exposed to ionizing irradiation [10, 11].  

Malignant neoplasms (MN) in lymphoid 
and blood-making tissues are the most widely 
spread oncologic pathology among children 
[12, 13]. A lot of researchers have had great in-
terest in a probable cause-and-effect relationship 
between parents being exposed to preconception 
irradiation and hemolymphoblastosis in their 
children. In 90ties last century several works 
were published; they focused on testing a so 
called "Gardner hypothesis" [14] that stated the 
following: irradiation received by fathers be-
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fore conception could cause leukemia and non-
Hodgkin's lymphoma in their children. A corre-
lation between parents' preconception irradiation 
and leucosis in their children wasn't confirmed in 
most of them [15, 16] or evidences weren't con-
vincing enough due to an insignificant number 
of oncohematological cases [17, 18]. Controver-
sial results obtained in assessing effects pro-
duced by parents' irradiation and related risks of 
neoplastic processes in their children are still 
inducing scientific disputes [11, 19-21].  

"Mayak" production association (Mayak 
PA) is the first enterprise in the country that 
dealt with nuclear production; it was put into 
operation in 1948. This association includes ra-
diochemical, reactor, and plutonium production 
as well as several auxiliary divisions. During 
several first years of Mayak PA operations its 
personnel might have been exposed to long-term 
external gamma-irradiation and internal alpha-
irradiation by incorporated plutonium-239 in 
significant doses; and we should note that a 
quarter of all workers employed at Mayak PA 
back then were women in their reproductive age. 
Given that, a cohort made up of workers em-
ployed at Mayak PA is one of the most represen-
tative groups in the world to assess effects pro-
duced by parents' irradiation, including analysis 
of oncohematological pathology in their children.   

Our research goal was to assess risks of 
MN in lymphoid and blood-making tissues 
among children born by personnel employed at 
Mayak PA applying total absorbed individual 
preconception doses.  

Data and methods. We conducted a ret-
rospective examination based on registers 
created and supported in the Laboratory for 
Radiation Epidemiology at the Southern Urals 
Biophysics Institute: 

– Register with entries on personnel 
employed at Mayak PA in 1948-2015 includ-
ing 36,036 people who worked at the main 
and auxiliary plants of the enterprise; this 
register provided data on parents' occupa-
tional histories;  

– Cancer Register that contains data on 
more than 15,000 cancer cases which have been 
diagnosed since 1948 among people living in 
Ozersk, a closed town located near Mayak PA; 

– Children Register that contains data on 
90,835 people who were born in 1934-2009 in 

Ozersk or came to this town in their childhood 
and spent not less than 1 year in it. 

We applied a "case - control study in a co-
hort" where a "case" was a patient younger than 
25 who was suffering from hemolymphoblasto-
sis and a "control" was a person of the same age 
without such a diagnosis. "Cases" group in-
cluded all patients with hemolymphoblastosis 
registered in Ozersk from 1949 to 2009 who 
were younger than 25 (81 children overall, 49 
boys and 32 girls). "Control" group was made 
up with a comparable pair method as we se-
lected four controls from Children Register for 
each child with hemolymphoblastosis so that 
they matched in sex, birth year, and age of par-
ents at the moment of childbirth. Groups were 
formed among all the children population in 
Ozersk and it allowed to level off other prob-
able disturbing factors, for example, possible 
technogenic impacts exerted on people living in 
the town by its close proximity to Mayak PA. 
All the selected children were provided with 
medical services of the same quality and quite 
similar nutrition in children facilities located in 
the closed town. As a result, "Control" group 
consisted of 324 children without any oncologic 
diseases (196 boys and 128 girls). 

Having formed the groups, we detected 
whether parents had been exposed to precon-
ception irradiation and if yes than what doses 
they had been exposed to; to do that, we took 
data from the Mayak PA Personnel Register, 
registers with data on people who might have 
been irradiated, for example, liquidators of 
the emergency that happened at the enterprise 
in 1957, Chernobyl liquidators, people who 
had lived on the Eastern Urals radioactive 
track territory, people employed at construc-
tion organizations or military personnel who 
might have been exposed to radiation before 
their children were conceived. Data on indi-
vidual doses of external gamma-irradiation 
accumulated by personnel employed at Ma-
yak PA were provided by the Radiation 
Safety Service of the enterprise from the 
"Mayak PA Personnel Dosimetric System-
2008" [22, 23]. 

The structure of MN in lymphoid and 
blood-making tissues is given according to the 
ICD-9 and ICD-10 that were valid during the 
examined period [24, 25]. 
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We applied the following statistical analy-
sis techniques in our research: 

– frequencies comparison with χ² criterion 
and Fisher's exact test, discrepancies were 
considered to be authentic at p<0.05; 

– odds ratio (OR) calculation with 95% 
confidence interval (CI);  

– calculation of excess relative risk (ERR) 
per a unit of external gamma-irradiation dose 
with 95% confidence interval; it was performed 
in PECAN software module of EPICURE soft-
ware package [26]. Data in a table that showed 
person-years were distributed as per sex, birth 
date, MN nosology, and a date when a MN was 
diagnosed. We took into account total precon-
ception doses of external gamma-irradiation 
received by mothers and fathers on an overall 
body and separately on the gonads. Individual 
doses were divided into 250 mGy intervals and 
an average dose was calculated for each interval. 
Morbidity with hemolymphoblastosis among 
children that was detected without any exposure 
to radiation was considered to be a background 
level taking into account discrepancies related 
to an age at which a MN was diagnosed, sex, or 
age. P-test values for statistical significance 
were calculated with maximum likelihood tech-
niques, and discrepancies were considered to be 
statistically significant at p<0.05. 

Groups characteristics taking into account 
preconception irradiation parents had been ex-
posed to at their workplaces is given in Table 1. 

Each group was divided into two sub-
groups: children born by parents who had ac-
cumulated preconception irradiation doses and 
children born by parents who had never been 
exposed to any occupational irradiation before 
they conceived a child. A share of children born 
by irradiated parents was lower in "Cases" group 
than among children without hemolymphoblas-
tosis as 35.8% (29 children) in "cases" group 
were born in families where parents had accu-
mulated preconception irradiation doses; as for 
the group that included children without any on-

cohematological pathology, 42.3% (137 chil-
dren) were born by parents who had been expos-
ed to occupational irradiation before conception.  

Workers who had contacted ionizing ra-
diation sources at their workplaces before con-
ception might have been exposed to combined 
irradiation (external gamma- and internal al-
pha-irradiation). Most parents in the compared 
groups were employed at radiochemical and 
reactor productions of Mayak PA. We didn't 
analyze any relationship between MN in lym-
phoid and blood-making tissues in children 
and parents' doses of internal irradiation by 
incorporated plutonium-239 due to a rather 
insignificant number of people who had un-
dergone monitoring of internal alpha-irradia-
tion accumulated in their bodies.  

Results and discussion. Over 60-year-
long examination period (1949-2009) MN in 
lymphoid and blood-making tissues were diag-
nosed in 81 children, and more frequently in 
boys (49 people or 60.5%). Prevalence of males 
among patients with hemolymphoblastosis (sex 
ratio is 1.53:1) is in line with regional, national, 
and world statistics [13, 27, 28]. The highest 
number of oncohematological pathology among 
children were registered in time periods from 
1980 to 1989 and from 1990 to 1999 (18 and 19 
cases respectively). Average age at which 
hemoblastosis occurred among boys was equal 
to 11.5; among girls, 9.5. The structure of MN 
in lymphoid and blood-making tissues among 
overall children population living in Ozersk 
over 60 years is given on Figure 1. 

Acute leukemia prevailed among all the 
MN in lymphoid and blood-making tissues with 
45 cases (55.6%) of which 23 cases or 51.1% 
belonged to acute lympholeucosis and it corre-
sponds to literature data [13, 27, 28]. Myeloid 
leukemia accounted for 26.7% (12 cases) 
among all acute leukemia cases. Monocytic 
leukemia was registered only once, in a 5-year 
old boy born by a father who had been em-
ployed at reactor production and exposed to

T a b l e  1  
Group characteristics 

Number of children in a group Born by irradiated parents Born by non-exposed parents Group Total Boys Girls Total Boys Girls Total Boys Girls 
"Cases" 81 49 32 29 19 10 52 30 22 
"Controls" 324 196 128 137 86 51 187 110 77 
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Figure1. Hemolymphoblastosis among children in Ozersk. 

Legend as per %: 55.6% - acute leukemia, of which (the right pie chart): 51.1% acute lympholeucosis; 26.7%,  
acute myeloid leukemia; 20%, leukemia of unspecified cell type; 2.2% acute monocytic leukemia;  

(return to the left pie chart) 3.7%, reticulosarcoma; 2.5%, Burkitt's tumor; 11.1%, other MN in lymphoid  
and histiocytic tissues; 18.5%, Hodgkin's disease; 8.6%, lymphoma 

total preconception external gamma-irradiation 
on his gonads in a dose equal to 210 mGy. 

Acute leukemia of unspecified cell type 
was detected in 9 children and it accounted for 
one fifth of all leukemia cases in children. 
Most of these unspecified leukemias were di-
agnosed in 1960-1980; back then it was next to 
impossible to identify an acute leukemia sub-
type due to absence of histochemical, immu-
nological, and cytogenetic research techniques.  

The second place among all hemolym-
phoblastosis belongs to Hodgkin's disease 
(18.5% or 15 cases). Average age at which 
the disease became apparent amounted to 16.2, 
without any gender discrepancies. Two Burkitt's 
tumors were registered among diffused non-
Hodgkin's lymphomas, in a 8-year-old girl and 
21-year-old boy, both born by parents who 
hadn't been exposed to any preconception irra-
diation. "Other malignant neoplasms in lym-
phoid and histiocytic tissues" category included 
histiocytic lymphomas and malignant histiocy-
tosis; these diseases accounted for 11.1% 
(9 cases) of all hemolymphoblastosis among 
children living in the closed town. 

Structure of hemolymphoblastosis among 
children born by parents exposed to occupa-
tional preconception irradiation is very similar 
to that described above. Acute leukemia pre-
vailed (62.1% or 18 cases); lymphoblastic leu-
kemia took the first place among acute leuke-
mias (44.4% or 8 cases); myeloid leukemia 
accounted for one third of all leukemia cases 

in children (33.3% or 6 cases); a single mono-
cytic leukemia case was diagnosed. A contri-
bution made by leukemia of unspecified cell 
type was a bit different and accounted for 
16.7% (3 cases) of all leukemia cases. A share 
that belonged to Hodgkin's disease among all 
MN in lymphoid and blood-making tissues 
was statistically insignificantly higher among 
children borne by parents who had been exposed 
to occupational preconception irradiation than 
among children whose parents hadn't been ex-
posed to it (20.7% against 17.3%, p>0.05). 

We should note that specific contribution 
made by all neoplasms in lymphoid tissues 
among children of irradiated parents didn't 
have any discrepancies from that among chil-
dren whose parents were intact (37.9% against 
48.1%, p>0.05). We compared contributions 
made by lymphoid leukemia and myeloid leu-
kemia into oncohematological pathology struc-
ture among children born by exposed and non-
exposed parents and didn't reveal any statisti-
cally significant discrepancies. 

We didn't detect any gender differences in 
the structure of MN in lymphoid and blood-
making tissues among children born by irradi-
ated parents. Average age at which MN oc-
curred among children born by exposed par-
ents amounted to 14 years among boys and 
8.2 years among girls.  

 Overall, we didn't detect any significant 
differences in the structure of child hemolym-
phoblastosis between national and world sta-
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tistical data and either children born by work-
ers employed at nuclear production or total 
children population of Ozersk [13, 28]. 

Total doses of preconception external 
gamma-irradiation absorbed by parents at their 
workplaces varied significantly. Table 2 con-
tains data on accumulated preconception irra-
diation doses. 

Average total doses of preconception ex-
ternal gamma-irradiation absorbed by parents 
were higher in "Controls" group (children with-
out oncologic pathology) than among exposed 
parents whose children were included into 
"Cases" group. However, maximum preconcep-
tion dose of external gamma-irradiation on an 
overall body was detected among fathers of 
children with oncohematological pathologies 
and reached 3,397.3 mGy while a maximum 
dose among mothers amounted to 2,797.8 mGy 
and was detected in "Controls" group. 

Average absorbed doses of preconception 
external gamma-irradiation on the gonads were 

higher among parents in "Controls" group than 
among parents in "Cases" group. Irradiation on 
the gonads varied within a substantial range, the 
highest accumulated dose being about 3 Gy; 
it was registered in parents from both groups as 
the maximum external gamma-irradiation dose 
on the gonads amounted to 3,121.8 mGy in 
"Cases" group, and to 2,899.3 mGy, in "Con-
trols" group. 

Average preconception doses of external 
gamma-irradiation on the gonads were in 
some cases higher than doses on an overall 
body; on one hand, it can be due to uneven 
irradiation of Mayak PA personnel; on the 
other hand, quantity of individual doses on 
the gonads among workers was relatively in-
significant, therefore, average values could be 
shifted. 

Figure 2 shows how workers employed at 
Mayak PA are distributed as per accumulated 
preconception doses of external gamma-irra-
diation on an overall body. 

T a b l e  2  
Preconception external gamma-irradiation accumulated by parents 

Exposed parents in "Cases" group Exposed parents in "Controls" group External gamma-
irradiation doses, mGy Fathers Mothers Fathers Mothers 

External gamma-irradiation doses on an overall body 
Average dose 257.4±122.9* 244.3±206.1 335.3±52.4 458.1±129.6 

Median doses 50.1 
(19.5-177.6)** 

42.1 
(20.7-84.8) 

62.9 
(25.0-325) 

125.5 
(24.9-731.2) 

Doses range 2.7-3397.3 2.06-1272.9 0.3-3025.6 2.13-2797.8 
External gamma-irradiation doses on gonads 

Average dose 338.5±188.3 275.2±241.8 411.6±70.4 452.9±123.2 

Median doses 70.1 
(37.9-210.2) 

49.5 
(20.5-529.9) 

111.2 
(31.2-337.7) 

127.7 
(57.6-597.5) 

Doses range 4.33-3121.8 2.97-999.87 0.51-2899.3 2.83-2146.6 
* is standard deviation, **means an inter-quartile  distance is given in brackets. 

 
Figure 2. Distribution of Mayak PA workers as per total preconception doses 

of external gamma-irradiation on an overall body (%) 
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An accumulated dose didn't exceed 100 
mGy among most irradiated parents. Precon-
ception irradiation among mothers in "Cases" 
group had two end intervals, from 2.06 to 100 
mGy and higher than 1,000 mGy. Mothers 
from "Controls" group were present in all dose 
categories. The smallest number of fathers in 
"Cases" group were exposed to preconception 
irradiation in a dose within 201-500 mGy range, 
while the minimal number of fathers in "Con-
trols" group was detected in a dose category 
from 501 to 1,000 mGy. Total preconception 
doses of external gamma-irradiation on the go-
nads among Mayak PA workers were distributed 
in a similar way. 

Most MN in lymphoid and blood-making 
tissues among children born by exposed par-
ents were detected within a below 500 mGy 
range of total preconception external gamma-
irradiation doses received by parents on an 
overall body (79.3% or 23 cases). Acute leu-
kemia was diagnosed among children born by 
parents exposed to a dose within 2.06-3,397.3 
mGy range with an average dose on an over-
all body being equal to 312.8±170.8 mGy; on 
the gonads, 391.5±261.1 mGy. MN in lym-
phoid tissue were detected within 2.7-1,005.3 
mGy doses range with an average external 
gamma-irradiation dose on an overall body 
being equal to 170.4±78.4 mGy; on the go-
nads, 233.7±105.5 mGy. 

In order to reveal any statistical correla-
tion between a risk factor (parents exposed to 
occupational preconception irradiation) and an 
outcome (hemolymphoblastosis in their chil-
dren), we calculated odds ratio; the results are 
shown in Table 3. 

OR in groups on general was equal to 
0.76 (0.46-1.26) and it proved there was no 
statistically significant correlation between 
parents being irradiated and oncohematologi-
cal pathology in their children. OR amounted 
to 0.81 (0.43-1.54) among boys, and to 0.69 
(0.3-1.57) among girls, and it was also an evi-
dence that there was no correlation between 
the examined risk factor (parents exposed to 
preconception irradiation) and a possible out-
come in their children (hemolymphoblastosis).  

To reveal whether carcinogenic risks in 
offspring were dose-dependent, we performed 
"dose - effect" analysis together with calculat-
ing excess relative risk of hemolymphoblasto-
sis. The analysis covered total preconception 
irradiation doses received by parents on an 
overall body and separately on the gonads. The 
results are given in Table 4.  

We applied a linear model to estimate 
ERR and didn't reveal any statistically sig-
nificant increase in morbidity with hemolym-
phoblastosis depending on an irradiation dose 
received by parents. ERR/Gy quotients were 
insignificant in both cases among mothers

T a b l e  3  
Odds ratio calculation 

Risk factor occurs Risk factor doesn't occur OR (95% CI) Group Total Boys Girls Total Boys Girls Total Boys Girls 
There is an  
outcome (n=81) 29 19 10 52 30 22 

There is no  
outcome (n=324) 137 86 51 187 110 77 

0.76  
(0.46-1.26) 

0.81  
(0.43-1.54) 

0.69  
(0.3-1.57)

T a b l e  4  
Excess relative risk (ERR) of hemoblastosis depending on preconception  

doses accumulated by parents 
Total preconception doses of external 

 gamma-irradiation accumulated by parents ERR/Gy 95% confidence interval p 

Fathers' doses on an overall body -0.4015 [-0.97; 0.14] >0.05 
Mothers' doses on an overall body -0.0036 [-1.08; 0.93] >0.05 
Fathers' doses on the gonads -0.3148 [-0.93; 0.26] >0.05 
Mothers' doses on the gonads -0.2235 [-1.57; 0.89] >0.05 
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and fathers employed at Mayak PA, either with 
an accumulated external gamma-irradiation dose 
on an overall body or separately on the gonads. 

A.N. Koterov is being involved in a discus-
sion on the genome instability being induced 
under small radiation doses and more frequent 
mutagenesis and carcinogenesis caused by them; 
he considers [29] different points of view ex-
pressed by several authors and notes results ob-
tained via some experimental research when no 
instability in the genome was observed under 
exposure to doses smaller than 0.1-0.2 Gy but 
probable threshold for its induction amounted to 
0.5 Gy with low linear energy transfer.  

Analysis of our data taking into account dose 
categories with preconception doses intervals be-
ing equal to 250 mGy didn't reveal any increase in 
carcinogenic risks as statistically insignificant 
negative ERR/Gy values were observed in the 
groups. At certain points, ERR value for hemo-
lymphoblastosis associated with an external 
gamma-irradiation doses on the gonads was un-
certain due to few available statistical data. 

Therefore, our analysis didn't confirm an 
assumption that increased risks of MN in lym-
phoid and blood-making tissues could be 
somehow related to parents' exposure to pre-
conception gamma-irradiation. 

When accomplishing our research, we took 
into account impacts exerted by such non-
radiation factors as sex, birth date, age of parents 
at the moment a child was born, and age at 
which MN was diagnosed. We should note that 
multiple factors have been described up to now 
that can cause oncogenic processes in lymphoid 
and blood-making tissues. Experts consider sev-
eral factors that cause child hemolymphoblasto-
sis, for example, infectious agents [30], precon-
ception contact with chemical carcinogens [31], 
compromised obstetric history and MN occur-
rence in close relatives [27], deviations in  peri-
natal period and anthropometric status peculiari-
ties at birth [32], pre- and post-natal exposure to 
electromagnetic fields [33], and many other non-
radiation factors that can't always be analyzed 
quantitatively [34]. Our task in the present re-
search was to reveal a statistical correlation be-
tween a single probable risk factor, parents' oc-
cupational preconception irradiation, and neo-

plastic hematologic processes in their offspring. 
Therefore, we didn't make any changes in our 
model in order to modify a dose response with 
various non-radiation factors.  

The results we obtained are well in line 
with research [35, 36] that didn't reveal any 
statistically significant impacts via analyzing 
long-term effects produced by exposure to ion-
izing radiation. 

 Probably, estimation of a dose effect in our 
research was influenced by an initially insignifi-
cant statistical base as malignant neoplasms were 
relatively rare in children. But when an observa-
tion age for a cohort of children born by irradi-
ated parents was increased up to 25 years [37], 
it didn't change any ultimate results in compari-
son with our previous research. 

It is also important to note that parents 
who were exposed to preconception irradiation 
were employed at a nuclear production; work-
ers were thoroughly selected to get a job there, 
including medical examinations, as they all 
should have very good health. Given that, irra-
diated parents could initially have greater health 
than parents from "Controls" group. Moreover, 
a rather small number of exposed parents in our 
sampling doesn't allow to be sure that there is 
no correlation between long-term exposure to 
ionizing irradiation before conception and ma-
lignant neoplasms occurrence in offspring.  

So, we can assume that radiation-induced 
risk assessment depends on statistical signifi-
cance of a group being examined; this, together 
with MN being a multi-factor disease, substan-
tiates a necessity to continue research on effects 
produced on offspring by occupational precon-
ception irradiation. 

Conclusion. We analyzed risks of oncohe-
matological pathology in children born by irra-
diated parents with "case - control in a cohort" 
method and individual estimates of external 
gamma-irradiation doses accumulated before a 
child was conceived. A cohort chosen for the re-
search was made up of children born by parents 
employed at the first nuclear cycle enterprise in 
the country. We tested impacts exerted by par-
ents' preconception irradiation on risks of hemo-
blastosis in their children via calculating odds 
ratio and assessing a dose-effect relationship.  
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We included all cases of MN in lymphoid 
and blood-making tissues that occurred among 
children born in families of Mayak PA work-
ers at an age up to 25 years, more than 90,000 
people were observed during a 60-year obser-
vation over children living in Ozersk; still, in 
spite all that, we couldn't detect any authentic 
increase in hemoblastosis risk among children 
born by parents who had been exposed to pre-
conception irradiation at their workplaces.  

We spotted out a single factor, precon-
ception irradiation, among variable potential 
carcinogenic ones, and assessed it quantita-
tively; the assessment revealed there was no 
correlation between parents being exposed to 
irradiation and elevated MN risks in their chil-
dren. Totally, OR amounted to 0.76 (0.46-1.26). 
ERR/Gy quotient, taking into account ab-
sorbed doses on an overall body, amounted to 
-0.4 [-0.97; 0.14] among fathers; -0.0036 [-1.08; 
0.93], among mothers. ERR/Gy quotient, de-
pending on an overall dose on the gonads re-
ceived by fathers, amounted to -0.31 [-0.93; 
0.26]; by mothers, -0.22 [-1.57; 0.89]. ERR 

analysis performed in dose categories with an 
interval equal to 250 mGy didn't reveal any 
significant deviations from previous ERR cal-
culations. 

However, a relatively low number of MN 
in lymphoid and blood-making tissues imposes 
certain limitations on the validity of our con-
clusions; therefore, we can't state that a contact 
with ionizing irradiation at a workplace before 
conception is safe as regards carcinogenic 
risks for future children. Susceptibility to neo-
plasms in children and the effect manifestation 
as solid cancer at older ages can't be totally 
excluded and it is advisable to continue re-
search on the subject.  
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We performed retrospective research among a cohort made up of workers employed at "Mayak" Production Associa-

tion (Mayak PA), a state nuclear enterprise, who had been exposed to long-term external gamma-irradiation and internal 
alpha-irradiation caused by plutonium-239 under inhalation introduction. Our research goal was to assess impacts exerted 
by occupational irradiation and non-radiation factors on a risk of morbidity with stomach cancer (SC) in workers employed 
at Mayak PA. 

We used individual data on occupational irradiation doses obtained from "Dosimetric system for Mayak PA workers – 2008" 
for external gamma-irradiation, and "Dosimetric system for Mayak PA workers – 2013" for internal alpha-irradiation. We applied 
Poisson regression to calculated odds ratio (OR) for morbidity with stomach cancer among the examined cohort both for radiation 
and non-radiation factors.  

 
We detected statistically significant influence exerted on risk of morbidity with SC among workers employed at Mayak PA 

by the following factors: age, sex, attitudes towards to smoking and alcohol intake, stomach and duodenum ulcer, and external 
gamma-irradiation. Taking into account adjustments as per non-radiation factors, we detected a statistically significant in-
crease in OR of morbidity with SC which was equal to 1.48 (95 % CI 1.10; 1.98), when a dose of external gamma-irradiation 
accumulated in the stomach walls was more than 1.0 Gy. We didn't detect any correlation between risk of morbidity with CS 
among the examined cohort and internal alpha-irradiation.  

Given that data obtained in epidemiologic research concerning impacts exerted by occupational irradiation on SC 
risks are ambiguous, it is necessary to clarify the obtained results and to perform more profound analysis of dose – response 
relationship among a more extended cohort of workers employed at Mayak PA. 

Key words: morbidity risk, stomach cancer, gamma-irradiation, alpha-irradiation, smoking, alcohol, ulcer, dose – re-
sponse relationship. 
 

 
Stomach cancer is among the most widely 

spread malignant neoplasms though over the 
last decades there has been a slight decrease in 
morbidity and mortality caused by it in most 
countries all over the world, including Russia 
[1, 2]. Stomach cancer is a polyetiologic dis-
ease that occurs due to complicated interaction 
between environmental factors, and impacts 
exerted by this interaction to a great extent de-
pend on genetically determined peculiarities of 
a body [3].  

Infection with Helicobacterpylori (H. pylo-
ri), nutrition, and alcohol intake are considered 
to be the basic risk factors that cause stomach 

cancer [4–6]. About 10% of stomach cancer 
cases among population are caused by inherited 
susceptibility to the disease [7]. Certain  indus-
trial agents (asbestos, chromium, nickel, coal, 
aromatic hydrocarbons, etc.) were shown to also 
contribute into stomach cancer etiology [8–11].  

Influence exerted by ionizing irradiation 
on morbidity and mortality caused by stomach 
cancer was revealed in epidemiologic research 
performed among people living in Hiroshima 
and Nagasaki who had survived the atomic 
bombing as well as among patients who had 
undergone radiation therapy [12–19]. Workers 
employed at the nuclear enterprise Mayak PA 
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and exposed to long-term irradiation turned 
out to run elevated risks of malignant neo-
plasms; however, data related to stomach can-
cer are rather ambiguous [20–22]. Up to now, 
a period of observations performed on Mayak 
PA workers has been extended considerably 
and there are new improved techniques for as-
sessing doses of occupational internal alpha-
irradiation [23] and it creates better conditions 
for refining previously obtained results on in-
fluence exerted by ionizing irradiation on 
stomach cancer risk.  

Our research goal was to assess influence 
exerted by occupational irradiation and non-
radiation factors on stomach cancer morbidity 
over 1948-2013 among workers employed at 
basic enterprises belonging to Mayak PA. 

Data and methods. We performed our re-
search among workers who were first employed 
by basic Mayak PA works (reactor, radio-
chemical, and plutonium one) in 1948-1982; 
the cohort included 22,377 people, 25% of 
them were women. The observation period 
started on a day when a worker was employed 
and lasted till December 31, 2013 (or until a 
day when stomach cancer was diagnosed or a 
day of death if it happened before this date) or 
till the last date on which medical information 
about a person was available (for those who 
moved somewhere and ceased to be observed). 
As on December 31, 2013, life status was de-
tected for 95% of cohort members; 62% of 
them were dead. Average age (± standard de-
viation) at the moment of death was equal to 
61.5 ± 13.6 for men, and to 70.5 ± 12.4 for 
women; average age of those who were alive 
at the end of December 2013 amounted to 
68.5 ± 10.4 for men; and to 76.6 ± 9.8, for 
women. 

Personnel employed at all the basic works 
of Mayak PA were exposed to general external 
gamma-irradiation, and those who were employed 
at radiochemical and plutonium works were ad-
ditionally exposed to alpha-active aerosols of plu-
tonium-239. In our research we used estimations 
of occupational irradiation doses calculated on 
the basis of up-to-date dosimetric systems, "Do-
simetric system for Mayak PA workers – 2008" 
for external gamma-irradiation doses and  

"Dosimetric system for Mayak PA workers – 
2013" for doses of internal alpha-irradiation 
caused by incorporated plutonium [23, 24].  

External irradiation has been monitored 
since PA Mayak started its operations and indi-
vidual gamma-irradiation doses are known for 
each worker. Monitoring over internal irradia-
tion has been introduced gradually since the late 
1960ties; therefore, internal alpha-irradiation 
doses are detected for 31% workers exposed to 
plutonium-239 aerosol at their work places as 
the activity of this nuclide in their urine has 
been measured [23, 24]. 55% workers in the 
examined cohort were employed by Mayak PA 
in 1948-1958 when radiation exposure on per-
sonnel was the highest. Most workers (81%) 
started their work at the enterprise when they 
were younger than 30.  

Data on diseases that workers had during 
the observation period were collected for 
21,740 cohort members (97%); attitudes to 
smoking (93% workers) and its quantitative 
characteristics (71% workers) were known for 
most of them, as well as attitudes towards al-
cohol intake (85% workers). 

To perform an integral assessment of how 
long and intense smoking was, we applied 
smoking index (SI) calculated as per the fol-
lowing formula: SI = number of cigarettes 
packs smoked a day  × duration of smoking  
(pack × years). Workers who consumed alco-
hol in rather large doses every day or had 
chronic alcoholism in their case history as per 
data obtained from addiction clinics were 
ranked as those who abused alcohol. 

Besides, we examined influences exerted 
on morbidity with stomach cancer by the fol-
lowing diseases in the digestive system: stom-
ach ulcer, duodenum ulcer, gastritis, duodeni-
tis, malignant neoplasms in the stomach 
(codes K25–K26, K29, D13.1 of the ICD-10). 
All the above-mentioned diseases were taken 
into account only if they had been detected 
not later than 2 years prior to stomach cancer 
was diagnosed (to the end of the observation 
over the cohort); it was done in order to ex-
clude an already existing but not diagnosed 
tumor process which can have similar symp-
toms at its early stages.  
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Odds ratio (OR) for non-radiation factors 
was calculated on the basis of  Poisson regres-
sion with corrections for attained age and sex. 
When calculating OR which was related to oc-
cupational irradiation, we took into account cor-
rections for smoking status, alcohol intake, and 
occurrence of stomach and duodenum ulcer. 
Besides, when OR related to external gamma-
irradiation was calculated, we made a correc-
tion for internal irradiation caused by incorpo-
rated plutonium; workers who weren't covered 
with monitoring over alpha-irradiation were 
attributed into a separate category. Analysis of 
stomach cancer risk caused by internal alpha-
irradiation was performed only for workers who 
underwent procedures for control over pluto-
nium contents in their bodies; the analysis was 
accomplished taking into account corrections 
for external gamma-irradiation doses.  

All the calculations were made with  
AMFIT module of EPICURE  software [25]. 
Discrepancies were considered to be statisti-
cally significant at р < 0.05. External gamma-
irradiation doses and internal alpha-irradiation 
doses absorbed in the stomach walls as well as 
smoking index were considered to be time-
dependent variables. Smoking status and smok-
ing index value, as well as attitudes towards 
alcohol intake were taken at the moment when 
the observation over the cohort was over (or 
stomach cancer was diagnosed). 

Results and discussion. Our research in-
cluded 343 stomach cancer cases (280 men and 
63 women) diagnosed in workers from the ex-
amined cohort during a period from the mo-
ment they had started working at basic Mayak 
PA plants to December 31, 2013. 248 workers 
(72%) had the stomach cancer diagnosis con-
firmed by histology results; in all other cases it 
was confirmed by clinical data. 

Workers who suffered from stomach can-
cer had average total external irradiation dose 
absorbed in the stomach wall ± SD equal to 
0.66 ± 0.83 Gy which was higher than among 
the examined cohort overall (0.46 ± 0.66 Gy). 
Discrepancies in internal alpha-irradiation 
doses absorbed in the stomach walls which 
were equal to 0.0012 ± 0.0026 Gy in patients 

with stomach cancer and  0.0014 ± 0.0064 Gy 
in the cohort overall were not so significant. 
Distribution of stomach cancer cases and 
workers in the examined cohort depending on 
occupational irradiation doses is shown on 
Figures 1 and 2. 

OR for stomach cancer morbidity was 
lower for women than for men and amounted to 
0.35 (95% CI 0.27; 0.46) (Table 1). Risk of 
stomach cancer in the examined cohort de-
pended on an attained age. We revealed a statis-
tically significant OR decrease among workers 
younger than 40 against those aged 40–45 and 
growing OR in older age categories (after 50). 
Maximum OR value for stomach cancer mor-
bidity in the examined cohort was detected for 
people older than 70 and was equal to 7.53 (95% 
CI  4.84; 12.22) (Table 1). 

 
 

 

Figure 1. Distribution of workers in the examined 
cohort and stomach cancer cases depending 
on total external gamma-irradiation doses 

 absorbed in the stomach walls  

 

Figure 2. Distribution of workers in the examined 
cohort and stomach cancer cases depending 

on total internal alpha-irradiation doses  
absorbed in the stomach walls 
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T a b l e  1  
Influence exerted by sex, age and a calendar period when a tumor was diagnosed on stomach 

cancer risk in the examined cohort  
Factor Number of cases Person-years of observation OR (95% CI) 

Sex: 
men 280 396,205 1 
women 63 168,459 0.35 (0.27; 0.46) 
Age at which stomach cancer was diagnosed, years: 
<20 0 9,616 – 
[20 – 25) 0 44,885 – 
[25 – 30) 5 59,589 0.22 (0.07; 0.53) 
[30 – 35) 9 60,124 0.39 (0.17; 0.82) 
[35 – 40) 11 61,104 0.48 (0.23; 0.96) 
[40 – 45) 23 62,346 1 
[45 – 50) 30 61,045 1.34 (0.78; 2.34) 
[50 – 55) 41 55,271 2.06 (1.25; 3.48) 
[55 – 60) 48 46,315 2.94 (1.81; 4.91) 
[60 – 65) 53 37,395 4.12 (2.56; 6.85) 
[65 – 70) 36 28,758 3.77 (2.25; 6.45) 
[70+ 87 38,216 7.53 (4.84; 12.22) 
A calendar period during which stomach cancer was diagnosed: 
1948 – 1950  0 7,623 – 
1951 – 1955  7 31,331 1.77 (0.71; 3.78) 
1956 – 1960  9 38,722 1.46 (0.66; 2.91) 
1961 – 1965  9 47,408 0.91 (0.41; 1.80) 
1966 – 1970  20 48,183 1.34 (0.76; 2.26) 
1971 – 1975  25 50,294 1.15 (0.69; 1.87) 
1976 – 1980  28 56,778 0.89 (0.55; 1.42) 
1981 – 1985  43 59,105 1 
1986 – 1990 30 55,262 0.54 (0.34; 0.86) 
1991 – 1995  34 50,110 0.51 (0.32; 0.80) 
1996 – 2000  47 43,925 0.62 (0.41; 0.96) 
2001 – 2005  35 37,201 0.44 (0.27; 0.69) 
2006 – 2010  34 28,785 0.44 (0.27; 0.70) 
2011 – 2013  22 9,937 0.66 (0.38; 1.12) 

 
The obtained results are well in line with 

population data according to which stomach 
cancer is diagnosed 1.5-2.5 times more fre-
quently in men than in women; experts think it 
can be due to different attitudes towards smok-
ing, different nutrition, and different frequency 
of contacts with hazardous industrial factors 
[26]. It is also known that morbidity with 
stomach cancer taken for the overall popula-
tion grows with age, especially among people 
older than 50, and reaches its peak among 
people aged 70–75 [2, 26].  

We observed a statistically significant 
decrease in OR for stomach cancer morbidity 

in the examined cohort in 1986-2010 against 
1981-1985 (Table 1). Morbidity with stomach 
cancer has decreased over last decades both 
in Russia and many other countries all over 
the world; in experts' opinion, it is due to 
changes in nutrition structure, lower fre-
quency of infection with H. pylori, and lower 
prevalence of other risk factors that can cause 
stomach cancer, including improved working 
conditions [1, 2].  

OR for stomach cancer morbidity was sta-
tistically significantly higher for smoking 
workers in the examined cohort and was equal 
to 1.57 (95% CI 1.17; 2.13) as compared to 
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those who didn't smoke (Table 2). A statisti-
cally significant increase in OR which was 
equal to 1.40 (95% CI 1.03; 1.91) was also de-
tected for smokers with SI greater than 
20 pack × years. Besides, stomach cancer risk 
was statistically significantly higher for men 
who abused alcohol: OR = 2.00 (95% CI 1.22; 
3.49) (Table 2). 

Smoking is a well-known and well-proven 
risk factor that causes stomach cancer; accord-
ing to meta-analysis data, it causes 1.5-1.6 
times higher risk of the disease [27]. Alcohol 
abuse also contributes into stomach cancer eti-
ology and it was revealed by meta-analysis and 
in large cohort research. There are data that in-
take of strong spirits in a dose higher than 
60 g/day in terms of ethanol leads to 1.64 times 
higher stomach cancer risk  [28]. Smoking, al-

cohol intake and H. pylori infection were 
shown to interact in a synergic manner causing 
greater inflammation and elevated probability 
of malignant transformations in the stomach 
mucous tunic [29]. 

Russia is among countries where there is 
high prevalence of H. pylori, as 78.5% popula-
tion in the country is infected with it [30]. 
However we, within our retrospective research,  
could only indirectly take into account the role 
played by this factor in stomach cancer etiology 
among workers employed at Mayak PA. 

Clinical effects produced by H. pylori de-
pend on localization and peculiarities of in-
flammation processes in the stomach [31]. 
H. pylori–associated atrophic gastritis and 
stomach ulcer are known to cause elevated 
stomach cancer risks [26, 31]. But at the same

T a b l e  2  
Influence exerted by smoking, alcohol intake, and chronic diseases on stomach cancer risk 

 in the examined cohort 

Factor Number  
of cases 

Person-years of the 
observation OR (95% CI) 

Smoking, status:    
never smoked 111 241,531 1 
gave up smoking 67 112,659 0.77 (0.54; 1.10) 
smoked 159 201,964 1.57 (1.17; 2.13) 

Smoking index, pack × years    
never smoked 111 241,531 1 
 10 15 76,748 0.60 (0.33; 1.04) 
10 – 20 33 68,234 1.03 (0.66; 1.57) 
> 20 143 109, 704 1.40 (1.03; 1.91) 

Alcohol intake, status (men only): 
didn't drink or did it rarely 17 48,956 1 
moderate drinkers 146 242,713 1.36 (0.85; 2.33) 
abused alcohol 87 70,133 2.00 (1.22; 3.49) 

Stomach ulcer:    
no 312 548,891 1 
yes 31  15,773 1.69 (1.14; 2.42) 

Duodenum ulcer: 
no 326 535,042 1 
yes 17 29,623 0.49 (0.29; 0.78) 

Gastritis and duodenitis:    
no 149 356,573 1 
yes 194 208,091 1.23 (0.98; 1.54) 

Stomach polyps:    
no 338 561,803 1 
yes 5 2,861 1.18 (0.42; 2.58) 
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time, when a patient suffers from duodenum 
ulcer or chronic gastritis with the increased 
secretory function, he or she runs lower stom-
ach cancer risks [26, 31].   

We detected a statistically significant in-
crease in stomach cancer risk which was equal 
to 1.69 (95% CI 1.14; 2.42) in the examined 
cohort for workers who suffered from stomach 
ulcer against those who didn't have this disease 
(Table 2). But in case a worker had duodenum 
ulcer, he or she, on the contrary, ran lower 
stomach cancer risk with OR = 0.49 (95% 
CI 0.29; 0.78). We revealed a slight increase in 
OR for workers who suffered from gastritis 
and duodenitis and its estimation was close to 
the statistical significance boundary (p<0.1). 
We didn't reveal any statistically significant 
correlation between stomach polyposis and 

stomach cancer among workers from the ex-
amined cohort but there were few cases of this 
disease (Table 2). 

The performed analysis revealed a statisti-
cally significant increase in OR for stomach 
cancer morbidity when external gamma-irra-
diation doses absorbed in the stomach walls 
were higher than 1.0 Gy against those workers 
who had external irradiation doses not higher 
than 0.2 Gy (Table 3). Estimation of OR for 
stomach cancer morbidity calculated with cor-
rections for sex, age, and alpha-irradiation, 
amounted to 1.37 (95% CI 1.02; 1.83). We in-
troduced additional corrections for smoking sta-
tus, attitudes towards alcohol, and occurrence 
of stomach and duodenum ulcer, and OR esti-
mation went up slightly to 1.48 (95% CI 1.10; 
1.98) (Table 3). 

T a b l e  3  
Influence exerted by long-term total external gamma-irradiation on stomach cancer  

risk in the examined cohort 

External gamma-irradiation dose  
absorbed in the stomach walls, Gy 

Number  
of cases 

Person-years  
of the observation OR (95% CI) 

Model with corrections for sex, age, and alpha-irradiation: 
[0.0 – 0.2) 123 284,928 1 
[0.2 – 0.5) 83 107 ,64 1.26 (0.95; 1.66) 
[0.5 – 1.0) 58 71,608 1.24 (0.89; 1.69) 
[1.0+ 79 82,125 1.37 (1.02; 1.83) 
Model with corrections for sex, age, smoking status, and alpha-irradiation: 
[0.0 – 0.2) 123 284,928 1 
[0.2 – 0.5) 83 107,464 1.27 (0.96; 1.68) 
[0.5 – 1.0) 58 71,608 1.26 (0.91; 1.72) 
[1.0+ 79 82,125 1.44 (1.07; 1.93) 
Model with corrections for sex, age, smoking status, alcohol intake, and alpha-irradiation: 
[0.0 – 0.2) 123 284,928 1 
[0.2 – 0.5) 83 107,464 1.29 (0.97; 1.70) 
[0.5 – 1.0) 58 71,608 1.29 (0.93; 1.76) 
[1.0+ 79 82,125 1.47 (1.09; 1.97) 
Model with corrections for sex, age, smoking status, alcohol intake, stomach ulcer, and alpha-irradiation: 
[0.0 – 0.2) 123 284,928 1 
[0.2 – 0.5) 83 107,464 1.28 (0.96; 1.70) 
[0.5 – 1.0) 58 71,608 1.28 (0.93; 1.75) 
[1.0+ 79 82,125 1.47 (1.09; 1.96) 
Model with corrections for sex, age, smoking status, alcohol intake, stomach ulcer, duodenum ulcer,  
and alpha-irradiation: 
[0.0 – 0.2) 123 284,928 1 
[0.2 – 0.5) 83 107,464 1.29 (0.97; 1.71) 
[0.5 – 1.0) 58 71,608 1.29 (0.93; 1.76) 
[1.0+ 79 82,125 1.48 (1.10; 1.98) 
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T a b l e  4  
Influence exerted by long-term total internal alpha-irradiation on stomach cancer risk 

 in the examined cohort 
Internal alpha-irradiation dose absorbed 

in the stomach walls, Gy 
Number of 

cases 
Person-years of the 

observation OR (95% CI) 

Model with corrections for sex, age, and gamma-irradiation: 
[0.0 – 0.2) 101 219,531 1 
[0.2 – 0.5) 57 64,106 0.95 (0.66; 1.35) 
[0.5 – 1.0) 35 27,361 1.04 (0.66; 1.61) 
[1.0+ 10 6,727 1.26 (0.59; 2.42) 
Model with corrections for sex, age, smoking status, and gamma-irradiation: 
[0.0 – 0.2) 101 219,531 1 
[0.2 – 0.5) 57 64,106 0.93 (0.65; 1.32) 
[0.5 – 1.0) 35 27,361 1.03 (0.65; 1.60) 
[1.0+ 10 6,727 1.26 (0.59; 2.42) 
Model with corrections for sex, age, smoking status, alcohol intake, and gamma-irradiation: 
[0.0 – 0.2) 101 219,531 1 
[0.2 – 0.5) 57 64,106 0.93 (0.65; 1.32) 
[0.5 – 1.0) 35 27,361 1.03 (0.65; 1.60) 
[1.0+ 10 6,727 1.24 (0.58; 2.39) 
Model with corrections for sex, age, smoking status, alcohol intake, stomach ulcer,  and gamma-irradiation: 
[0.0 – 0.2) 101 219,531 1 
[0.2 – 0.5) 57 64,106 0.93 (0.65; 1.31) 
[0.5 – 1.0) 35 27,361 1.03 (0.65; 1.60) 
[1.0+ 10 6,727 1.24 (0.58; 2.41) 
Model with corrections for sex, age, smoking status, alcohol intake, stomach ulcer, duodenum ulcer,  
and gamma-irradiation: 
[0.0 – 0.2) 101 219,531 1 
[0.2 – 0.5) 57 64,106 0.92 (0.64; 1.31) 
[0.5 – 1.0) 35 27,361 1.02 (0.65; 1.59) 
[1.0+ 10 6,727 1.20 (0.56; 2.31) 

 
We didn't detect any influence exerted by 

internal alpha-irradiation on stomach cancer 
risk in the examined cohort (Table 4) and the 
result is well in line with the previously ob-
tained ones [20–22]. Other researchers also 
didn't reveal any carcinogenic effects in the 
stomach when alpha-irradiators (Ra, Th, Rn, 
Pu) were introduced in a body; it is most fre-
quently explained by rather insignificant 
doses of such irradiation absorbed in this or-
gan [32–34]. 

Previously experts who had conducted 
"case – control" research on workers employed 
at Mayak PA revealed an elevated stomach 
cancer risk when total external gamma-
irradiation doses were higher than 3.0 Gy [20]. 
Cohort research performed on workers em-
ployed at basic Mayak PA plants revealed 

increased risks of morbidity (observation pe-
riod 1948–2004) [21] and mortality (observa-
tion period 1948–2008) caused by stomach 
cancer when external gamma-irradiation doses 
grew [22]; however, estimations of excessive 
relative risks were only close to the statistical 
significance boundary (p<0.07 and < 0.06 ac-
cordingly). 

We prolonged the observation period up to 
2013 within the framework of our research; also, 
when assessing influence exerted by occupa-
tional irradiation on stomach cancer risk, we 
took into account a wider range of non-radiation 
factors including chronic stomach diseases that 
can be caused by infection with H. pylori.  

Research performed on people who had 
survived the atomic bombing in Japan revealed 
a dependence between a dose of acute gamma-
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neutron irradiation and risks of morbidity and 
mortality caused by stomach cancer [12, 13]. 
Elevated stomach cancer risks were also de-
tected for patients who had undergone radia-
tion therapy or had had 131I introduced into 
their bodies when hyperthyrosis had been 
treated [14–19, 35].  

But a lot of researchers who examined per-
sonnel employed at nuclear enterprises in for-
eign countries, people living on territories con-
taminated with radiation emissions and in zones 
where natural radiation background was a bit 
increased didn't obtain any convincing evidence 
that there was a correlation between long-term 
irradiation in small doses and stomach cancer 
risk [36–39]. However, an elevated stomach 
cancer risk caused by exposure to radiation was 
revealed for a combined cohort of workers em-
ployed at nuclear enterprises in France, Great 
Britain, and the USA, when average external 
gamma-irradiation doses absorbed in the stom-
ach were equal to 20 mGy [40]. 

Conclusion. The research performed on 
workers employed at Mayak PA revealed an 
elevated stomach cancer risk under long-term 
external gamma-irradiation in total doses ab-

sorbed in the stomach walls equal to more than 
1.0 Gy. Given the fact that data on influence 
exerted by occupational irradiation on stomach 
cancer risks that have been accumulated so far 
are rather ambiguous, it is necessary to analyze 
a dose-effect relationship in greater detail and 
on an extended cohort of workers employed at 
Mayak PA.  

We didn't reveal any influence exerted by 
long-term internal alpha-irradiation on stom-
ach cancer morbidity in workers employed at 
Mayak PA. 

Stomach cancer risk for the examined co-
hort, just as for overall population, depended 
on an attained age, sex, attitudes towards 
smoking and alcohol intake, as well as on oc-
currence of stomach and duodenum ulcer. 
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The paper gives a complex hygienic characteristics of working conditions at typical contemporary flour-grinding pro-

ductions which deal with grain processing. It is shown that workers who are employed at flour-grinding production and per-
form their work tasks at all the stages of technological cycle on grain processing are exposed to a set of adverse industrial 
factors related to their labor process. These factors create hazardous working conditions which are ranked as having the 
2nd and the 3rd hazard degree (3.2 and 3.3 categories) as per the Guide Р 2.2.2006-05. Among primary factors which create 
hazardous working conditions we can mention flour dust; grain dust; industrial noise; adverse microclimate; labor hardness 
caused by overall high physical dynamic loads borne by arms, body, and legs; a necessity to stay in an inconvenient and 
forced working posture; constant moving related to maintenance of equipment and control over production processes.  
According to the Guide Р 2.2.1766-03, categories of expected occupational health risk for workers are estimated to vary 
from average (substantial) risk to high (intolerable) one depending on functions performed by a worker. Working area air 
contamination with grain dust and flour dust are considered to be a priority health risk factor for workers employed at flour-
grinding production. As we assessed occupational risks as per data obtained during periodical medical examinations, we 
detected an average authentic cause-and-effect relationship between working conditions factors and respiratory organs dis-
eases (RR = 1.64; EF = 39 %, CI = 0.5–4.5), which meant such diseases were occupationally induced. Basing on the per-
formed research, we developed priority measures which can help to reduce occupational health risks for workers employed 
at flour-grinding production.  

Key words: workers employed at flour-grinding production; adverse working conditions; occupational health risk. 
 

 
Agricultural production is a key sphere in 

providing food security of any country; there-
fore, nowadays its development is a basic stra-
tegic task of the overall economic develop-
ment in the Russian Federation. Flour-grinding 
production should be given special attention 
here since such food products as bread, gro-
cery, macaroni, and cereals are manufactured 
out of grain and flour, and they traditionally 
account for a substantial part of an everyday 
ration consumed by population in Russia. Such 
products are indeed irreplaceable1 . But still, 

most flour-grinding plants which operate in the 
country do not conform to any modern re-
quirements in terms of their technical facili-
ties. They were put into operation 30 or even 
40 years ago and haven't undergone any sub-
stantial technical re-equipment since then; 
their basic production assets are out-of-date, 
and their wear and tear amounts to 62-70%. 
Technologies applied at such plants are also 
out-of-date, and production is not automated 
enough [1], that results in adverse working 
conditions existing at most workplaces there.  

Read
online
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According to a small number of scientific 
works available on the subject that were writ-
ten at the end of the last century, working con-
ditions at flour-grinding productions are re-
lated to several adverse industrial factors 
(grain dust, flour dust, in-plant noise, and un-
comfortable microclimate) and labor process 
factors; these factors exert negative influence 
on workers' health [2–4]. Preliminary medical 
examinations revealed that workers employed 
at flour-grinding plants most frequently suf-
fered from diseases in the respiratory organs, 
peripheral nervous system, musculoskeletal 
apparatus, cardiovascular system, and the gas-
trointestinal tract [2, 5]. Most research concen-
trated on examining dustiness in working area 
air caused by grain and flour dusts, peculiari-
ties of emergence and clinical course of respi-
ratory organs diseases, as well as efficiency of 
their treatment [6–10]. 

There hasn't been any complex research on 
working conditions that exist at production 
plants dealing with grain processing into flour. 
We haven't been able to find sufficient data on 
occupational risk assessment for workers em-
ployed at flour-grinding productions. There are 
no current data on occupational hygiene in 
flour-grinding production and it makes it diffi-
cult to develop and update standards and proce-
dures aimed at providing hygienically safe 
working conditions and preventing health dis-
orders in workers employed in this socially sig-
nificant sphere. All the above-stated proves our 
research is essentially vital.  

Our research goal was to give a hygienic 
characteristics of working conditions and to 
assess occupational risks for the health of 
workers employed at contemporary flour-
grinding production.  

Data and methods. We chose the follow-
ing research object: working conditions existing 
at two flour-grinding plants with their daily 
production capacity being equal to 250 tons; 
these two plants functioned as structural units 

of an ordinary grocery plant. We examined air 
dustiness in working zones, parameters of in-
dustrial microclimate in warm and cold seasons, 
in-plant noise, overall vibration, labor hardness 
and intensity at all the stages in the technological 
process of processing grain into flour.  

We analyzed air dustiness via gravity de-
termination of dust mass; dust was collected out 
of a carefully measured volume of the exam-
ined air. Samples were collected on analytical 
paper filters in zones where workers breathed; 
samples collecting lasted from 5 to 10 minutes 
at a speed equal to 20 dm3/minute. To obtain 
correct results at each sampling points, we re-
peated the collecting procedure 5 times. Mass 
concentration and component structure of dust 
were examined with conventional techniques 
and equipment. Assessment was performed as 
per average shift concentration of dust depend-
ing on how long a contact with it lasted and in 
full conformity with the existing hygienic stan-
dards. Disperse structure of dust was examined 
with  PKVZ-905-1 air dustiness inspection tool, 
which is applied to automatically determine to-
tal solid particles count in an analyzed air vol-
ume (1000 ± 100 cm3). 

Microclimate parameters, noise and vi-
bration were examined and assessed for stan-
dard technological processes in accordance 
with the Sanitary-Epidemiologic requirements 
No. 2.2.4.3359-16 entitled "Sanitary-Epide-
miologic requirements to physical factors ex-
isting at workplaces"2. We applied measure-
ment tools and procedures that were included 
into the State Register of measuring tools and 
that were properly calibrated.  

We examined and assessed labor hardness 
and intensity in full conformity with  Р 2.2.2006-05 
"Occupational hygiene. Guide on hygienic 
assessment of factors related to working envi-
ronment and labor process. Criteria and clas-
sification of working conditions" (Supple-
ments No. 15 and 16)3. Overall, we took 112 
samples of dust, performed 376 examinations of 

__________________________ 
 
2 2.2.4.3359-16. Sanitary-epidemiologic requirements to physical factors existing at workplaces: Sanitary-epidemiologic rules 

and standards [web-source] // KODEKS: an electronic fund of legal and reference documentation. – URL: http://docs.cntd.ru/docu-
ment/420362948 (date of visit April 11, 2018). 

3 Р 2.2.2006-05. Guide on hygienic assessment of factors related to working environment and labor process. Criteria and 
classification of working conditions [web-source] // KODEKS: an electronic fund of legal and reference documentation. – URL: 
http://docs.cntd.ru/document/1200040973 (date of visit April 11, 2018). 



Т.А. Novikova, Yu.A. Aleshina, A.N. Danilov, V.F. Spirin 

Health Risk Analysis. 2019. no. 1 52 

physical factors related to working environment, 
and analyzed 21 jobs to get an insight into the 
essence of labor process at various workplaces.  

Structure and categories of occupational 
risk were analyzed and assessed in full con-
formity with Р 2.2.1766-03 "Guide on occupa-
tional health risks assessment. Organizational 
and methodical grounds, assessment proce-
dures and criteria"4.  

We examined data of periodical medical 
examinations to assess workers' health; these 
examinations were performed by medical ex-
perts from Occupational Diseases Clinic at 
Rospotrebnadzor's Saratov Scientific Research 
Institute for Rural Hygiene. Our focus group 
was made up of 39 workers employed at grind-
ing mills who were exposed to adverse indus-
trial factors; their average age was 44.9 ± 4.1, 
and their average working experience in the 
sphere was  11.7 ± 3.5 years. Our reference 
group included 16 workers who were em-
ployed at plant offices and were not exposed to 
adverse industrial factors; their average age 
was  48.2±3.5, and their average working ex-
perience amounted to 9.8 ± 2.9 years. Workers 
in our focus group were raw materials loaders 
and grinding production operators; they per-
formed their work tasks at various stages in the 
grain processing process. Loaders worked in 
raw materials loading sections; grain cleaners, 
in areas where grain was cleaned; roller opera-
tors, in rolling sections; millers and grinders, 
in grinding sections; packers, in sections 
where flour was packed. All the examined 
workers gave their informative consent to take 
part in our research in full conformity with 
biomedical ethics requirements. 

We detected diseases related to working 
conditions in full conformity with principles of 
evidence-based medicine; to do it, we detected 
how strong a cause-and-effect relation existed 
between health disorders and work in accor-
dance with Р 2.2.1766-034, calculated relative 
risk parameters (RR) and etiological fraction 
(EF) that belonged to a contribution made by 
occupational factors into pathology develop-

ment. We applied 95% confidence interval 
(CI) to assess validity of the obtained data. 

Hygienic research results were statisti-
cally processed with Microsoft Office-2007 
(MS Excel-07) software application and Statis-
tica 10.0 software. 

Results and discussion. A technological 
process applied for processing grain into flour 
includes a lot of stages, is rather complicated, 
power-operated and automated; it is a continu-
ous process which should flow uninterrupt-
edly. The basic stages of the process are con-
sequent and interrelated; they include forma-
tion of grain into separate batches for further 
grinding (raw materials section); grain clean-
ing from admixtures and preparation for grind-
ing (rolling section); grain grinding into flour 
and detection of flour grade (grinding section); 
flour packing into sacks (packing section). 
This technological process has its peculiarities; 
to be exact, it involves application of multiple 
equipment, including sealed one with aspira-
tion of its interior volumes. The examined 
plants applied such equipment as air convey-
ors, mechanic transport (bucket conveyors and 
conveyor tracks) as well as gravity lines, to 
transport grain, intermediate grinding prod-
ucts, finished products, and production wastes. 
The equipment was handled, adjusted and con-
trolled semi-automatically and automatically, 
and partially it involved remote control per-
formed on computerized control desks. 

The research results revealed that air con-
tamination with organic dusts of raw materials, 
intermediate products, and finished products, 
was a leading adverse factor at contemporary 
flour-grinding production. Air dustiness was 
primarily caused by:  

– inefficient work of dust removing systems; 
– equipment that transports, cleans, or 

grinds grain and products made of it not being 
properly sealed; 

– absence of tightness at junctions of 
grain and flour lines with bucket conveyors; 

– equipment which can cause dustiness 
not being properly covered.  

__________________________ 
 
4 Р 2.2.1766-03. Guide on occupational health risks assessment. Organizational and methodical grounds, assessment 

procedures and criteria [web-source] // KODEKS: an electronic fund of legal and reference documentation. – URL: 
http://docs.cntd.ru/document/901902053 (date of visit April 11, 2018). 
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T a b l e  1  
Hygienic characteristics of occupational factors related to workplaces of workers employed 

at flour grinding production  
Occupational factors 

Occupational groups grain dust, 
mg/m3 

flour dust, 
mg/m3 

noise, equivalent 
level of sound, 

dB 

average shiftя 
equivalent air  

temperature, °С 
(cold season) 

average shiftя 
equivalent air 

temperature, °С 
(warm season) 

Grain cleaners 11.29 ± 2.4 – 82 ± 0.79 11.9 ± 1.7 17.9 ± 1.2 
Millers 12.0 ± 4.4 – 83 ± 0.91 11.6 ± 0.9 18.9 ± 1.9 
Roller operators – 16.5 ± 4.1 84 ± 0.84 12.4 ± 0.78 18.3 ± 1.45 
Grinders – 9.7 ± 2.1 83 ± 0.78 12.4 ± 1.05 18.3 ± 1.45 
Packers – 34.6 ± 4.3 78 ± 0.67 13.8 ± 1.11 18.5 ± 1.4 
Loaders  20.8 ± 2.8 – 78 ± 1.56 13.5 ± 0.56 17.2 ± 0.9 
Permissible values 4 6 80 14.0–22.0 16.0–27.0 

 
 

We examined the air in zones where work-
ers employed at flour-grinding production had 
to breathe; our research was focused on dust 
contents in the air in these zones and it revealed 
that a type of dust and its quantitative contents 
depended on a particular stage in the techno-
logical process of grain processing (Table 1). 

As we can see from the table, dustiness of 
working area air was higher than maximum 
permissible concentrations (MPC) at work-
places of workers from all the occupational 
groups existing at flour-grinding production. 

We detected that grain dust which could 
be found in working area air at flour-grinding 
production mixed with free silicon dioxide 
(SiО2), the fraction of which being from 10 to 
40 %. This compound is the most adverse in 
terms of pathology emergence in the respira-
tory organs [10, 11].  Depending on a section, 
grain dust consists of  particles with their size 
up to 5 µm and with their share varying from 
59.0 to 87.6%. Such particles have the greatest 
penetrability. Flour dust is organic, and 95% 
of it are also particles with their size being up 
to 5 µm in the analyzed air volume (1000 ± 
± 100 cm3). According to data taken from lit-
erature, grain and flour dust can also contain 
pollen of various plants, microscopic fungi 
from such stems as  Penicillium, Aspergillus, 
Fusarium, Tilletia etc., bacteria from such 
stems as Staphylococcu and Streptococcus; all 
these admixtures can cause allergic, fungi, or 
bacterial pathologies in workers' respiratory 

organs [5, 12–14]. Grain can also contain 
chemicals (formaldehyde) and pesticides after 
it has been treated and gassed [10]. 

In-plant noise generated by machinery, 
tools, transport equipment, and ventilation 
systems, is another adverse occupational fac-
tor which is specific for flour-grinding pro-
duction and which can cause adverse effects 
on workers' health [15, 16]. Noise that was 
registered in working zones at flour-grinding 
plants was constant and broadband; its levels 
depended on equipment. The highest noise 
levels (104.0 ± 0.72 dB) that exceeded maxi-
mum permissible one and could be heard within 
the overall audible range, excluding 63 Hz fre-
quency, were registered at workplaces of work-
ers in the roller section near rolling machinery. 
Noise levels produced by compressor units 
which were used as drivers for air conveyors 
moving products inside a workshop reached 
101.8 ± 0.48 dB; they exceeded maximum per-
missible levels at frequencies equal to 63-8,000 
Hz. Noise levels which occurred in grain clean-
ing workshops near separators and cleaning 
machinery ranged within 87-95 dB, exceeding 
maximum permissible levels at frequencies 
equal to 250-8,000 Hz. Noise levels detected in 
soundproof control cabins didn't exceed maxi-
mum permissible levels (80 dB). Equivalent noise 
levels calculated for an overall work shift were 
not more 5 dB higher than maximum permissible 
levels taking into account overall time which 
workers spent in zones where the equipment was 
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maintained. So, such conditions could be ranked 
as adverse ones with the 1st hazard category, 
class 3.1 (table 1). We also registered vibration in 
grinding sections but its adjusted level didn't ex-
ceed  maximum permissible one (class 2).  

A cooling microclimate usually occurred 
in working zones of flour-grinding plants dur-
ing a cold season. The lowest air temperatures 
in working zones were detected at upper floors 
of grain cleaning sections. The temperature 
there went down to 8°С which was 7°С lower 
that permissible levels for working conditions 
(IIa) fixed for operators at flour-grinding pro-
ductions. But at the same time, average shift 
equivalent air temperature amounted to 11.9° С 
–13.8 ± 1.11 taking into account overall time 
which workers had to spend in workshops with 
cooling microclimate inside them; such work-
ing conditions were estimated as having the 1st 
hazard category (class 3.1). 

Air speed was higher than the standard in 
all seasons and in all the workshops (up to 
1.4-1.6 m/sec against 0.2-0.4 m/sec). It could 
make effects caused by low air temperatures 
even worse and cause peripheral neuro-
vascular disorders, hypertension, respiratory 
diseases and diseases in the peripheral nerv-
ous system [17].  

Labor hardness for workers employed at 
flour-grinding plants was determined by pecu-
liarities of working tasks performed by various 
occupational groups. Grain cleaners, millers, 
roller operators, and grinders handled control 
and measuring instruments and dealt with 
maintenance of various equipment installed at 
different floors. Therefore, they had to con-
stantly moved from one place to another cov-
ering a distance of more than 8 km horizon-
tally and up to 2.5 km vertically. They also 
had to eliminate jams which occurred when 
grain and products of its processing moved 
through gravity lines; they had to do it in 
forced working postures and overall time spent 
by them in such postures amounted to 7-10% 
of their overall shift. The total time spent in an 
uncomfortable posture didn't exceed 25% of a 
shift; a number of forced body bendings which 
exceeded 30° was from 100 to 300 per a shift. 
Packers who packed flour into sacks, sewed 

sacks up, and cleaned their workplaces, had to 
work in a fixed uncomfortable working pos-
ture from time to time (up to 25% of a shift). 
Labor of loaders employed at warehouses 
where raw materials and finished products 
were stored involved manual and partially me-
chanical lifting and moving of cargoes with 
weight exceeding 35 kg (3.2 hazard class). 
A number of forced body bendings exceeding 
30° was from 51 to 100 per a shift (2 class). 
Overall assessment of working conditions as per 
labor hardness corresponded to hard 3.2 hazard 
class labor for loaders, grain cleaners, and pack-
ers; hard 3.1 hazard class labor, for millers, roller 
operators, and grinders. Hard labor is known to 
cause functional overstrain of workers' bodies 
and it can lead to occupational diseases in the 
peripheral nervous system and the musculoske-
letal apparatus [18, 19].   

Labor intensity for workers at all the 
stages in the technological process existing at 
flour-grinding production (loaders excluded) 
involved total operational loads (up to 75% of 
a shift), high sensory loads and loads on their 
hearing apparatus that resulted from increased 
noise levels. Work was organized in 3 day 
shifts and 1 night one; each shift was 12 hours 
long. Labor intensity for workers from all the 
occupational groups was assessed as being 
permissible (average hazard degree, class 2).  

The total assessment of working conditions 
for workers employed at flour-grinding produc-
tion which took into account the overall set of 
occupational factors and labor process factors 
allows to rank them as hazardous, having 2 and 
3 hazard category (3.2 and 3.3 classes) depend-
ing on a type of work performed (table 2). 

We assessed occupational risks basing on 
the results of quantitative assessment of expo-
sure to occupational factors (as per working 
conditions classes) in conformity with the cri-
teria set forth in the Guide Р 2.2.1766-034. 
This assessment was based on determination 
of expected occupational risk category. We de-
tected that a priori risk for the health of flour-
grinding production operators caused by expo-
sure to adverse occupational factors varied from 
average (substantial) to high (intolerable) de-
pending on a stage in the technological process. 
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T a b l e  2  
Hygienic assessment of working conditions and occupational health risks for workers employed 

at various stages of the technological process existing at flour-grinding production  

Factors related to working conditions 
Occupational groups APFE micro-

climate noise labor 
hardness

labor 
 intensity

Overall 
estimate 

Occupational 
risk category 

Grain cleaners 3.1 3.1 3.1 3.2 2 3.2 
Millers 3.1 3.1 3.1 3.1 2 3.2 
Roller operators 3.1 3.1 3.1 3.1 2 3.2 
Grinders 3.1 3.1 3.1 3.1 2 3.2 
Packers 3.1 3.1 2 3.2 2 3.2 

Average  
(substantial)  

risk 

Raw materials loaders  3.2 3.1 2 3.2 2 3.3 High 
(intolerable) risk

Note: APFE means aerosols with primarily fibrogenic effects 
 
To estimate effects exerted by working 

conditions on workers' health as per results 
obtained in the course of periodical medical 
examinations, we calculated relative risk (RR) 
and etiological fractions (EF) of contribution 
made by occupational factors into diseases 
emergence. As a result we revealed an average 
cause-and-effect relation between respiratory 
organs diseases and work (RR = 1.64; EF = 39 %, 
CI = 0.5–4.5); that means that such diseases 
are occupational ones. 

The performed research gave grounds for 
determining priority measures aimed at reduc-
tion of occupational risks for health of work-
ers employed at flour-grinding production. 
First of all, such measures should include ad-
vanced development of both technology and 
equipment. Unfortunately, dustiness in working 
zones cannot be eliminated completely at con-
temporary flour-grinding production; therefore, 
it is especially important to implement tech-
nical, sanitary-hygienic, and medical-preven-
tive activities at such plants. Here we can 
primarily mention the following: maximum 
possible automation and sealing of equipment, 
control over dustiness in working zones, strict 
adherence to scheduled dates of equipment 
maintenance and overhaul, and implementa-
tion of more rational work and leisure re-
gimes (time-based protection). Timely peri-

odical medical examinations, preventive and 
rehabilitation activities also play very impor-
tant part in the process.  

Our research allowed us to come to the 
following conclusions:  

1. Workers employed at flour-grinding 
production are exposed to a set of adverse oc-
cupational factors at their work places; these 
factors create hazardous working conditions of 
the 2nd and 3rd hazard category (classes 3.2 
and 3.3). 

2. Occupational health risks for workers 
are estimated to be either average (substantial) 
or high (intolerable) depending on work tasks 
performed by workers. 

3. There is an authentic average cause-
and-effect relation between respiratory organs 
diseases and work; that means such diseases 
are occupational. 

When any managerial decisions are made 
on minimization of occupational health risks 
for workers employed at flour-grinding pro-
duction, the most important thing is to prevent 
negative effects exerted by dustiness in work-
ing zones. 
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There is a strategy being implemented now in Belarus that involves obligatory application of high quality io-

dized salt in food industry; it has resulted in iodine deficiency elimination among population. Sales of iodized salt 
account for more than 70 % of the overall salt sales in retail outlets. However, attention paid to the issue has started 
to decline recently, including mass media; at present there is no social advertising that informs people about iodized 
salt being useful for their health. Our research object was population awareness about various aspects related to pre-
vention of diseases caused by iodine deficiency and objective indicators of iodine provision. Our research goal was to 
determine probable risks of iodine deficiency prophylaxis becoming less efficient and to substantiate ways how to pre-
vent negative trends. 

Data and methods. We assessed population awareness on iodine deficiency via questioning; overall, 805 people 
living in Belarus took part in it. Alimentary exposure to iodine was calculated for various scenarios taking into ac-
count natural iodine contents and artificially added iodine in food products as well as consumption volumes. Ioduria 
was assessed with cerium-arsenite technique. We considered dynamics in morbidity with simple goiter and congenital 
hypothyroidism to be indicators of iodine provision. Basic results. We detected that most respondents, 658 (81.7 %, 
95 % CI 78.8–84.7) to be exact, thoughts that their therapists were the primary source of knowledge on health-related 
issues; 176 (21.9 %, 95 % CI 15.8–28.0) trusted mass media including the Internet. More than half respondents 
(61.4 %, 95 % CI 60.8–62.0 %) and medical personnel statistically significantly more frequently (77.1 %, 95 % CI 
70.7–83.61 %) believed there was a iodine deficiency problem existing in the country. 

We didn't detect any risk of excessive iodine introduction with food products. Selective monitoring over ioduria 
among children proves their iodine provision is quite appropriate as it amounts to more than 100 µg/l. Dynamics of pri-
mary morbidity with congenital hypothyroidism confirms that stable positive results have been achieved in the sphere; in 
2006 primary morbidity was equal to 1.96 per 100 thousand people, but in 2017 it dropped to 0.96 per 100 thousand peo-
ple. It proves that Belarus is among countries where population consume proper amounts of iodine. But an arising trend 
for lower awareness about iodine deficiency calls for more active risk communication about possible diseases related to 
iodine deficiency, including mass media campaigns. 

Key words: iodine, iodized salt, monitoring, diseases caused by iodine deficiency, risk communication. 
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Introduction. Iodine is an essential ele-
ment with great biological significance. If it 
isn't naturally introduced in a body in suffi-
cient quantities, it results in certain iodine de-
ficiency disorders (IDD), such as thyroid gland 
diseases, miscarriages, greater perinatal mor-
tality and risk of physical and mental retarda-
tion among children, and endemic cretinism. 
Incidence in this case is correlated to quantita-
tive distribution of iodine in the environment 
in a specific region [1]. According to WHO 
data, about 1/3 of the overall world population 
suffer from insufficient introduction of iodine 
and it causes serious threats for public health. 
In spite of serious outcomes IDD might have 
they can be quite successfully prevented, and 
there are not so many social and medical prob-
lems that can be solved such easily [2, 3]. 
Global efforts made by the world society have 
substantially changed geography of IDD 
prevalence; use of iodized salt in households 
has been recognized as a basic way to fight the 
above-mentioned morbid state. In relation to 
that, many countries have changed their na-
tional legislation related to regulation of popu-
lation nutrition. However, such a radical way 
hasn't been eventually supported by all the 
countries in the world, either due to moral and 
ethical reasons (freedom of choice), or eco-
nomic and political ones [4, 5]. 

Iodine alimentary insufficiency is vital for 
Belarus as well and it is confirmed by his-
torically known regions in the country that 
are endemic as per goiter; the situation is 
caused by geochemical iodine deficiency in 
soils (within 0.1–9.23 mg/kg) and drinking 
water (1.9–3.2 µg/dm3). As the country is lo-
cated far from any sea, population traditionally 
tend to consume low quantities of sea fish and 
sea food that could naturally eliminate any io-
dine deficiency [6]. Research that was accom-
plished at the end of the last century, including 
that supported by WHO/UNICEF, revealed that 
ioduria median amounted to 44.5 µg/l, and en-
demic goiter prevalence among children 
reached 28.0–30.0 %. These data again indi-
cated it was necessary to investigate iodine de-
ficiency in the country and to work out and im-
plement some actions in this respect. In 2000 

the Belarus Public Healthcare Ministry started 
to work out and implement an unique national 
strategy aimed at eliminating iodine deficiency; 
it was based on the following principles: 

– making alterations into The State Stan-
dards issued in Belarus that fixed the require-
ments to iodine concentration in iodized salt as 
being equal to 40±15 mg/kg; 

– applying potassium iodate instead of po-
tassium iodide to iodize salt as it allowed to 
substantially improve iodine preservation and 
culinary properties of food; 

– obligatory application of iodized salt in 
food products manufacturing and in catering, 
including nutrition arranged for children and 
adults in pre-school facilities, schools, and vari-
ous establishments; 

– information campaigns for population at 
all levels; 

– medical and social-hygienic monitoring. 
Iodine Global Network has created cer-

tain efficiency indicators that are usually ap-
plied to assess national programs; they in-
clude median for iodine excretion with urine 
that should excess 100 µg/l in schoolchildren 
and pregnant women at a national and/or sub-
national level, or assessment of a share that 
belongs to qualitative iodized salt on the con-
sumer market and in industry. In 2013 these 
indicators were analyzed as regards the pre-
vention program in Belarus, and the results 
allowed experts to recommend the Interna-
tional Council for Control of Iodine Defi-
ciency Disorders (ICCIDD) to assign Belarus 
into a group of countries with adequate iodine 
provision [7]. Elimination of iodine defi-
ciency in nutrition doesn't lead to immediate 
IDD elimination as it usually takes several 
years of persistent efforts to detect a decrease 
in endemic goiter prevalence among popula-
tion who were born and have been perma-
nently living in a specific biogeochemical 
province. However, if activities are controlled 
sporadically or there is no control at all, it re-
sults in poorer iodine provision and a growth 
in incidence with IDD. Therefore, to assess 
efficiency and to support stability of an IDD 
prevention program, international expert or-
ganizations recommend to perform regular 
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monitoring over implemented activities as per 
all the necessary components [8, 9, 10]. 

Given all the above-mentioned, we chose a 
research goal that was to determine possible 
risks of a decrease in IDD prophylaxis efficiency 
and to substantiate ways which were necessary 
to prevent any negative trends in the sphere. 

We solved the following tasks: 
– performed a complex examination of 

people awareness about iodine deficiency 
and their attitudes towards iodized salt con-
sumption;  

– calculated alimentary exposure to iodine 
taking into account different ways of its intro-
duction into a body; 

– assessed iodine provision as per ioduria 
monitoring, dynamics of morbidity with simple 
goiter and primary congenital hypothyroidism. 

Data and methods. To assess awareness 
people had about IDD and their attitudes to-
wards that issue, we took a questionnaire rec-
ommended by WHO (with certain supple-
ments) for epidemiologic research applied in 
Belarus since 1997. Overall, we questioned 
805 people living in Belarus, in Minsk and 
other regions. To assess alimentary exposure 
to iodine, we calculated its introduction tak-
ing into account both background concentra-
tions and iodized products; we applied fre-
quency analysis to estimate consumption of 
food products with natural iodine contents, 
food products manufactured with iodized salt, 
and consumption of food products enriched 
with iodine as well. 

We determined iodine excretion with 
urine with spectrophotometric cerium-arsenite 
technique accepted by WHO as a conventional 
international method  [11]. 

Accomplished research allowed us to cre-
ate a computer database in EXCEL – XP. The 
obtained data were statistically processed with 
STATISTICA 6.0 applied software. The ques-
tioning results are given as % with 95% confi-
dence interval (95% CI). Research on inci-
dence with simple goiter and primary congeni-

tal hypothyroidism was performed on the basis 
of data taken from the state statistical reports1. 

Results. Nowadays people can quite eas-
ily get an access to any information on how to 
preserve their health, healthy lifestyle, rational 
nutrition, or certain products that should be 
included into their daily ration. However, if 
people don't have any specialized training or 
education, it is sometimes rather difficult for 
them to figure these issues out on their own 
and to come to a correct opinion; and it is even 
harder to adhere to relevant principles. 

We naturally assumed that medical work-
ers should be better aware how to preserve 
health than respondents with any other occupa-
tion. For this reason, when analyzing the ques-
tioning results, we created two groups; the first 
one consisted of 594 people without medical 
education who didn't work at any healthcare 
organization, and the second one included 
210 people with medical or biological educa-
tion and an occupation related to providing 
medical aid (medical or healthcare workers).  

The results revealed that most respon-
dents thought their attending medical doctors 
to be the basic source of information on how 
to preserve health as such an answer was given 
by 658 people (81.7%, 95% CI 78.8-84.7), and 
the share of positive responses didn't differ 
significantly in groups 1 and 2 and amounted 
to 83.9% (95%CI 80.6-87.1) and 75.7% (95% 
CI 69.0-82.4) respectively. Other important 
sources of information included the Internet, 
176 people (21.9%, 95% CI 15.8-28.0); printed 
editions, 118 people (14.7%, 95% CI 8.3-21.0); 
TV, 80 people (9.9%, 95% CI 3.4-16.5%). The 
least trust was put by our respondents into 
relatives, friends, and other sources of informa-
tion, from 1.5% to 7.0% (95% CI 0.0-13.6%).  
There was a question who bore the greatest 
responsibility for prevention of non-infectious 
diseases, including cardiovascular system dis-
eases and endocrine system diseases; most re-
spondents inclined to think the responsibility 
was utterly their own as 678 people (84.2%, 

__________________________ 
 
1 "The Report on number of diseases registered in patients aged 18 and older, living on a territory on which medical; ser-

vices are rendered by a healthcare organization in 20__ ", approved by the Order by Belarus National Statistical Committee on 
October 08, 2012 No. 168, with amendments made on August 11, 2017 No. 90.[web-source]. – URL: http://www.
belcmt.by/ru/activity-of-the-center/statistika/state-statistical-reporting (date of visit November 12, 2018). 
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95% CI 81.5-87.0) gave this answer. There were 
other popular answers, for example, "medical 
staff should do it", 196 people (24.4%, 95% CI 
18.3-30.4), or "the state", 130 people (16.2%, 
95% CI 9.8-22.5%). A rather small number of 
respondents, 30 people (3.7%, 95% CI 0.0-10.6) 
thought that "local authorities" should take care 
of their health, and only 8 people (1.0±0.3%) 
(1.0%, 95% CI 0.0-8.3%) stated that the 
above-mentioned diseases "couldn't be preven-
ted". We didn't reveal any significant discrep-
ancies between answers given by people from 
two different groups. In spite of quite a big 
number of respondents - 84.2% (95% CI 
81.5-87.0%) - thinking that taking care of their 
health was their own responsibility, only 258 
of them (32.1%, 95% CI 26.4-37.7%) con-
trolled their blood pressure regularly and on 
their own, without any doctor's recommendations. 
287 respondents (35.7%, 95% CI 30.1-41.2%) 
showed interest in this health parameter when 
they visited a doctor; 260 respondents (32.3%, 
95% CI 26.6-38.0) didn't controlled it. Only 
one fourth of 258 people (24.4%, 95% CI 
13.8-35.0%) who controlled their blood pres-
sure were medical workers. Therefore, correct 
"theoretical" understanding that it is necessary 
to take care of one's health wasn't put into 
practice even regarding a simplest issue, con-
trol over blood pressure, and the situation was 
the same either for medical workers or people 
with any other occupation.  

Table 1 contains the results regarding 
awareness that respondents have about iodine 
deficiency. 156 people of the overall sampling 
(19.4%, 95% CI 13.2-25.6%) stated that they 
or their relatives who lived with them had thy-
roid gland diseases, 111 people in group 1 
(13.8%, 95% CI 7.4-20.2%), and 45 people 
(5.6%, 95% CI 0.0-12.3%) in group 2. More 
than a half respondents thought that there was 
a problem related to iodine deficiency in our 
country as 494 people gave such an answer  
(61.4%, 95% CI 60.8-62.0%), and here statis-
tically significantly greater share of medical 
workers were of this opinion, 162 (77.1%, 
95% CI 70.7-83.6%) in group 2 against 332 
(55.8%, 95% CI 50.5-61.1%) against group 1. 
We should note that according to a national 

questioning accomplished in 2003, 74% out of 
5,000 respondents knew there was a iodine 
deficiency in Belarus, and 87% saw advertis-
ing on TV that was urging them to consume 
iodized salt [12]. It proves that awareness on 
IDD issues among population has decreased. 
And, taking into account priority sources of 
information mentioned by our respondents, we 
should assume that TV advertising won't have 
any substantial influence on consumers aware-
ness on necessity to prevent alimentary iodine 
deficiency.  

There was a question whether a person 
could control iodine consumption on his or her 
own making it sufficient; 495 respondents 
(61.5%, 95% CI 60.9-62.1) answered "yes", 
and these answers were quite in line with those 
given to the previous question in both groups. 
Eventually, 159 medical workers (75.7%, 95% 
CI 69.0-82.4) were statistically significantly 
more self-confident than 336 people who did-
n't work at a medical organization (56.5%, 
95% CI 51.2-61.7%). There was statistically 
significantly smaller number of medical work-
ers who had difficulty answering this question, 
(8.1%, 95% CI 0.0-21.5%), than people who 
didn't work at any medical organization 
(27.7%, 95% CI 20.9-34.6). And quite similar 
number of people in both groups believed they 
couldn't solve this problem themselves 
(15.8%, 95% CI 8.4-23.2 and 16.2%, 95% CI 
3.8-28.6%, respectively).  

More than half respondents (440 people or 
55%, 95% CI 54.1-55.3) stated it was impossi-
ble to eliminate iodine deficiency by consuming 
only "local" products; however, statistically 
significantly more  medical workers knew it 
(164 people or 78%, 95% CI 71.8-84.4).   

Medical workers were naturally better 
aware of health disorders caused by iodine 
deficiency and its insufficient introduction 
into a body (such as lower intelligence, en-
demic goiter, or chronic fatigue) than people 
in group 1 or the overall sampling (Table 1). 
However, only 28% of medical workers (95% 
CI 16.1-39.1) and 16% of other respondents 
(95% CI 8.4-23.4) stated that iodine defi-
ciency could be an obstacle for pregnancy (as 
it causes infertility); so, as we can see, only
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T a b l e  1  
Assessment of awareness on iodine deficiency among people living in Belarus  

Total Not related to medicine Medical workers Question / 
Answer to it abs. % CI abs. % CI abs. % CI 

Do you / you relatives who live with you have any thyroid gland diseases? 
Yes 156 19 13.2-25.6 111 19 11.4-25.9 45 21 9.4-33.4 
No 649 81 77.6-83.6 484 81 77.9-84.8 165 79 72.3-84.8

Do you think there is iodine deficiency in Belarus? 
Yes 494 61 60.8-62.0** 332 56 50.5-61.1* 162 77 70.7-83.6*

No 87 11 4.3-17.3 66 11 3.5-18.7 21 10 0.0-23.1 
Difficult to say  224 28 21.9-33.7 197 33 26.5-39.7* 27 13 0.0-25.7*

Can people see to sufficient consumption of iodine themselves? 
Yes 495 62 60.9-62.1** 336 56 51.2-61.8* 159 76 69.0-82.4*

No 128 16 9.56-22.2 94 16 8.4-23.2 34 16 3.8-28.6 
Difficult to say  182 22 16.5-28.7 165 28 20.9-34.6 17 8 0.0-21.5 

Do you know that if you consume only local food (grown and manufactured in Belarus) 
 it will not provide you with essential quantity of iodine? 

Yes 440 55 54.1-55.3** 276 46 40.5-52.3* 164 78 71.8-84.4*

No 348 43 42.6-43.9** 304 51 45.3-56.7* 44 21 8.9-33.0*

Difficult to say  18 2 0.0-9.3 16 3 0.0-10.9 2 1 0.0-20.0 
What health disorders are caused by iodine deficiency? 

Excess weight 198 25 18.6-30.6 151 25 18.4-32.3 47 23 10.5-34.3
Lower intelligence 280 35 29.2-40.4** 162 27 20.4-34.4* 118 56 42.2-65.1*

Growth retardation 248 31 25.1-36.6 157 26 19.5-33.3 91 43 33.2-53.5
Infertility  152 19 12.7-25.1 94 16 8.4-23.4 58 28 16.1-39.1
Endemic goiter 571 71 67.2-74.7** 384 65 59.8-69.3* 187 89 84.6-93.5*
Chronic fatigue 457 57 56.2-57.4** 313 53 47.1-58.1* 144 69 61.0-76.2*
Other 15 2 0.0-8.9 10 2 0.0-10.1 5 2 0.0-17.3 
Difficult to say 42 5 0.0-12.0 41 7 0.0-14.0 1 0.5 0.0-14.0 

Do pregnant and breast-feeding women need to consume iodine in greater quantities? 
Yes 505 63 62.2-63.3** 345 58 52.8-63.2* 160 76 69.6-82.8*

No 42 5 0.0-12.0 26 4 0.0-12.4 16 8 0.0-21.1 
Difficult to say  258 32 26.4-37.7 224 38 31.3-44.0* 34 16 3.8-28.6*

Note:  * means discrepancies between groups 1 and 2 are statistically significant, р≤0.05; 
** means discrepancies in a number of answers given by overall sampling are statistically signifi-

cant in comparison with a number of answers given by medical workers,  р≤0.05. 
 

152 people in the overall sampling (19%, 95% 
CI 12.7-25.1) fully realized how grave the prob-
lem was. But at the same time 2/3 or 505 re-
spondents (63%, 95% CI 62.2-63.3) knew that 
pregnant women and breast-feeding mothers 
needed to consume iodine in greater quantities; 
and 224 (86.8%, 95% CI 82.3-91.3%) out of 
258 people who had difficulty answering this 
question didn't have any medical education. 

Table 2 contains answers given to ques-
tions on activities that are applied to prevent 
iodine deficiency. Only 134 respondents (17%, 

95% CI 10.3-23.0%) agreed that consumption 
of table iodized salt was enough for preventing 
iodine deficiency, 15% from group 1, and 21% 
from group 2: About half of total 805 respon-
dents, 420 people (52%, 95% CI 51.6-52.8%) 
thought that iodized salt only wasn't enough to 
prevent iodine deficiency. And there were sta-
tistically significantly more respondents in 
group 1 than among medical workers who 
were sure iodized salt consumption was 
enough to make up for iodine concentration in 
a body or who had difficulty answering this
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T a b l e  2  
Ways to prevent iodine deficiency in households  

Total Not related to medicine Medical workers Answer 
 to a question abs. % CI abs. % CI abs. % CI 

Can iodized salt consumption completely eliminate iodine deficiency in a body? 
Yes 134 17 10.3-23.0 89 15 7.6-22.4 45 21 9.4-33.4 
No 420 52 51.6-52.8** 289 49 42.8-54.3* 131 10 0.0-23.1* 
Difficult to say  251 31 25.5-36.9 217 36 30.1-42.9* 34 13 0.0-25.7* 

What do you apply to eliminate iodine deficiency in a body? 
Iodized salt 392 49 48.1-49.3** 259 44 37.5-49.6* 133 63 55.1-71.5*

BAA to food or mul-
tivitamin preparations 171 21 15.1-27.4 112 19 11.6-26.1 59 28 16.3-39.6

Sea food 471 59 57.9-59.1** 336 19 51.2-61.8* 135 64 16.3-39.6*

Walnuts all the time 226 28 22.2-33.9 167 57 21.3-34.9 59 28 16.3-39.6
Other products rich 
with iodine 236 17 11.1-23.7 224 17 9.5-24.1 74 19 6.9-21.4 

Nothing 96 12 5.5-18.4 82 14 6.3-21.2 14 7 0.0-20.2 

Note:  * means discrepancies between groups 1 and 2 are statistically significant, р≤0.05; 
** means discrepancies in a number of answers given by overall sampling are statistically signifi-

cant in comparison with a number of answers given by medical workers,  р≤0.05. 
 

question. 392 respondents (49%, 95% CI  
48.1-49.3) consumed iodized salt, but in addi-
tion to it, respondents also mentioned sea food 
(471 people, 58.5%, 95% CI 57.9-59.1%), bio-
logically active additives to food (BAA) or 
multivitamin preparations (171 people, 21.2%, 
CI 15.1-27.4%), walnuts (226 people, 28.1%, 
95% CI 22.2-33.9%), and other products 
which are rich with iodine (236 people, 17.4%, 
95% CI 11.1-23.7%). And medical workers 
mentioned iodized salt consumption as a way 
to prevent iodine deficiency disorders statisti-
cally significantly more frequently, that re-
spondents without medical education; and as 
for sea food consumption, they mentioned it 
statistically significantly less frequently than 
people from group 1. 

Therefore, we can observe there is lower 
awareness about IDD-related issues as well as 
ways to prevent them both among population 
as a whole, and medical workers as well. 

Although only 48.7% (95% CI 48.1-
49.3%) stated they permanently consumed 
iodized salt, objectively it is consumed in 
much greater quantities and it is confirmed by 
volumes of its sales in retail networks. As per 
monitoring data collected in 2016-2017, io-

dized salt sales accounted for 71.2%-81.5% 
of overall salt sales, and it didn't include sales 
of salt with natural iodine contents (for ex-
ample, sea salt). Such sales volumes are due 
to sufficient manufacture of rock salt and ta-
ble salt in the country which are the most 
popular salt types among consumers and due 
to relatively high prices on imported salt as 
well. We should take into account that in 
some regions iodized salt accounts for 70-
90% of the overall salt volumes sold through 
retail networks. And for comparison, if we 
look at countries where "people are free to 
choose which salt to consume", only 50-60% 
respondents state they permanently consume 
iodized salt [13, 14, 15]. 

At present a lot of food products enriched 
with iodine are manufactured in Belarus. Bear-
ing that in mind, it was particularly important 
to take into account all possible sources of io-
dine as well as conditions for persistent and 
sufficient iodine consumption by population, 
on one hand, and to reveal probable excess in-
troduction of the examined micronutrient, on 
the other hand. We substantiated different 
models for assessing iodine introduction with 
food (Table 3) [16].  
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T a b l e  3  
Models for assessing alimentary iodine introduction   

Model Iodine contents Consumption 
Average consumption (median) of all food products  

Model 1 
Natural in all groups of food 
products High level (90-95 percentile) of food products consumption 

for all groups  
Average consumption (median) of all food products  Model 2 

 

Natural in some food products; 
sausages and bakery are made 
with using iodized salt  

High level (90-95 percentile) of food products consumption 
for all groups  
Average consumption (median) of all food products, a share 
of enriched food products may account for 10, 50 and 100% 
of the overall food consumption Model 3 

Natural in some food products; 
sausages are made with using 
iodized salt; bakery and dairy 
products are made with using 
iodized salt or iodcasein, eggs are 
biologically enriched with iodine

High level (90-95 percentile) of food products consumption 
for all groups, a share of enriched food products may account 
for 10, 50 and 100% of the overall food consumption 

 
Iodine introduction estimated as per 

Model 1 gave us average consumption with 
food equal to only 92 µg a day and it was only 
60% of the physiological need (150 µg a day). 
But if we take high levels of consumption 
within the same model, iodine contents in a 
daily ration go up to 234.2 µg a day and it is 
even greater than the physiological need. 
However, this model is far too theoretical and 
unlikely to be met in practice, only in case of 
people who keep a specific high-calorie diet 
(for example, sportsmen).  

As application of iodized salt in food 
products manufacturing is fixed in the na-
tional legislation of Belarus2, iodine introduc-
tion with food is more likely to occur accord-
ing to Model 2. Iodine contents here amount 
to 157.4 µg a day when food consumption is 
average and to 449.3 µg a day when food 
consumption level is high. If we apply exag-
gerated scenarios (Model 3) and assume that a 
consumer uses 5 extra grams of iodized salt 
adding it to cooked food, we naturally see 
further increase in iodine contents in daily 
consumption, within 366-879.9 µg a day 
range. It still doesn't exceed the upper limit of 
safe iodine consumption (1,100 µg a day).  

It is necessary to monitor iodized salt 
consumption as it helps to guarantee that 

population consumes this element in sufficient 
quantities, especially when there are a lot of 
recommendations to reduce salt consumption. 
WHO experts note that a decrease in sodium 
quantities consumed with salt is a direct eco-
nomically efficient health preservation tech-
nique as it potentially allows to reduce inci-
dence and mortality caused by certain non-
infectious diseases and to lower expenses on 
medical care. According to these recommenda-
tions, at present adults are to reduce their daily 
sodium consumption to 2 grams that corre-
sponds to 5 grams of salt (and it concerns all 
adults, both with primary hypertension and 
without it); as for children, maximum con-
sumption recommended for them should be 
adjusted as per their need in energy and it will 
be substantially lower relative to adults' needs 
[17, 18, 19]. 

Any research on iodine consumption 
based on calculated values should be con-
firmed by objective data on provision with io-
dine. Actual provision with iodine can be vali-
dated with assessment of iodine excretion with 
urine and dynamics in thyroid gland diseases 
caused by iodine deficiency. Figure 1 shows 
results of monitoring over iodine excretion 
with urine starting from 2001. The data prove 
there is no iodine deficiency as ioduria median  

__________________________ 
 
2 Sanitary standards and rules entitled "Requirements to  food raw materials and food products" approved by the Or-

der issued by the Belarus Public Healthcare Ministry on June 21, 2013 No. 52. – Minsk, 2013. [web-source]. – URL: 
http://rcheph.by/news/postanovlenie-52-ot-21-iyunya-2013-g-ob-utverzhdenii-sanitarnykh-norm-_1386688238.html (date 
of visit November 20, 2018). 
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Figure 1. Monitoring over iodine excretion with 
urine in representative groups of children living 

in Belarus (2001-2017) 

in children is higher than 100 µg/l in all the 
accomplished examinations. 

There is another one reliably estimated 
parameter related to provision with iodine; it is 
prevalence of simple goiter in the overall 
population and among children younger than 
18 as this thyroid gland disease is caused by 
iodine deficiency. Incidence rate for simple 
goiter decreased from 325.0 per 100 thousand 
people in 2000 to 51.51 per 100 thousand peo-
ple in 2017 (Figure 2). An authentic, though 
less significant, decrease in incidence rate was 
registered among children younger than 18; it 
amounted to 136.31 per 100 thousand people. 

 

 

Figure 2. Dynamics in incidence rate for simple 
goiter (per 100 thousand people) over 2000-2017 

Morbidity with primary congenital hypo-
thyroidism diagnosed as per data obtained via 
neonatal screening is applied as an exact indi-
cator for nutritional provision with iodine 
among newborns and their mothers [20]. In 
Belarus neonatal screening is performed in ac-
cordance with the consensus reached by the 
The European Society for Pediatric Endocri-
nology [21]. Frequency of congenital thyroid 

dysfunctions detected in a country amounts to 
such a value that proves there is no iodine de-
ficiency in Belarus as it is equal to those de-
tected in other European countries where io-
dine deficiency is also absent. In 2014 it 
amounted to 1:4,216 newborns out of 118,064 
children (totally 118,697 children were born). 
The second screening stage also revealed posi-
tive trends; incidence with congenital hypothy-
roidism was equal to 1.96 per 100 thousand 
people in 2006, but it didn't exceed 0.94 per 
100 thousand people in 2017.   

Conclusion. The complex research which 
we performed is a convincing evidence that the 
national program aimed at eliminating IDD is 
quite efficient and it allows Belarus to maintain 
a status of a country with relevant iodine con-
sumption. The chosen strategy that envisages 
obligatory use of iodized salt in food manufac-
turing and catering as it is fixed in the national 
legislation allows to provide sufficient iodine 
introduction with food and secures a margin 
necessary for a decrease in salt consumption by 
population. And here there is no risk related to 
excess introduction of iodine with food prod-
ucts enriched with this element. Nevertheless, 
questioning performed among population re-
vealed that awareness about IDD issues de-
creased both among population in general and 
among medical workers as well; they were also 
less aware about a contribution made by io-
dized salt into IDD prevention. Some people 
believe that sporadic consumption of food 
products with high iodine contents, consump-
tion of BAA to food, or replacing simple salt 
with natural sea salt to a great extent provide 
iodine deficiency prophylaxis. Given that, 
a certain deterioration of iodine provision 
among populations is rather probable and it 
may occur in the nearest future.  

If population is informed about risks, it 
will allow, together with other strategic activi-
ties (medical and hygienic monitoring), to im-
plement persistent strategy aimed at eliminat-
ing iodine deficiency in Belarus. We should 
take into account basic sources of information 
that people prefer to use, basically they are 
medical personnel and mass media, including 
the Internet.  



Е.V. Phedorenko, N.D. Kolomiets, Т.V. Mokhort, А.N. Volchenko, Е.G. Mokhort, S.V. Petrenko, S.I. Sychik 

Health Risk Analysis. 2019. no. 1 66 

Our complex research convincingly 
proves that the national program aimed at 
eliminating iodine deficiency is quite efficient 
and it allows Belarus to maintain a status of a 
country where population consumes iodine in 
proper amounts. The chosen strategy that en-
visages obligatory use of iodized salt in food 
manufacturing and catering as it is fixed in 
the national legislation allows to provide suf-
ficient iodine introduction with food and se-
cures a margin necessary for a decrease in salt 
consumption by population. And here there is 
no risk related to excess introduction of io-
dine with food products enriched with this 
element. 

Nevertheless, certain data indicate that 
both population in general and medical work-
ers as well are now not properly aware about 
issues related to iodine deficiency and they 
don't fully comprehend a key role that iodized 
salt plays in prevention of the above men-

tioned IDD. If this trend persists and people 
continue to be poorly aware about efficient 
prevention activities it will lead to a probable 
decrease in the existing iodine provision 
among population, Negative outcomes may be 
an increase in morbidity with IDD. Conse-
quently, it is vital to activate an information 
campaign aimed at both population in general 
and medical workers which will be imple-
mented via the most efficient up-to-date com-
munication means (social networks, the Inter-
net, etc.). All the above mentioned, together 
with activities implemented in the sphere of 
hygienic and medical monitoring, will help to 
preserve long-term stability in the national sys-
tem for iodine deficiency prevention.  
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Extrapolation prediction of epidemic situation as per tick-borne viral encephalitis (TVE) on endemic territories that is 

based on analyzing time rows of morbidity is a promising approach to be applied in predictive medical-ecological and epi-
demiologic research. 

The authors examined long-term dynamics showing both number of people who suffered from tick bites and morbidity 
with tick-borne viral encephalitis (TVE) in 4 regions in the Ural Federal District over 2007–2017. 

We applied a sum of harmonic functions as a mathematic model; parameters of the functions were detected with 
Levenberg–Marquardt procedure for non-linear estimates. The technique is flexible and it allows both to apply parameters 
of harmonic fluctuation that are common for all 4 regions and to estimate parameters that differ in various regions and are 
of special interest (average long-term values and other fluctuation parameters). One of the research goals was to estimate 
dynamics in number of people who suffered from tick bites and morbidity with TVE in the Ural Federal District regions over 
the examined period and to predict epidemiologic situation for the coming years. To do that, we built several harmonic re-
gression models with different number of estimated parameters. To compare and rank the models, we applied Akaike consis-
tent information criterion that determines optimality as a compromise between a model accuracy and complexity.  

Our analysis of morbidity with TVE over 2007–2017 in Sverdlovsk, Chelyabinsk, Tyumen, and Kurgan region allowed us 
to quantify discrepancies in average long-term parameters between these Ural Federal District regions. The highest average 
long-term morbidity was fixed in Kurgan region; the lowest one, in Sverdlovsk and Chelyabinsk region. But a number of people 
who suffered from tick bites was higher in Sverdlovsk, Chelyabinsk, and Tyumen region than in Kurgan region over the same 
period. We showed that long-term fluctuations in ticks activity in the Ural Federal District can be considered in-phase and it 
can possibly mean there is regional synchronization. We detected quasi-periods of cycles both for number of people bitten by 
ticks and morbidity with TVE and built a short-term prediction for epidemic situation as per TVE in the region on the basis of 
the proposed harmonic model for a period up to 2022; a probable TVE morbidity peak can be reached in 2020–2021. 

Key words: tick-borne viral encephalitis, morbidity, number of victims, modeling, prediction, selection of models, cy-
clic fluctuations, parameters. 
 

 
 Mishchenko V.A., Ladygin O.V., Bykov I.P., Zakharova J.A., Sergeev A.G., Kshnyasev I.A., 2019 
Vladimir A. Mishchenko – Researcher at the Laboratory for transmissive infections and tick-borne encephalitis,  

Research Engineer at the laboratory of evolutionary ecology (e-mail: innamoramento23@yandex.ru; tel.: +7 (343) 261-99-47;  
ORCID: https://orcid.org/0000-0003-4280-283X). 

Oleg V. Ladygin – Leading Researcher, Head of the laboratory of transmissive infections and tick-borne encephalitis 
(e-mail: alibabey@mail.ru; tel.: +7 (343) 261-99-47). 

Ivan P. Bykov – Candidate of Medicine, Senior Researcher at the laboratory of transmissive infections and tick-borne en-
cephalitis (e-mail: i.p.bykov@mail.ru; tel.: +7 (343) 261-99-47; ORCID: https://orcid.org/0000-0002-5157-646X).  

Julia A. Zakharova – Holder of the postdoctoral degree in medicine, Deputy Director for Science, Head of the department 
for epidemiology of viral infections, Chief Researcher (e-mail: z.y.alexandrovna@mail.ru; tel.: +7 (343) 261-99-47; ORCID: 
https://orcid.org/0000-0003-3416-0902).  

Alexandr G. Sergeev – Holder of the postdoctoral degree in medicine, Professor, Head of the Microbiology, Virology 
and Immunology Chair, Head of the Department of Indication and Diagnosis of Viral Infections, Chief Researcher (e-mail: 
aldr131250@yandex.ru; tel.: +7 (343) 214-86-95). 

Ivan A. Kshnyasev – Candidate of Science (Biology), Senior Researcher at the laboratory of population ecology and 
modeling (e-mail: kia@ipae.uran.ru; tel.: +7 (343) 210-38-58). 

Read
online

 



Morbidity with tick-borne viral encephalitis in some regions in Uralskiy Federal District …   

ISSN (Print) 2308-1155    ISSN (Online) 2308-1163    ISSN (Eng-online) 2542-2308 69

Since tick-borne viral encephalitis (TVE) 
was discovered in 1937 and up to now epide-
miology of the disease has changed greatly; 
these changes were primarily caused by occur-
rence of anthropurgic foci around cities located 
on endemic territories [1, 2]. Sverdlovsk, 
Chelyabinsk, Tyumen, and Kurgan regions are 
considered to be industrially developed with 
relatively high standards of living. These re-
gions, excluding Kurgan region, are highly ur-
banized with specific weight of urban popula-
tion in them being equal to 82, 87, 80, and 62 % 
respectively. Thus, population of Sverdlovsk 
region amounts to 4.4 million people and popu-
lation density there is 22.6 people per 1 square 
kilometer. 3.5 million people live in Chelyab-
insk region with population density there being 
40.4 people per 1 square kilometer. Population 
of Tyumen region (without autonomous areas) 
is equal to 1.45 million people, and population 
density there is 8.2 people per 1 square kilome-
ter; 0.85 million people live in Kurgan region 
with population density being 11.95 people per 
1 square kilometer. All the above-mentioned 
regions are natural and anthropurgic foci of 
tick-borne infections [3–6]. 

Territories in Sverdlovsk, Chelyabinsk, and 
Kurgan regions are endemic in terms of TVE. 
As for Kurgan region, 19 out of 26 administra-
tive territories there are endemic in terms of the 
disease [7]. Despite all specific and non-specific 
prevention activities performed by local public 
healthcare organizations and regional Rospot-
rebnadzor authorities, epidemic situation as per 
TVE remains rather complicated on endemic 
territories [8, 9].  

Morbidity with TVE among population on 
endemic territories is known to depend directly 
on tick activity in spring and summer. There is 
a regular correlation between appliance for 
medical aid caused by a tick bite and morbidity 
[10]. People who haven't been vaccinated or 
whose vaccination hasn't been complete ac-
count for a considerable part of patients during 
annual peaks in morbidity with TVE in spring 
and summer. Rises and falls in morbidity on 
endemic territories are cyclic; this cyclicity is 
caused by biological factors (periodic changes 
in number of animals that are natural sources of 

nutrition for ticks) and weather and climatic 
factors (air temperature and humidity during a 
period when ticks are active) [11]. 

Growth in urban population resulted in 
significant increase in risk groups and, conse-
quently, rise in morbidity with TVE. It called 
for changes in vaccination programs, namely, to 
switching from immunization that covered only 
occupational risk groups to mass vaccination of 
population in the Urals Federal District; as a 
result, over the last 10 years morbidity with 
TVE has decrease significantly, by 4 times in 
comparison with average long-term value, to be 
exact [12, 13]. 

From 1956 to 1999 there were rises and 
falls in morbidity that followed each other with 
an interval of 3-4 years. Since mass immuniza-
tion against TVE was introduced in 1999, there 
has been a change in morbidity dynamics de-
tected in the region [12, 14].  

Our research goal was to describe dynam-
ics in morbidity and number of people bitten by 
ticks in Chelyabinsk, Tyumen, Kurgan, and 
Sverdlovsk regions over 11 years (2007-2017) 
and draw up a short-time forecast for epidemic 
situation development based on mathematic 
modeling. 

Data and methods. Long-term dynamics 
of morbidity with TVE in the Urals Federal 
District was examined on  the basis of data 
taken from the Report Form No. 2  (state statis-
tical reports) called "Data on infectious and 
parasitic diseases" provided by the Rospotreb-
nadzor Federal Center for Hygiene and Epide-
miology. Data on people who were bitten by 
ticks in the Urals Federal District were taken 
from the annual State Reports on sanitary-
epidemiologic welfare of the population issued 
by Rospotrebnadzor Regional Offices. 

We found a logarithm of data on morbidity 
with TVE and number of people bitten by ticks 
to transform them into an additive scale and to 
stabilize the dispersion, We applied a sum of 
harmonic functions as a mathematical model:  

y = Σ[bi + aicos(ωt + φ)],        (1) 
parameters of these functions (average value, 
amplitude, cyclic frequency, initial phase) 
were found with Levenberg - Marquardt non-



V.A. Mishchenko, O.V. Ladygin, I.P. Bykov, J.A. Zakharova, A.G. Sergeev, I.A. Kshnyasev 

Health Risk Analysis. 2019. no. 1 70 

linear procedure in "Statistica 12.0" applied 
software package (StatSoft). Flexibility of the 
procedure allows to both apply values of har-
monic fluctuations parameters that are com-
mon for all regions and to assess contrasts ex-
isting between the regions that attracted our 
attention, for example, in average long-term 
values (Δ = bi – bj), in amplitudes (Δ = ai – aj), 
and other fluctuations parameters. The regions 
in the Urals Federal District were coded with 
slack variables - binary markers (0 or 1); if a 
region was not included into a list of predic-
tors, it set a reference (basic) level (b0), and 
contrasts for all the other regions were esti-
mated against it. When regional markers are 
neglected, it creates a reduced model with 
overall estimation of parameters.  

To compare and rank our models, we ap-
plied Akaike information criterion – AIC that 
determines optimality as a compromise be-
tween a model accuracy and complexity [15]. 
The lower AIC value is, the more statistically 
relevant is a model. Models were compared on 
the basis of consistent Akaike information cri-
terion calculated as per the following formula: 

CAIC = m×ln(RSS/m) + k×[1+ln(m)],    (2) 

where m is a number of observations, RSS is a 
residual sum of squares or measure of variabil-
ity not reproduced by a model, k is a number 
of parameters. Therefore, the first summand in 
the formula measures accuracy of a model, and 
the second one, its complexity (number of pa-
rameters). This modification, in comparison 
with AIC, imposes stricter "penalties" for addi-
tional parameters [16–18]. 

"Weight" (relative plausibility) of each 
model calculated as per the following formula: 

wi=exp(–0,5×∆CAICi)/Σexp(–0,5×∆CAICi), (3) 

was applied to rank and compare competing 
models. The obtained weights wi were inter-
preted as probabilities that i-th model was 
better than any other one from a variety of 
other pretender models. If weights were less 
than 10% different from wmax, models were 
considered to be of the same quality as the 
best one [15]. 

To assess dynamics in number of people 
bitten by ticks in the Urals Federal District re-
gions over the observation period, and to pre-
dict how epidemiologic situation would de-
velop in the next 5 years, we created several 
harmonic regression models with different 
number of estimated parameters. 

A common logarithm of number of people 
bitten by ticks or average long-term morbidity 
for Kurgan region were taken as a reference 
(basic) level (b0) as the lowest number of peo-
ple bitten by ticks was registered in this region 
out of all the considered ones, but the morbid-
ity with TVE there was the highest.  

 We examined two interesting (working) 
models. The first one included binary (0 or 1) 
predictors - markers for the regions in the Urals 
Federal District (Sverdlovsk, Chelyabinsk, and 
Tyumen region), for b0 (basic level, Kurgan re-
gion), and fluctuations amplitudes. We applied 
amplitude value common for all the four re-
gions in the second model. Cyclic frequency 
and initial phase were assumed to be common. 
The third model, or a "zero" one, included only 
an absolute term (average long-term morbidity 
common for all the regions). Model No. 2 was 
considered to be the most relevant to empirical 
data (Table 1), as the lowest CAIC value or the 
greatest "weight" (w = 0.989) was obtained for 
it. Therefore, given high statistical support, we 
can conclude that long-term fluctuations in 
number of people bitten by ticks change in 
common mode in the Urals Federal District. 

A model for assessing morbidity with 
TVE consisted of two components. The first 
one reflected morbidity and changes occurring 
in it in the examined regions; the second one, 
in the RF in general.  

We took each out of four regions as a ref-
erence level by turns and compared three mod-
els. We applied marker variables in the first 
model, both for average long-term morbidity 
and for fluctuations amplitude for regions in the 
Urals Federal District and the RF in general. 

The second model included markers for 
the Urals Federal District regions, common 
assessment of amplitude for all four regions 
in the Urals Federal District and amplitude 
for morbidity in the RF in general; the third
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T a b l e  1  
Models of harmonic fluctuations for showing dynamics in number of people bitten by ticks 

 (y = log10(N)) in 2007–2017 in the Urals Federal District regions 
No. Quotients and predictors K CAIC ∆CAIC wi 
1 y = b0 + b1С + b2Ч + b3Т + (A0 + A1С + A2Ч + A3Т)×cos(ω0t + φ0); R2 = 0.94, R = 0.97 

b0 is an absolute term (reference level)*; 
b1 is a contrast in average long-term level, b0 and S; 
b2 is a contrast in average long-term level, b0 and Ch; 
b3 is a contrast in average long-term level, b0 and T; 
A0 is amplitude for reference level; 
A01 is difference in amplitudes for b0 and S; 
A02 is difference in amplitudes for b0 and Ch; 
A03 is difference in amplitudes for b0 and T; 
ω0 is cyclic frequency for a region model 

10 – 172.30 9.06 0.011 

2 y = b0 + b1С + b2Ч + b3Т + A0×cos(ω0t + φ0); R2 = 0.93, R = 0.96 
b0, b1, b2, b3, ω0, φ0 are given above; 
A0 is a common amplitude for K, S, Ch, and T 7 – 181.36 0 0.989 

3 y = b0 
b0 (zero hypothesis H0). 1 130.22 311.58 2.17×10-68 

N o t e :  CAIC is consistent Akaike information criterion; ∆CAIC is differences in CAIC; wi is rela-
tive plausibility ("weight"); k is a number of parameters; * means that average value of the logarithm of 
number of people bitten by ticks in Kurgan region (K) is taken in this model as reference level (b0); 
S, Ch, and T are markers for Sverdlovsk, Chelyabinsk, and Tyumen region respectively. 

 
model included an amplitude common for 
three regions (Sverdlovsk, Chelyabinsk, and 
Tyumen region), and specific amplitudes for 
Kurgan region and the RF in general. The 
fourth model that included only an absolute 
term was applied to compare predictions and 
to assess their quality. 

This algorithm was also applied to assess 
morbidity with TVE in 2007–2017 (Table 2). 

We chose Model No. 3 as a base for inter-
preting results of modeling morbidity with TVE 
as the lowest consistent Akaike criterion was ob-
tained for it, and it also had the greatest "weight" 
among all the pretender models (w = 0.96).  

Results and discussion. Over 2007–2017 
371,423 people were bitten by ticks in Sverd-
lovsk region, 1.743 TVE cases were registered, 
and average long-term morbidity amounted to 
3.81 per 100 thousand people. 215,904 people 
were bitten  in Chelyabinsk region, 1,078 TVE 
cases were registered (2.98 0/0000). 148,189 peo-
ple were bitten in Tyumen region (data on the 
Khanty-Mansi Autonomous Area and Yamal-
Nenets Autonomous Area are not included in 
the figure) (5.92 per 100 thousand people). 

Morbidity in Kurgan region where 54,906 peo-
ple were bitten by ticks was the highest and 
amounted to 7.82 0/0000. 

Determination quotient R2 (Table 1) 
amounted to 93% for a model that showed dy-
namics in a number of people bitten by ticks and 
it proves that this model chosen for interpretation 
is of high quality. The greatest number of people 
bitten by ticks over 11 years was registered in 
Sverdlovsk region, 34,674 people with hitting 
95 % interval from 30,200 to 39,811. The lowest 
number of tick bites in 2007-2017 was registered 
in Kurgan region. As we ranked the examined 
regions in the Urals Federal District as per de-
scending number of bitten people, we obtained 
the following sequence: Sverdlovsk region – 
Chelyabinsk region – Tyumen region – Kurgan 
region (Table 3, Figure 1). 

When creating a mathematical model for a 
number of people bitten by ticks, we detected 
cyclicity in the epidemic process with a quasi 
period equal to 8-8.5 years (average T = 2π/ω = 
= 8.3 years), with a confidence interval from 
6.98 to 10.30 years. the created model allowed 
to detect a fluctuations amplitude (p < 0.0001). 
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Т а б л и ц а  2  
Models of harmonic fluctuations for showing dynamics in morbidity (у) with TVE 
 (per 100 thousand population) in 2007–2017 in the Urals Federal District regions 

№ Quotients and predictors k CAIC ∆CAIC wi 

1 y = b0 + {xp×RF} + (b1S1 + b2S2 + b3S3 + (A0 + A01S1 + A02S2 + A03S3)× 
×cos(ω0t + φ0))×[xp=0] + (A1×cos(ω1t + φ1))×[xp=1]; R2 = 0.78, R = 0.88 

b0 an absolute term (reference level); 
xp – контраст в СМУ РФ и b0; 
b1 is a contrast in average long-term morbidity, b0 and S1; 
b2 is a contrast in average long-term morbidity, b0 and S2; 
b3 is a contrast in average long-term morbidity, b0 and S3; 
A0 is amplitude for reference level; 
A01 is difference in amplitudes for b0 and S1; 
A02 is difference in amplitudes for b0 and S2; 
A03 is difference in amplitudes for b0 and S3; 
ω0 is cyclic frequency for a region model (S); 
A1 is an amplitude for the overall RF model; 
ω1 is cyclic frequency for the overall RF model. 

14 124.62 6.74 0.03 

2 y = b0 + {xp×RF} + (b1S1 + b2S2 + b3S3 ++ A0×cos(ω0t + φ0))×[xp=0] + 
+ (A1×cos(ω1t + φ1))×[xp=1]; R2 = 0.62, R = 0.79 

b0, xp, b1, b2, b3, ω0, A1, ω1 are given above; 
A0 ias a common amplitude for b0, S1, S2, S3. 11 139.97 22.00 1.62×10-5 

3 y = b0 + {xp×РФ} + (b1S1 + b2S2 + b3S3 + (AКО + AСР×SСР)×cos(ω0t + φ0))×[xp=0] + 
+ (A1×cos(ω1t + φ1))×[xp=1]; R2 = 0.77, R = 0.88 

b0, xp, b1, b2, b3, ω0, A1, ω1 are givem above; 
AKR is an amplitude for Kurgan region; 
AAV is a difference between amplitudes for SKR and SAV 
(average value as per 3 regions). 

12 117,88 0 0,96 

4 y = b0 
b0 (zero hypothesis H0). 1 195.94 78.06 1.08×10-17 

N o t e :  CAIC is consistent Akaike information criterion; ∆CAIC is differences in CAIC; wi is rela-
tive plausibility ("weight"); k is a number of parameters; {xp×RF} is a summand in equations applied to 
take into account difference in average long-term levels between the RF and the examined regions;  
xp=0 is a part of a model applied to show morbidity in the regions; xp=1 is a part of a model applied to 
show morbidity in the RF; b0 is an absolute term or a reference level which corresponds to average long-
term morbidity in a chosen region; S1–3 are markers for the regions in the Urals Federal District. 

T a b l e  3  
Parameters (θ), their standard errors (SE), and confidence intervals (CI) for the "best" model 

(from Table 1) for the logarithm of number of people bitten by ticks  
Parameters θ SE(θ) p-value. 95% CI θ® 95% CI® 

b0 (average long-term level in 
Kurgan region) 3.69 0.03 < 0.0001 3.63 3.75 4,898 4,266 5,623

b1 (Sverdlovsk region) 0.85 0.04 < 0.0001 0.75 0.93 34,674 (+29,776) 30,200 39,811
b2 (Chelyabinsk region) 0.61 0.04 < 0.0001 0.53 0.70 19,953 (+15,055) 17,378 22,909
b3 (Tyumen region) 0.45 0.04 < 0.0001 0.36 0.53 13,804 (+8,906) 12,023 15,488
Common fluctuation amplitude 
(S, Ch, T, and K) 0.10 0.02 < 0.0001 0.06 0.15 ~ 26% ~ 15% ~ 41%

Cyclic frequency (ω0) of fluc-
tuations for a region model – 0.76 0.07 < 0.0001 – 0.90 – 0.61 – – – 

N o t e : b0 is an absolute term (reference level) or an average value of the logarithm of a number of 
people bitten by ticks in Kurgan region; S, Ch, T, and K are markers for Sverdlovsk, Chelyabinsk, Tyumen, 
and Kurgan region respectively; b1–3 are contrasts between each region in the Urals Federal District and Kur-
gan region; ® means data are brought into an initial scale (number of people bitten by ticks) via potentiating 
logarithm values: 10(у) = x – "anti-logarithm". 
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Figure 1. Dynamics in number of people bitten  by ticks over 2007–2017 in four regions 
 in the Urals Federal District and a forecast up to 2022 

N o t e :  dots on a polygonal line are observed values; broken straight lines show number  
of people bitten by ticks in the regions over 11 years; solid wavy lines represent values  
of logarithm of number of bitten people predicted  by models for harmonic fluctuations 

The greatest number of people bitten by 
ticks was detected in all four regions in the 
Urals Federal District in 2011. An increase 
amounted up to 26% from an average level 
calculated for 11 years with a confidence in-
terval being equal to 15–41 %. Occurrence of 
a quasi period and amplitude allowed us to 
conclude that there was a cyclic dynamics in 
number of people bitten by ticks; this dynam-
ics was most likely related to dynamics in 
populations of ticks and small mammals.  

Substantial influence exerted by ecologi-
cal and geographical factors on morbidity with 
TVE in the examined regions of the Urals 
Federal District was determined by value of 
the determination quotient R2 for this model; 
this value amounted to 77 %.  

There are statistically significant discrep-
ancies as per average long-term morbidity be-
tween four regions in the Urals Federal Dis-

trict and average long-term morbidity in the 
RF in general (Table 4). Thus, average long-
term morbidity in the examined regions (ex-
cluding Chelyabinsk region) differed signifi-
cantly from average country level over 11 
years. The greatest deviations from average 
long-term morbidity in the RF in general were 
detected in Kurgan and Tyumen region (the 
differences amounted to 6.03 and 4.13 0/0000).  

The highest average long-term morbidity 
was detected in Kurgan region where it was 
equal to 7.82 (CI: 6.63–9.01 0/0000); this value 
was most probably caused by rises in the pa-
rameter that occurred in  2007-2012 with a lo-
cal peak reached in 2011. the examined re-
gions were ranked as per morbidity in de-
scending order (Kurgan region – Tyumen 
region – Sverdlovsk region – Chelyabinsk re-
gion) and the results are shown in Table 5 and 
Figure 2. 
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T a b l e  4  
Parameters (θ), their standard errors (SE), and confidence intervals (CI) for the best model 

 (from Table 2) for harmonic fluctuations in morbidity with TVE 
Parameters θ SE(θ) p-value 95% CI  

1) b0 (average long-term morbidity in Kurgan region) 7.82 0.59 < 0.0001 6.63 9.01 
xp (RF) – 6.03 0.99 < 0.0001 – 8.02 – 4.05 
b1 (Sverdlovsk region) – 4.01 0.82 < 0.0001 – 5.67 – 2.36 
b2 (Chelyabinsk region) – 4.84 0.82 < 0.0001 – 6.50 – 3.19 
b3 (Tyumen region) – 1.90 0.82 0.03 – 3.56 – 0.25 
Amplitude (К) 6.55 0.84 < 0.0001 4.85 8.25 
Contrast in amplitudes [К] – [S, Ch, T] – 4.99 0.96 < 0.0001 – 6.93 – 3.05 
2) b0 (average long-term morbidity in Sverdlovsk region) 3.81 0.58 < 0.0001 2.64 4.97 
xp (RF) – 2.02 0.98 0.05 – 3.99 – 0.04 
b1 (Chelyabinsk region) – 0.83 0.82 0.32 – 2.47 0.82 
b2 (Tyumen region) 2.11 0.82 0.01 0.47 3.76 
b3 (Kurgan region) 4.01 0.82 < 0.0001 2.36 5.67 
3) b0 (average long-term morbidity in Chelyabinsk region) 2.98 0.58 < 0.0001 1.81 4.14 
xp (RF) – 1.19 0.97 0.23 – 3.16 0.77 
b1 (Sverdlovsk region) 0.83 0.82 0.32 – 0.82 2.47 
b2 (Tyumen region) 2.94 0.82 0.001 1.29 4.58 
b3 (Kurgan region) 4.84 0.82 < 0.0001 3.19 6.50 
4) b0 (average long-term morbidity in Tyumen region) 5.92 0.58 < 0.0001 4.75 7.08 
xp (RF) – 4.13 0.98 0.0001 – 6.10 –2.16 
b1 (Sverdlovsk region) – 2.11 0.82 0.01 – 3.76 – 0.47 
b2 (Chelyabinsk region) – 2.94 0.82 0.001 – 4.58 – 1.29 
b3 (Kurgan region) 1.90 0.82 0.03 0.25 3.56 
Fluctuations amplitude common for S, Ch, and T 1.57 0.48 0.002 0.60 2.53 
Fluctuations amplitude for К – 4.99 0.96 < 0.0001 – 6.93 – 3.05 
Cyclic frequency (ω0) of fluctuations for region models 0.59 0.04 < 0.0001 0.51 0.66 
5) Fluctuations amplitude for the RF 0.55 0.78 0.49 – 1.03 2.13 
Cyclic frequency (ω1) of fluctuations for the RF model 0.44 0.75 0.56 – 1.08 1.96 

N o t e :  b0 is an absolute term (reference level) showing average value of morbidity with TVE 
in a selected (reference) region; S, Ch, T, and K are markers for  Sverdlovsk, Chelyabinsk, Tyumen, and 
Kurgan regions respectively; xp is a contrast between the RF and reference level; b1–3 are contrasts be-
tween each region the Urals Federal District and reference level. 

We should also note that we didn't detect any 
statistically significant discrepancies (p = 0.32) in 
average long-term morbidity between Sverd-
lovsk region and Chelyabinsk region; the issue 
most certainly requires further research.  

Application of statistical models allowed 
to reveal cyclic changes (harmonic fluctua-
tions) in morbidity with TVE in all the four 
regions in the Urals Federal District with a 
quasi period being equal to 10-11 years (aver-
age T = 2π/ω = 10.6 years) and a confidence 
interval from  9.52 to 12.31. 

It is well known that there are natural cy-
clic fluctuations in weather related to cyclicity 

observed in the solar activity as the great cycle 
of the Sun also lasts for 11 years [19]. As per 
data taken from literature, in previous years 
maximum in morbidity with TVE was ob-
served in 1996 and 1999 in all the climatic 
zones in the Urals Federal District [19]. 

But at the same time, the highest average 
long-term morbidity and the greatest fluctua-
tions amplitude was observed in Kurgan re-
gion (Figure 2). It can be due to a rise in mor-
bidity in a period from 2007 to 2012. The peak 
in morbidity was reached in Kurgan region, 
just as in three other regions, in 2010-2011.  
In those years morbidity was higher than its
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Figure 2. Dynamics in morbidity with TVE (per 100 thousand people) over 2007–2017  
in four regions in the Urals Federal District and a forecast up to 2022 

N o t e :  dots (squares and rounds) are values being observed; solid straight lines show average 
 long-term morbidity in the Urals Federal District regions; broken straight line shows average 

 long-term morbidity in the RF in general; solid and broken curves show values predicted  
by models of harmonic fluctuations 

average long-term level by 6.55 0/0000 (CI: 
4.85–8.25; p < 0.0001). As per results obtained 
via statistical modeling, fluctuations amplitude 
observed in Sverdlovsk, Chelyabinsk, and 
Tyumen regions, was common for all three of 
them, and peak morbidity reached in this re-
gions was higher than average long-term level 
by 1.57 0/0000 (CI: 0.60–2.53; p = 0.002). 

Conclusion. We analyzed morbidity with 
TVE over  2007-2017 years in Sverdlovsk, 
Chelyabinsk, Tyumen, and Kurgan regions; 
the analysis revealed statistically significant 
discrepancies between these regions in the 
Urals Federal District. The highest average 
long-term morbidity was registered in Kurgan 
region; the lowest, in Sverdlovsk and Chelyab-
insk region. And at the same time, a number of 
people bitten by ticks over the same period 
was higher in Sverdlovsk, Chelyabinsk, and 
Tyumen region than in Kurgan region. 

A smaller number of people bitten by 
ticks in  Kurgan region against the other exam-
ined regions is most likely due to lower popu-
lation in the region as there is always a direct 
correlation between population in a region and 
appliance for medical aid caused by tick bites. 
Extremely high morbidity with TVE in Kurgan 
region against all other regions is probably 
caused by both natural and social factors: there 
are several tick species that are infectious car-
riers (not only Ixodes, but also Dermacentor) 
and virus activity among them is also very 
high, specific and non-specific prevention ac-
tivities performed in the region as regards 
TVE are not sufficient. 

In  our opinion, short-term forecasts for 
morbidity with TVE and appliance for medical 
aid caused by tick bites obtained on the basis 
of statistical models aren't indisputable as they 
are formed under influence exerted by many 
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factors, and we require multi-factor analysis to 
take them all into account [20].  

Conclusions: 
1. We revealed statistically significant 

discrepancies between the four examined re-
gions as per average long-term morbidity 
with TVE and number of people bitten by 
ticks. the highest average long-term morbid-
ity was registered in Kurgan region (7.82 
0/0000). Tyumen region followed (5.92), then 
Sverdlovsk region (3.81), and Chelyabinsk 
region (2.98). But as for number of people 
bitten by ticks, we observed a reverse de-
scending sequence with maximum in Sverd-
lovsk region (34,674 people): Sverdlovsk 

region – Chelyabinsk region – Tyumen re-
gion – Kurgan region. 

2. We made a forecast for morbidity with 
TVE and number of people bitten by ticks. In 
2018-2022 we expect to see a rise in morbidity 
and number of people applying for medical aid 
due to tick bites in all the regions in the Urals 
Federal District. According to periodicity ob-
served in the process (10–11 years), a peak in 
morbidity is most likely to occur in 2020–2021.  
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ASSESSMENT OF POTENTIAL EPIDEMIC HAZARDS CAUSED BY COMBINED 
FOCI WITH BACTERIAL, VIRAL, AND RICKETSIAL INFECTIONS 
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The authors performed epidemiologic analysis on 2,008 case histories of dangerous feral nidal infections among Astrakhan' 

region population over the last 17 years. It allowed them to characterize basic categories of epidemiologic risk related to such in-
fections under contemporary conditions and determine the most significant statistically authentic (р<0.05) criteria for assessing 
potential epidemic hazards caused by autonomous and combined natural foci with bacterial, viral, or ricketsial nature in the north 
and northwestern Caspian Lowlands. The determined criteria included a number of morbid cases among people, quantity of infec-
tion carriers and agents (fleas, ticks, and mosquitoes), contamination of rodents and infection carriers, circulating strains virulence, 
presence of camels, results of immunologic research performed on infection carriers and agents, immune layer among risk groups 
that include people and animals, ambient temperature, and average annual precipitations. The authors took epidemiological data 
obtained by Rospoterbnadzor's Astrakhan' Anti-plague Station, Astrakhan' Regional Center for Hygiene and Epidemiology, and 
A.M. Nichoga's Regional Infectious Clinical Hospital; the data were collected over 2000–2017 and were given in primary medical 
documentation including forms No. 027/U, No. 058/U, No. 060/U), as well as in reports with results of epizootologic examinations 
accomplished on the examined territories. The authors applied score assessment to work out an algorithm for determining qualita-
tive and quantitative parameters of hazards caused for people by natural foci of plague, tularemia, leptospirosis, Crimean hemor-
rhagic fever, West Nile fever, and Astrakhan's ricketsial fever. This technique allows to perform scientifically substantiated epide-
miologic zoning of territories with foci and to differentiate necessary prevention activities both in combined and autonomous infec-
tious diseases foci with simultaneous reduction in expenditure.   

Key words: potential epidemic hazards, natural foci with bacterial, viral, and ricketsial infections. 
 

 
 Introduction. There has been sporadic 

morbidity with tularemia, leptospirosis, brucello-
sis, Crimean hemorrhagic fever (CHF) [1, 17, 
18], West Nile fever (WNF) [1-4, 21], and As-
trakhan ricketsial fever (ARF) [6, 9] registered 
on the northern and northwestern Caspian Low-
lands territories which were enzootic as per 
plague. In some years there was group morbidity 
or outbreaks of certain diseases (Crimean hem-
orrhagic fever in 2005-2008, West Nile fiver in 
1999) [3, 10-12, 18-20]. Viral and ricketsial in-
fections should be given special attention. 

Thus, morbidity with CHF in Astrakhan re-
gion was registered every year (excluding 2014). 
There were three peaks detected in the overall 
morbidity dynamics; they occurred in 2001-2002, 

2005-2007, and 2010, and all of them were fol-
lowed by a drastic decrease in morbidity with the 
disease. But still, there is a statistically authentic 
(P<0.05) trend for morbidity with CHF to decline. 

On the contrary, morbidity with WNF var-
ied from 7.3 per 100,000 population in Astra-
khan region in 2005 to 0.1 in 2007; in 2016 it 
amounted to 2.7±1.2 on average. A calculated 
trend that describes dynamics in morbidity with 
this infection in Astrakhan region indicates 
there is a slight decrease in it. However, a 
model of the 6th order polynomial approxima-
tion proves there is likely to be an outbreak of 
the disease in the nearest future. 

Astrakhan ricketsial fever is a new infec-
tious disease [1]. People with the infection 
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were first detected in 1978 in Krasnoyarskiy 
distirct of Astrakhan region, and in subsequent 
years it was also registered in other districts of 
the region. In 1978-1981 32 morbid events 
were registered; there were 47 in 1982, and 82 
in 1988 [21]. Over the last decades morbidity 
with ARL has been registered in all the admin-
istrative districts in Astrakhan region, exclud-
ing Chernoyarskiy district. The highest mor-
bidity levels are detected in Privolzhskiy and 
Narimanovskiy districts (783.6 and 523.6 per 
100,000 population respectively). 

Specific areas in natural foci are apparently 
different as per their potential epidemic haz-
ards; given that, it is advisable, on one hand, to 
reduce volumes of epizootologic research as it 
is the most expensive component in the whole 
set of epidemiologic surveillance; on the other 
hand, one cannot degrade safety for population 
groups that run elevated risks of infection. All 
the above mentioned underlies a differentiated 
approach to epizootologic monitoring over foci 
with different epidemiologic status [6, 13, 14].  

As preventive (anti-epidemic) activities 
aimed at eliminating hazardous infections are 
at present accomplished as per specific noso-
logies on various administrative territories in 
the RF regions, it is necessary to work out 
complex prevention plans for feral nidal infec-
tions taking into account occurrence of com-
bined foci and results of epidemiologic zoning 
performed as per epidemic risk levels.   

Our research goal was to work out a pro-
cedure for assessing potential economic hazards 
caused by autonomous and combined foci of 
bacterial, viral, and ricketsial infections; the pro-
cedure should be relevant for Astrakhan region. 

Data and methods. The authors applied 
data collected by Astrakhan Anti-Plague Station, 
Rospotrebnadzor's Regional Office in Astra-
khan, Astrakhan Center for Hygiene and Epide-
miology, as well as results of epizootologic and 
epidemiologic research performed in the region. 

We performed epidemiologic analysis of 
data on epidemic and epizootic activities oc-
curring in autonomous natural foci of plague, 
tularemia, leptospirosis, Crimean hemorrhagic 
fever, West Nile fever, and Astrakhan ricket-
sial fever, detected in Astrakhan region; the 

data were collected over 2000-2016. Overall, 
we examined 2,008 case histories. 

We applied score assessment in a modifi-
cation developed by E.V. Kuklev [7, 8]. All 
the data were statistically processed with con-
ventional techniques [16]. 

Results and discussion. In order to per-
form epidemiologic zoning in Astrakhan region 
and differentiate existing autonomous and 
combined natural foci of hazardous viral, bacte-
rial, and ricketsial infections into separate areas 
as per their potential epidemic risk levels, we 
analyzed epizootic and epidemiologic status in 
natural foci of the examined infections over 
2000-2016. Basing on the results of epidemi-
ologic analysis performed on 2,008 case histo-
ries related to Astrakhan region population 
morbidity with hazardous feral nidal infections 
(plague, tularemia, leptospirosis, Crimean hem-
orrhagic fever, West Nile fever, Astrakhan 
ricketsial fever) detected in 2000-2016, we de-
termined the most significant parameters (fea-
tures) that quantitatively and qualitatively re-
flect specific epidemiologic peculiarities of the 
examined infections (Tables 1 and 2). 

Our choice of these parameters is substan-
tiated taking into account a direct statistically 
authentic correlation (Р<0.05) between each 
such parameter and people catching the infec-
tions. This proposition is also confirmed by the 
results obtained in previous research and po-
tential epidemic hazards calculated for various 
infections: hemorrhagic fever with nephrotic 
syndrome (r= + 0.76) [5], plague, cholera, ma-
laria (r > + 0.6), arbovirus infections (CHF vi-
rus circulation value  = 0.79) [8, 18], virus 
hepatitis of В and С type (r > + 0.7) [15], and 
assessment of potential hazards related to mass 
events (100% coincidence of qualitative and 
quantitative parameters of potential epidemic 
hazards (PEH) related to mass events) [14]. 

Score assessment combined with conven-
tional variation statistics techniques turned out 
to be the most relevant technique for assessing 
different parameters. 

We detected an entire assembly of features 
for each parameter and spotted out three grada-
tions, high, average, and low one, depending on 
assembly size and confidence intervals. Each
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T a b l e  1  
Parameters of potential epidemic hazards caused by combined natural foci with bacterial 

infections and their scores 

Parameters of potential epidemic hazards caused by natural foci Parameter  
symbol 

Maximum 
score 

PARAMETERS COMMON FOR ALL NATURAL FOCI 
Physical square of an area within a natural foci S 2 
Population density (urban and rural) P 3 

PLAGUE  15 
Number of disease cases among people А 7 
Number of plague carriers (average over long-term period/current): primary 
ones, secondary ones, in settlements В 1 

Contamination of rodents with plague agent D 2 
Results of immunologic research on animals (on Ag and Ab) M 1 
Number of plague carriers (Abundance index for hair, holes, microbiotopes) 
(average over long-term period/current): in houses,  in open biotopes C 1 

Contamination of fleas with plague agent E 1 
Virulence of plague agent strains   V 1 
Presence of camels (private sector and public livestock) L 1 

TULAREMIA  15 
Number of disease cases among people A 7 
Immune layers among risk groups K 1 
Number of tularemia carriers (average over long-term period/current): in open 
biotopes, in closed biotopes  B 1 

Results of immunologic research on animals (on Ag and Ab) M 1 
Number of ticks (average over long-term period/current): in open biotopes,  
number of registered species C 1 

Contamination of ticks with tularemia agent E 2 
Contamination of rodents with tularemia agent D 2 

LEPTOSPIROSIS   15 
Number of disease cases among people A 7 
Number of leptospirosis carriers (average over long-term period/current) in 
anthropurgic foci: rats, cattle, pigs, dogs  B 2 

Contamination of carriers  with leptospirosis agents: rats, cattle, pigs, dogs D 4 
Results of immunologic research on animals (on Ag and Ab): rats, cattle, pigs, dogs M 2 

T a b l e  2  
Parameters of potential epidemic hazards caused by combined natural foci with viral and 

ricketsial infections and their scores  

Parameters of potential epidemic hazards caused by natural foci Parameter  
symbol 

Maximum 
score 

PARAMETERS COMMON FOR ALL NATURAL FOCI 
Physical square of an area within a natural foci S 2 
Population density (urban and rural) P 3 

CRIMEAN HEMORRHAGIC FEVER  15 
Number of disease cases among people A 7 
Natural and climatic conditions on a specific area: average temperature (Janu-
ary, July),  
Average annual precipitation 

T 
 

U 

2 

Number of primary CHF virus carriers: D. marginatum ticks C 2 
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Detection of CHF virus markers: ticks, small mammals, blood serum of farm 
animals, human blood serum M 4 

WEST NILE FEVER  15 
Number of disease cases among people A 7 
Sum of average daily temperature is higher than  +10 0С T 2 
Number of primary WNF virus carriers (mosquitoes of Culex species): in open 
biotopes, in closed biotopes D 3 

Detection of WNF virus markers: mosquitoes, ticks, wild waterfowl, farm wa-
terfowl, human blood serum M 3 

ASTRAKHAN RICKETSIAL FEVER   15 
Number of disease cases among people A 7 
Number of primary rickettsia ticks carriers:  in open biotopes, in settlements 
on cats and dogs  C 4 

Detection of ARF virus markers: ticks, human blood serum M 4 
 
 

gradation corresponded to a quantitative score 
given to each parameter; 14-20 scores corre-
sponded to high gradation, 7-13, average one, and 
less than 7 scores meant gradation was low. This 
distribution of scores is a sum of scores given to 
criteria common for all feral nidal infections 
(5 scores) and a sum of scores which are specific 
for this or that infection (15 scores maximum). 

For example, potential epidemic hazard 
caused by a natural plague focus is calculated 
as follows: 
ПЭО1 = S + P + A + B + C + D + E + M + L + V = 

= 2 + 1 + 0 + 0,5 + 0,5 + 0 + 1 + 0 + 1 + 0,5 = 6,5, 

where ПЭO1 is a parameter that describes poten-
tial epidemic hazard existing in a natural plague 
focus,  is a physical square of an area within a 
natural focus, P is population density (urban and 
rural), А is a number of disease cases among 
people, B is a number of plague carriers, C is a 
number of plague agents, D is contamination of 
rodents, E is contamination of fleas, M is a re-
sults obtained in immunologic research, L is 
presence of camels, V is virulence of strains (for 
white mice or guinea pigs).  

Calculated potential epidemic hazard of 
an area within a natural plague focus amounts 
to 6.5 scores and it means the hazard is low. 

Parameters of potential epidemic hazards 
existing on territories of combined natural foci 
were calculated as a sum of values obtained 
for potential epidemic hazards as per each 
separate infection divided by a number of 
these infections: 

PEH = (PEH1 + PEH2 + PEH3 +  

+ PEH4 + PEH5 + PEH6) : 6, 

where PEH is a potential epidemic hazard 
existing in a combined natural focus, PEH1 
is a potential epidemic hazard of a natural 
plague focus; PEH2, tularemia; PEH3, lepto-
spirosis; PEH4, Crimean hemorrhagic fever; 
PEH5, West Nile fever; PEH6, Astrakhan 
ricketsial fever. 

Conclusion. We proposed the most statis-
tically significant criteria for assessing poten-
tial epidemic hazards existing in autonomous 
and combined natural foci of bacterial, viral, 
and ricketsial infections (plague, tularemia, 
leptospirosis, Crimean hemorrhagic fever, 
West Nile fever, and Astrakhan ricketsial fe-
ver) in northwestern Caspian Lowlands. We 
have developed an algorithm based on score 
assessment for qualitative and quantitative es-
timation of potential epidemic hazards caused 
by such natural foci. If the proposed procedure 
is implemented, it will allow to perform scien-
tifically substantiated epidemiologic zoning of 
a natural focus territory and to differentiate 
prevention activities thus reducing expendi-
ture. It is recommended to apply this approach 
when accomplishing epidemiologic surveil-
lance over feral nidal infections in northwest-
ern Caspian Lowlands. 
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A promising way to prevent spread of airborne infections with aerosol contagion and to reduce risks of healthcare-

associated infections (HAI) is to preserve clean air inside premises (including medical organizations) via performing activi-
ties aimed at disinfecting air, ventilation and air-conditioning systems and via switching to up-to-date ecologically friendly 
disinfectants and their rotation.  

Epidemiological hazards for patients and medical personnel in medical organizations are caused by pathogenic and 
opportunistic pathogenic microorganisms that can be found in the air inside premises and on various surfaces; such micro-
organisms are bacteria in their vegetative form (including tuberculosis agents), viruses, fungi that cause candidosis and 
dermatophytes, mold fungi, spore bacteria. 

Aerosol disinfection is a well proven technique for treating the air inside premises in order to disinfect it and to reduce 
risks of infections spread; this technique involves transforming a disinfectant into a fine-disperse state with a specialized 
spraying device so that an aerosol is introduced into the air inside a premise.  

To work out efficient air disinfection regimes that involve application of relevant equipment and disinfectants, it is 
necessary to apply such techniques and conditions that would secure the most efficient application of aerosol disinfection in 
practical conditions.  

The authors have outlined basic organizational and methodical approaches to an objective assessment of how efficient 
and how safe aerosol disinfection technique is when it is applied in different premises, including medical organizations.  

Key words: air decontamination, air disinfection, aerosol disinfection technique, Assessment of disinfectants effi-
ciency, disinfectant aerosol, examination of decontamination efficiency, airborne infections with aerosol contagion, aero-
sol chamber. 
 

 
 At present morbidity with respiratory in-

fections still remains high in Russia. In spite of 
more and more activities aimed at preventing 
infections, there are considerable risks of preva-
lence and growing morbidity related to airborne 
infections with aerosol contagion including 
healthcare-associated ones (HAI) [1-7]. In 2017, 
just like in previous years, acute respiratory in-
fections (ARI) took the first place among infec-

tious and parasitic diseases in the Russian Fed-
eration; they predominantly occurred in the up-
per respiratory tracts in multiple or unspecified 
locations. Over the last 6 years (2012-2013) 
morbidity with ARI has grown by 9.3% in the 
Russian Federation. In 2014 there was a slight 
decrease in it down to 19,506.00 per 100 thou-
sand people but then a gradual increase followed 
up to its previous values and even above [8]. 
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In 2017 21.66% of the overall country 
population had ARI, 79% of them being chil-
dren younger than 17. More than 31.77 million 
ARI cases were registered in Russia, and mor-
bidity amounted to 21,664.01 per 100 thou-
sand people. Children under 17 prevail among 
patients with ARI, with their share accounting 
for 73.16% in 2017 [8]. 

Air as a natural aerosol is a perfect me-
dium that makes for contagion of respiratory 
infections [9]. Vast quantity of microorgan-
isms in any room occur in a dust environ-
ment and tend to accumulate in it, concen-
trate in places that are hard-to-get; these mi-
croorganisms move together with air flows 
thus creating potential infection foci [10-12]. 

Dust particles can bear up to 95% of all 
microorganisms that occur in the indoor air. 
Since some infectious agents are rather resis-
tant, various places in the environment, espe-
cially indoors, that are hard-to-get become 
massively infected due to dust accumulating 
in them [13].  

Moreover, surfaces that can be found in-
doors usually have a lot of defects, such as 
pockets, cracks, capillaries and so called crypts 
(small craters). Any surface even if it seems 
ideally smooth has a lot of crypts which can be 
seen only under a high magnification; micro-
organisms are able to survive any chemical 
attack in these tiny craters and then reproduce 
themselves, return onto a surface and make a 
population grow.  

All the above mentioned causes and ele-
vates risks that infectious agents penetrate  
a body and makes it especially pressing to 
create and improve objective techniques for 
assessing efficiency of disinfectants, equip-
ment, and technologies applied for air disin-
fection.  

It is vital to find such a treatment tech-
nology that can guarantee disinfection in all 
hard-to-get places as it will eventually allow 
to prevent negative outcomes that microbe 

contamination in the indoor air may have, to 
reduce risks of biological emergencies includ-
ing those that can possibly occur in over-
crowded places [14, 15]. 

Aerosol disinfection is one of such tech-
nologies; it involves transferring a liquid dis-
infectant into a fine-disperse state and its in-
troduction into the air inside a room. An aero-
sol fills the overall space and deposits on 
surfaces of objects (walls, floor, equipment 
and devices). Aerosol drops partially evapo-
rate and thus penetrate all the cracks, holes, 
and notches; it makes for greater and more 
efficient interaction between a disinfectant 
and a microbe cell resulting in its death [16]. 

An ordinary drop which is not created 
with technological equipment can't penetrate 
tiny surface defects due to osmotic laws; it can 
only jam them for some time. Aerosol particles 
with ultra-small sizes (5-35 µm) can penetrate 
anywhere and it, due to adhesion and heat pre-
cipitation, allows them to fill all tiny surface 
defects thus covering this surface evenly and 
completely; they can also treat an air space 
where microorganisms migrate due to convec-
tion flows [12, 17]. 

Aerosol disinfection is well known to be 
successfully applied for disinfecting air and 
surfaces in medical and public organizations 
all over the world. Overall requirements to 
choice on equipment, chemical disinfectants 
and treatment technologies for air disinfec-
tion in medical organizations via aerosol 
spraying are fixed in the Methodical guide-
lines on aerosol disinfection in medical or-
ganizations1. However, the Guidelines don't 
fix any requirements to conditions and a pro-
cedure for an examination of equipment and 
substances which are to be applied for aero-
sol disinfection; and surely, such examina-
tions are necessary for working out efficient 
disinfection modes.  

It is vital to obtain objective assessment 
whether aerosol disinfection is efficient and 

__________________________ 
 
1 Methodical guidelines on aerosol disinfection in medical organizations: Methodical guidelines MR 3.5.1.0103-15. – 

М.: The Federal Service for Surveillance over Consumer Rights Protection and Human Well-being, 2015. – 11 p. 
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safe when applied inside various buildings 
and rooms, including medical organizations; 
to do that, the Test Laboratory Center at the 
Rospotrebnadzor's Scientific Research Insti-
tute of Disinfectology organizes and performs 
laboratory-experimental examinations aimed 
at determining efficiency and safety of disin-
fectants and specific equipment for spraying 
them (aerosols generators) as well as any 
other equipment used for disinfecting air and 
surfaces inside.  

It should be noted that any study on effi-
ciency of air disinfections under laboratory 
conditions is rather labor-consuming, both in 
terms of its organization and methodical sup-
port, and it requires strict adherence to re-
quirements fixed in various regulatory and 
legal documents and applied to laboratory 
rooms, equipment, and working procedures 
for handling microorganisms aerosols and 
chemicals. The existing experience related to 
aerosol disinfectants examinations indicates 
that efficiency of such substances to a certain 
extent depends on several factors, such as 
chemical structure of a substance (an active 
ingredient and its concentration in a  working 
solution of a substance), what quantity of a 
substance is spent per a unit volume and area 
in a room, aerosol dispersity, duration of a 
disinfection cycle and a number of cycles re-
quired, conditions for applying a substance 
(preventive disinfection, or focal disinfection 
applied to prevent different infections taking 
into account an infectious agent), persistence 
of an aerosol in the air. 

Our research goal was to substantiate 
and implement complex methodical approaches 
to organizing and conducting examinations 
on safety and efficiency of disinfectants 
aimed at solving tasks related to managing 
health risks.  

Data and methods. We applied micro-
organisms which were significant from a sa-
nitary point of view (Staphylococcusaureus, 

strain 906, АТСС 6538-Р) as our test ones; 
they were applied to artificially contaminate 
air so that it became possible to examine ef-
ficiency of disinfectants which were sprayed 
as an aerosol as well as efficiency of disin-
fecting equipment. We took Mycobacterium-
terrae, DSM 43227, to assess tuberculocidal 
effects produced by disinfectants. These mi-
croorganisms belong to III-IV pathogenicity 
category as per a classification used in the 
RF (SER 1.3.2322-08 "Safe handling of mi-
croorganisms belonging to III-IV patho-
genicity (hazard) category and parasitic 
pathogens"2, which is equivalent to the first 
pathogenicity category as per World Health 
Organization classification. It to a larger ex-
tent determines specificity and scope of re-
quirements to rooms, equipment, and work-
ing procedures for handling such microor-
ganisms.  

The research was accomplished in con-
formity with sanitary-epidemiologic rules 
SER 1.3.2322-08 "Safe handling of microor-
ganisms belonging to III-IV pathogenicity 
(hazard) category and parasitic pathogens". 
There is a great variety of existing disinfect-
ing devices used for creating aerosols with 
different technical and operating features as 
well as parameters that determine efficiency 
of air disinfection modes. Therefore, to ex-
amine efficiency and safety of such equip-
ment, we need to create conditions that are 
as close to its practical application as is only 
possible. Besides, functional peculiarities of 
various aerosol generators, namely their ca-
pability to treat rooms with different vol-
umes, made it necessary to construct several 
chambers with different volumes to test 
various pieces of equipment depending on 
their power and functions. 

The task was to examine efficiency of 
disinfectants (including aerosol tanks) aimed 
at disinfecting surfaces in a closed room with 
a limited volume (for example, inside a car 

__________________________ 
 
2 Safe handling of microorganisms belonging to III-IV pathogenicity (hazard) category and parasitic pathogens: Sanitary 

rules SR 1.3.2322-08. – М.: Rospotrebnadzor's Federal center for Hygiene and Epidemiology, 2009. – 75 p. 
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cabin). To solve it, we applied an aerosol 
chamber with its volume equal to 1 m3, which 
was actually a confined box belonging to the 
III biological safety category; such a box pro-
vides protection for a researcher, a product 
and an environment. The chamber was equip-
ped with an exhaust ventilation driven me-
chanically via a rigid air duct. It had HEPA-
filters belonging to H14 category for fine air 
purification as well as necessary operating 
holes for air inflow under pressure in order to 
create microorganisms aerosol and subse-
quent air sampling to assess how efficient air 
disinfection was (Figure 1). 

 

 
Figure 1. The aerosol chamber for examining 

efficiency of disinfecting aerosols  

Our goal was to examine efficiency of 
disinfecting equipment applied to disinfect  
air in rooms with great volumes; to do that, 
we used room-chambers with their volumes 
up to 120 m3, specifically equipped with 
technical devices necessary for handling mi-
croorganisms belonging to III-IV patho-
genicity category. A room-chamber used for 
the above-mentioned purposes with its vol-
ume being 120 m3 is a box which can be 
hermetically sealed and which is equipped 
with a mechanic supply-and-exhaust ventila-
tion system with HEPA-filters belonging to 
H14 category for fine air purification in-
stalled both at an air supply point and an air 
exhaust one. The chamber inside is finished 

with specific covering materials which can 
withstand systematic treatment with disin-
fecting aerosols containing aggressive active 
ingredients. Open bactericidal irradiators are 
installed along the perimeter of the chamber 
which are applied to disinfect working  
volume air after experimental work with mi-
croorganisms is over. Safety for a researcher 
was provided with an obligatory kit for indi-
vidual skin protection (protective overalls, 
rubber gloves, a cap) and respiratory organs 
protection (respirators or masks), first aid 
means, as well as alarm system buttons in-
side the box and in the forebox with the light 
and sound alarm system being brought out 
into the corridor (Figure 2). 

 

 
Figure 2. The chamber for examining  

efficiency of disinfecting aerosols  

Another task was to determine bacteri-
cidal doses of impulse ultraviolet irradiation  
in a continuous spectrum that could provide 
90–99.99 % efficiency when disinfecting air 
and surfaces contaminated with S. aureus bac-
teria [18]; to solve it, we applied specialized 
rooms in order to assess efficiency of disinfec-
tants and disinfection equipment. 

Research on efficiency of air disinfec-
tion with an aerosol generator involved cre-
ating a microbe suspension that was evenly 
distributed over the overall volume of a 
room with a ventilator. Preliminary series of 
experiments confirmed that contamination 
with an air suspension was stable during the 
whole experiment. Initial air contamination 
amounted to 1.46–4.80×105 CFU/m3. Air 
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samples were taken with an aspirator that 
was pumping air through Drexel bottles 
filled with sterile tap water; the water was 
then evenly applied on Petri dishes and 
poured over with 10 ml of meat-peptone 
agar which had been previously melted and 
then cooled down to 45 °С. The results were 
estimated after 24-48-hour incubation under 
37±1 °С. The same measurements obtained 
from air which had not been irradiated with 
impulse ultraviolet flows were used as con-
trol samples.  

An impulse ultraviolet irradiation gen-
erator was put in the center of a chamber with 
its overall volume being equal to about 30 m3 
(length equal to 3.1 m; width, 2.4 m; height, 
4.0 m) and switched on an irradiation mode 
from 1 min 31 sec to 5 min 6 sec [18]. 

When examining how efficient disinfec-
tion was in case of surfaces, we applied test 
microorganisms on the following materials: 
plastic (disposable Petri dishes with their di-
ameter being equal to 85 mm), metal (metal 
plates sized 50×50 mm, made of stainless 
steel), and tile (tile plates sized 50×50 mm).  

We additionally applied 40% inacti-
vated serum on a preliminary contaminated 
plastic surface to imitate its further organic 
contamination; it was done to examine in-
fluence exerted on efficiency of disinfection 
in case of organic contamination on irradi-
ated surfaces.  

 All examined test-objects were irradi-
ated with impulse ultraviolet irradiation from 
2-meter distance. The generator was placed 
in such a way that allowed to exclude any 
influence exerted by a reflecting surface on 
bactericidal flow value on an irradiated sur-
face (Figure 3). 

Test surfaces were contaminated with a 
suspension, its initial contamination being 
equal up to 2.0×107 CFU/cm2. 0.25 ml of the 
suspension were put on samples surfaces 
with a micro-pipette and then evenly spread 
with a spatula and dried in a thermostat. Av-
erage microorganisms quantity on control 
plastic samples (which hadn't been irradi-
ated) amounted to 1.0×106 CFU/cm2;  metal 

 

Figure 3. A scheme showing disinfection of test 
surfaces contaminated with S. aureus, with an 
impulse ultraviolet irradiation generator [18] 

samples, 3.7×105 CFU/cm2; tile samples, 
2.77×104 CFU/cm2. The obtained test-samples 
were exposed to ultraviolet irradiation for a 
period from 1 to 32 minutes. After the test was 
over, 10 ml of sterile water were put into irra-
diated and control plastic samples (disposable 
Petri dishes), microbe cells were washed off 
surfaces with a spatula and evenly distributed 
in washout liquid. Then 10 ml of meat-peptone 
agar which had been previously melted and 
then cooled down to 45 °С were poured into 
Petri dishes. We examined two groups of con-
trol surfaces. Microorganisms were washed off 
the surfaces in the first group before the ex-
periment started (before the suspension was 
dried a little); in the second group, after the 
experiment (3 hours after). Overall microor-
ganisms quantity in washouts from the control 
surfaces was taken as an average before and 
after the experiment. All the experiments were 
repeated three times.  

Results and discussion. Table 1 contains 
the results of our research on efficiency of dis-
infecting air contaminated with S. aureus in a 
specialized chamber with an impulse ultravio-
let irradiation generator. 

Volume bactericidal doses that can disin-
fect air with 90% efficiency are equal to 
14 J/m3, and with 99.9%, 47.5 J/m3. 100% 
disinfection efficiency is reached after an ex-
posure that lasts for 5 minutes 6 seconds.  

We examined efficiency of disinfecting 
plastic test-objects with impulse ultraviolet 
irradiation in a continuous spectrum with dis-
posable Petri dishes in tow series of experi-
ments (Figure 4). 
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T a b l e  1  
Efficiency of disinfecting air contaminated 
with S.aureus with an impulse ultraviolet 

irradiation generator [18] 
Efficiency Volume 

of an  
experi-
mental 
box, m3 

Irradia- 
tion  

period 

Control, 
CFU/m3 

Test, 
CFU/m3 % lg 

5 min  
6 sec 4.8×105 0 100.00 5.6

3 min  
3 sec 1.46×105 80 99.95 3.230 

1 min  
31 sec 1.63×105 2.4×103 98.50 1.8

 
Figure 4 represents a survival curve built 

up after two series of experiments taking into 
account all the previous research [18]. The 
survival curve is a typical 2-component one. 
99.99% disinfection efficiency is reached even 
after 1-minute exposure to irradiation from a 
2-meter distance.  

 

Figure 4. Efficiency of disinfections applied 
on plastic test-objects under various exposure 

to impulse ultraviolet irradiation  

Figure 5 shows the results of research on 
influence exerted by a surface material and 
occurrence of organic contaminants on disin-
fection efficiency [18]. The research revealed 
that when test-objects were exposed to 2-mi-
nute irradiation, disinfection efficiency was 
not less than 99.99% on all examined surfaces 

or, in other words, it corresponded to an effi-
ciency criterion fixed for the process. Disin-
fection was the most efficient on plastic and 
tile test-objects, and the lest efficient on metal 
ones. Biological contamination (biological 
burden) on a plastic surface doesn't have any 
substantial influence on attainable efficiency. 
The discrepancy between disinfection effi-
ciency for plastic surfaces with biological bur-
den and without it doesn't exceed 10 minutes 
under any exposure (from 2 to 8 minutes). 

 

Figure 5. Influence exerted by a surface material 
and organic burden on efficiency of disinfection 

with impulse ultraviolet irradiation  

As regards examining efficiency of che-
mical aerosol disinfectants, the greatest effi-
ciency in terms of surfaces treatment was re-
vealed for substances based on hydrogen per-
oxide with various additives, chlorine dioxide, 
and cation surface-active substances, and it is 
well in line with previously obtained data [19]. 
Substances were discharged in quantities wit-
hin 10-50 ml/m3, disinfection exposure lasted 
from 60 to 240 minutes, aerosol dispersity var-
ied from 5 to 30 µm ("dried" and "moistened" 
spray). We should note that if a substance is 
discharged in greater quantities or exposure 
lasts longer, the efficiency also grows; but if 
aerosol dispersity and active ingredient con-
centration in a working solution go up, it 
doesn't necessarily lead to a positive outcome. 
An aerosol reached its maximum efficiency 
when particles size was 10-20 µm ("mois-
tened" spray) for most examined substances.  
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Softer modes are more efficient for air 
disinfection (both in terms of substance dis-
charge and exposure duration), but surfaces 
disinfection requires harder ones; it is due to 
different physical and chemical interaction 
between disinfectant aerosols and microor-
ganisms in the air and on surfaces. 

Taking into account multi-factor impacts 
exerted by parameters determining disinfection 
efficiency in a laboratory on an actual disin-
fection taking place in practical conditions, 
and bearing in mind, that efficiency of such 
activities is the most important epidemiologi-
cally in rooms inside medical organizations3 
that belong to A class of purity (the purest 
ones), we should make an environment inside 
a chamber for examining how efficient aerosol 
disinfection is as close to that existing in real 
life as its only possible.  

When we model an environment inside a 
chamber and equip it with relevant pieces of 
furniture or medical devices, it allows to cal-
culate standards for disinfectant discharge 
properly, taking into account not only a vol-
ume of a room but also total surfaces square 
which becomes greater due to objects placed 
inside it. The latter should be calculated 
when creating efficient modes for surfaces 
disinfection with aerosols. Besides, if we use 
real model objects made of the same materi-
als as medical furniture and devices, it al-
lows us to achieve high precision in creating 
efficient modes for surfaces disinfection in 

rooms inside medical organizations that be-
long to A class of purity (the purest ones). 
When doing it, we should try to obtain mini-
mal efficient concentrations of active ingre-
dients in order to provide maximum possible 
safety of disinfection procedures for medical 
personnel and patients as well as to reduce 
aggressive impacts exerted by disinfectants 
on treated surfaces and to preserve their op-
erational properties.   

Conclusion. When examining and assess-
ing efficiency of equipment and disinfectants 
applied for aerosol disinfections, one should 
envisage both proper methodical support for 
research and competent experts as well as 
relevant technical support in a laboratory pro-
vided with specialized validated test equip-
ment which can be applied for a complex dis-
infectiological examination. 

So, we have developed and tested me-
thodical approaches to assessing efficiency 
of disinfectants and equipment applied for 
aerosol disinfection; these approaches allow 
to work out efficient modes for air treatment 
and eventually to make disinfectant activities 
more efficient in practical conditions thus 
reducing risks of airborne infections with 
aerosol contagion, including HAI. 
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STUDYING THE CONTAMINATION OF TEA AND HERBAL INFUSIONS  
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We analyzed microbe contamination of 54 tea samples (Camellia sp.), black and green one, including those with vari-

ous additives, and tea infusions, including herbal ones. Tea that was not packed (semi-finished product) came from the fol-
lowing regions: India, Indonesia, Sri-Lanka, Vietnam, Kenya, China; packed tea was bought in retail outlets in the RF. 
Overall, 83.3 % samples of unpacked tea conformed to microbiological standards as per mold fungi; 16.7 % samples that 
didn't conform to them contained mold fungi in quantities equal to 1.3–8.2·103 CFU/g. We detected discrepancies in quantities of 
mold fungi in samples with different fraction structure of tea (in average CFU/g): large-leaved tea contained 2,3·102 CFU/g; mid-
dle-leaved, 7,4х102; small-leaved (including tea dust), 1,7·103. All packed tea samples (Camellia sp.), including those with 
additives, conformed to the requirements fixed by the existing standards. Aspergillus niger mold fungi prevailed in examined 
tea (Camellia sp.). We revealed substantial microbe contamination in herbal teas; 55 % samples didn't conform to the exist-
ing standards and contained more than 104-6 CFU/g of mold fungi. Besides, 72.2 % of these samples contained more than 
105-8 CFU/g of bacteria; 62.5 % samples of herbal teas that conformed to the standards were contaminated with great quan-
tities of bacteria equal to 8·105 – 2·108 CFU/g. We detected Aspergillus, Penicillium, Alternaria, Fusarium in herbal teas 
microflora; they were producers of hazardous mycotoxins, including emergent ones, and it could potentially cause contami-
nation of herbal teas with mycotoxins. These data will be applied in future to identify hazards caused by mycotoxic fungi in 
tea and tea infusions as well as to update existing standards. 

Key words: tea, Camellia sp., herbal tea, mold fungi, producers of mycotoxins, producers of emergent mycotoxins, my-
cotoxins, microbe contamination, bacteria. 
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Microscopic mold fungi are global con-
taminants polluting food vegetable raw materi-
als; their prevalence is primarily determined by 
natural factors, and only to a certain extent, by 
anthropogenic influence. They can penetrate 
vegetable raw materials at all the stages includ-
ing vegetation, picking, transportation, and 
storage. Certain species of mold fungi are po-
tentially able to synthesize mycotoxins (MT) as 
secondary metabolites, and special attention 
should be paid to their producers as they con-
taminate food products. The most significant 
fungi here belong to the following stems:  
Aspergillus, Penicillium, Fusarium, Alternaria 
and Claviceps [1]. A MT range produced by 
these microscopic fungi includes both highly 
toxic ones such as zearalenone (ZEA), de-
oxynivalenol (DON), aflatoxins (AF B1), fu-
monisins (FB1 and FB2), ochratoxin A (OTA) 
and patulin, T-2 toxin, with their contents in 
food products being strictly standardized in the 
Customs Union countries (CU TR 021/2011)1 
and abroad [2-8], and emergent mycotoxins 
(EMT) that have not been studied enough: en-
niatins, bovericin, moniliformin, fuzproliferin, 
fusaric acid, sterigmatocystin, emodin, myco-
phenolic acid, alternariol and its monomethyl 
ether, tenuazonic acid, asperglaucid, and ten-
toxin, that can simultaneously occur in food 
products and make its toxic contribution into an 
end product [9-12]. Mycotoxins cause actual 
hazards for people as they exert carcinogenic, 
mutagenic, and teratogenic impacts, suppress 
the immune system, and can induce a number 
of diseases [13]. 

Bearing safety in mind, it is important to 
examine contamination with mold fungi, in-
cluding EMT producers, that occurs in vegeta-
ble food products consumed by population in 
large volumes, for example, tea. As per data 
obtained in marketing  research conducted in 
2003 and 2018, 82-83% respondents drank tea 
every day [14, 15]. As there is a great variety 
of tea types distributed on the consumer mar-
ket, such concepts as "tea" and "tea drinks" are 
often mixed up. According to the State Stan-

dard (GOST)2 "tea" is made of tea leaves from 
Camellia stem plants, Theaceae family (Camel-
liasp.) and doesn't contain any other compo-
nents; "tea with additives" should contain not 
less than 50% tea as well as include some 
other components; "tea drink" is made of vege-
table raw materials with probably added tea 
(mass fraction is not more than 50%) and other 
components, and this concept covers herbals 
teas as well. Tea leaves that were at primary 
processing stages, including drying, are a semi-
finished product.  

As pace of life is becoming faster, people 
are switching from leaf teas to packed ones (tea 
in bags for brewing); thus, as per market analy-
sis data obtained in 2016, packed teas had about 
63% share of the overall consumption [18]. 
There are also changes in preferences of spe-
cific consumer groups as mature and elderly 
people tend to choose green or fruit tea; as per 
data collected in 2016 green tea had 23% share 
of the market [15], fruit and herbal teas, 3.5-5%, 
and these market segments were considered to 
be growing [15-16].  

Most people tend to think that tea is a 
"useful", "healthy" and "safe" drink and it is 
due to both heat treatment involved in the 
process of making it and absence of any rela-
tions with food intoxications. CU TR fixes 
microbiological standards for tea and tea prod-
ucts that are to be met in the RF; these parame-
ters are given in Table 1. 

Concentration of mycotoxic aflatoxin B1 
produced by A. flavus, A. parasiticus, A. ochra-
ceoroseus, A. pseudotamarii, A. bombycis,  
A. nomius is regulated in tea and tea products 
and it shouldn't exceed 0.005 mg/kg [17]. 

Safety parameters regulated and stan-
dardized in other countries are determined by 
national legislation and can include either a 
single parameter or a whole set of them. Pa-
rameters recommended by Tea & Herbal In-
fusions Europe (THIE, 2018) [18-19], Ameri-
can Herbal Products Association (AHPA, 
2016) [20] and by the WHO (2007) [21] are 
given in Table 2. 

__________________________ 
 

1 The Customs Union Technical Regulations CU TR 021/2011 "On food products safety". 
2 GOST 32593-2013 Tea and tea products. Terms and definitions. 
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T a b l e  1  
Microbiological safety parameters for tea and tea products according to the requirements 

 fixed in the CU TR 021/2011  
Amounts of 
mesophilic 
aerobic and 
facultatively 

anaerobic mi-
croorganisms 
(AMAFAnM) 

Mold Yeast B.cereus Coliform 
bacteria E. coli S.aureus 

Pathogenic 
bacteria 

including 
salmonellaA product 

CFU/g, not more Mass of a product, g,  
where microorganisms are not allowed

Tea  - 103 - - - - - - 
Mixtures of dried vege-
table raw materials for 
making hot non-
alcoholic drinks 

5х105 100 100 - 1 - - 25 

BAD to food  - mix-
tures of dried medicinal 
herbs (teas) 

5х105 103 100 - 0.01 0.1 - 10 

BAD-teas (dried mix-
tures for children) 5х103 50 50 200 0.1 1 1 25 

- Herbal instant teas 
(made of plants) for 
pregnant and breast-
feeding women;  
- Herbal drink for chil-
dren (herbal tea) 

5х103 50 50 100  1 - - 25 

T a b l e  2  
Microbiological parameters for tea, herbal drinks, and raw materials  

A product 

Aerobic  
bacteria  
quantity,  
CFU/g 

Yeast, 
CFU/g

Mold, 
CFU/g

Enterobac-
teriaceae, 

CFU/g 

E. coli, 
CFU/g 

Salmonella, 
absence in 
a mass of 
product, g 

Tea & Herbal Infusions Europe  (THIE) 
Tea (C. sinensis) ≤ 107 ≤ 106 ≤ 105 - ≤ 102 125 
Raw materials for herbal teas (dried) ≤ 108 ≤ 106 ≤ 106 - ≤ 104 125 
Herbal teas (dried) ≤ 107 ≤ 105 ≤ 105 - ≤ 103 125 
Drinks made of tea (C. sinensis) 
and herbal teas (cooled) ≤ 104 ≤ 102 ≤ 102 - ≤ 101 125 

American Herbal Products Association  (AHPA) 
Herbal additives (raw materials) ≤ 107 ≤ 105, totally ≤ 104 ≤ 10 25 

World Health Organization (ВОЗ) 

≤ 107 ≤ 104, totally ≤ 103 10 1 
 Herbal medications taken after  

being brewed with boiling water   Not allowed in 1 g, Clostridia and Shigella 
≤ 105 ≤ 103, totally ≤ 103 10 1 Vegetable materials to be con-

sumed as food Not allowed in 1 g, Clostridia and Shigella 
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But still, there are no unified criteria in the 
international legislation. Low humidity of tea 
prevents microbe contamination development; 
however, when requirements to picking and 
processing are violated, or cross contamination 
occurs at a manufacturing plant, it can cause ele-
vated risks of finished products being contami-
nated, and it is particularly true for herbal teas.  

Research on microbe contamination that 
can be found in foreign literature primarily fo-
cuses on teas that underwent deep fermenta-
tion, for example, Pu'er teas; but such teas 
have rather insignificant share on the market, 
and as for mass consumption teas, there is very 
little research on them or such research is 
fragmentary [22-24]. The report on the results 
of the 23rd session held by the FAO Intergov-
ernmental Group (IGG) on Tea in Hangzhou, 
China, on May 17-20, 2018 which was pre-
sented to the FAO Committee on Commodity 
Problems highlighted there was a necessity to 
promote scientific research in the sphere of 
natural contaminants and to reveal relation-
ships that caused their occurrence in tea [25].     

At present experts are being discussing an 
issue on microbiological parameters fixed for 
tea in the RF and possible alterations to them in 
order to harmonize the RF national legislation 
with international requirements recommended 
by the WHO. Given that, it seems vital to ex-
amine contamination of variable teas and tea 
products distributed in the Customs Union 
countries with mold fungi which are potential 
MT producers (including EMT); it is also nec-
essary to assess existing microbiological stan-
dards as regards their efficiency for providing 
safety of tea and tea products for population.  

Our research goal was to examine con-
tamination of variable teas and tea products 
with mold fungi – mycotoxins producers, and 
also to determine bacterial contamination for 
further risk assessment and updating of hygi-
enic standards existing for these products.  

Data and methods. We performed ex-
perimental research on 54 samples that in-

cluded: unpacked traditional tea (Camelli-
asp.) (semi-finished product), green and 
black, totally 30 samples from 6 tea-produc-
ing regions (Vietnam, India, Indonesia, Ke-
nya, China, Sri-Lanka); packed tea divided 
into three groups: traditional tea (Camelli-
asp.), tea with additives, 3 samples of each, 
and herbal teas, 18 samples overall (mono-
component ones: Sudan rose, fermented sally-
bloom, thyme, mint, camomile; and multi-
component ones containing: echinacea, ori-
ganum, brandy mint, nettle, thyme, camomile, 
wild rose, sage, violet, licorice, St. John's 
wort, melilot, inula, hawthorn, everlasting, 
tansy, holy-thistle, marigold, sarcarolla, birch 
leaves, fermented sally-bloom etc.). Un-
packed tea samples were provided by whole-
sale companies, and packed tea samples were 
bought in retail outlets. Prior to microbiologi-
cal research all samples were kept unopened 
under room temperature.  

Mycological inoculation was accom-
plished according to the State Standard GOST 
10444.12-20133, we applied microscopic 
fungi identifiers for taxonomic identification 
[27-29], and determined amounts of meso-
philic aerobic and facultatively anaerobic mi-
croorganisms according to the State Standard 
GOST 10444.15-944. 

Results. Safety of food products for con-
sumers is provided by compliance with the 
fixed standards, and as data on new hazards 
and risk factors are accumulated or existing 
hazards are reduced somehow, these standards 
are to be updated. We examined microbe con-
tamination of tea and tea products focusing on 
mold fungi as well as bacteria amounts of 
which in products allow to judge whether a 
production is hygienically clean or not.  

Determining contamination of tea 
samples with mold fungi. The results of 
our research on contamination of unpacked 
tea (Camellia sp.) with mold fungi in 30 
samples as per regions of origin are given in 
Table 3. 

__________________________ 
 

3 GOST 10444.12-2013 Microbiology of food products and animal forage. Procedures for detecting and canculating 
amounts of yeast and mold fungi. 

4 GOST 10444.15-94 Food products. Procedures for determining amounts of mesophilic aerobic and facultatively anaero-
bic microorganisms. 
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T a b l e  3   
Distribution of unpacked tea samples as per levels of contamination with mold fungi obtained 

via mycological analysis 
Mold contents, CFU/g As per specific ranges, CFU/g (number of samples)Region  

of origin 

Number 
of sam-

ples Average Range of 
amounts 

Less than 
500 500-1,000 1,000-5,000 More than 

5,000 
Black tea 

Vietnam 5 56 18-150 5 - - - 
India 5 1,577 173-5,850 3 - 1 1 
Indonesia 5 2,364 110-8,250 2 1 1 1 
Kenya 5 87 11-340 5 - - - 
Sri-Lanka 
(Ceylon) 5 609 20-2,750 4 - 1 - 

China 1 600 600 - 1 - - 
Green tea 

China 4 201 28-710 3 1 - - 
Overall, abs. 30 - - 22 3 3 2 
Overall, % 100 - - 73.3% 10% 10% 6.7% 

 
As we can see from the Table 3, contents 

of mold fungi in the examined samples of un-
packed tea varied from 11 to 8,250 CFU/g in 
black tea and from 28 to 710 CFU/g in green 
tea. Standards were violated in 5 out of 26 
(16.7%) black tea samples. As we examined 
all the samples as per regions of origin, we re-
vealed that all the samples from Vietnam, 
Kenya, and China, as well as 4 samples from 
Sri-Lanka, 3 from Indonesia and 3 from India 
corresponded to the fixed standards but at the 
same time some samples from India and Indo-
nesia (2 out of 5 for each country) and Sri-
Lanka (1 out of 5) contained mold fungi in 
quantities higher than the standards. Therefore, 
most samples (83.3%) of unpacked tea (Ca-
mellia sp.) corresponded to the existing stan-
dards and mold fungi contents in them didn't 
exceed 103 CFU/g. 

As we compared mold fungi contents in 
samples divided as per their fractional structure 
according to the State Standards GOST ISO 
11286-20145, GOST 32573-20136,  and GOST 
32574-20137, average data were distributed as 
follows: large-leaved teas (12 samples) con-
tained 1.6х102 CFU/g; average-leaved teas 

(8 samples), 8.8х102 CFU/g; small-leaved teas 
(including tea dust) (10 samples), 1.7х103 CFU/g, 
and it means that small-leaved tea (including 
tea dust) that is usually used to make granulated 
and packed tea is the most contaminated one 
with mold fungi contents in it exceeding the 
fixed standards.  

Having examined mold fungi species in 
tea inoculations, we revealed that Aspergillus 
niger prevailed and it was quite characteristic 
for traditional tea (Camellia sp.) [24].    

Results of mycological inoculations obtained 
for packed tea samples are given in Table 4. 

All the examined samples of packed tradi-
tional tea (Camellia sp.), including tea with addi-
tives corresponded to the standards as mold 
fungi contents in them didn't exceed 103 CFU/g. 

But only 8 out of 18 (44.4%) herbal teas 
met the fixed requirements as mold fungi con-
tents in the remaining ten samples exceeded 
5х103 and even reached 106 CFU/g. Species 
identification revealed fungi from more than 
5 stems in all the herbal tea samples including 
Aspergillus sp, Penicillium sp., Alternaria sp., 
Fusarium sp., Cladosporium sp. etc.; certain 
species from these stems produce toxins. We

 
__________________________ 
 

5 GOST ISO 11286-2014 Tea. Classification as per tea leaves sizes performed with grain-size analysis. 
6 GOST 32573-2013 Black tea. Specification. 
7 ГОСТ 32574-2013 Green tea. Specification. 
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T a b l e  4   
Distribution of packed tea samples as per levels of contamination with mold fungi obtained  

via mycological analysis  

Mold contents, CFU/g As per specific ranges, CFU/g  
(number of samples) Packed tea 

Number  
of sam-

ples Average Range of amounts < 500 500-1000 1000-5000 > 5000 
Traditional 
(black and green) 3 8.6 х102 180 - 2200 2 1 - - 

With additives  
(black) 3 3х102 < 5 - 900 2 1 - - 

Herbal  18 9.7 х104 <5 – 106 7 1 - 10 
 

should note that such a variable microflora is 
specific for wild meadow herbs [29]. We per-
formed preliminary analysis of toxins forma-
tion in vitro by mold contaminants extracted 
from several examined samples of herbal 
teas; the results indicated these contaminants 
were able to synthesize fumonisin B1. Occur-
rence of fumonisin B1 in herbal teas and me-
dicinal plants was detected in Turkey [30]. 
Extended results on toxin formation by ex-
tracted fungi strains will be obtained in sub-
sequent research.  

Determining bacterial contamination 
of tea. Spore-forming bacteria are natural an-
tagonists of mold fungi and their ratio can 
determine microbe contamination of vegeta-
ble raw materials. Mycological analysis of 
herbal teas allowed to reveal that bacteria 
were growing actively in spite of antibiotics 
contents in a nutrient medium during myco-
logical analysis. To assess hygienic state of 
variable tea and tea products, we analyzed 
their contamination with bacteria; results ob-
tained for unpacked tea and given in Table 5; 
for packed tea, in Table 6. 

Most samples of traditional packed tea, 29 
out of 30 (96.7%), including both black and 
green tea, contained overall amounts of bacte-
ria that varied from <1.5х102 to 5х103 CFU/g, 
and only 1 sample (3.3%) which came from 
Sri-Lanka contained bacteria in amount hat 
reached 6.7х103 CFU/g. 

As we can see from Table 6, amounts of 
bacteria were low in all the examined samples 
of packed traditional tea (Camellia sp.), 
namely in 5 out of 6 (83.3%), and in 2 samples 

of tea with additives and didn't exceed 5х102 

CFU/g; it amounted to 5х104 CFU/g only in 1 
sample of tea with additives.  

As for herbal teas, only 5 samples out of 
18 (27.8%) contained bacteria in amounts 
within 5х102 - 5х105 CFU/g range, but most of 
them, 13 out of 18 (72.2%), contained bacteria 
in amounts higher than 5х105 CFU/g and 
sometimes this parameter even reached 2х108 

CFU/g (leaves of fermented sally-bloom). It 
should be noted, that 10 samples (55.5%) in 
this group didn't correspond to microbiological 
standards as per mold fungi either and were 
considered "dirty" and 4 out of 8 "clean" sam-
ples contained bacteria in amounts varying 
from 7х105 to 2х108 CFU/g. We should also 
note that increased bacterial contamination 
which was on average equal to 4х107 CFU/g 
was detected in 5 samples of herbal teas that 
contained leaves of fermented sally-bloom. It 
was apparently due to fermentation conditions 
favorable for development of spore-forming 
bacteria which, due to their antagonistic activ-
ity, are able to suppress mold fungi. 

The obtained results indicate that micro-
biological standards for tea fixed in the CU 
TR 021/2011 don't provide bacterial clean-
ness of herbal teas, and overall amount of 
detected bacteria is higher than standards 
fixed for products that contain vegetable raw 
materials (Table 1) as well as standards for 
overall amounts of bacteria recommended by 
the WHO, THIE, and AHPA (Table 2).  

Bacterial contamination in all the examined 
tea samples with high contents of bacteria was 
caused by spore-forming bacilli Bacillus sp. 



Studying the contamination of tea and herbal infusions with mold fungi as potential mykotoxin producers…   

ISSN (Print) 2308-1155    ISSN (Online) 2308-1163    ISSN (Eng-online) 2542-2308 99

T a b l e  5   
Distribution of unpacked tea samples as per contamination with bacteria  obtained via 

microbiological analysis 

AMAFAnM, CFU/g As per specific ranges, CFU/g  
(number of samples) Region Number 

of samples Average Range of amounts <5х102 >5х102 -
5х103 

>5х103 – 
5х105 >5х105 

Black tea 
Vietnam 5 470 <1.5х102 -1.3х103 4 1 - - 
India 5 232 <1.5х102 - 8х102 4 1 - - 
Indonesia 5 13 <1.5х102 5 - - - 
Kenya 5 1530 2х102 - 3.3х103 2 3 - - 
Sri-Lanka  5 1365 <1.5х102 -6.7х103 4 - 1 - 
China 1 600 600 - 1 - - 

Green tea 
China 4 98 <1.5х102 -2.5х102 4 - - - 
Totally, abs. 30 - - 24 5 1 0 
Totally, % 100 - - 76.7 20 3.3 0 

   T a b l e  6   
Distribution of unpacked tea samples as per contamination with bacteria  obtained via 

microbiological analysis 

AMAFAnM, CFU/g As per specific ranges, CFU/g  
(number of samples) Packed tea Number  

of samples Average Range of amounts <5х102 >5х102 -
5х103 

>5х103 – 
5х105 >5х105

Traditional  3 77 < 1.5х102 - 1.8х102 3 - - - 
With additives 3 1.6 х104 <1.5х102 - 5 х104 2 - 1 - 
Herbal 18 1.3 х107 4.7х103 - 2х108 - 1 4 13 

 
Determining microbe contamination of 

tea after heat treatment. To assess whether 
tea is safe when it is ready for consumption, it 
is necessary to examine how heat treatment 
during brewing influences microbe contamina-
tion of tea with mold fungi and bacteria. In or-
der to do that, we took 6 samples with different 
microbe contamination (3 out of each group: 
traditional unpacked tea and herbal tea), poured 
them with boiling water (in a ratio 10 g tea per 
90 ml of water), then brewed them for 10 min-
utes (just as any ordinary tea); infusions were 
then cooled and inoculated, and results recalcu-
lated as per dry tea are given in Table 7.   

As we can see from the Table 7, heat treat-
ment results in considerable fall in amounts of 
mold fungi in all tea samples from its initial level 
that was >102 - 106 CFU/g to a level below test 
sensitivity which was < 5 CFU/g. However, we  

T a b l e  7  
Comparative analysis of mold fungi  

and bacteria contents in inoculations before  
and after heat treatment: results obtained  

for traditional teas and herbal teas 

Mold fungi, CFU/g AMAFAnM, CFU/g 
Sample Initial 

product 
After 

brewing 
Initial  

product 
After 

brewing 
Traditional (unpacked) tea 

1 5.8 х103 < 5 8 х102 < 1.5 х102

2 8.2 х103 20 < 1.5 х102 < 1.5 х102

3 6 х102 < 5 1.3 х103 <1.5 х102

Herbal (packed) tea 

4 Less  
than 5 <5 2х108 6.1 х104 

5 106 < 5 5 х106 2.7 х105 
6 2.2 х104 < 5 9 х106 4 х106 
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didn't observe a similar fall as regards bacte-
ria: their amount dropped to less than 1.5х102 

CFU/g in all 3 samples of traditional tea re-
gardless of their levels in initial products 
while as for herbal teas, the greatest reduc-
tion, more than by 3,000 times, was detected 
in sample No. 4; bacteria amount dropped by 
18 times in sample No. 5; and it fell by only 
2.25 times in sample No. 6. And we should 
also note that amounts of bacteria remained 
rather high in all three samples of herbal tea 
even after heat treatment, from 6.1х104 to 
4х106 CFU/g (recalculated as per dry prod-
uct). These differences in inhibition under 
heat treatment are apparently caused by 
prevalence of spore-forming bacteria which 
are heat-resistant over vegetative ones. 

Conclusion. We analyzed microbiologi-
cal state of different teas (Camelliasp.): 
black and green tea (packed and unpacked), 
including tea with additives, and revealed 
that most samples corresponded to microbi-
ological standards fixed in CU TR 021/2011 
as amounts of mold fungi didn't exceed it in 
83.3% of unpacked tea samples (semi-finish-
ed product). All the samples of packed tea, 
including those with additives, contained 
less than 103 CFU/g. We detected some dif-
ferences in mold fungi quantities in tea sam-
ples with different fractional structure (in 
average  CFU/g): they were less than 103 in 
large-leaved and average-leaved teas, and 
1,7х103 in small-leaved teas (including tea 
dust). Aspergillusniger prevailed among mold 
fungi detected in  tea (Camelliasp.). After 
traditional tea (Camelliasp.) was brewed, the 
amount of mold fungi and bacteria in brewed 
drinks dropped from the initial level equal to 
102-3 CFU/g to a level below test sensitivity 
and it made tea a safer drink for consump-
tion. As we compared standards existing for 
tea in the Customs Union countries with 
standards recommended for tea  (C.sinensis) 
by THIE association, we revealed that CU 
TR 021/2011 fixed stricter requirements  
to mold fungi contents, but a set of micro-
biological parameters fixed by THIE stan-
dards included 4 additional groups of micro-
organisms. 

High microbe contamination was most 
frequently detected in herbal tea samples, 
both in terms of mold fungi and bacteria. 
55.5% samples contained mold fungi in 
quantities higher than 104-6 CFU/g and it ex-
ceeded microbiological standards, and 72.2% 
samples contained overall quantity of bacte-
ria that was higher than 105-8 CFU/g. And 
even when herbal tea samples corresponded 
to the fixed standards as per mold fungi con-
tents, 62.5% of them still contained bacteria 
in quantity that was higher than 5х105 

CFU/g. After herbal teas were brewed, mold 
fungi contents went down from the initial 
104-6 CFU/g to a level below test sensitivity, 
and bacteria quantity dropped from 106-8 
CFU/g to more than 104-6 CFU/g, but it still 
remained rather high; that is, brewing doesn't 
provide microbiological safety of herbal tea 
as opposed to traditional tea (Camelliasp.). 

The obtained results that allow to see hy-
gienic state of herbal teas apparently indicate 
that when the existing microbiological stan-
dards for tea are applied to herbal teas, it 
doesn't provide their cleanness from bacteria. 
High bacteria quantities up to 2х108 CFU/g 
exceed both AMAFAnM parameter fixed in 
the CU TR 021-2011 for all types of products 
that include herbal raw materials (Table 1) 
and quantities of bacteria recommended by 
the WHO and THIE and AHPA associations 
(Table 2). In order to make tea products safer 
for consumers, it is advisable to adjust "tea" 
category and make it "tea (Camelliasp.)", to 
single out "herbal tea" as a specific food prod-
uct that is different from "tea (Camelliasp.)", 
and to specify a group of products "herbal tea" 
can be assigned into taking into account a wider 
list of parameters to be standardized. 

We detected a great variety of micro-
scopic fungi in herbal teas including Asper-
gillussp, Penicilliumsp., Alternariasp., Fusa-
riumsp., Cladosporiumsp.; some of them are 
toxins producers. It allows us to assume there 
are mycotoxins produced by these fungi in 
herbal teas. To obtain a most comprehensive 
characteristics of tea samples, it is necessary to 
analyze mycotoxins occurrence in them with 
a multi-detection procedure aimed at detecting 
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a wider range of mycotoxins including emer-
gent ones. When assessing safety of tea and 
tea products, it is advisable to take into ac-
count all the existing data obtained in microbi-
ological and mycotoxicological research. 
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The authors have performed a piece of research that focused on assessing anti-oxidant activity of PIR-10, a new 

pyrimidine derivative, as a risk factor causing disorders in the cerebral hemodynamics under experimentally simulated focal 
cerebral ischemia in rats. The experiment was accomplished on male Wistar rats with body weight equal to 220–240. 
40 animals were distributed into 4 equal groups (n=10). The first group was made up of falsely operated animals; the second 
one was a negative control group; animals from both these groups were given a water suspension purified with TWEEN-80 
in equivalent volumes. The third group included rats that were given a reference medication, namely Mexidol (emoxypine) 
(50 mg/kg). Animals from the fourth group were given an experimental substance with a laboratory cipher PIR-10 
(50 mg/kg). All the examined objects were introduced intraperitoneally immediately after a surgery and during 3 days. Local 
cerebral ischemia was induced via coagulation of the left mesencephalic artery. All the manipulations with animals were 
performed under chloral hydrate narcosis (350 mg/kg). The performed research allowed to reveal that the given pathology 
caused an increase in lipid peroxidation products (diene conjugates (DC) and malonic dialdehyde (MDA)) with a simultane-
ous decrease in endogenous anti-oxidant protection (AOP) enzymes (superoxide dismutase, glutathione peroxidase, cata-
lase). Mexidol application in a dose equal to 50 mg/kg allowed to correct these disorders due to an increase in antioxidant 
protection activity and a fall in concentrations of lipid peroxidation products. Introduction of the experimental substance 
PIR-10 also caused a decrease in DC and MDA concentrations but it didn't produce any effects on AOP system. Therefore, 
basing on the research results, we can assume that PIR-10 substance is a promising object for further research aimed at 
creating a medication with antioxidant properties that could allow to minimize epidemiologic risks related to cerebrovascu-
lar pathology.  

Key words: rats, cerebral ischemia, focal cerebral ischemia, antioxidant activity, lipid peroxidation, free radical oxi-
dation, Mexidol, pyrimidine derivatives. 
 

 
 Introduction. Ischemic cerebral affec-

tions occur due to various reasons, and a spe-
cial role in the process belongs to lipid peroxi-
dation activation and a sharp increase in inten-
sity of free radical oxidation together with 
antioxidant protection enhancement and its 
subsequent decompensation [1-4]. A disorder 
in pro/antioxidant balance causes elevated 
risks of cerebral ischemia and aggravates its 
clinical course; dextrose metabolism deterio-

rates due to hyperproduction of free radicals 
and lactate-acidosis grows that results in dam-
ages to cellular membranes and, consequently, 
to cell death [5]. Superoxide dismutase (SOD), 
catalase, and glutathione peroxidase (GP) are 
basic enzymes participating in the endogenous 
antioxidant protection (AOP) as they help to 
level growing free radical oxidation processes 
thus reducing damages to the cerebral tissue 
[6]. Overall, these enzymes provide the so 
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called "first line of defense" against reaction-
active free oxygen forms [7]. Previously con-
ducted experiments allowed to determine po-
tential cerebral-protective effects produced by 
a new pyrimidine derivative with a laboratory 
cipher PIR-10 when global cerebral ischemia 
was simulated [8]. Experts have also examined 
influences exerted by some substances belong-
ing to pyrimidine group on the AOP system [9, 
10]. Hence we can assume that this derivative 
of pyrimidine-4(1H)-on has some antioxida-
tion properties as a possible action mechanism 
that can help to considerably improve the epi-
demiologic situation as regards pathologies 
related to cerebral circulation disorders as well 
as substantially facilitate management of ische-
mic stroke risks.  

Our research goal was to examine pro/ 
antioxidant activity of a new substance PIR-10 
(pyrimidine derivative) under experimentally 
simulated focal ischemia in rats.  

Data and methods. 
Animals. Laboratory rats were obtained 

from the vivarium of Pyatigorsk Medical and 
Pharmaceutical Institute, a branch of Volgograd 
State Medical University, The RF Public 
Healthcare Ministry. All the manipulations with 
animals were accomplished in full conformity 
with international standards of experimental 
ethics (The European Convention for the Pro-
tection of Vertebrate Animals used for Experi-
mental and other Scientific Purposes (Stras-
bourg, June 22, 1998)) and requirements fixed 
in Good laboratory practice (GLP). Animals 
were kept in makrolon cages with steel lattice 
covers and a hollow for feeding. Sawdust was 
used as litter. Rats were kept under controlled 
conditions similar to those in the vivarium, air 
humidity being equal to 65±5% and air tem-
perature being 22±2ºC. The light was only 
natural, nutrition was standard, and all animals 
had free access to food and water. Water dishes, 
litter, and cages were replaced with new ones 
not less than once a week.  

Experimental design. The experiment 
was performed on 40 male Wistar rats with 
body weight being equal to 220-240 gram. 
Animals were distributed into 4 equal groups 
(n = 10). The first group included falsely oper-

ated (FO) animals, the second group was nega-
tive control (NC). Animals from both groups 
were given a suspension of TWEEN-80 in pu-
rified water intraperitoneally. Animals from 
the third group were given a reference medica-
tion, Mexidol, in a dose equal to 50 mg/kg [11]. 
Animals from the fourth group were given an 
experimental substance, PIR-10, in a dose equal 
to 50 mg/kg [12]. The examined substance, the 
reference medication, and purified water with 
TWEEN-80 were introduced intraperitoneally 
just after ischemia had been simulated and fur-
ther on during 3 days. Focal cerebral ischemia 
was simulated by left-side occlusion of the 
mesencephalic artery (via its coagulation). 
A cut was made on dehaired skin of an animal, 
below and 2 cm2 to the right from the eye, 
muscles were separated from each other, and 
the process of the cheekbone was removed. 
A hole was made in the brainpan with a spe-
cially designed drill, and then the left mesen-
cephalic artery was coagulated at the point 
where it crossed the olfactory tract with a co-
agulator which we had constructed ourselves 
[13]. All the manipulations were accomplished 
when animals were under chloral hydrate nar-
cosis (350 mg/kg). When 3 days after the op-
eration passed, animals were decapitated and 
their brains were quickly removed in order to 
obtain homogenate for further exploration. 
Cerebral homogenate was prepared on 100mM 
Tris-НСl buffer (with рН 7.4 in a ratio 1:10) [14]. 

Detectable parameters. We estimated 
diene conjugates (DC) concentrations in cere-
bral homogenate [basing on the conventional 
procedure by Z. Placer (1968) modified by 
V.BG. Gavrilov, М.I. Mishkorudnaya (1983).] 
[15], as well as TBA-active products concen-
trations recalculated as per malonic dialde-
hyde (MDA) [I.D. Stal'naya 1977] [16]. We 
determined activity of endogenous antioxi-
dant protection enzymes in the post-nuclear 
fraction of cerebral homogenate including 
superoxide dismutase [V.N. Chumakov, 1977] 
[17], catalase [М.А. Korolyuk, 1988] [18], glu-
tathione peroxidase [D.E . Paglia, 1967 modi-
fied by J.R. Prohaska, 1977] [19]. 

Statistical processing. All the obtained 
data were statistically processed with STATIS-
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TICA 6.0 applied software package (StatSoft, 
Inc., the USA, compatible with Windows) and 
Microsoft Excel 2010. We determined a simple 
mean and its standard error (M ± m) and applied 
Shapiro-Wilk test to assess whether distribution 
was normal. If data were distributed according 
to normal distribution law, we applied paramet-
ric Student's t-test. But if distribution wasn't 
normal, statistical processing was performed 
with Mann-Whitney U-test. If significance was 
higher than 95% (P<0.05), discrepancies were 
considered to be authentic. 

Results and discussion. Concentrations of 
malonic dialdehyde and diene conjugates de-
tected against cerebral ischemia were by 
106.8% (P<0.05) and 280.6% (P<0.05) higher 
respectively in rats from the negative control 
group in comparison with falsely operated rats 
(Table 1). Simultaneously, concentrations of 
AOP enzymes in the negative control group 
went down in comparison with falsely operated 
rats; thus, SOD decreased by 25.2% (P<0.05); 
GP, by 49.9% (P<0.05); catalase, on the con-
trary, went up by 151.6% (P<0.05). This in-
crease in catalase concentration can be caused 
by antioxidation protection system becoming 
more active as brain damage occurred.  We 
should note that oxidants concentrations were 
extremely high as we can see from DC and 
MDA values, and SOD and GP were less active 
than usual  [20]; it can be probably caused by 
an overall inability of AOP system to overcome 
hyperproduction of free radicals [21].  

T a b l e  1  
Influence exerted by Mexidol and PIR-10  

on malonic dialdehyde and diene conjugates 
concentrations in rats' brain homogenate 

against focal ischemia 
Group DC units  

of act./mg  
of protein) 

MDA (units 
of act./mg  
of protein) 

Falsely operated 13.68±0.51 7.03±0.09 
Negative control 52.06±1.57# 14.54±0.33# 
Mexidol 24.36±0.96* 8.79±0.2* 
PIR-10 23.82±1.43* 9.27±0.68* 

 

Note: # means the figure is authentic against 
falsely operated rats (P<0.05); * means the figure 
is authentic against rats from the negative control 
group (P<0.05). 

Therapy with Mexidol led to a substantial 
decrease in DC (by 53.2%, P<0.05) and MDA 
(by 39.5%) in comparison with rats from the 
negative control group. Treatment with PIR-10 
substance also resulted in lower concentrations 
of lipid peroxidation products; thus, DC went 
down by 54.2% (P<0.05), and MDA, by 36.2% 
(P<0.05) in comparison with rats from the 
negative control group. And we didn't detect 
any statistically significant discrepancies be-
tween rats who were given either Mexidol or 
PIR-10 substance. 

As we can see from Figures 1 and 2, in-
troduction of Mexidol led to greater activity of 
all antioxidant protection enzymes in compari-
son with the rats from the negative control 
group; thus, SOD activity increased by 20.4% 
(P<0.05); GP activity, by 34.0% (P<0.05); 
catalase activity, by 37.2% (P<0.05); and it is 
well in line  with literature data [22]. But still, 
this increased superoxide dismutase activity 
and glutathione peroxidase activity was sig-
nificantly lower than in falsely operated ani-
mals, by  9.9% and 33.0%, respectively.  

 

 

Figure 1. Influence exerted by Mexidol  
and PIR-10 on superoxide dismutase and 

glutathione peroxidase concentration in the post-
nuclear fraction of rats' brain homogenate against 

focal ischemia 
Note: # means the figure is authentic against 
falsely operated rats (P<0.05); * means the figure 
is authentic against rats from the negative control 
group (P<0.05); μ means the figure is authentic 
against rats that were given Mexidol (P<0.05). 

 
Introduction of the examined substance 

PIR-10 led to a decrease in concentrations of 
endogenous AOP enzymes.  Thus, SOD con-
centrations amounted to 183.46±2.88 units of 
act./mg of protein; it wasn't authentically dif-
ferent from the value detected for rats from the 
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negative control group and by 28.2% (P<0.05) 
and 20.2% (P<0.05) lower than in falsely op-
erated rats and rats that were given Mexidol, 
respectively. Glutathione peroxidase in rats 
that were given PIR-10 went down authentically 
against animals from all other groups; against 
falsely operated rats, by 88.9% (P<0.05); against 
the negative control, by 77.6% (P<0.05); against 
rats that were given Mexidol, by 83.2% (P<0.05). 
Catalase was as active as in falsely operated 
rats and amounted to 0.33±0.01 nmol/min/mg 
of protein. This parameters was lower by 57.7% 
(P<0.05) than in rats from the negative control 
group, and by 69.2% (P<0.05) against rats that 
were given Mexidol.  

 

 

Figure 2. Influence exerted by Mexidol and PIR-10 
on catalase activity in the post-nuclear fraction of 

rats' brain homogenate against focal ischemia. 
Note: # means the figure is authentic against 
falsely operated rats (P<0.05); * means the figure 
is authentic against rats from the negative control 
group (P<0.05); μ means the figure is authentic 
against rats that were given Mexidol (P<0.05). 

 
The obtained results can indicate that su-

peroxide dismutase exerts its impacts on free 
oxygen forms thus transforming them into hy-
drogen peroxide [23], then glutathione peroxi-
dase and catalase are likely to neutralize this 
hydrogen peroxide [24], and it can lead to 
lower concentrations of AOP enzymes against 
a decrease in formation of free radicals them-
selves. Analysis of experimental data is also 
confirmed by lower concentrations of lipid 
peroxidation products against introduction of 

PIR-10 substance. Given all the above-mentio-
ned, we can conclude that the examined sub-
stance PIR-10 exerts its impacts on formation 
of free radicals but at the same time it doesn't 
activate the antioxidation system itself. And 
the reference substance Mexidol exerts its an-
tioxidant impacts due to reinforcing antioxida-
tion protection enzymes [25, 26]. 

Conclusions.  
1. Experimentally simulated focal cere-

bral ischemia causes pro/antioxidant imbal-
ance that is confirmed by an increase in con-
centrations of DC (by 280.6% (P<0.05)) and 
MDA (by 106.8% (P<0.05)), a decrease in 
concentrations of AOP enzymes (SOD by 
25.2% (P<0.05), GP by 49.9% (P<0.05)) and 
an increase in catalase concentration 151.6% 
(P<0.05) in rats who didn't get any pharmaceu-
tical support against falsely operated rats. 

2. Introduction of Mexidol in a dose equal 
to 50 mg/kg results in activation of antioxidation 
protection system and it becomes obvious 
through a increase in SOD concentration by 
20.4% (P<0.05), GP concentration by 34.0% 
(P<0.05), and catalase concentration by 37.2% 
(P<0.05), as well as through a decrease in con-
centrations of lipid peroxidation products (DC 
by 53.2% (P<0.05) and MDA by 39.5%) against 
animals from the negative control group. 

3. Introduction of the examined substance 
PIR-10 leads to a decrease in concentrations of 
lipid peroxidation products (MDA by 36.2% 
(P<0.05), DC by 54.2% (P<0.05)) against rats 
from the negative control group but it doesn't 
cause any growth in concentrations of AOP 
enzymes. We can assume that this substance 
exerts antioxidation impacts as it reduces 
hyperproduction of free radicals without any 
effects produced on AOP enzymes them-
selves. 
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Tobacco smoking is widely spread among population and it results in unfavorable forecasts as regards population 

health; it is truly a vital social problem in Russia. We chose the following research object: female workers employed by a 
retail network which consisted of both grocery stores and catering outlets. Our research goal was to examine epidemiologic 
aspects related to tobacco smoking; the research was performed among workers via anonymous questioning. As a result, we 
detected that 60% of workers smoked. The share was even greater among women aged 40–50 as 77.8 % of them had this bad 
habit. We also detected that women in the examined sampling tended to start smoking at an earlier age than it had used to 
be; the trend is quite similar to those observed across Russia. We investigated how aware our respondents were of negative 
consequences tobacco smoking could lead to; the investigation revealed that non-smoking respondents were better aware 
that smoking was a hazardous and really bad habit than those who smoked. We examined peculiarities that we detected in 
prevalence of false ideas among women depending on their smoking behavior and age. Smoking women aged 30–40 had very 
little knowledge on the subject.  

We assessed intensity and a type of smoking and revealed that only each fifth respondent smoked only occasionally 
while others smoked cigarettes in average or large numbers. 33.3 % of smoking women younger than 30, 14.3 % of women 
aged 40–50, and 10 % of women aged 30–40 had strong nicotine dependence. A desire to get some support in a complicated 
psycho-emotional situation was a prevailing motive for tobacco smoking among the respondents; it could be related both to 
their work activities and to weaker behavioral regulation. The research also revealed that non-smokers supported anti-
smoking measures more actively.  

Key words: workers employed in retail trade, prevalence and motives for smoking, negative consequences of smoking, 
types of nicotine dependence, anti-smoking measures 
 

 
 In the Russian Federation an average 

number of people employed in retail trade and 
catering has grown by more than 18.6% from 
2010 to 2016 and amounted to 11.5 million 
people in that year1. Retail trade provides jobs 
for 20% working women and it is the highest 
figure among all the branches of the country 
economy [1]. Given that, examination of the 
branch peculiarities and minimization of risk 

factors that cause health losses by female work-
ers allows to consider issues and solve tasks in 
the sphere on a national scale. 

Tobacco smoking is known to be a be-
havioral risk factor that causes, together with 
other factors, occurrence of chronic non-
infectious diseases; these diseases lead to 
huge economic losses for the state and thus 
impede its stable development. Thus, the 
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WHO Framework Convention on Tobacco 
Control (2003) considers tobacco smoking 
pandemic to be a global issue that causes se-
rious disastrous outcomes for people's health 
and induces negative social, economic, and 
ecologic processes all the world as well2. 

Negative impacts exerted on human 
health by tobacco smoke are a key concern 
for medical experts; tobacco-related diseases 
are a greatest threat for public health care. As 
per data provided by the RF Ministry for Pub-
lic Healthcare and Social Development, an-
nually more than 270 thousand people die due 
to tobacco smoking; smoking-related death 
cases among middle-age population in the RF 
account for 36% among men and for 7% 
among women. Smoking is one of the most 
significant risk factors that cause occurrence 
of cardiovascular, respiratory, and oncologic 
diseases and are basic causes of death. Thus, 
up to 90% of all the lung cancer cases, 75% 
of chronic obstructive lung disease cases, 
25% of all the ischemic heart diseases cases, 
and adverse clinical course of tuberculosis are 
related to smoking [2]. 

Nowadays, a correlation between impacts 
exerted by tobacco smoke and reproductive 
function disorders is well proven; these disor-
ders include a decrease in fertility, early 
menopause, menstrual cycle disorders, and 
cervical carcinoma risk (especially when a girl 
starts smoking at a rather young age) [3].  

Smoking by pregnant women increases 
perinatal morbidity and causes neonatal adap-
tation disorders [4]. Nicotine as a neurotoxic 
substance causes a delay in development of the 
central nervous system and fetal development; 
greater risk of crib death and risk of psycho-
neurological and functional disorders in chil-
dren born from smoking parents [5]. 

However, despite all these concerns by 
medical society, smoking is still widely 
spread. Thus, according to statistical data pro-
vided by the WHO, in 2013 1.1 billion people 
all the world smoked, including 950 million 

man and 177 million women; so, as we can 
see, total number of smokers amounted to 21% 
of the overall adult population in the world [6].  

Unfortunately, in Russia smoking has 
been and still remains one of the most widely 
spread bad habits; a significant part of the 
country population has it. In 2010 38.4% of 
the country citizens smoked; 61.3% men and 
19.4% women who are older than 15 are to-
bacco smokers. As per the WHO data col-
lected in 2013, 59.8% men and 22.7% women 
in Russia were smokers [7, 8].  

Russian Public Opinion Research Center 
(RPORC) performed a questioning on the is-
sue in 2017; according to its results, smokers 
account for approximately 32% of the country 
population. We can note that a number of 
smokers tends to decrease slightly, both in 
Russia and in some post-Soviet countries [9, 
10]. However, a number of smoking citizens in 
the country is still high and amounts to more 
than 44 million people. Also, in spite of a cer-
tain decrease in volume of cigarettes sales over 
recent years, cigarettes consumption per capita 
in Russia remains one of the highest in Europe 
and amounted to 2,227 cigarettes in 20143. 

A number of female smokers in Russia 
tends to be growing, and this fact is especially 
alarming. Thus, if in 1992 only 7% women in 
Russia smoked, the figure grew to 19% in 
2008, and even to 30% in megacities. Preva-
lence of tobacco smoking among women has 
grown by 3.3 times since 1980ties3. 

We analyzed literature data on prevalence 
of tobacco smoking among various age groups 
and revealed that the greatest share of female 
smokers was detected among women aged 15-
24 and 25-39 where it accounted for 29.8% (in 
both groups). each fifth Russian woman aged 
40-54 smoked (19.6%); each tenth, among 
those aged 55-69 (9.4%) [11]. On the other 
hand, The Civic Chamber of the Russian Fed-
eration issued a report where it stated that a 
number of smoking women has grown recently 
not only among young women (aged 20-39) 

__________________________ 
 
2 The WHO Framework Convention on Tobacco Control // The World Health Organization. – Geneva, 2003. –  URL: 

http://apps.who.int/iris/bitstream/10665/42811/4/9789244591017_rus.pdf?ua=1 (date of visit June 18, 2018). 
3 Russian statistical annual. 2015: Statistical data collection / Rosstat.  – М.: rosstat, 2015. – 728 p. 
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but also among older ones, by 4.7 times among 
women aged 40-47, and by 3.7 times, among 
those aged 50-594. 

A lot of researchers note that a risk of to-
bacco smoking dependence is closely related to 
a social and economic status (education, occu-
pation, income level, and availability of mate-
rial wealth)4 [12]. Thus, epidemiologic research 
performed in Moscow revealed that prevalence 
of smoking amounted to 33.7% among women 
with higher education, and to 50% among those 
without it. 

Research on prevalence of tobacco smok-
ing among population in Khabarovsk region 
revealed that 20-50% women who lived on the 
examined territory were familiar with it. To-
bacco smoking occurred especially frequently 
among women living in rural districts (42.4%), 
and women employed at industrial enterprises 
(38.7%). Prevalence of tobacco smoking among 
female medical workers, students, and school 
students amounted to 18.9%, 23.3%, and 18.1% 
correspondingly [13]. 

Prevalence of behavioral risk factors, addic-
tion to psychoactive substances in particular, is a 
most significant medical and social indicator that 
characterizes not only population health, but also 
a demographic potential of any state. In relation 
to that, giving up smoking allows to prevent 
deaths and certain diseases and, therefore, leads 
to longer life span of the population. 

In 2008 Russia joined the WHOP Frame-
work Convention on Tobacco Control aimed at 
fighting against tobacco smoking; the Conven-
tion includes such important activities in the 
sphere as protection of people from impacts by 
tobacco smoke; regulation of tobacco products 
structure; regulation of package and marking 
for tobacco products; warning people that to-
bacco is hazardous; prohibition of tobacco ad-
vertising; control over illegal trade in tobacco 
products; prohibition to sell tobacco to under-
aged and by under-aged. As the country joined 
the Convention, it gave grounds for issuing a 
number of anti-tobacco regulatory and legisla-
tive acts. 

Implementation of such activities as fight-
ing against illegal trade in tobacco products 
and prohibition to sell tobacco products to un-
der-aged and by under-aged is to a great extent 
determined by conscience and honesty of retail 
trade workers. But on the other hand, smoking 
behavior pursued by retail trade workers, with 
women and young people accounting for a big 
share of them, can be considered as "tobacco 
products advertising" especially for children 
and teenagers. Besides, if retail trade workers 
smoke, it causes profit losses to a company 
and deteriorates its image, in particular, due to 
unauthorized "smoke breaks" and absence of 
workers at their workplaces. Prevalence of 
smoking among retail trade workers hasn't 
been properly studied.  

Given all that, our research goal was to 
study epidemiological aspects of tobacco 
smoking among workers employed by a retail 
network in Komsomolsk-na-Amure.  

Data and methods. 204 women aged 
from 18 to 48 took part in our research; they 
were all employed at grocery stores that be-
longed to retail trade companies located in the 
city (Bitte, Amba). Average age amounted to 
34.5. The respondents were divided into three 
age groups, 18-30 (the 1st group, average age 
being 23.8); 30-40 (the 2nd group, average age 
being 35.7); and 40-50 (the 3rd group, average 
age being 44.2).  

We used tests and a questioning in our re-
search. All the questions included into the 
questionnaire could be divided into four basic 
groups as per their subject matters: examining 
prevalence of smoking, examining respon-
dent's awareness about medical and social con-
sequences of tobacco smoking, examining 
prevalence of wrong beliefs (myths) about to-
bacco among respondents, determining atti-
tudes towards anti-tobacco measures among 
respondents. 

To examine what attitudes towards smok-
ing prevailed among respondents, we applied a 
test developed by V.A. Khriptovich where 
they had to express to what extent they agreed 

__________________________ 
 
4 Tobacco smoking epidemic in Russia: causes, consequences, ways to control: A report by The RF Civic Chamber 

[web-source]. – М., 2009. – URL: https://www.oprf.ru/files/tabakokurenie.doc (date of visit June 20, 2018). 
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or disagreed with each out of 40 statements 
according to a 5-score scale [14]. Assessment 
of the test results allows to determine whether 
a respondent has a negative, neutral, or posi-
tive attitude towards smoking. 

Smoking respondents were offered the 
following tests: Fagerstrom Test for Nicotine 
Dependence, Horn test "Value your relations 
with cigarettes", "Smoking behavior type" 
and "Do you want to quit smoking?" (J. La-
grue) [15, 16]. Nicotine dependence as per 
Fagerstrom test is estimated as per a number 
of cigarettes a person smokes a day and pe-
culiarities of smoking behavior in different 
situations. 

Motivation to smoke was estimated as per 
Horn test; respondents were offered to express 
their agreement or disagreement with 18 state-
ments according to a 5-score scale; each three 
of 18 statements correspond to a specific moti-
vation type ("Stimulation", "Pleasure of the 
act", "Relaxation", "Anxiety support", "Abso-
lute need" and "Acquired habit"). An extent to 
which a motivation type prevailed was deter-
mined as per a sum of scores given to it (from 
0 to 15); up to 7 scores meant motivation was 
weak, 7-10 scores meant average motivation, 
and higher than 10 scores meant motivation 
was strong. 

According to "Smoking behavior type" test 
developed by J. Lagrue, a type of a smoker and 
addiction are determined depending on quantity 
of cigarettes a person smokes a day. "Do you 
want to quit smoking?" test consists of 4 ques-
tions and allows to reveal how eager a person is 
to give up smoking.  

Basic results and discussion. We exam-
ined the sampling and revealed that at present 
60% female workers employed by selected 
companies were smokers. 32.5% out of 40% 
female workers who didn't smoke at the mo-
ment of the research had experienced tobacco 
smoking in their past, and it had been 
once/several times or casual smoking. How-
ever they had somehow lost any interest in it, 
had felt themselves bad, or had thought about 
adverse effects of smoking, and it had made 
them give it up. Only 7.5% respondents stated 
they had never tried tobacco in their life.  

Women who were active smokers pre-
vailed in each age group. Thus, they accounted 
for 58.3% in age group younger than 30; 
52.6%, among women aged 30-40; and 77.8%, 
among those who were older than 40. In rela-
tion to that we can estimate prevalence of 
smoking among this particular sampling as 
being very high. We should note that the older 
age category made of women born in the late 
60ties – early 70ties last century was involved 
into smoking to a greater extent that younger 
age group despite the fact that they were born 
in the Soviet Union times when smoking was 
not so widely spread as it is now.  

We detected at what age the respondents 
had first tried smoking; the results are given in 
Table 1. As we can see from it, smokers aged 
40-50 started smoking at older ages. Thus, al-
most each second respondent (42.8%) in the 
senior age group and only each tenth (10%) 
aged 30-40 first started smoking when they 
were 18 or older. We didn't detect any "late" 
starters among women younger than 30. 

T a b l e  1  
 Distribution of respondents depending on the 

age when they first tried smoking 
Quantity, % Age of a first 

cigarette 40–50 30–40 Younger 
than 30 

11–12  - - 28.6 
13–14  28. 6 70 57.1 
16–17  28.6 20 14.3 
18 and older 42.8 10 - 

 
28.6% in the youngest age group, unlike 

the two others, first tried smoking at such an 
early age as 11-12. Therefore, we can state that 
the first cigarette tends to be taken at an earlier 
age in the examined sampling depending on an 
age group, and it goes in line with trends de-
tected in the country [17]. 

Poor awareness about smoking-related 
hazards and wrong beliefs (myths) that make 
tobacco hazards not so serious, but smoking, on 
the contrary, more attractive are leading factors 
for greater prevalence of tobacco smoking.  

Results on respondents' awareness about 
negative effects produced by tobacco are given 
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in Table 2. Their analysis revealed that both 
smoking respondents and those who don't have 
this bad habit are well aware about negative 
outcomes of smoking. Respondents fully un-
derstand that smoking can cause malignant 
neoplasms and cardiovascular diseases; it may 
be due to the fact that this knowledge has been 
actively promoted in mass media. Besides, 
graphic images on packs of cigarettes provide 
a smoker with detailed and visually under-
standable information about adverse outcomes 
of tobacco smoking.  

However, the obtained results prove that 
respondents' awareness about smoking-related 
hazards is only superficial. Thus, most respon-
dents don't think there is a direct link between 
chemical structure of components contained in 
tobacco smoke and carcinogenic risks. It is 
interesting to note that most smoking and non-
smoking women are not aware of negative ef-
fects produced by tobacco on the reproductive 
system and on children's physical and mental 
development. 

A comparative analysis of awareness about 
smoking-related hazards as per different age 
groups revealed that in general smoking women 
aged under 30 and older than 40 were better 

aware than women aged 30-40; the latter had to 
grow up under the least favorable social condi-
tions that existed in that most adverse period in 
the country development. Young women turn 
out to be the best informed in most cases. Thus, 
all the examined women who were younger 
than 30 knew that smoking caused lung and 
esophagus cancer; as for groups 2 and 3, about 
80% in these groups were aware of this fact.  

In some cases women aged 40-50 were 
better aware of some facts than their younger 
counterparts. In particular, 90% examined 
women aged 40-50 knew that smokers suffered 
from cardiac infarction more frequently against 
75% among those younger than 30 and only 
63.2% of those aged 30-40. We can assume that 
this better awareness among older women about 
a correlation between heart diseases and smok-
ing is partly due to their life experience as car-
diac infarctions and chronic heart diseases fre-
quently occur exactly at this age (after 40).  

There are a lot of myths that underesti-
mate smoking-related hazards or create ideas 
on its potential benefits for health; we exam-
ined prevalence of such myths among our 
respondents and you can see the results in 
Table 3. Their analysis revealed that in general 

T a b l e  2  
Awareness about smoking-related hazards among smoking and nonsmoking women  

Number, % Negative consequences  
of smoking nonsmoking smoking 

Smoking causes lung and esophagus cancer 87.5 83.3 
Smokers suffer from cardiac infarction more frequently 68.8 75 
Smoking causes greater risk of diseases in eyes, hearing apparatus, teeth, 
gums, and blood 

62.5 41.7 

Smoking women run greater risk of cervical carcinoma and miscarriages 68.8 29.2 
Smoking mothers often give birth to children with congenital malformations 68.8 50 
Smoking men suffer from impotency and infertility more frequently 43.8 37.6 
When a smoker takes a puff, about 1,200 hazardous substances are formed, 
including 43 carcinogens that can cause cancer 

31.3 20.8 

A smoker's brain always suffers from oxygen starvation 75 62.5 
Smoking often causes bronchial asthma, bronchitis, lip, tongue, larynx, and 
trachea cancer 

75 70.8 

A smoker's heart wears more rapidly as it has to contract 12-15 thousand 
times more  

56.3 66.7 

Children born by smoking mothers often suffer from delayed development; 
they are worse in reading at the age of 7 and in comprehending texts  
and solving mathematical tasks at 10 than their peers 

18.75 8.3 
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T a b l e  3  
Prevalence of myths about tobacco among the examined women 

Number, % Statements Nonsmoking Smoking Younger than 30 30–40 40–50
Everybody smokes 18.8 12.5 28.6 10 - 
All adults smoke 6.30 8.3 14.3 10 - 
It is easy to quit 37.5 16.7 14.3 37 - 
Smoking is hazardous only for those who 
smoke 

- 12.5 14.3 20 - 

Smoking helps to keep slim - 4.2 - 10 - 
Smoking helps to remove anxiety (stress) 37.5 70.8 28.6 74 71.4 
Smoking is harmless - - - - - 
Smoking without puffs is harmless - - - - - 

 
such myths didn't tend to be widely spread 
among the examined respondents as opposed to 
teenagers who are more susceptible to wrong 
beliefs [18]. In particular, none of our respon-
dents agree with the following statements: 
"smoking is harmless" and "smoking without 
puffs is harmless". 

When we compared prevalence of myths 
about tobacco smoking among nonsmoking and 
smoking women, we revealed that some myths 
were widely spread only among smokers, in-
cluding a wrong belief that smoking helps to 
keep fit and not put on weight. A myth that 
smoking helps to overcome stresses is the most 
widely spread exactly among smoking women 
as 70.8% smoking women agreed with that 
statement. And on the contrary, a myth about 
easiness of giving that bad habit up is the most 
widely spread among nonsmoking women.  

Our analysis on prevalence of myths 
about tobacco smoking as per age groups con-
firmed that respondents aged 30-40 were the 
most poorly aware of its negative outcomes. 
Thus, each tenth respondent in this age group 
tended to underestimate hazards related to pas-
sive smoking, and 37% respondents were sure 
it was quite easy to give it up. 74% respon-
dents aged 30-40 believed smoking could help 
to ease strain. It is interesting to note that 
smoking women aged 40-50 didn't believe in 
all the above mentioned myths except one 
about easing strain.  

Our examination on respondents' attitudes 
towards smoking revealed that in general both 
smokers and non-smokers tended to have either 

negative or neutral attitudes towards it. We did-
n't reveal any positive attitudes towards tobacco 
smoking among our respondents. However, all 
the nonsmoking respondents from the 1st and 
3rd group had negative attitudes towards smok-
ing, while at the same time only 78% respon-
dents didn't approve of it in the 2nd group. 
A number of respondents among smokers in all 
the three groups who didn't have any negative 
attitude towards smoking amounted to 24 %, 
42 %, and 33 % correspondingly. So, smokers 
tended to have more positive attitude towards 
smoking than non-smoking respondents. How-
ever, those non-smokers who are neutral to 
smoking can try it in this or that situation.  

We determined a nicotine dependence de-
gree in smoking women; it was revealed that 
nicotine dependence was absent in each sec-
ond smoking woman younger than 30 and 
aged 30-40, and only in each fourth respondent 
aged 40-50 (Table 4). On the other hand, 
strong nicotine dependence was detected in 
each third smoking woman from the 1st group, 
in each seventh woman, from the 3rd group, 
and in each tenth woman form the 2nd group. 
A great number of women with strong nicotine 
dependence in the 1st group can be caused, in 
particular, by younger age at which they 
started smoking.  

Deliverance from nicotine dependence is 
known to be a prevention medicine task that is 
just as important for reducing risks of cardio-
vascular diseases as correction of hyperlipi-
demia, hypercholesterolemia, arterial hyper-
tension, or hypodynamia. The research re-
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vealed that 43.5% smoking respondents with 
average and strong nicotine dependence could 
receive recommendations to take nicotine-
replacing medications. Respondents with weak 
nicotine dependence can give up smoking 
without any drug therapy.  

T a b l e  4  
Distribution of respondents as per nicotine 

dependence degree (%) 
Examined groups Nicotine  

dependence 
degree 

Under 
30 30–40 40–50 

Whole 
sampling

Absence of 
nicotine de-
pendence 

50 50 28.6 43.5 

Weak nicotine 
dependence 16.7 - 42.8 13.0 

Average nico-
tine depend-
ence 

- 40 14.3 26.1 

Strong nicotine 
dependence 33.3 10 14.3 17.4 

 
It is impossible to overcome smoking be-

havior without knowing motives and reasons 
for smoking. We determined  smoking behav-
ior types among our smoking respondents and 
revealed that 20% respondents smoked only 
casually, mostly to support social contacts. 
80% smokers took average or great number of 
cigarettes (from 5 to 20) a day and it could 
mean they had "behavioral" addiction.  

Our determination of motives for smoking 
among our respondents revealed that, as we 
can see from the Figure, in general "Anxiety 
support" as a motive for smoking prevailed 
among the examined sampling; in other words 
women smoked as they tried to get some sup-
port in a complicated psychoemotional situa-
tion and to reduce emotional strain and stress. 
Average value for "Anxiety support" motive 
amounted to 10.83 and it indicated the motiva-
tion here was high. 

The second rank place belonged to a 
group of motives called "Absolute need" 
(craving for a cigarette), the group value in 
scores was average that meant average motiva-
tion among respondents. This motive can be 
caused by physical addiction to tobacco. As a 

result, when nicotine concentration in blood 
goes down, a person lights a cigarette and 
smokes in any situation, regardless of possible 
prohibitions to do it.  

 

Figure. Hierarchy of respondents' motives  
for smoking (scores) 

Motives from "Relaxation" group took the 
third rank place; they meant a person wished 
to get "additional pleasure" when relaxing and 
thought smoking would help in the matter. 
This motive was also average among respon-
dents according to its scores.  

Such motives as "Pleasure of the act" 
(a need to manipulate a cigarette), "Stimulation" 
(wish to feel a stimulating effect and remove fa-
tigue), and "Acquired habit" (a habit, auto-
smoking when a person smoked when doing his 
or her work) were less significant as their score 
values were lower than 7 (weak motivation).  

Such motives as "Anxiety support" and 
"Relaxation" can be so strongly apparent due 
to influence exerted by certain occupational 
factors related to work in retail trade. Thus, 
intensity of consumer flows varies over a day 
and goods are also delivered unevenly, so 
workers have to undergo greater loads at "rush 
hours"; but then there is a break with no con-
sumers or deliveries and they are idle for a pe-
riod of time. Besides, workers employed at 
retail outlets have to work under extremely 
high neuro-psychological stress related to a 
necessity to serve customers who are very dif-
ferent as per their psychology, intelligence, 
and education.  

We assessed a wish to quit smoking in our 
respondents and revealed that 58.3% had only 
a slight wish to do it, and 33.3% had an aver-
age one. Only 8.4% badly wanted to give up 
smoking.  
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As we all know, efforts taken by the state 
in order to limit tobacco smoking cannot be 
efficient without being understood and sup-
ported by the population, especially by retail 
trade workers. Our research revealed that non-
smoking respondents supported anti-tobacco 
measures more actively than their smoking 
counterparts and it corresponded to the trends 
existing in the country [19].  

Thus, 81.3% non-smokers and 70.8% 
smokers were in favor of total prohibition of 
tobacco advertising. Introduction of fines for 
smoking in public places was the least sup-
ported measure among the respondents al-
though it was the most relevant one for passive 
smoking prevention. But still, 38% nonsmoking 
women and 50% smoking ones were against it. 
50% non-smokers thought sales of cigarettes 
were to be completely forbidden; 25% non-
smokers were in favor of strict prohibition to 
sell cigarettes to people younger than 21. Only 
37.5% smokers were in favor of complete ban 
on sales of cigarettes, and 20.8%, partial (for-
bidden for those younger than 21).  

Conclusions. Our research results allow 
us to conclude that: 

– 60% of female workers employed in re-
tail trade smoked at the moment when our re-
search was performed; it could be estimated as 
high exposure to risk factors;  

– younger age of introduction to smoking 
(at age of 11-12 over the last years) was con-
firmed and it is obvious that school girls are to 
be more actively informed about health risks 
and negative consequences related to smoking; 

– awareness among smoking respondents 
about tobacco smoking outcomes and negative 
attitudes towards smoking unfortunately are 
not protective factors that make them quit; it 
means more efficient informational and educa-
tional prevention technologies are required; 

– most smoking women think that smok-
ing supports them in a complicated psy-
choemotional situation and helps to reduce 
emotional strain and stress. In relation to that, 
if we want to help them quit, it is necessary to 
improve their central nervous system and be-
havioral regulation with psychological, social, 
and medical technologies; 

– workers employed in retail trade don't 
support all the anti-tobacco regulatory meas-
ures and it can make them violate the legisla-
tion in the sphere; so it is necessary to apply 
stricter requirements to workers and candi-
dates concerning their addiction to psychoac-
tive substances, including tobacco.  
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Functional state of the cardiovascular system is a basic criterion applied for assessing health and adaptive reac-

tions of a human body; therefore, it seemed to be advisable to examine compensatory mechanisms of a human body under 
exposure to adverse external factors. Our research goal was to study functional parameters of cardiohemodynamics in 
young men depending on a type of blood circulation self-regulation. We examined 368 young male students born in the 
northern-eastern regions of Russia. Their average age was equal to 18.5±0.08. We measured basic anthropometric pa-
rameters of each young student, namely body height and body mass. Cardiohemodynamics parameters were determined 
in young male students at rest, in a sitting position, via volumetric compression oscillometry with a set of hardware and 
software complex for non-invasive research of the central hemodynamics  ("Globus", Belgorod). Results. We analyzed 
distribution of individual TBS (type of blood circulation self-regulation) index values and revealed that 48.1 % young 
men had cardiac TBS; 35.9 %, cardiovascular TBS; and 16,0 %, vascular TBS. Young people with the vascular TBS 
tended to have the highest systolic and diastolic blood pressure, stroke volume, the most powerful left ventricular con-
traction and overall peripheral vessels contraction; on the contrary, young men with the cardiac TBS tended to have the 
lowest values of these parameters. Young men with the cardiovascular TBS were somewhere in between the two previ-
ously mentioned groups. But at the same time, such parameters as heart rate (HR), pulse wave velocity (PWV), and Kerdo 
vegetative index (KVI) were the highest in young men with the cardiac TBS; and the lowest ones, in young men with the 
vascular TBS. This research allows to assess risks of diseases in the cardiovascular system and diabetes in young men so 
that relevant preventive activities can be performed. 

Key words: young men; functional parameters of cardiohemodynamics; types of blood circulation self-regulation; 
northern-eastern regions of Russia. 
 

 
 Functional state of the cardiovascular 

system is a basic criterion used to assess health 
and adaptive responses of a human body. 

Adverse external influences cause compen-
satory insufficiency in a body which can lead to 
adaptation failure and pathological changes. 
Given that, it seems quite necessary to develop 
new methodical approaches to assessing adapta-
tion capabilities of a human body and it is a vital 
task for preventive medicine since such ap-
proaches can allow to determine prenosological 
changes in functional systems and to work out 
targeted preventive activities [1-3]. 

Some experts state that a set of natural-
climatic, ecological, and social-hygienic envi-
ronmental factors exerts great influence on 
physical development, formation of functional 
systems in a human body, and population 
health [4, 5]. Since arctic and subarctic areas 
are being developed and development pro-
grams for these territories are being enlarged, 
it becomes more and more important to exam-
ine adaptation and health preservation under 
extreme climatic conditions existing in the 
northern regions; research that has been previ-
ously performed in the sphere confirms that 
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such conditions exert negative impacts on hu-
man health [6-10]. N.I. Arinichin et al. per-
formed an integral assessment of the cardio-
vascular system functions and analyzed a ratio 
of the cardiac and vascular components in the 
central hemodynamics; basing on the results of 
their assessment and analysis, they detected 
that there were three basic (standard) types of 
blood circulation self-regulation in adult peo-
ple, namely, cardiac, vascular, and cardiovas-
cular one [11, 12]. A type of blood circulation 
self-regulation (TBS) is an informative preno-
sological integral parameter that reflects pecu-
liarities of adaptive responses and phenotypic 
body properties among healthy people. TBS 
determination makes it possible to assess strain 
in the cardiovascular system regulation at 
various stages in ontogenesis. It was shown 
that if the vascular component prevailed in 
blood circulation self-regulation, it meant the 
process was economized and functional re-
serves of the cardiovascular system grew to 
provide long-term adaptation; but if the cardiac 
component prevailed, it meant that the cardio-
vascular system functioning was strained and it 
was necessary to provide adaptation to sudden 
short-term exposure to perturbing environ-
mental factors. But if TBS is cardiovascular, it 
means that blood circulation self-regulation is 
balanced in the most optimal way.  

At present a stable population consisting of 
alien Eastern Slavs is being formed in the north-
east Russia. Most young people who live in the 
region belong to the 1st-3rd generation of Cau-
casians. The cardiovascular system is one of the 
most significant body systems that can show 
whether a body has truly adapted to extreme 
conditions in the North; health of people who 
permanently live and work here directly depends 
on the cardiovascular system functioning.  

Our research goal was to examine func-
tional parameters of cardiohemodynamics depen-
ding on a type of blood circulation self-regulation 
in young males born in the northeast Russia.  

Research object and methods. We ex-
amined cardiohemodynamics in practically 
healthy young males who studied at a higher 
educational establishment, were born in Ma-
gadan and Magadan region, and belonged to the 
1st-2nd generation of Caucasians. The examina-

tion was performed before lunchtime in a room 
with a comfortable temperature. Overall, we ex-
amined 368 young males, their average age be-
ing 18.5±0.08. We measured basic anthropomet-
ric parameters of each young male student (body 
height - BH, cm, and body weight - BW, kg) 
with conventional techniques. Cardiohemody-
namics parameters were determined in young 
males at rest, in a sitting position, via volumetric 
compression oscillometry with a set of hardware 
and software complex for non-invasive research 
of the central hemodynamics ("Globus", Bel-
gorod). We registered the following direct and 
calculated parameters of the central and periph-
eral hemodynamics: systolic (SBP) and diastolic 
(DBP) blood pressure (mmHg), heart rate (HR, 
strokes/min), cardiac output (CO, l/min), stroke 
volume (SV, ml), power of the left ventricular 
contraction (PLVC, Wt), energy consumption  
required to transfer 1 liter of CO per minute (EC, 
Wt), overall (OPVR, dyn.*s*cm-5) and specific 
(SPVR, arbitrary units) peripheral vascular resis-
tance, pulse wave velocity (PWV, cm/s), vascu-
lar compliance (VC, ml/mmHg), type of blood 
circulation self-regulation (TBS, arbitrary units). 
TBS index which varies from 90 to 110 means a 
person has cardiovascular TBS; if TBS index is 
more than 110, a person has vascular TBS, and if 
it is less than 90, a person has cardiac TBS. Bas-
ing on all the obtained data, we calculated Kerdo 
vegetative index (KVI, arbitrary units) as per the 
following formula: KVI = (1-DBP/HR)*100.   

We accomplished our research in full con-
formity with the principles stated in Helsinki 
Declaration (2008). The research protocol was 
approved by the Ethics Committee for medical 
and biological research at the Northeastern 
Scientific Center of the RAS Far Eastern 
Brunch. All the examined young males were 
provided with complete information on the 
essence and goals of the research and gave 
their written consent to take part in it. 

The obtained data were statistically proc-
essed with such conventional software as Mi-
crosoft Excel and StatSoft Statistiсa 6.0 applied 
statistical software package. We applied 
Shapiro-Wilk test W to check whether the ob-
tained data were compliant with the normal dis-
tribution law, calculated average values (М), 
their standard errors (±m), and standard devia-



L.I. Grechkina 

Health Risk Analysis. 2019. no. 1 120 

tions (±σ). Statistical significance of discrepan-
cies was estimated with Student's t-test for in-
dependent samplings provided that distribution 
was normal. Discrepancies at p ≤ 0,05 were 
considered to be statistically significant. 

Results and discussion. Our research re-
vealed that average TBS index value was 
equal to 92.4±0.9 if taken for the overall group 
on average and it meant that young males 
tended to have cardiovascular TBS. However, 
after we analyzed distribution of individual 
TBS index values, we revealed that 48.1% 

among examined young males had cardiac 
TBS (78.4 ± 0.6 arbitrary units); 35.9%, car-
diovascular TBS (98.8 ± 0.5 arbitrary units); 
and 16.0%, vascular TBS (120.1 ± 1.1 arbi-
trary units). Young males with different TBS 
didn't have any discrepancies in average values 
of their body height and body weight. In order 
to detect peculiarities in the cardiovascular 
system functioning in young males with dif-
ferent TBS, we analyzed distribution of indi-
vidual hemodynamics parameters as per TBS 
index (Table). 

T a b l e   
Anthropometric and hemodynamic parameters in young male students with different types 

of blood circulation self-regulation living in Magadan (M ± σ)  
Type of blood circulation self-regulation 

Cardiac 
(1) Cardiovascular (2) Vascular 

(3) Parameters 

n = 177 n = 132 n = 59 

P 

BH, cm 179.3 ± 7.4 179.8 ± 7.8 178.7 ± 6.7  
BW, kg 69.9 ± 11.9 72.8 ± 12.5 73.1 ± 11.9  

SBP, mmHg 125.8  ± 12.7 128.3 ± 11.5 132.1 ± 14 P<0.0111-3 

 

DBP, mmHg 
 

61.8 ± 7.7 
 

 
67.0 ± 8.1 

 

 
73.2 ± 11.5 

 

P<0.0011-2 
P<0.0012-3 
P<0.0011-3 

BP pulse, mmHg 63.9±14.5 61.3±13.1 58.9±14.1 P<0.051-3 

HR, strokes/min 79.7 ± 12.1 68.1 ± 8.9 61.2 ± 10.4 
P<0.0011-2 
P<0.0012-3 
P<0.0011-3 

CO, l/min 6.21 ± 0.89 6.21 ± 0.79 6.19 ± 0.75  

SV, ml 
 

79.6 ± 16.4 
 

 
92.8 ± 17.0 

 

 
103.9 ± 22.5 

 

P<0.0011-2 
P<0.0012-3 
P<0.0011-3 

PLVC, Wt 
 

2.96 ± 0.68 
 

3.44 ± 0.64 
 

4.01 ± 0.90 
 

P<0.0011-2 
P<0.0012-3 
P<0.0011-3 

PWV, cm/sec 
 

999.4±124.9 
 

 
975.5±96.4 

 

940.3±101.7 
 

P<0.0012-3 
P<0.0011-3 

VC, ml/mmHg 
 

1.32±0.19 
 

 
1.61±0.19 

 

 
1.86±0.25 

 

P<0.0011-2 
P<0.0012-3 
P<0.0011-3 

OPVR, 
dyn.*sec*cm-5  

 
1042 ± 135 

 
1073 ± 111 

 
1128 ± 146 

P<0.051-2 
P<0.052-3 

P<0.0011-3 

SPVR, arbitrary units 24.1 ± 2.4 25.2 ± 2.5 26.6 ± 3.5 
P<0.0011-2 
P<0.012-3 
P<0.0011-3 

Note: validity of discrepancies is calculated as per M ± m 
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Figure. Distribution of young males as per individual values of SBP, DBP, and HR  
within groups with different types of blood circulation self-regulation (%) 

The analysis revealed that there were sig-
nificant discrepancies in values of the exam-
ined hemodynamic parameters in young males 
with different types of blood circulation self-
regulation. We detected that people with vas-
cular TBS tended to have the highest values of 
such functional parameters of the cardiovascu-
lar system as SBP, DBP, SV, PLVC, OPVR, 
SPVR, and VC; people with cardiac TBS 
tended to have the lowest values of the same 
parameters; and young males with cardiovas-
cular TBS were somewhere in between as per 
values of these parameters. At the same time, 
such parameters as BP pulse, HR, PWV, and 
KVI were the highest in young males with 
cardiac TBS; the lowest, in those with vascular 
TBS. We didn't reveal any authentic discrep-
ancies in CO between young males with dif-
ferent TBS; it means that blood circulation in 
all young males, regardless of their TBS, is at 
its optimal level when a body is at rest and all 
the physiological needs are quite satisfied.  

Systolic and diastolic blood pressure and 
heart rate are the most available for detection 
and informative functional hemodynamics pa-
rameters. We detected that average values of 
these parameters, both among the overall sam-
pling and in groups with different TBS, corre-
sponded to age-related standards in spite of all 
statistically significant discrepancies between 
groups; thus, average SBP was 100–139 
mmHg; average DBP, 60–89 mmHg; and HR, 

60–80 strokes per minute. However, averaged 
values don't allow to estimate variability of 
individual parameters within groups. To assess 
it, we analyzed individual values of the exam-
ined parameters in groups with different TBS 
(Figure).  

The performed analysis allowed to reveal 
that individual SBP, DBP, and HR were sig-
nificantly labile in each group of young males. 
Thus, distribution as per SBP showed that the 
highest shares of people who had this parame-
ter within "standard" were in groups with car-
diac TBS (84.7%) and cardiovascular TBS 
(83.3%); the lowest share was in the group 
with vascular TBS (72.9%). An insignificant 
share of people with low SBP was found only 
among young males with cardiac TBS (2.3%); 
the highest share of people with the parameters 
exceeding the standards was detected among 
young males with vascular TBS (27.1%). As 
regards DBP, we detected an inverse correla-
tion here: the share of people with DBP within 
"standards" prevailed significantly among 
young males with vascular TBS (91.5%) 
against those with cardiac TBS (61.0%). DBP 
that was lower than "standards" was more fre-
quently detected among young people with 
cardiac TBS (39.0%) than among those with 
cardiovascular TBS (15.9%) and vascular TBS 
(1.7%); DBP that was higher than "standard" 
was detected only in the group with vascular 
TBS (6.8%). Young males with cardiovascular 
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TBS were somewhere in between as regards 
distribution as per DBP value. Distribution as 
per HR values revealed that the highest share 
of people with this parameter being within 
"standards" was among young males with car-
diovascular TBS (75.8%), while a significant 
number of people with cardiac TBS had this 
parameter higher than "standards" ("tachycar-
dia", 41.8%), and about a half young males 
with vascular TBS (49.1%) had this parameter 
lower than "standards", or, in other words, 
they had "bradycardia".  

Pulse blood pressure (BP pulse) is known 
to depend not only on the heart contractility 
but also on vascular compliance of large arter-
ies. The more blood is pumped into the blood-
stream and the more rigid an arterial wall is, 
the higher is pulse blood pressure. Our re-
search results revealed a trend for lower BP 
pulse values from cardiac TBS to vascular one 
(63.9±1.1 → 58.9±1.8 mmHg) and statistically 
significant discrepancies between the two end 
types of blood circulation self-regulation  
(Р<0.05).  

Stroke volume (SV) and power of the left 
ventricle contraction (PLVC) are important 
parameters that characterize the heart function-
ing. The comparative analysis revealed that 
young males with vascular TBS tended to have 
the highest values of these parameters, and 
young males with cardiac TBS tended to have 
the lowest ones. Distribution as per PLVC val-
ues showed that 22.0% young males with vas-
cular TBS and 6.1% young males with cardio-
vascular TBS had this parameters higher than 
the standard. 9% young males with cardiac 
TBS had insufficient PLVC, and we didn't de-
tect anything similar in two other groups. All 
the rest young males had PLVC values within 
age-related standards (2.0–4.5 Wt). 

We revealed statistically significant dis-
crepancies between groups with different TBS 
as per pulse wave velocity (PWV) and vascu-
lar compliance (VC) that characterize vessels 
elasticity and conveying capacity of the artery 
bloodstream as a whole. The highest PWV 
values were detected among young males with 
cardiac TBS  (999.4 ± 9.4 cm/sec); the lowest 
ones, among those with vascular TBS (940.3 ± 

± 13.2 cm/sec). Young males with cardiovas-
cular TBS were somewhere in between as per 
this parameter. We saw an inverse picture as 
per VC values as the highest ones were de-
tected among young males with vascular TBS, 
and the lowest ones were detected among 
those with cardiac TBS. We should note that, 
despite any discrepancies, average PWV and 
VC values were within the standards in each 
group of young males  (600-1000 cm/sec and 
1.03-2.35 mmHg). However, distribution of 
males as per individual PWV values revealed 
that a certain number of people within each 
group had PWV higher than the upper bound-
ary of the standard. Thus. the highest share of 
people with PWV exceeding the standard was 
detected among young males with cardiac TBS 
(53.7%), and the lowest one, among those with 
vascular TBS (28.8%); there were 38.6% 
young males with their PWV higher than the 
standards in the group with cardiovascular 
TBS. All the rest young males in all three 
groups had their PWV within the standards. As 
regards VC, 92.66% young males with cardiac 
TBS and 96.6% young males with cardiovas-
cular TBS had this parameter within the stan-
dards. VC values that were lower than the 
standard were detected only among young 
males with cardiac TBS (7.34%); and VC val-
ues that were higher than the standard were 
detected only among those with vascular TBS 
(3.4%). All the young males with cardiovascular 
TBS had this parameter within the standards.  

N.V. Gorymanova et al (2015) and v.V. 
Skibitsky et al (2018) detected a correlation 
between PWV and vessels elasticity, blood 
pressure, and carbohydrate metabolism [13, 14]. 
It was shown that the greater pulse wave ve-
locity was, the more rigid were the arteries, 
and the higher were concentrations of dextrose 
and glycated hemoglobin in blood. In these 
authors' opinion, elevated PWV is associated 
with carbohydrate metabolism disorders in re-
lation to tissues being less sensitive to effects 
produced by insulin [13]. I.V. Averyanova and 
A.L. Maximov showed that 25-28% out of 
young male students examined by them in 
Magadan had dextrose concentration in their 
blood at the upper boundary of the standard or 
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even exceeding it, and it allowed the authors to 
conclude that these young males were in pre-
diabetic state and to assign them into a group 
of people who ran a risk of possible persistent 
disorders in carbohydrate metabolism [15].   

We compared the data which we obtained 
for PWV values with the results obtained by the 
above-mentioned authors and it allowed us to 
make a tentative conclusion that young males 
with PWV >1000 cm/sec, who were present in 
each TBS group had carbohydrate metabolism 
disorders and were prone to accelerated bio-
logical ageing of the vessels. We also detected 
statistically significant discrepancies as per 
OPVR and SPVR parameters between the 
groups with different TBS. The highest OPVR 
and SPVR values were detected among young 
males with vascular TBS (1,128 ± 19 dyn.*s*cm-5 

and 26.6 ± 0.5 arbitrary units); and the lowest 
ones, among young males with  cardiac TBS 
(1,042 ± 10 dyn.*s*cm-5  and 24.1 ± 0.2 arbit-
rary units). 

Conclusion.  Practically healthy young 
males who lived in Magadan could have any 
of the three types of blood circulation self-
regulation, namely cardiac, vascular, or car-
diovascular one, depending on a ratio of the 
cardiac and vascular components. We detected 
that blood pressure and cardiac output that 
were integral parameters of tissue circulation 
efficiency were maintained with different 
regulatory mechanisms in young males from 
Magadan with the end hemodynamics regula-
tion types when their bodies were at rest. If a 
young male had cardiac TBS, these parameters 
were regulated due to higher heart rate and 
prevailing sympathetic influence on the heart 
functioning (KVI = 21.6±0.6); if a young male 

had vascular TBS, they were maintained due 
to greater contractility of the cardiac muscle, 
greater stroke volume, and overall peripheral 
vessels resistance with prevailing parasympa-
thetic regulation  (KVI = -20.1±1.1). Young 
males with cardiovascular TBS had the most 
well-balanced blood circulation self-regulation 
(KVI=1.2±0.5). Intragroup dynamics of SBP, 
DBP and HR values distribution allowed us to 
conclude that central hemodynamics regula-
tion mechanisms related to the cardiac compo-
nent prevailed among young males who were 
born in Magadan. There was a certain number 
of people with elevated SBP (13% in cardiac 
TBS group; 16.7%, in cardiovascular TBS 
group; and 27.1%, in vascular TBS group) and 
DBP values were rather labile; it proves there 
is a risk of arterial hypertension, especially 
among young males with vascular TBS. Our 
research revealed that there were young males 
with SBP values higher than the standards in 
each group. Basing on the literature sources 
[13, 14, 15] and the data which we obtained in 
our research we can make a tentative conclu-
sion that SBP values which are considerably 
higher than the upper boundary of the stan-
dard, which is especially characteristic for 
young males with cardiac TBS, can be adverse 
predictors of risks related to persistent disor-
ders in carbohydrate metabolism and diabetes, 
susceptibility to thrombus occurrence, greater 
"rigidity" of the arteries and cardiac and cere-
brovascular complications. 
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According to the WHO, degenerative-dystrophic diseases in the spinal column occur in 80% of overall popula-

tion and account for up to 90% of all the chronic diseases cases. Data and methods. To assess prevalence of degenera-
tive-dystrophic diseases in the spinal column among people living in Saint Petersburg, we performed screening tests 
on 5,797 people  (their average age was 56.52 ± 18.39; body mass index was 26.78 ± 15.42 kg/m2; spine length was 
443.30 ± 39.85 mm). Men accounted for 25.6% among the examined people (n=1,482); women, for 74.4% (n=4,315). 
All the participants underwent a complex examination; they were questioned (we applied a specially designed ques-
tionnaire made up of 124 questions); their spinal columns (3 sections in them) were x-rayed; we also accomplished 
computer optical topography with "DIERS Formetric 4D" device (Germany); the last stage was a consultation by a 
neurologist.  

The prevalence of degenerative-dystrophic diseases in the spinal column amounts to 71.5% among people living in 
Saint Petersburg. We detected functional disorders in the spinal column in all the examined patients. Degenerative-
dystrophic diseases in the spinal column can progress not only due to functional disorders in it but also under influence ex-
erted by social and economic factors such as social status (b=0.43; р<0.01), age (b=0.18; р<0.01), occupational peculiari-
ties (b=0.17; р<0.01), limited financial opportunities to preserve health (b=0,15; р<0,01). Personal and behavioral factors 
also exert their impacts on risks of degenerative-dystrophic diseases; such factors are rare appeal for medical aid (b=0.18; 
р<0.01), poor literacy of the population (b=0,17; р<0,01), self-treatment (b=0.14; р<0.01).  Poor quality of medical health 
also causes elevated risks of degenerative-dystrophic diseases (b=0.18; р<0.01).  

Most risk factors that influence development and progression of degenerative-dystrophic diseases in the spinal 
column are manageable (behavioral-personal factors, socioeconomic factors, quality and availability of medical aid). 
Timely examination, treatment, and rehabilitation of patients suffering from degenerative-dystrophic diseases are im-
portant spheres where quality and availability of primary medical and sanitary care can be improved. 

Key words: prevalence of degenerative-dystrophic diseases in the spinal column, risk factors, osteochondrosis risk, 
age-related changes in the spinal column. 
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Introduction. According to the WHO, 
degenerative and dystrophic spine diseases 
(DDSD) occur in 80% population and ac-
count for up to 90% of all the chronic dis-
eases [1, 2, 3, 4, 5]. Screening x-ray exami-
nations reveal that the first signs of DDSD, 
namely a decrease in intervertebral spaces, 
occur as early as at the age of 6; and when a 
person is 12 he or she already has sub-
chondral bone sclerosis  [6]. Each fifth per-
son in the world who is older than 30 suffers 
from DDSD [1, 7]. Pathologies in the mus-
culoskeletal system occupy the first place in 
the overall morbidity structure among people 
who are older than 50 [8, 9]. Some data im-
ply that DDSD prevalence and disorders in 
the spinal column functioning amount to 122 
per 1,000 adults. And at the same time 80-
100% people occasionally suffer from 
spondylogenic pains in the spine [10, 11], 
but only about 40% of them apply for medi-
cal aid [12]. DDSD with spondylogenic pain 
syndrome as a reason to visit a doctor occu-
pies the second place after respiratory dis-
eases and it holds the third place among rea-
sons for admission to hospital [13, 14, 15, 
16]. A number of such admissions due to 
spondylogenic pain syndrome has been 
growing over the recent years [17]. About 
10% of all the patients suffering from DDSD 
become disabled, and the figure is substan-
tially higher among patients who have un-
dergone a surgery and it reaches 70.3% [18]. 
Therefore, DDSD prevalence can be consid-
ered a pandemic and it is a grave medical 
and socioeconomic problem in the developed 
countries [2, 19]. But still, timely detection, 
treatment, and rehabilitation is extremely 
important for improving life quality and 
medical and social forecasts for patients suf-
fering from DDSD. 

Our research goal was to examine 
prevalence and risk factors that cause degen-
erative and dystrophic spine diseases (DDSD) 
in people living in Saint Petersburg as per re-
sults of a complex screening examination. 

Data and methods. To assess DDSD 
prevalence among people living in Saint Pe-

tersburg, we performed a screening examina-
tion of 5,797 people (their average age was 
equal to 56.52±18.39; body mass index was 
26.78±15.42 kg/m2; spine length was 443.30± 
±39.85 mm). 25.6% of the examined people 
were males (n=1,482), and 74.4% females 
(n=4,315). People were chosen for examina-
tion via a simple random sampling among 
people who lived on a territory where medi-
cal services were provided by a municipal 
polyclinic. There was an age-related crite-
rion for people to be included into the sam-
pling as they had to be 18 years old or older. 
Anyone who refused to take part in the ex-
amination was not included into the sam-
pling. 

All the participants underwent a complex 
examination: they were questioned (we ap-
plied a specially designed questionnaire that 
contained 124 questions); their spinal col-
umns (all three sections) were x-rayed; we 
performed computer optical topography with 
"DIERS Formetric 4D" device (Germany) as 
per a conventional procedure [20, 21]; all the 
people included in the sampling were exam-
ined by a neurologist. Computer optical to-
pography allowed to assess biomechanics of 
the spinal column and pelvis as per the fol-
lowing parameters: spine length in mm  
(С7-DMmm), spine curve in degrees (С7-DM °), 
vertical deviation in mm (VP-DMmm), pelvis 
tilt in degrees (DL-DR °), pelvis tilt in mm 
(DL-DRmm), pelvis rotation in degrees  
(DL-DR °), pelvis curve in degrees, kyphosis 
angle in degrees (ICT-ITL °), lumbar lordosis 
angle in degrees (ITL-ILS °), rotation of sur-
face in degrees (RMS °), lateral deviation in 
mm (VPDMmm). 

All the obtained data were statistically 
analyzed with "Statistica 10.0" applied soft-
ware package. Statistical data are given as a 
simple mean and standard deviation   (M±σ) 
or a percent (%). When qualitative signs were 
compared, we calculated χ2 criterion. We also 
performed multiple regression with stepwise 
elimination and determination of regression 
quotient b. Discrepancies were considered to 
be statistically significant at р<0.05. 
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Results. X-ray revealed DDSD signs in 
71.5% of the examined people. 15.4% of 
them suffered from pains in the thoracic 
spine when they were examined; 14.7%, 
from pains in the cervical spine; and 41.3%, 
from pains in the lumbar spine (Figure  1).  

 

 
Figure 1. DDSD prevalence among people 
 living in Saint Petersburg as per screening 

examination data 

Computer optical topography revealed 
that 100% examined people had functional 
disorders in the spinal column. As we can see 
from the data presented in Table 1, such func-
tional disorder as a change in lumbar lordosis 
angle was the most frequent (81.2%), values 

of the parameter being either higher than the 
reference one (50.3%) or lower than it 
(30.9%). Besides, the examination revealed 
such functional disorders in the spinal column 
as deviations from the standard spine curve 
(75.0%) and kyphosis angle (67.9%). 

Regression analysis revealed that signs 
of spondylogenic pain syndrome occurred 
not only under influence exerted by func-
tional state of the spine (spine length, ky-
phosis angle, spine curve, rotation of sur-
face, lordosis angle, and pelvis curve) but 
also by biological factors. Thus, data pre-
sented in Table 2 indicate that spondy-
logenic pain syndrome can occur due to 
constitutive peculiarities of a patient (body 
mass index (b=0.09; р<0.05) and age 
(b=0.04; р<0.05). In particular, patients 
who didn't have any pain syndrome turned 
out to be younger (51.67±18.92 and 
55.28±17.28; р<0.01) and had lower body 
mass index (25.74±13.11 and 26.79±7.04; 
р<0.01) than those who complained of a 
chronic pain syndrome.  

Regression analysis allowed to spot out 
basic DDSD-associated factors. They are all 
stratified into three categories: 1) socioeco-
nomic factors (social status, age, limited fi-
nancial means to preserve health etc.);

T a b l e  1  
Prevalence of functional disorders in the spinal column as per results obtained vi screening 

computer optical topography 

No functional  
disorders 

Functional disorders  
are detected Parameters 

%  Abs. %  Abs. 
χ2 р 

Spine curve in degrees (С7-DM °) 25.0% 1,449 75.0 4,348 50.0 <0.01 
Vertical deviation in mm (VP-DMmm) 51.4% 2,979 48.6% 2,818 0.18 >0.05 
Pelvis tilt in degrees (DL-DR °) 95.0% 5,509 5.0% 288 162.0 <0.01 
Pelvis tilt in mm (DL-DRmm) 54.3% 3,150 45.7% 2,647 1.28 >0.05 
Pelvis rotation in degrees (DL-DR °) 52.9% 3,066 47.1% 2,731 0.72 >0.05 
Pelvis curve in degrees  50.4% 2,922 49.6% 2,875 0.02 >0.05 
Kyphosis angle in degrees (ICT-ITL °) 32.1% 1,861 67.9% 3,936 24.5 <0.01 
Lumbar lordosis angle in degrees 
(ITL-ILS °) 18.8% 1,087 81.2% 4,710 79.4 <0.01 

Rotation of surface in degrees (RMS °) 57.9% 3,359 42.1% 5,326 4.5 <0.05 
Lateral deviation in degrees (VPDMmm) 85.2% 4,937 14.8% 860 100.83 <0.01 
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T a b l e  2  
Functional changes in the spine that are associated with a risk of DDSD  

occurrence and development and spondylogenic pain syndrome  
(multiple regression with stepwise elimination) 

Risk factor associated with pain syndrome  
occurrence 

Regression  
quotient b 

Standard  
error m p 

Kyphosis angle in degrees (ICT-ITL °) 0.14 0.02 <0.001 
Spine curve in degrees (С7-DM °) 0.12 0.02 <0.01 
Body mass index (kg/m2) 0.09 0.01 <0.01 
Spine length in mm (С7-DMmm) 0.06 0.02 <0.01 
Rotation of surface in degrees (RMS °) 0.05 0.02 <0.01 
Lordosis angle in degrees (ITL-ILS °) 0.05 0.02 <0.01 
Age (years) 0.04 0.02 <0.05 
Pelvis curve in degrees  0.04 0.02 <0.05 

 
2) behavioral factors and factors related to an 
individual life style (poor medical and pre-
ventive activity, self-treatment, occupational 
peculiarities, rare appeal for medical aid etc.); 
3) defects related to medical aid provision 
(poor quality of medical aid, absence of regu-
lar medical check-ups etc.) (Table 3). 

Socioeconomic risk factors that cause 
DDSD occurrence and development. Ac-
cording to our regression analysis results, 
this category includes the following risk fac-
tors: social status (b=0.43; р<0.001); age 
(b=0.18; р<0001); occupation (labor) (b=0.17; 
р<0.01); limited financial means to preserve 
health and to get access to physical and 
health-improving activities (b=0.15; р<0.05); 
limited access to medications, preventive 
and health-improving activities that are  
necessary to preserve and improve health 
(b=0.14; р<0.05). We analyzed impacts ex-
erted by a social status on DDSD occurrence 
frequency and revealed that employed peo-
ple tended to suffer from spondylogenic pain 
syndrome more frequently than unemployed 
people or students (56.5% and 41.2%; 2.3%; 
χ2=10.2; р<0.01). We detected that most ex-
amined patients had occupations that in-
volved intellectual labor (79.6%); those re-
lated to physical labor were much less fre-
quent (20.4%). And here we noted that 
people who dealt with intellectual labor 
tended to suffer from pains in the spine more 

frequently than those who dealt with physi-
cal labor (accordingly: 67.6% and 32.4%; 
χ2=24.5; р<0.001). Patients who dealt with 
predominantly intellectual labor and were 
employed in different spheres complained of 
spondylogenic pain syndrome with different 
frequency; we detected the following figures 
for different occupations: 27.0% for workers 
employed in education, medicine or people 
with creative labor; 20.3% for workers em-
ployed in retail and service sector; and 
20.3% for workers occupying managerial 
positions or employed in economic and finan-
cial sphere (χ2=12.2; р<0.001). We should 
also note that only 30.1% patients stated all 
medications were available to them and they 
actively used such medications to treat 
DDSD. Only 19.8% patients told they had 
sufficient financial means to get access to all 
necessary health-improving activity and 
DDSD treatment.  

Personal and behavioral risk factors that 
cause DDSD occurrence and development. 
According to our regression analysis results, 
this category includes the following risk fac-
tors: patients not attending preventive medical 
check-ups (b=0.20; р<0.01); rare appeal for 
medical aid (b=0.18; р<0.01); appeal for 
medical aid to a wrong specialist when health 
deteriorates (b=0.18; р<0.01); low literacy and 
absence of any knowledge on basic principles 
that explain how to treat and to prevent the
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T a b l e  3  

Basic risk factors that cause DDSD occurrence and development in people living  
in Saint Petersburg (multiple regression with stepwise elimination) 

Factors causing development of the disease Regression  
quotient b 

Standard  
error m p 

Socioeconomic risk factors 
Social status (students, employed, unemployed) 0.43 0.10 <0.001 
Age 0.18 0.06 <0.01 
Occupation and labor (physical or intellectual labor) 0.17 0.03 <0.01 
Limited financial means to preserve health and get access 
to medical and health-improving procedures that are nec-
essary to preserve and improve health 

0.15 0.05 <0.05 

Limited access to medications, preventive and health-
improving activities that are necessary to preserve and 
improve health 

0.14 0.06 <0.05 

Personal and behavioral risk factors 
Rare appeal for medical aid 0.18 0.06 <0.01 
A patient prefers to visit a wrong specialist when his or 
her health deteriorates 0.18 0.09 <0.01 

Low literacy and absence of any knowledge on basic prin-
ciples that explain how to treat and to prevent the disease 0.17 0.06 <0.01 

Proneness to self-treatment 0.14 0.08 <0.01 
Poor medical and preventive activity of patients  
(↓low compliance) 0.12 0.04 <0.01 

Quality and availability of medical aid as a risk factor 
Poor availability of primary healthcare  0.18 0.04 <0.001 
Patients not attending preventive medical check-ups 0.20 0.06 <0.01 
Poor quality of medical aid 0.17 0.04 <0.01 
Poor quality of medical and preventive consultations 0.15 0.09 <0.01 
Irregular interaction between a patient and a doctor  0.14 0.06 <0.05 
Rare prescription of medical, health-improving, 
and recovering procedures by doctors in a polyclinic 0.14 0.05 <0.05 

Absence of regular medical check-ups 0.11 0.09 <0.05 
 

disease (b=0.17; р<0.05); proneness to self-
treatment (b=0.14; р<0.01); poor medical and 
preventive activity of patients (b=0.12; 
р<0.01). In particular, only 30.5% patients 
suffering from spondylogenic pain syndrome 
knew what medications they had to take to 
prevent and treat DDSD. Only 3.1% patients 
had groups consultations on how to prevent 
DDSD; however, most questioned patients 
(84.0%) didn't think it was necessary. 

Quality and availability of medical aid as 
a risk factor that causes DDSD occurrence 
and development. According to our regression 

analysis results, this category includes the fol-
lowing risk factors: poor availability of pri-
mary healthcare (b=0.18; р<0.01); poor quality 
of preventive consultations (b=0.15; р<0.01); 
rare prescription of medical, health-improving, 
and recovering procedures by doctors in a 
polyclinic (b=0.14; р<0.05); rare and irregular 
interaction n between a doctor and a patient 
concerning the disease (b=0.14; р<0.05); ab-
sence of regular medical check-ups in case of 
DDSD (b=0.11; р<0.05).  

Discussion. Available literature data indi-
cate that in Russia there have been only few 
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sporadic examinations on DDSD prevalence 
among population groups different as per age 
and sex [15, 16]. Thus, there was a screening 
examination performed on 452 people, and its 
results revealed 56% DDSD prevalence among 
adult population [3]. But at the same time, our 
screening research performed on 5,797 people 
revealed that DDSD could occur in 71.5% 
people older than 18.  

There was an epidemiologic examina-
tion with more than 46,000 questioned par-
ticipants living in various European coun-
tries and Israel; its results revealed that 24% 
respondents complained of spine pains with 
different localization. 18% adults living in 
Europe and Israel had pains in their lumbar 
spine, and 8%, pains in their neck [22]. Epi-
demiologic research based on questioning 
was also performed in Russia (n=3,998); the 
results revealed high prevalence of spondy-
logenic pain syndrome (67.7%), including 
cases with temporary disability (36.7%) [23]. 
There is an opinion that DDSD usually don't 
have any symptoms or any other subjective 
signs, and they are most frequently diag-
nosed only due to x-ray examinations [24]. 
In our research functional disorders were di-
agnosed in 100% participants (n=5,797), and 
spondylogenic pain syndrome with variable 
intensity occurred in 71.5% examined pa-
tients. High prevalence of spondylogenic 
pain syndrome was also detected in other 
research [12, 25]. According to the obtained 
data, pains in lumbar spine occurred most 
frequently (41.3%) and it was well in line 
with data obtained in other research [26]. 
Spondylogenic pain syndrome turned out to 
more frequently occur in employed patients 
and it was not so frequent in unemployed 
ones and students (56.5% and 41.2%; 2.3%; 
χ2=10.2; р<0.01). Other research also re-
vealed that pains in the spine more fre-
quently occurred among employable people 
and it proved the issue was medically and 
socially significant [22]. Our research re-
vealed that people occupied with intellectual 
labor complained of pains in the spine most 
frequently (79.6%). On the contrary, other 

research indicated that DDSD and spondy-
logenic pain syndrome more frequently oc-
curred in people occupied with physical la-
bor [27]. 

The research detected primary factors 
that influenced DDSD occurrence and devel-
opment; these factors were divided into  
1) socioeconomic ones (social status, age, 
limited financial means to preserve health 
etc.); 2) behavioral factors and lifestyle-
related factors (low medical and preventive 
activity, self-treatment, occupational peculi-
arities, rare appeal for medical aid, etc.); 3) 
factors related to poor quality and availabil-
ity of medical aid (primary healthcare not 
being available, poor quality of preventive 
consulting provided for patients, absence of 
regular medical check-ups etc.). Most these 
factors are quite manageable; for example, 
proneness to self-treatment, rare appeal for 
medical aid, low literacy of population as 
regards the disease treatment and prevention, 
high body mass index, poor quality of medi-
cal aid, etc. There is other research that also 
revealed poor quality of medical aid pro-
vided for patients with DDSD. In particular, 
results obtained during research on medical 
aid quality revealed that it was proper only 
in 14% cases when patients with DDSD were 
treated. And most errors made by doctors 
were caused by non-optimal use of public 
healthcare resources when a disease was di-
agnosed; due to it, further errors occurred in 
the process of treating a patient [28]. And at 
the same time, timely examination and re-
covery therapy make for efficient treatment 
of spondylogenic pain syndrome as well as 
for significantly improved functional state of 
the spinal column in patients suffering from 
DDSD [1].  

Vertebral pathology has its peculiarities 
and one of them is that doctors with variable 
specializations participate in its treatment, 
namely neurologists, physical therapists, 
therapists, rheumatologists, reflex therapists, 
manual therapists, homeopaths, and anesthe-
siologists [29]. Our research revealed that 
DDSD development is often influenced by 
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patients appealing for medical aid to a wrong 
specialist (b=0.18; р<0.05) thus putting them-
selves at risk that qualified medical aid would 
not be provided for them in due time.  

Given the fact that socioeconomic situa-
tion in the society is improving gradually, 
activities aimed at providing social support 
for citizens are being enhanced and public 
healthcare is granted more financial re-
sources, we can also consider such factors as 
limited financial means to preserve health 
and get access to medical and health-impro-
ving procedures (b=0.14; р<0.05); and lim-
ited access to medications necessary for 
DDSD treatment (b=0.14; р<0.05) to be quite 
manageable. Consequently, only age (b=0.18; 
р<0.05) can be considered unmanageable 
among all the analyzed risk factors that 
cause DDSD occurrence and development. 
Large multi-centered foreign research also 
revealed that age was a significant risk factor 
that caused DDSD development [2, 30]. 
Therefore, if we want to eliminate high mor-
bidity with DDSD, we need a complex ap-
proach that involves socioeconomic growth, 
better quality and availability of medical aid, 
changes in ordinary lifestyle, and adjustment 
of manageable risk factors at individual 
level. Analysis of DDSD and spondylogenic 
pain syndrome prevalence among people liv-
ing in Saint Petersburg allowed us to esti-
mate how significant the problem was; the 
data which we obtained in our research can 
be applied for determining population de-
mand for medical rehabilitation. 

Conclusions 
1. According to the results obtained in the 

screening examination, DDSD prevalence 
amounts to 71.5% among people living in 
Saint Petersburg. All the examined patients 
have functional disorders in the spinal column, 
the most frequent ones being lumbar lordotic 

 
 
 
 

angle (81.2%), spine curve angle (75.0%), and 
kyphosis angle (67.9%) deviating from the 
physiological standard. 

2. Patients suffering from DDSD most 
frequently complain of pains in the lumbar 
spine (41.3%); pains in the thoracic spine 
(15.4%), and the cervical spine (14.7%) are 
less frequent. When spondylogenic pain syn-
drome occurs in a patient with DDSD, it can 
be related not only to functional disorders in 
the spinal column, but also to influences ex-
erted by certain biological factors (age or 
high body mass index).  

3. Occupational peculiarities also produce 
their effects on DDSD and spondylogenic pain 
syndrome (b=0.17; р<0.01). In particular, this 
pathology more frequently occurs in people 
who are predominantly occupied with intellec-
tual labor, and not with physical one (67.6% 
and 32.4%; χ2=24.5; р<0.001). DDSD and 
spondylogenic pain syndrome are more fre-
quently detected in people employed in educa-
tion and medicine, or people with creative oc-
cupations; they are less frequently detected in 
people employed in retail or service sector as 
well as in workers who occupy managerial po-
sitions or are employed in the sphere of eco-
nomics and finance (χ2=12.2; р<0.001). 

4. Most risk factors that influence 
DDSD occurrence and development are quite 
manageable: such factors are socioeconomic 
ones; personal and behavioral factors; qual-
ity and availability of medical aid. Timely 
examination, treatment and rehabilitation of 
patients with DDSD is a significant compo-
nent in improving quality and availability of 
primary healthcare. 
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PATIENT AFTER CARDIAC INFARCTION: RISK FACTORS THAT CAN  
CAUSE NEW CARDIOVASCULAR DISASTERS 
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Over recent years there has been a trend for a decrease in lethality during an acute cardiac infarction period; but at 

the same time there is a growth in a number of patients who run high risks of recurrent adverse cardiovascular events. De-
spite secondary prevention measures having been introduced, frequency of recurrent cardiac infarctions is still high, and 
most of them occur during the first year. Our research goal was to reveal basic risk factors that cause recurrent adverse 
cardiovascular events in patients during the first year after a cardiac infarction. We questioned 40 patients living in Perm 
who had had cardiac infractions from September 2017 to July 2018 and who were undergoing polyclinic rehabilitation. To 
perform this questioning, we applied an original questionnaire.  

We revealed that men prevailed among patients with cardiac infarction. The first infarction usually occurs in early 60ties. 
Ischemic heart disease starts with cardiac infarction in 45% patients. We detected that at least one risk factor occurred for all 
the patients; the most widely spread risk factors in the given population were burdened heredity, low physical activity, over-
weight, uncontrolled arterial hypertension, and hypercholesterolemia. We also revealed in our research that less than 50 % 
patients were committed to treatment and it was primarily due to low awareness about the necessity to take medications and 
also due to these medications being hardly affordable for patients. Therefore, patients who suffered from cardiac infarction and 
are undergoing polyclinic rehabilitation run an elevated risk of recurrent cardiovascular events during the first year and it 
means that secondary prevention measures are not efficient. When treating patients with cardiac infarction, we should optimize 
interaction between a physician and a patient and pay greater attention to a patient being committed to treatment.  

Key words: cardiac infarction, recurrent cardiac infarction, risk factors, revascularization, rehabilitation, commitment 
to treatment, secondary prevention. 
 

 
Cardiac infarction (CI) is the most severe 

type of ischemic heart disease (IHD). Neverthe-
less, there have been positive trends detected 
recently in treating patients with acute CI such 
as percutaneous coronary interventions (PCI) 
which are performed promptly and early appli-
cation of antithrombocytic medications, beta-
adrenoceptor blocking drugs, inhibitors of an-
giotensin converting enzyme (ACE), and stat-
ins. It has led to a reduction in lethality that is 
observed at present [1-4]. However, longer life 
span and a growth in number of patients who 
have survived after their first CI results in 
greater risks of new cardiovascular disasters.  

In spite of secondary prevention activities 
being implemented in significant scopes, fre-
quency of recurrent CI still remains high. As 
per data provided by different authors, patients 
with recurrent CI account for 14-41.6% of the 
overall number of people who have been hospi-
talized with diagnosed CI [5-8]. Up to 40% of 
all recurrent CI occur during the first year [9]. 
As a rule, patients with recurrent CI run higher 
risks of unfavorable outcome [8, 10-11] due to 
a greater number of probable complications. 
Still, most scales showing CI risks usually give 
an idea of only a short-term forecast [12-14], 
and when such patients are provided with am-
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bulatory care, comparatively small attention is 
paid to assessing their risk factors [15].  

As per data taken from an acute coronary 
syndrome (ACS) register in Kemerovo region 
[16], 26.5% of all patients observed for 5 years 
had recurrent CI, 40% of all these disease cases 
occurred during the first year, and it confirms 
data provided by the Emergency Cardiology 
Department at Sklifosovskiy Research Institute 
of Emergency Care which are given above [9]. 
Recurrent CI resulted in fatal outcome in 18.4% 
cases. Authors spot out several risk factors that 
can cause recurrent CI; they are age, poor edu-
cation and low standard of living, hypody-
namia, and multi-focal atherosclerosis. Patients 
with recurrent CI can have other risk factors 
such as family case history burdened with IHD 
(70%), hypercholesterolemia (60.8%), arterial 
hypertension (68%), overweight or obesity 
(71.4%), smoking (61.6%), and pancreatic 
diabetes (20.8%). However, there were no 
significant discrepancies as per most above-
mentioned parameters between patients with 
recurrent CI and those who had their first CI.  

A prospective cohort study accomplished 
in Novosibirsk revealed that 31.7% recurrent 
CI also occurred during the first year [17]. 
Men prevailed among patients with recurrent 
CI (59.2%); arterial hypertension occurred in 
96.1% cases; smoking, 38.8%; heredity bur-
dened as per arterial hypertension and IHD, 
76.3% and 52.5% respectively; average level 
of total cholesterol amounted to 5.9±1.2 mmol/l, 
average body mass index (BMI) was equal to 
32.2±4.8 kg/m². 

In Yakutia, risk factors prevalence also 
remains high among patients after their first 
CI. 12 months after CI 62.2% have hyper-
cholesterolemia; 35.6%, carbohydrate me-
tabolism disorders; 26.7%, BMI ≥30 kg/m²; 
75.6% have abdominal obesity, and 46.7% 
patients smoke [18]. 

Let's overview some foreign data. A study 
accomplished in Albania revealed that patients 
with recurrent CI more frequently suffered 
from heart failure, low ejection fraction of the 
left ventricle, and multi-vessel coronary artery 
disease [19]. They were less frequently given 
medications with a solid evidential base and 

underwent revascularization rather rarely. But 
overall, prevalence of risk factors (arterial hy-
pertension, hypercholesterolemia) practically 
had no discrepancies in patients with recurrent 
CI and those with their first CI.  

A study performed in China revealed 
some independent risk factors that could cause 
recurrent CI; they were age, pancreatic diabe-
tes, and reperfusion [20]. In-hospital lethality 
was higher among patients with recurrent CI. 

We should note that some foreign re-
searchers assess risk factors only for com-
bined end points without separately spotting 
out recurrent CI. Thus, a study performed in 
Sweden called HELICON highlighted the fol-
lowing risk factors of unfavorable cardiovas-
cular events in patients a year after CI: age 
(60 and older), pancreatic diabetes, heart fail-
ure, and a failure to conduct revascularization 
during CI [21].  

So, most authors indicate several risk fac-
tors that can cause recurrent CI; they are age, 
hypercholesterolemia, carbohydrate metabolism 
disorders, overweight, smoking, heart failure, 
and failure to conduct revascularization.  

International recommendations on how to 
treat patients with CI include secondary pre-
vention that involves changes in a lifestyle 
(giving up smoking, losing weight until BMI is 
within standards, etc.), taking statins, applying 
double antithrombocytic therapy, taking drugs 
that block renin-angiotensin-aldosterone sys-
tem and beta-adrenoceptor blocking drugs. 4S, 
CARE and LIPID research revealed that when 
patients who had cardiac infarction in their 
case history took statins, it lead to a 30% de-
crease in lethality, new cardiac infarction 
cases, and necessity in myocardial revasculari-
zation [22-24]. A significant decrease in le-
thality resulted from patients taking aspirin as 
it was shown in ISIS-2 research [25]. When 
drugs that blocked P2Y12-recepotors of plate-
lets (clopidogrel, ticagrelor) were added to as-
pirin, it led to even greater reduction in lethal-
ity [26, 27]. ACE inhibitors were also thor-
oughly examined, and positive effects pro-
duced by them that caused greater decrease in 
lethality were described in detail [28, 29]. 
Nowadays they should be obligatory applied 
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for treating patients suffering from CI with a 
rise in ST segment, with front CI, lower left 
ventricular ejection fraction, heart failure, arte-
rial hypertension, and pancreatic diabetes. 
Beta-adrenoceptor blocking drugs reduce oxy-
gen requirements by the cardiac muscle and 
improve blood flow redistribution from the 
epicardium to the cardiac muscle thus making 
an infarct zone smaller and stimulating pa-
tients' survival. Clinical research demonstrated 
a considerable decrease in lethality as well as 
reduced number of ventricular arrhythmia and 
less frequent recurrent infarctions [30]. These 
effects were persistent over a long-term period 
when beta-adrenoceptor blocking drugs were 
taken orally.  

But still, patients' commitment to follow-
ing recommendations given by their doctors 
remains rather poor. Meanwhile, there are data 
indicating that if a patient stops taking neces-
sary medications after CI, it results in higher 
morbid risks; for example, OR was equal to 
1.82 after aspirin withdrawal; 1.96, beta-ad-
renoceptor blocking drugs withdrawal; 2.86, 
statins withdrawal; and 3.81 after three medica-
tions withdrawal (aspirin, beta-adrenoceptor 
blocking drug, and statin) [31]. Some authors 
consider poor commitment to treatment as a 
risk factor that can cause recurrent ischemic 
disasters. Thus, the above mentioned ACS reg-
ister in Kemerovo region contains data on only 
28.8% with recurrent CI who received double 
antithrombocytic therapy during a year; over a 
5-year period 22% patients didn't take statins, 
and 16% didn't take beta-adrenoceptor blocking 
drugs [16]. As per data taken from the Russian 
register RECORD, 18% patients who had CI 
stopped their treatment with double antithrom-
bocytic therapy during the first year after the 
disease [32]. Research that focused on assessing 
commitment to therapy after Q-positive CI 
among Yakuts revealed a decrease in number of 
patients who took drugs by the end of the first 
year; thus, only 45% took aspirin; 40%, a drug 
that blocked P2Y12-receptors of platelets; 41%, 
beta-adrenoceptor blocking drugs; 33%, ACE 
inhibitors/sartans; 39%, statins [18]. 

Our research goal was to detect basic risk 
factors that could cause recurrent cardiovascu-

lar disasters in patients during the first year af-
ter cardiac infarction in a big industrial city. 

Data and methods. Our research object 
was Perm, a regional center with 1 million 
population, a territory with industrial and trans-
port burdens being typical for Russia. We set 
the following basic criteria for patients to be 
included into our study: cardiac infarction diag-
nosed according to the Third universal defini-
tion of cardiac infarction [33]; absence of acute 
pathology, exacerbations of chronic diseases, 
arrhythmias, systemic diseases, and grave dis-
orders in liver and kidneys functioning. To per-
form our study, we applied an original ques-
tionnaire. Overall, 40 patients were questioned; 
they all had had cardiac infarction from 3 to 
12 months prior to the study (from September 
2017 to July 2018) and were undergoing poly-
clinic rehabilitation. All participants perma-
nently lived in Perm. We analyzed the follow-
ing parameters: sex; age; applying to a doctor 
due to a cardiovascular disease (CVD) prior to 
CI; time which passed since the first symptoms 
occurred till a patient applied for medical aid; 
revascularization procedure; what drugs were 
recommended by a doctor; whether a patient 
followed a doctor's recommendations or not; 
heredity; body mass index; physical activity; 
blood pressure; total cholesterol in blood; dex-
trose in blood; smoking status. 

We assessed burdened heredity as per IHD 
cases in a patient's family which occurred in 
men younger than 55 and women younger than 
65. BMI was calculated as per Quetelet for-
mula. According to WHO recommendations, 
we considered BMI equal to 25-30 kg/m² an 
overweight; 30-35 kg/m², Obesity Class I;  
35-40 kg/m², Obesity Class II, 40 kg/m² and 
more, Obesity Class III. Physical activity was 
considered to be low if a patient spent less than 
30 minutes a day on it. Blood pressure equal to 
≥140/90 mm Hg meant a patient had arterial 
hypertension; if  total cholesterol in blood was 
≥4 mmol/l, we considered that a patient had 
hypercholesterolemia given a very high risk of 
cardiovascular complications after CI; dextrose 
in venous blood plasma equal to ≥6.1 mmol/l 
meant there was a disorder in dextrose level in 
blood plasma on an empty stomach.  



I.A. Novikova, L.A. Nekrutenko, T.M. Lebedeva, O.V. Kchlynova, E.A. Shishkina 

Health Risk Analysis. 2019. no. 1 138 

T a b l e  1  
Characteristics of patients who had cardiac infarction (n=40) 
Parameter Measure  

men, % 55.0 Sex 
women, % 45.0 
total, year 65.7±9.9 
men, years 63.5±7.6 

Age (years) 
 

women, years 68.3±12.0 
Attended a doctor due to cardiac pathology prior 
to cardiac infarction 

share, % 55.0 

Cardiac infarction in case history share, %  15.0 
Commitment to treatment before cardiac infarction share, % 63.6 
Average period of time that passed before a pa-
tient applied for a medical aid 

hours 111.5±201.0

drug therapy, share, %  40.0 
stenting, share, % 55.0 

Treatment tactics during hospitalization 

coronary artery bypass surgery, share, % 5.0 
Commitment to treatment after cardiac infarction share, % 45.0 

burdened heredity, share, % 65 
body mass index ≥25 kg/m², share, % 68.4 
smoking, share, % 15.0 
low physical activity, share, % 25.0 
arterial hypertension, share, % 43.75 
hypercholesterolemia, share, % 55.6 

Risk factors 

dextrose in blood plasma on an empty 
stomach ˃6.1 mmol/l, share, % 

33.3 

 
Calculations and graphical analysis were 

performed with applied Microsoft Excel soft-
ware. Quantitative parameters are given as a 
simple mean ± standard deviation; qualitative 
parameters are given as frequencies in per cent.  

Results and discussion. Table 1 contains 
an overall characteristics of patients who had 
cardiac infarction. 

Men prevailed in this group of patients 
with 55% against 45% women. IHD revealed 
itself for the first time with CI in 45% pa-
tients and it is in line with data obtained in 
the country as a whole [34]. The first CI oc-
curs in the first half of the 6th decade, or at 
63.8±9.7, and it usually happens a bit earlier to 
men (63.5±7.6) than to women (64.0±12.3 лет). 
The obtained data are quite similar to sex and 
age structure of patients with CI included into 
RECORD 3 register in Perm region [35, 36]. 

A greater attention should be paid to in-
sufficient primary PCI as only 55% patients 
underwent such procedures. This is probably 
due to patients applying for medical aid too 

late when a lot of time has passed since the 
first symptoms occurred (Figure 1). About 
one third of patients are placed in a hospital 
after two or even more days and it is beyond 
a time span suitable for performing primary 
PCI [37]. 

 
Figure 1. Time that passed from the first symptoms 

to a moment of applying for medical aid 

We analyzed risk factors prevalence in pa-
tients during rehabilitation after CI and re-
vealed that at least one risk factor was present 
in all of them. More than a half patients had 
burdened heredity as per cardiovascular dis-
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ease; one fourth had low physical activity in 
spite of not having any concomitant somatic 
pathology. Each seventh patient was an active 
smoker. 80% patients measured their blood 
pressure regularly and its values didn't corre-
spond to the standard in half of them.  

60% patients knew dextrose level in their 
blood, but only 45% knew the figure for total 
cholesterol. One third of patients who con-
trolled these parameters had disorders in dex-
trose level on an empty stomach, and more 
than a half of them had hypercholesterolemia. 
31.6% patients had overweight; 10.5%, Obe-
sity Class I; 21.1%, Obesity Class II; 5.3%, 
Obesity Class III.  

We analyzed patients' commitment to 
treatment and revealed that more than a half 
patients who had undergone CI didn't follow 
their doctors' recommendations. Men were less 
committed to treatment than women, with 
41.7% against 50%. Patients were the least 
committed to taking statins and drugs that 
blocked P2Y12-recetors of platelets (Figure 2). 
We should note that such drugs are recom-
mended to be taken by all patients who had CI 
as opposed to, for example, ACE inhibitors as 
such drugs are to be taken only in some spe-
cific situations described above. As regards 
reasons for low commitment to treatment, we 
should highlight that more than one third of 
patients stated they were not sufficiently aware 
of the necessity to take drugs. Each fifth pa-
tient also mentioned that affordability of a 
drug was truly important (Figure 3).  

Conclusions. So, patients who had car-
diac infarction and who are undergoing poly-
clinic rehabilitation run high risks of recurrent 
cardiovascular disasters during the first year. 
An examined group of risk factors includes 
both factors that can't be modified and factors 
that can; among the latter we can mention such 
most frequent ones as low physical activity, 
overweight, hypercholesterolemia, and arterial 
hypertension. Such prevalence of risk factors 
indicates that secondary prevention activities 
are not efficient.  

Conclusion. Efficient treatment of pa-
tients with CI during rehabilitation is truly vi-
tal nowadays and it should necessarily include  

 

Figure 2. Patients' commitment to taking  
various drugs 

 

Figure 3. Reasons for low commitment 
 to treatment 

elimination or correction of risk factors that 
can cause recurrent cardiovascular disasters. 
Patients' life quality and long-term forecast of 
their survival depend on it to a great extent. 

Low commitment to treatment, both be-
fore and after CI, is a basic problem related to 
secondary prevention. It occurs, first of all, 
due to doctors not giving their patients enough 
information about significance and necessity 
of taking drugs and correcting risk factors that 
can be modified.  

Let us consider foreign experience in the 
sphere. Thus, in the USA highly qualified 
nurse practitioners are in great demand due to 
physicians being overloaded with work. Such 
specialists, in case of necessity, can provide 
uninterrupted observation over patients and 
make healthcare more available. First, a doctor 
examines a patient with CI after a release from 
a hospital. At this stage he or she determines 
what patients have the gravest problems, run 
risks of high co-morbidity and therefore need 
more frequent observation. A team approach 
to ambulatory care is applied to such patients; 
it means that highly qualified nurse practitio-
ners help doctors monitor health of such pa-
tients and teach them how to pursue a healthier 
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lifestyle. It can make for more efficient secon-
dary prevention; in particular, greater com-
mitment to taking statins was detected and 
more patients decided to give up smoking [38].  

Similar practice was also implemented 
within Leonardo project in Apulia, Italy, 
where medical care managers, or specially 
trained nurses, took care of patients who suf-
fered from grave chronic cardiovascular dis-
ease and pancreatic diabetes. Their responsi-
bilities were to correct patients' lifestyle, to 
observe their health state and to provide them 
with necessary medical information. It resulted 
in great improvement of clinical parameters 
among patients who could now control their 
diseases more efficiently [39].  

Low commitment to treatment is dealt 
with in Norway via greater inclusions of pa-
tients into cardiorehabilitation programs, more 
detailed information provided in leaflets given 
by general practitioners as regards risk factors, 
treatment goals, quantity and periodicity of 
visits to a doctor, as well as greater attention 
drawn to a smoking status of a patient [40]. 

In Taiwan great attention is paid to a pe-
riod of time just after a release from a hospital 
as a patient is the most vulnerable during it 
[41]. A patient should visit a doctor during the 
first 7 days after a release from a hospital, and 
it should be noted, that in most cases a doctor 
who treated a patient in a hospital, continues to 
observe him or her afterwards. It helps to re-
duce a number of recurrent hospitalization as a 
doctor is better aware of some individual pecu-

liarities a patient has and it also makes drug 
therapy more efficient.  

These examples are quite interesting and 
can be implemented in Russia. Doctors in 
hospitals and polyclinics should pay greater 
attention to consulting their patients and clari-
fying treatment goals to them; they should 
give them written instructions with clear indi-
cation how often to visit a doctor, what 
changes to make in a lifestyle, and what drugs 
to take, and the effect will be better if a doc-
tor and a patient first talk all these matters 
over, at least briefly. It is also advisable that a 
patient is attended to by the same doctor dur-
ing the whole period of ambulatory care since 
it guarantees that this doctor is better aware 
about dynamics of a patient's state and knows 
what peculiarities a clinical course of the dis-
eases has in this particular patient. If func-
tional responsibilities carried by nurses are 
extended as regards observation over cardio-
logic patients who run higher risks, it can also 
be quite useful as it will allow to relieve doc-
tors of some workloads and to provide greater 
commitment to treatment. Therefore, if we 
manage to optimize interaction between 
medical staff and patients, it will help to 
manage risks of recurrent cardiovascular dis-
asters more efficiently. 
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NK-CELLS THAT IDENTIFY GLYCOPATTERNS AND THEIR ANTI-TUMOR  
POTENTIAL AGAINST A BACKGROUND OF EPIDEMICALLY SIGNIFICANT 
VIRAL INFECTIONS 
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Risks related to tumors development against a background of viral infections as well as factors that determine 

such risks or reduce them have not been examined profoundly so far. Our research goal was to accomplish a scien-
tific review of research on a potential possessed by populations of lectin NK-cells (natural killers) in a body; such 
populations can have variable sets of lectin and other functionally significant cell surface receptors against tumors 
in a situation when viruses, including epidemically significant ones, penetrate a body. It is shown that co-
functioning of various receptors and their ligands that redistribute cytokines (glycopattern-identifying lectin (basis) 
receptors, Ig-similar receptors, cytotoxic receptors, and other effector (adjusting) receptors) plays a significant 
role in intercellular communications and effects produced by NK-populations. NK-populations network is a promis-
ing resource for body protection and it should be taken into account when developing new anti-tumor and anti-viral 
preventive and medical strategies. When certain NK-populations with protective functions are absent in a body, it 
can be considered a new multi-factor risk of viral and oncologic diseases in an individual or a contingent living in 
a specific region. The reviewed data can be applied to develop new anti-tumor and anti-viral medications and vac-
cines as well as medical strategies. Probiotic lectins are promising ligands of intercellular communications associ-
ated with immune surveillance.  

Key words: viral infections, tumors, multi-factor disease, risk factors, receptor lectins, NK-cells, anti-tumor 
strategies.  
 

 
 Over recent years researchers have de-

tected high prevalence of oncologic morbidity 
and mortality all over the world. According to 
data provided by GLOBOCAN-2018 and IARC 
(International Agency for Research on Cancer) 
in 2018 Russia occupied the fifth place in the 
world as per number of death cases among on-
cologic patients. There are data on oncologic 
diseases in patients influenced by virus infec-

tions and co-infections; for example, up to 2% 
neoplasms in the world are related to Epstein-
Barr virus (EBV) [28]. Overall, risks related to 
tumor development against the background of 
occurring virus infections as well as factors that 
determine such risks or reduce them have not 
been studied to the extent they should be.  

But at the same time researchers are pay-
ing greater attention to cell populations of in-
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born immunity [1, 15, 19, 27]. Thus, NK 
(natural killers)-cell populations (hereinafter 
called NK-populations) play a significant 
role as regards developing anti-body immu-
nity in children [6, 26]. Intercellular com-
munications with NK-populations participa-
tion are given special attention due to their 
anti-microbe, anti-virus, and anti-tumor po-
tential. Receptors that can recognize patterns 
play an important role in immunity; among 
them there are receptor lectins (RL) that rec-
ognize and bind carbohydrates and glyco-
conjugates (GC) [1, 2]. However, so far 
there has been little research on a role played 
by NK-populations in relation to tumor de-
velopment against the background of occur-
ring virus infections. 

Our research goal was to perform a sci-
entific review of research that focused on as-
sessing anti-tumor potential possessed by 
lectin NK-populations with variable set of 
lectin and other functionally significant cell 
surface receptors in situations when viruses, 
including epidemically significant ones, pene-
trated a body. 

Viruses and tumors considered in rela-
tion to them. Viruses that are examined in 
the aspect under consideration include the 
following: arenaviruses (lymphocytic chorio-
meningitis virus, LCMV), herpes viruses 
(cytomegalovirus, CMV), in relation to acute 
leukemia and В-cell lymphomas; co-infec-
tions with other viruses; Epstein-Barr virus, 
EBV, in relation to mononucleosis, Burkitt 
lymphomas; vaginal herpes viruses [7, 28, 
34]); papovaviruses (human papillomavirus, 
HPV, in relation to cervical cancer); pox vi-
ruses (cattle pox virus, mice pox virus, vac-
cinavirus or orthopoxvirus, VACV) [19, 27]; 
retroviruses (human immunodeficiency vi-
rus, HIV, including co-infection with CMV; 
in relation to lymphomas); flaviviruses (hepa-
titis-С virus, HCV; in relation to hepatocellu-
lar carcinomas HCC); hepatitis-В virus 
[HBV] and hepatitis delta virus [HDV]) [25];  
togaviruses (chikungunya virus; in relation 
to sarcomas) [24].  

Variety of NK-populations typed by re-
ceptor lectins 

RL subfamily of NKG2 type consists of 
type II transmembrane glycoproteins which 
are coded in the 12th human chromosome. 
CD94 and NKG2 genes are clustered in  
NK-gene complex (NKC) in the 12th chro-
mosome (in 12p12-p13 chromosome gene 
cluster related to functioning of heterodi-
meric CD94NKG2-receptors). They code 
lectin outer domain and cytoplasmic domain 
to initiate further communications between 
NK-cells and some T-cells populations. Lec-
tins from a subfamily that includes NGG2D 
activating receptors are expressed on NK-
cells, NK-T-cells (NKT), subpopulations of 
gamma-delta-T-cells, T-cells activated by 
CD8+ (which are in synergy with the human 
complement system [21]), certain self-
reactive CD4+ T-cells [41]. Populations of 
myeloid cells, monocytes, and NK-cells 
regulated by MHC-class-I-molecules and 
cells initiate body responses against tumors 
and virus infections. NK-cells belonging to 
RL subfamily NKG2 are lectins and their 
derivatives within NKG2A/B/C/D/E/H struc-
ture: A/B, D are inhibitors of some intercel-
lular pathways (including those via ITIM-
motives in RL that influence SHP1-Tyr-
phosphatase); С, F, E/H activate other inter-
cellular pathways (including involvement of 
ITAM-bearing DAP12 and DAP10 adapter 
proteins, as well as signaling via  metabolic 
ways that depend on protein-Tyr-kinase) [2, 
11, 12, 15, 27].  

Lectin NK-populations variability occurs 
not only due to combinational co-expression of 
NKG2, KIR genes (killer Ig-like receptors), 
NKp genes (NCR or natural cytotoxic recep-
tors) and CD genes on cells but also due to 
varying phenotypes of interacting molecules 
(including those which are part of di- and oli-
gomeric homo-and hetero-structures similar to 
CD94NKG, or tetrameric HLA-E) and genetic 
RL variants (multi-allele ones belonging to 
NKG2C1/2/3 type; NKG2E phenotype as two 
alternative splicing forms NKG2E and 
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NKG2H [27=24]). They gradually become ap-
parent under post-genome changes when ge-
netic chimeric products are constructed (short-
ened ones [belonging to NKG2Ce type –  
С-end shortened form – NKG2C3]; outer, 
transmembrane, and cytoplasmic / intracellular 
RL domains [belonging to NKG2F type that is 
expressed as an intracellular form only], prod-
ucts of genetic maps obtained for CD94–
NKG2 contacts, and others) [12, 27, 39, 40]. 

Ontogenesis of NK-cells, in its turn, 
makes its contribution into NK-populations 
variety. NK-cells usually develop from a 
common lymphoid predecessor and undergo 
several stages in the process. CD122 (beta-
chain of IL15 receptor) occurrence means 
that a predecessor has started to differentiate 
and NK-cells will start to form soon. When 
NK-cells are developing, one can observe 
progressive exposure of CD161; CD56, 
CD94/NKG2A, NKp46 (NCR1, CD335), 
NKp44 (NCR2, CD336); NKG2D (exposed 
on all the human NK-cells and participates in 
Cross-Talk between lymphoid and myeloid 
cells of anti-viral immunity [36]); and, fi-
nally, CD16 and KIR [24]. Stages 4 and 5 
are the most significant among all the stages 
in NK-cells development when it comes to 
peripheral blood cells; they are characterized 
with occurrence of CD56bright and CD56dim, 
respectively. CD56bright in an NK-popu-
lation is characterized with high expression 
of CD94. CD56dim of an NK-cell corre-
spond to KIR- and CD16-populaiton as the 
most mature ones that transform into cyto-
toxic cells which, in their turn, become 
maximum and ultimately differentiated and 
express CD57.  

NKG2-receptors can also be met among 
greatly varying T-lymphocytes subpopula-
tions and it implies there is coherent co-
functioning of NK subpopulations and cyto-
toxic T-lymphocytes subpopulations [12]. 
NKG2H is expressed in a small number of 
monocytes in peripheral blood but it is to a 
greater extent detected in T-cells stimulated 
by anti-CD3-antibodies [12]. 

Adaptive RL expression and distribution 
of RL types between cells populations is in-
fluenced by an overall state of a body (hered-
ity, age, sex, immune system state, other fac-
tors), pathologies, types of viruses and tumors  
[8, 10, 35]. 

Predominantly, NKG2 and KIR and 
their ligands participate in HLA-class-I 
modulation [27, 41]. Signals that arise due to 
interaction between CD94+NKG2+/KIR+ re-
ceptors and MHC-class-I-glycoproteins as a 
response to occurrence of abnormal pattern 
ligands redistribute NK-populations activi-
ties. Mobile memory of NK-cells is imple-
mented due to genetic predetermination. Ge-
nome of a human body is characterized with 
moderate variety of NKG2 genes against 
elevated varying in KIR genes [39]. NKG2D 
gene polymorphism supports modulation of 
NK-cellular cytotoxicity. It is significant, for 
example, in relation to a body being suscep-
tible to HPV-induced cancer [13]. Limited 
immunologic functions performed by MHC-
E/NKG2 system develop in a human body 
when functions of MHC-I/KIR system ex-
pand [39]. Expression of HLA-class-I drops 
drastically with KIR participation in cells 
infected with viruses, while expression of 
HLA-E (is usually detected on tumor cells; is 
a section where RL are bound) is more stable 
and is supported by activating NKG2-recep-
tors [10, 12, 27, 39]. 

Pools of lectin NK-populations differ 
significantly as regards their functions as 
they are aimed at different virus and cellular 
targets in such a way that there is correspon-
dence of NK-populations (to relevant sets of 
lectin and other receptors) within a species. 
One can observe interspecific correspon-
dence of interactions performed by mice 
lectin Ly49H+ NK-populations against  mice 
CMV [27], or lectin NK-populations in a 
human body or a macaque, depending on 
HIV1 or SIV, respectively [39]. NK-cells 
differentiation is age-dependent [24]. Expres- 
sion of CD94+NKG2C-/NKG2A+, NKG2D, 
NKp30(NCR3, CD337) and NKp46 on NK-
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cells falls with age [32, 35]. Discrepancies in 
NK-populations phenotypes occur in relation 
to a sex [32]. Systems of RL and NK-cells or 
other myeloid cells (monocytes and macro-
phages) that expose them vary depending on 
age [6, 8, 24, 27, 32, 35]. NK-populations 
are determined not only by sets of lectin, Ig-
like, cytotoxic, and other receptor markers 
(NKG2, KIR, NKp, CD), but also ratios of their 
expressions quantities, stages in their develop-
ment, their maturity (how differentiated they 
are and how apparent their cytotoxicity is).  

CD - indicators of NK-populations  
CD co-function with RL both in individ-

ual NK-cells and within co-functioning NK-
populations. RL together with CD are identi-
fied as combined markers of cells populations 
[1, 2]. Several key CD are given below.  

*CD3 and CD20 (Т- and В-cells markers) 
are absent in NK-cells. 

*CD11b-CD27+; CD11b-CD27+ are mark-
ers that show a weakened differentiation (imma-
turity) of NK-cells [19]. 

*CD56brightNKG2C+-population that is 
able to expand in CMV-individuals; cells show 
inhibiting Ig-like RL (KIR and leukocyte Ig-
like receptor [LILRB1]), specific to HLA-class-
I-molecules against low levels of activating re-
ceptors NKp46 and NKp30 [27]; CD56bright  
is a marker of immature NK-cells (more than 
90% NK-cells which are able to adapt further 
and turn into mature ones [11]). 

*CD56dim/CD57+NKG2C+-populations 
are detected in patients with lymphoma [11, 
29]; elevated frequency of CD56dim and 
CD57+ in NK-cells were detected in men [32]; 
CD57 is a marker that shows terminal differ-
entiation of NK-cells [31]; CD56dim-popu-
lations express either CD94NKG2A+ or co-
express CD94NKG2C+ and KIR+ [11]. 

*CD69 is a marker showing activation of 
NK-cells differentiation [19]. 

*CD94+NKG2+ are markers with  syner-
getic functioning of CD94/NKG2A and 
CD94/NKG2C [11, 24, 27], CD94 is a signifi-
cant factor in protection against viruses [11, 
27, 31, 39]. 

*CD94+NKG2A+, NKG2D+ and NKp46+ 
function in synergy [24, 36]. 

*CD158a, CD158b are markers showing 
recovery and strengthening of NK-population 
that produces perforin and granzymes [23].  

Cytokines and NK-populations  
Anti-tumor effects produced by inborn 

immunity become apparent via modulating 
production of cytokines sets and, as a result, 
factors that are cytotoxic in relation to tumor 
cells are produced (or delivered) there where 
a tumor is localized in a body. Anti-tumor  
NK-production of interferon (IFN-gamma)  
[6, 15, 17, 20, 22, 23, 24, 29] and tumor ne-
crosis factor (TNF) is induced [15, 24, 29]. 
NK-cells are controlled with interleukins 
(IL-2, 5, 12, 13, 15, 18) [15, 24, 30] and with 
participation of colony stimulating factor 
(CSF1) [37]. IL15 is a key interleukin here 
and crucial for NK-cells maturation, differ-
entiation and survival; it potentiates cytotox-
icity of NKG2-populations [6, 24, 30]. Sup-
pression of NK-cells functions is influenced 
by transforming growth factor (TGF- beta1) 
of tumor nature [8, 40]. CSF1 induces occur-
rence of RAE-1-delta on macrophages that 
infiltrate a tumor, and RAE-1-delta is a spe-
cific ligand that regulates NKG2D-popu-
lations [37]. 

NK-cells ability to produce cytokines is 
associated with specific stages in NK-cells de-
velopment. CD56bright NK-population effi-
ciently produces cytokines as a response to 
stimuli, however, CD56dim NK-cells can be 
more efficient in producing cytokines [24]. 
TNF-alpha is produced by NK-cells in the 
process of their differentiation, and only later, 
when competing with CD56 expression and 
against a decrease in IL5 and IL13 production, 
NK-populations become able to produce IFN-
gamma [24]. 

Cytotoxic factors of NK-populations  
As phenotypes are transformed into rele-

vant cytotoxic cells populations, granzymes A, 
B, and K, perforin, and other anti-tumor agents 
are released in the process [6, 19, 23]. These 
factors are in systemic contrast with scattered 
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tumor factors (lactate dehydrogenase, TGF-beta, 
CSF1, some others) [8, 37, 40]. 

NK-populations with anti-tumor / anti-viral 
activities (the order: NK-populations; tumor tar-
gets linked to viruses; effects produced by NK-
populations) 

*NKG2A+CD56bright; "humanized" mice 
B-cell lymphoma; IFN-gamma release by the 
population, cooperation with NKp44-receptors 
in order to inhibit В-cell transformation linked 
to EBV [22]. 

*NKG2A+; when VACV is present, popu-
lations are expressed more strongly [19]. 

*NKG2A+KIR−; set a limit to lytic EBV-
replication [28].  

*NKG2A+ against EBV [11].  
*NKG2А+KIR+, NKG2A+NKG2C-KIR-, 

NKG2С+KIR+; CMV-infected derivatives of 
human monocytes; KIR+NKG2C+ doesn't in-
fluence a response by KIR-NKG2C-  

*NKG2C+; U266 (cells of human multi-
ple myeloma) from CMV-seropositive do-
nors, K562 (leukemic human cells); expan-
sion of the population in a body is stimulated 
[6, 10], occurrence of latent CMV in healthy 
donors becomes apparent via stronger NK-
cytotoxicity [6]. 

*NKG2C+CD57+; lymphomas; the popu-
lation expands as a response to CMV [31]. 

*NKG2C+ (predominantly); mice lympho-
mas; action performed by the population and 
caused by CMV occurrence takes place after 
allogenic transplantation [30]. 

* NKG2C+; anti-tumor application of 
ligands for NKG2С [33].  

* NKG2C+; CMV-infected endothelial 
cells of the aorta; character of population 
modulation depends on a type of CMV-infec-
ted cells [10]. 

*NKG2C+NKG2A-; 221.AEH (trans-
fected HLA-E+-cells of human lymphoma); 
NK-cytotoxicity is three times higher than in 
non-transfected ones, 221.AEH и ИЛ15 
make for expansion of the population in a 
body [6, 33]. 

*NKG2C+CD94+; Burkitt lymphoma; 
the population participates in protection of 

cooperation together with gamma-delta-T-
cells [11]. 

*NKG2C+NKG2A−KIR+; co-infection 
caused by EBV and CMV; stimulation of NK-
population [11]. 

*NKG2C+CD56dim/CD57+ (mature and 
cytotoxic); leukemic Т-cell lymphoma; after 
blood was transplanted, and CMV reactivated, 
2 years later the population increases up to 
33% of all lymphocytes; produces TNF-alpha 
and IFN-gamma against cells of leukemic Т-cell 
lymphoma [29]. 

*NKG2D+; patients with HCV-induced 
HCC; increased NKG2D expression on mono-
cytes together with anti-tumor effects pro-
duced with NKG2D-ligands [8]. 

*NKG2D+; patients with anogenital can-
cer (HPV is detected); NKG2D-determined 
cytotoxicity is enhanced, susceptibility to can-
cer falls [13]. 

*NKG2D + (NK92: chimeric TN-cells); 
xenografts of HCV-induced HCC; the popula-
tion is with expression of NKG2D, produces 
IFN-gamma, and is efficient against TGF-beta-
producing tumor cells [40]. 

 *NKG2D-4-1BB-CD3z-CAR+-redirected 
Т-cells CD45RA- of the memory (CD45RA-
NKG2D-CAR+) were cytotoxic for osteosar-
comic cells 531MII which expressed ligands to 
NKG2D (lysed them) in vitro and in mice bod-
ies [16]. 

As we can see from all the data given 
above, multifunctional NKG2A+-, NKG2C+- 
и NKG2D+-populations with RL from NKG2-
subfamily have been examined most pro-
foundly. They act as glycopatterns identifiers, 
inducers (in modulating intercellular commu-
nications pathways), and basic ones (to in-
crease selectivity of an effect, additional su-
perstructural / adjusting / tuning receptors are 
required). Some other combinations of recep-
tors in NK-populations are also known [11, 12, 
35, 39]. So, a set of NK-populations acts as 
"network-within-network".  

Strategies of NK-population use  
Protective NK-populations are synergetic 

with other cellular (CD8+ T-cells, blood cells, 
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macrophages, and dendritic cells) and compli-
cated immunity systems. A significant contri-
bution is made by accumulation of anti-tumor / 
antiviral circulating monocytes in a body and 
their consequent transportation to a tumor; in-
filtration expansion by cells of network NK-
compartment into microenvironment around 
a tumor is also very important. 

Multi-functionality of genetic inclusions 
in the human genome has not been studied 
enough as it is the case with apparent en-
dogenous retrovirus-like inclusions which ac-
count for about 8% repeats in the human ge-
nome [18]. Such inclusions are co-localized 
with protection genes (lectin-like components 
in С4В и С4А [3] complement) and it should 
provide their co-functioning in protective ac-
tivities [18]). Such protection could possibly 
result in initiation and longer persistence of 
protector NK-populations in a body that pre-
vent viruses from expansion. There are a lot 
of example cases when seropositive people 
(with latent CMV-infection) are healthy (not 
patients). Besides, more than 90% adult popu-
lation (not necessarily patients) "undergo" 
EBV occurrence in their bodies without any 
symptoms [7]. Therefore, an adaptive set of 
preventive and therapeutic NK-populations 
that exists in a human body offers a lot of 
prospects for their application against active 
epidemically significant viral infections as 
well as against tumors initiation and devel-
opment. 

NKG2-receptors and their ligands create 
a metabolic supervisory communication 
channel between lymphoid and myeloid im-
munity cells; they co-stimulate cytotoxic re-
sponses via NKp46-receptors of NK-cells 
and cytotoxic receptors of Т-cells; induce 
sets of antitumor and antiviral cytokines; 
support proliferation and survival of effector 
cells [36]. It can be applied to work out 
strategies aimed at fighting against tumors 
including those incorporating antiviral ef-
fects. As a result, essential NK-cell types 
and populations grow in number and their 
expansion inside a tumor takes place [11, 14, 

15, 27]. Effects produced by NK-populations 
are coordinated with the complement sys-
tem [21]. 

Below there are some promising ways 
how to apply NK-populations. 

*NKG2+-populations for creating new 
antiviral strategies (as it is the case with HIV1) 
[31, 39].  

*Targeted application of NKG2D+-popu-
lations against tumors with the use of 
NKG2D-receptors belonging to supervisory 
effector NK-cells which act in a stand-by 
mode and monitor occurrence / initiation of 
tumor ligands on stress cells as such ligands 
are tumor precursors [8, 14]. And here cells 
that express NKG2D-ligands (as it happens in 
case of super-expression of sets in stress cells 
insides the intestines) are recognized and 
eliminated by supervisory cells and it is aimed 
at preventing carcinogenesis, for example, rec-
tum cancer [14].    

*CD56brightNKG2A+-population ap-
plied in adjusting EBV-associated lympho-
mas [22]. 

*Treatment provided for patients with 
acute lymphoblastic leukemia via recovery and 
growth of NK-populations with expression of 
CD158a, CD158b, perforin, and granzyme K 
among NK-populations with different gran-
zymes types expression [23].  

*Transplantation of blood with therapeu-
tic NK-populations against hematologic tu-
mors [30]. 

*Targeted regulation of interactions with 
adapter proteins DAP12 and DAP10 that in-
volves NK-populations [12, 27, 33].  

*Application of NK-populations based 
on orthologs and paralogs of mammals RL for 
treatment [39].   

*Application of antitumor genetically 
modified chimeric NK-populations of CAR 
[chimeric antigen receptor]-T-cells (for exam-
ple, with expressed chimeric receptor TN that 
includes outer and transmembrane domains of 
TGF-beta-type-II-receptor and intracellular 
domain of NK-cellular activating receptor 
NKG2D [40]). 
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There are also promising preventive and 
therapeutic possibilities to prevent dysbiotic 
states of mucosal biotopes in open cavities 
from transforming into tumor ones, including 
participation of NKG2D/ NKG2D-ligands 
NK-populations system that activates DDR-
pathway (DNA damage response) as well as 
effects produced by probiotic lectins with 
cytokine-like activities [5, 13, 14]. Since 
probiotic lectins, in case of microbe-virus 
dysbiosis, can be selectively aimed at oppor-
tunistic pathogens (including those changed 
under inflammation) and can also act as pro-
biotics when probiotic cellular microflora is 
absent in mucosal biotopes against HPV oc-
currence in them which is a potential inducer 
of vaginal cancer, one can predict that there 
can be anti-cancer / antiviral synergy of pro-
biotic lectins and NKG2D-caused cytotoxic-
ity that reduces susceptibility to cancer  
[5, 13, 38].     

Conclusion. Influence exerted on NK-
populations networks by lectin receptors 
(that initiate cascades of identifying commu-
nications), Ig-like, cytotoxic, CD- and some 
other receptors as well as their ligands (in-
cluding glycoconjugates that modulate RL) 
is very promising for creating and regulating 
long-term antitumor and antiviral processes 

in a body. When key oriented NK-popula-
tions with protective functions are absent in 
a body, it can be considered an additional 
multi-factor risk criterion that possibly indi-
cates elevated risks of viral and oncologic 
diseases in an individual or population living 
on a specific territory or in a specific region. 
It is advisable to diagnose which NK-
populations are present in a body to strategi-
cally assess antitumor and antiviral state of a 
donor and a patient, to work out optimized 
personified treatment, as well as to const-
ruct preventive-therapeutic cellular-cytokine 
combinations with participation of chimeric 
gene-modified NK-populations belonging to 
CAR-T type, for example, to perform highly 
efficient targeted/selective CAR-T anti-
cancer therapy [9, 16, 40]. The given data 
can be applied to develop new antitumor and 
antiviral medications, vaccines, and medical 
strategies. Probiotic lectins are promising 
ligands participating in intercellular commu-
nications in the process of immune surveil-
lance [3, 4]. 
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Phthalates (esters of phthalic acid) are widely used as plasticizers in polymer materials production and it has re-

sulted in substantial contamination with phthalates as they occur in environmental objects, food products, drinking wa-
ters, and human biological media. Toxic effects produced by phthalates lead to functional disorders in the endocrine sys-
tem and synthesis of insulin, phthalates have reproductive toxicity, they cause allergenic reactions and bronchial asthma 
in children as well as some other diseases. Food products are a primary source of influences exerted by phthalates on 
population health, first of all, children. To assess risks related to adverse effects by phthalates on children, it is necessary 
to obtain data on concentrations of these substances in food products aimed for children nutrition. In order to work out 
a highly sensitive and selective technique for determining phthalates in children nutrition, the authors performed an 
overview of scientific and technical literature that focused on techniques for determining phthalates in products for infant 
nutrition (milk mixtures, milk cereals, and canned meat). It was detected that gas and liquid chromatography together 
with mass spectrometry were widely applied to analyze phthalates in children nutrition; several techniques were applied 
for samples preparations to exert direct influence on measurements sensitivity and precision. It is still vital to determine 
how to efficiently extract phthalates with conventional and up-to-date extraction techniques and how to purify them from 
complicated food matrixes, first of all, milk and vegetable fats that can be found in products aimed for children nutrition. 
There is a still a problem related to secondary contamination of samples with phthalates due to their occurrence in the 
air inside laboratories, reagents, solvents, etc., and it needs to be solved. Basing on the analysis of all the reviewed data, 
we can conclude that it is necessary to work out highly sensitive, selective, and highly precise techniques for determining 
phthalates in products aimed for children nutrition with new methodical tools for samples preparation taking into ac-
count a matrix effect which is specific for certain products as well as risks related to secondary contamination of samples 
in the process of their preparation and analysis.  

Key words: phthalates, food products, milk mixtures, canned meat, gas and liquid chromatography, mass-
spectrometry, samples preparation. 
 

 
 Phthalates (esters derived from o-phtha-

lic acid) are widely spread contaminants; 
they are identified as endocrine-disrupting 
chemicals. Phthalates are applied as plasti-
cizers for polymer materials based on poly-
vinyl chloride (PVC), polystyrene, and rub-
bers; they products with mass fracture of 
polymers in their structure being equal to  
15-40% more flexible and durable. There are 
no any chemical bonds between phthalates 
and polymers and the former are washed out 
of plastic products during their use. People, 
especially younger children, are exposed to 

phthalates primarily due to their occurrence 
in food products [1, 2, 3].  

Exposure to phthalates results in hormonal 
and metabolic disorders, development defects, 
deviations in the reproductive system function-
ing, and other diseases [4, 5]. Bis(2-ethylhexyl 
phthalate) is considered to be "a possible hu-
man carcinogen" by the International Agency 
for Research on Cancer [5]. 

Over the last decades there has been ex-
tensive research on assessing health risks 
caused by exposure to phthalates; fixing per-
missible daily consumption of individual 
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phthalates; determining phthalates concentra-
tions in food products, drinking water, the at-
mospheric air and air inside buildings, and 
other media. Speaking about impacts exerted 
by phthalates on children's health, especially 
infants and children younger than 3, we should 
mention one of the most vital lines of research, 
namely monitoring over contamination of milk 
and milk products (powder-like and liquid 
milk mixtures and milk cereals) as they are the 
only nutrition suitable for infant children and 
children younger than 3.  

The paper dwells on surveying various 
techniques for determining phthalates in food 
products for younger children's nutrition (milk 
mixtures, milk cereals, and canned meat). Pri-
marily our attention is paid to techniques ap-
plied to prepare samples for instrumental 
analysis and to reduce risks of secondary con-
tamination with phthalates which can happen 
to analyzed samples.  

Phthalates were first determined in food 
products more than 50 years ago [6, 7]. As it 
was not the case with other chemical contami-
nants, data on phthalates concentrations in 
food products were rather limited due to prob-
lems related to methodical support and high 
phthalates concentrations in field blanks; the 
latter was caused by laboratory environment, 
reagents, and materials being contaminated 
with these chemicals.  

According to the Sanitary-epidemiologic 
rules 2.3.2.1940-05 food products made for 
younger children's nutrition are food products 
that can be consumed by children from their 
birth to 3 years as their structure and properties 
correspond to physiological peculiarities that 
children have at this age [8]. Food products for 
younger children are substitutes for breast milk 
made from animal milk or vegetable raw mate-
rials (cow's milk, soya proteins, etc.) as well as 
food products introduced into children's daily 
ration during their first year of life in addition 
to breast milk or its substitutes; such products 
are made of animal and/or vegetable raw mate-
rials and they can be either purees or dried 
mixtures.  

In spite of multiple works focusing on 
methodical approaches to determining phtha-

lates in food products from various catego-
ries, there are very few data on how to ana-
lyze them in food products for younger chil-
dren; basically any data we could find 
concern phthalates occurrence in various food 
products made for common nutrition. Thus, 
scientific and technical information that can 
be found on SciensDirect web-site reveals 
that only 356 works out of total 7,343 con-
taining such key words as "determination of 
phthalates" and published over the last 5 years 
dealt with analyzing phthalates in children 
nutrition [9].  

Over the last years such techniques as 
liquid and gas chromatography together with 
mass spectrometry have been applied to quan-
titatively determine phthalates mixture in 
food products, including those aimed for 
children's nutrition; they allow to successfully 
resolve issues related to measuring techniques 
being sensitive and selective. Apart from 
mass spectrometric detectors, gas chromatog-
raphy is accomplished with flame ionizing 
detectors and electronic capture [10]; high-
performance liquid chromatography is ap-
plied to analyze phthalates with ultrasound 
and fluorimetric detectors [10].  

Capillary gas chromatography (GC) with 
subsequent mass spectrometric detection (MS) 
of analytes (GC-MS) is most frequently ap-
plied to perform instrumental analysis of 
phthalates [11]. A most widely applied tech-
nique in gas chromatography analysis of 
phthalates in food products is derivatization 
(primarily etherification); it is done in order to 
make analyzed compounds more volatile as 
phthalates boil at rather high temperature 
(from 284 оС to 490.6 оС), and chroma-
tographic separation on capillary columns is 
limited to 280 оС - 300 оС [12, 13]. As a result, 
sample preparation becomes more complicated 
and, consequently, there are higher risks of 
secondary contamination and a decrease in de-
termination sensitivity. 

Ion traps (IT), single quadruple (Q), and 
triple quadruple (QQQ) are used as mass ana-
lyzers in gas chromatography. Phthalates 
molecules are fragmented with electronic ioni-
zation (EI) and as a result a fragmented ion is 
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formed with its mass-to-charge being equal to 
149 m/z, and this ion is common for most 
phthalates. It imposes certain limits on apply-
ing GC-MS for analyzing mixtures that con-
tain phthalates and their isomers, first of all, 
due to joint elution of analytes with the same 
mass but different molecule structure [14, 15]. 

Liquid chromatography/mass spectrome-
try (LC-MS) is an alternative for GC-MS. 
Tandem quadruple mass spectrometer provides 
high selectivity, especially when separating 
phthalates isomers, and sensitivity of determi-
nation [3, 14, 16-18]. Electrospray ionization 
(ESI) is most frequently applied to ionize 
phthalates; in few cases chemical ionization is 
applied for the purpose [16]. Positive ioniza-
tion mode is usually applied to analyze phtha-
lates diethers while negative ionization one 
provides better sensitivity for detecting mono-
phthalates [19]. A basic issue which arises in 
analyzing phthalates in food products for chil-
dren with LC-MS with electrospray ionization 
is how to achieve ion signals inhibition related 
to use of buffers in analysis with interfering 
influences exerted by components of sample 
matrix and poor chromatographic separation. 
To resolve it, various strategies can be applied, 
for example, improved procedures for samples 
treatment and/or higher resolution of chroma-
tographic separation [3]. High performance 
LC-MS and LC-MS-MS are rarely used as liq-
uid chromatographers are more prone to con-
tamination than gas ones due to greater num-
ber of potential contamination sources such as 
solvents applied for extraction and chroma-
tographic separation, chemical reagents, fil-
ters, tubes, etc. [20,  21].  

To analyze 27 phthalates in milk and 
dairy products, experts applied a relatively in-
novative analytic procedure, high-performance 
liquid chromatography with quick resolution 
together with a mass-spectrometric detector 
with an Orbitrap (UHPLC-Q-Orbitrap) in elec-
trospray ionization mode. The authors pointed 
out that if an orbit ion trap was applied, ac-
companying matrix compounds could be eas-
ily excluded out of analysis and it facilitated 
phthalates identification and quantitative de-
termination [22]. 

Mass-spectrometric detectors applied in 
gas and liquid chromatography to quantita-
tively determine phthalates in food products 
for children are mostly calibrated with inter-
nal standard and more rarely with absolute 
calibration; it is due to complex sample 
preparation that includes multi-stage proce-
dures for extracting and purifying an obtained 
extract from matrix components. There are 
several compounds which are most frequently 
used as internal standards; they are deuterated 
compounds such as d10-phenanthrene, d4-di(2-
ethylhexyl) phthalate or d4-dibutyl phthalate, 
as well as non-deuterated ones, for example, 
benzyl butyl phthalate (BBP), anthracene, 
pyrene, or dibutyl adipate (DBA) [16]. In 
some research individual deuterated internal 
standards are applied for each analyzed phtha-
late which proves that various phthalates be-
have differently during extraction and further 
treatment of an obtained extract [16]. 

Sample preparation that includes analytes 
extraction out of matrix and extract purifica-
tion from interfering influences exerted by 
accompanying components is a significant 
stage in analyzing phthalates in food products 
for children as sensitivity and precision of 
determining phthalates concentrations de-
pends on efficient selective extraction of ana-
lytes. Methodical and scientific-technical lit-
erature describes a great variety of techniques 
for phthalates extraction and it proves that the 
task is truly complicated and far from being 
solved completely. Most techniques are aimed 
at phthalates determination in breast milk 
[23-26], milk mixtures for children [27-30], 
and natural milk [22]. There are very few 
works on analysis of phthalates in milk cere-
als and canned meat, and we can say there 
are one or two papers that dwell on deter-
mining phthalates in food products for chil-
dren which are consumed by them during 
their first year of life in addition to breast 
milk [29, 13]. Practically every published re-
search work confirms that food products for 
children are contaminated with phthalates.  

At present, to extract phthalates out of 
food products which are a complex multi-
component biological sample, the following 
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techniques can be applied: liquid-liquid ex-
traction (LLE) [25, 31-34], headspace-solid 
phase micro-extraction (HS-SPME) [35], dif-
fusion solid phase extraction QuEChERS 
[22], solid phase extraction (SPE) [23], auto-
mated online solid phase extraction [23, 36]. 
Some of them have certain limits, for exam-
ple, high variability of results due to unstable 
quantity of components in composure of 
samples from one matrix; necessity to purify 
extracts thoroughly in order to prevent con-
tamination of analytical equipment and it 
takes a lot of time to do it; complexity related 
to separating an extract and a product matrix 
after extraction; application of complex sam-
ple preparation which is not quite relevant for 
a routine analysis procedure.  

Liquid extraction accompanied with ex-
tracts being purified from milk fats is the most 
widely used procedure for extracting phtha-
lates out of milk and milk mixtures. Most au-
thors prefer to use acetonitrite as a solvent-
extractant among polar and non-polar organic 
solvents applied in extraction procedures for 
organic compounds [13, 22]. In some cases 
extraction is then followed by a sample being 
dried and then repeatedly dissolved in a sol-
vent suitable for a research procedure; there 
can also be re-extraction in order to further 
purify an extract. Due to some additional pro-
cedures, concentrations of certain phthalates 
go up, for example, there is an increase in 
dibutyl phthalate (DBP) and bis(2-ethylhexyl) 
phthalate (BEHP) in field blanks, and it results 
in a procedure being less sensitive.  

Direct extraction of phthalates out of food 
products for children via solid phase extraction 
with automated systems usually involves sec-
ondary contamination of analyzed samples and 
field blanks in the same way as with other 
sample preparation techniques [26, 33].  

Liquid extraction is applied to purify ex-
tracts from fats, proteins, and other matrix 
components. When analyzing phthalates in 
milk and milk products, including milk mix-
tures and milk cereals, researchers success-
fully purify an acetonitrite extract with hex-
ane; the procedure is based on better solubil-
ity of phthalates in acetonitrite, and milk fats, 

in hexane. Depending on how contaminated 
extracts are with animal and vegetable fats, 
the authors recommend to perform re-extrac-
tion twice or three times [37].  

Size-exclusion chromatography (SEC) is 
frequently applied as a purification procedure 
after liquid extraction of milk samples [24] 
and milk mixtures [29]. When samples are pu-
rified with it, phthalates concentration in field 
blanks is determined within a range from 
0.1 µg/kg to several µg/kg. 

Size-exclusion chromatography (gel chro-
matography) based on separating molecules 
from various compounds as per their size 
means that big molecules can't penetrate sor-
bent pores and elute earlier than smaller mole-
cules which can penetrate pores and remain on 
a sorbent. This technique is more and more 
frequently seen as an efficient sample prepara-
tion procedure for determining organic con-
taminants in lipid matrices. Phthalates with 
molecular masses within 200 to 4000 Daltons 
range are separated from lipids with molecular 
mass about 800 Daltons on GPC columns. 
classic GPC separation is performed on big 
columns being 400 mm long and having an 
internal diameter equal to 25 mm under low 
pressure and operating speed being 5 ml/min 
[38, 39]. An example when size-exclusion 
chromatography was successfully applied for 
analyzing phthalates is a procedure for purify-
ing an extract from milk fat with gel-
penetration chromatography (GPC). An ex-
tract that contained phthalates and milk fat 
was fractioned on S-X3 zeolite under eluting 
with a mixture of cyclohexane and ethyl ace-
tate, the volume ration of solvents being 9:1. 
Two fractions F1 and F2 (Figure1) that con-
tained substances being analyzed were col-
lected separately; F1: 43-50 minutes, and F2: 
50-82 minutes; concentrated to a volume 
equal to 1 cm3 in nitrogen flow and directly 
analyzed with gas chromatography with mass 
spectrometry (GC-MS). 

Size-exclusion chromatography can be 
miniaturized and it significantly reduces con-
sumption of solvents. When equipment for 
HPLC is applied (isocratic pump, auto-sampler 
able to introduce a sample with its volume
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Figure 1. Retention time (min) for di-ethers and mono-ethers of o-phthalic acid on S-X8 and S-X3 

zeolites under eluting with a mixture of cyclohexane and ethyl acetate, the volume ration of solvents 
being 9:1 at a speed equal to 4.5 cm3/min: МЭФ is mono-ethyl phthalate, МБзФ is mono-benzyl 

phthalate, МБФ is mono-butyl phthalate, МЭГФ is mono-(2-ethylhexyl) phthalate, ДМФ is di-methyl 
phthalate, ДЭФ is di-ethyl phthalate, ДПрФ is di-propyl phthalate, ДиПрФ is di-isopropyl phthalate,  

БзБФ is benzyl butyl phthalate, ДБФ is di-butyl phthalate, ДиБФ is di-isobutyl phthalate, ДПенФ is di-
pentyl phthalate, ДГексФ is di-hexyl phthalate, ДГепФ is di-heptyl phthalate, ДнОФ is di-n-octyl 
phthalate, ДЭГФ is bis-(2-ethylhexyl) phthalate,  ДиНФ is di-isononyl phthalate, ДНФ is di-nonyl 

phthalate, ДДФ is di-decyl phthalate, ДдоДФ is di-dodecyl phthalate 

being up to 500 µl, column thermostat, UV-de-
tector with variable wave length, and a device 
to collect fractions), separation is performed at 
a speed equal to 1 ml/min with dichloro-
methane on a column which is 300 mm long 
and has an internal diameter equal to 7.5 mm, 
with sorbent particles sized 5 µm and pores 
size being equal to 5 nanometers. Pores size 
equal to 5 nanometers matters a lot as it allows 
to separate organic compounds with their 
masses within 100-1000 range. Better resolu-
tion is achieved when two columns are used. 

Feng Y., Zhu J., Sensenstein R. examined 
how to apply headspace solid phase micro-
extraction (HS-SPME) in order to exclude 
milk fat out of samples before GC-MS when 
analyzing phthalates in milk. The procedure is 
based on creating a vapor phase above a milk 
sample when it is being heated in a hermetic 
vessel, absorption of analyzed phthalates ex-
tracted into a vapor phase on poly-dimethyl-
siloxane fiber and thermodesorption of ana-
lytes directly into a chromatographic column 
of a gas chromatographer for analysis. The re-
searchers reported that extraction took a long 
time (the shortest extraction period lasted for 

60 minutes at 90 оC). Detection limits for 
phthalates varied from 0.1 µg/kg to 100 µg/kg 
depending on how fat milk samples were. 
When extraction on SPME fiver was per-
formed, milk fats were absorbed together with 
phthalates, and there were a lot of interfering 
peaks detected on a chromatograph in analysis 
of a sample with gas chromatography [35]. 

QuEChERS technique applied for ex-
tracting and purifying when phthalates are 
detected in cow's milk allows to achieve 
smaller secondary contamination at a level 
lower than 1 µg/kg [22]. 

We analyzed methodical and scientific 
literature that focused on techniques for 
phthalates determination in food products 
consumed by children in addition to breast 
milk during the first year of life and revealed 
that there were very few works that dwelled 
on phthalates determination in canned meat 
and milk cereals for children. Phthalates are 
usually determined in canned meat for chil-
dren nutrition with gas and liquid chromatog-
raphy; the procedure involves chemical 
analysis of a mixture that includes three bio-
logical matrices, a meat one (protein compo-
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nent of food), fat-containing one (fats in a pro-
duct), and cereal-fruit-vegetable one (carbohy-
drates); each matrix, on one hand, has a com-
plicated multi-component structure, but on the 
other hand, it has its specific peculiarities re-
lated to a chemical structure of a product. 

According to the State Standard R 54628-
2011 "Food products for children nutrition. 
Canned meat. Puree for younger children. 
Technical conditions", the following raw mate-
rials can be used to manufacture canned meat: 

– meat (beef, veal, pork, rabbit meat, and 
others); 

– oil (sunflower, soya, or corn oil; but-
ter), lard; 

– starch (potato, corn, or rice one); 
– salt and water. 
100 g of canned meat that can be given 

to children starting from the 4th month of life 
contain 2.5-3.0 g of proteins, 2.6-3.0 g of fats, 
and 6.7-9.3 g of carbohydrates recalculated as 
per dry weight; 100 g of canned meat mixed 
with cereals and vegetables and aimed for 
children aged from 6 months to 1 year contain 
2.5-9.8 g of proteins, 3.0-9.5 g of fats, and 
2.9-8.0 g of carbohydrates recalculated as per 
dry weight. Component structure that ana-
lyzed products have exerts its influence on a 
sample preparation procedure, background 
contamination level, and, consequently, on 
sensitivity and precision of measurement pro-
cedures aimed at determining phthalates con-
centrations in food products for younger chil-
dren's nutrition.  

M. Russo et al. applied GC-MS procedure 
to determine 6 phthalates (DMP, DEP, DBP, 
DiBP, BBP, and DEHP) in food products for 
children (canned puree for children made of 
chicken and rabbit meat as well as freeze-dried 
samples of chicken, turkey, sea bream, and 
flatfish); they applied liquid-liquid extraction 
to extract target components with heptane with 
a sample being treated with ultrasound. The 
authors describe a problem related to preparing 
puree samples: intense mixing led to formation 
of a jelly-like emulsion, and it was next to im-
possible to extract an organic phase out of it 
thus blocking any further extraction. Develop-
ers of the procedure explain it through occur-

rence of surfactants which are usually added to 
stabilize a product. To solve the problem, it 
was suggested to freeze-dry children nutrition 
before extraction and purification. Each sam-
ple was dried out for 4 hours at -52 оC and 
pressure being equal to 0.08 mbar in a device 
aimed for freeze-drying. The authors recom-
mend to add NaCl solution into samples and 
treat them with ultrasound as it can help to de-
struct the emulsion. When conditions were op-
timized, phthalates extraction amounted to 
96.2-109.2% with extraction inaccuracy being 
equal to ≤10,5 %, and the bottom detection 
limit being 20 µg/kg [13].  

Petersen J. and Breindahl T. focus on phtha-
lates determination with GC-MS in 11 various 
products for younger children (fruit, cereals, rice 
mixed with fruit, or meat mixed with vegeta-
bles). To prepare samples, the authors applied 
liquid-liquid extraction with pentane and then 
purified an obtained extract with a mixture of 
ethyl acetate/cyclohexane (1:1); a supernatant 
(pentane extract) was further purified with gel-
penetration chromatography (GPC), dried, and 
re-dissolved for being analyzed with chromato-
mass-spectrometry. Detection limits for DBP, 
BBP, and DEHP amounted to 0.35, 0.015 and 
0.25 µg/kg respectively, extraction degree varied 
from 76 to 128 % [29].  

So, it is rather difficult to prepare samples 
of children nutrition for analyzing phthalates 
concentrations in them with chromato-mass-
spectrometry (both GS-MS and LC-MS); in ad-
dition to that, an issue related to secondary con-
tamination of samples with analyzed compounds 
during their preparation and analysis hasn't been 
resolved yet. Phthalates are widely spread in the 
environment and they can be detected practically 
in any piece of laboratory equipment and in the 
air inside any laboratory. Given that, practically 
all the researchers who deal with phthalates pay 
their special attention to this issue and try out to 
develop and recommend various measures 
aimed at reducing background contamination 
with phthalates in laboratories, air inside them, 
equipment, reagents, solvents, laboratory vessels 
and materials.  

Thus, Bubba M., Ancillotti C., Checchini L. 
suggest to analyze phthalates in a clean room 
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equipped with high-performance filters that pu-
rify air with absorbed carbon. Excess pressure 
should be maintained within the room in order 
to avoid any air contamination from outside. 
Special attention is paid to purification of re-
agents which is performed as follows: first, so-
dium chloride is heated for 12 hours at 450 оС 
in a muffler and kept in a glass bottle until it is 
used. Anhydrous sodium sulfate and fiberglass 
filters are also treated and kept at 150 оC before 
application. Aluminum oxide is purified under 
450 оC for a night and then applied immedi-
ately. Distilled water of HPLC range is purified 
with hexane for three times. Cyclohexane is 
treated with purified aluminum oxide (30 g of 
Al2O3 per a liter of solvent) via manual shaking 
during 30 sec and then it passes through a puri-
fied fiberglass filter. Glass vessels are washed 
before application with hot potassium hydrox-
ide solution in methanol, hot chrome mixture, 
and purified water, and then they are dried 
completely under 300 оC for an hour. Glass 
vessels for taking and preparing milk samples 
are washed with isopropyl alcohol before appli-
cation. As a result, when breast milk samples 
and milk mixtures were analyzed, DiBP con-
centration in field blanks (samples without milk 
or milk products which underwent the complete 
sample preparation procedure) amounted to 
0.79-1.08 µg/kg; DBP one, 0.27-0.36 µg/kg; 
and  DEHP one, 0.88-1.14 µg/kg; against 18-25 
µg/kg for DiBP, 6.2-11 µg/kg for DBP, and 18-
75 µg/kg DEHP in the analyzed samples [12].  

Ren R. notes that there is a potential risk 
of secondary contamination at any stage in an 
analytical procedure including sampling, pre-
paring a food product sample for analysis, and 
chromatographic analysis itself. In order to 
reduce contamination of materials with phtha-
lates, various purification procedures are sug-
gested. In most cases it is recommended to 
treat all glass units (sampling containers, pi-
pettes, volumetric flasks, centrifuge vials, and 
other laboratory vessels) which are applied 
during analysis; they should be thoroughly 
washed in strong oxidizers and rinsed with or-
ganic solvents before application. The authors 
of the paper usually keep clean vessels under 
400 °C for 8 hours, wash them in hexane for 

12 hours and then dry at 120 °С before appli-
cation. Field blanks are analyzed with gas 
chromatography-mass spectrometry techniques 
simultaneously with samples of artificial milk 
mixtures so that probable secondary contami-
nation of samples that occurs when samples 
are being prepared for analysis is taken into 
account. DEHP was the single phthalate out of 
17 which was detected in field blanks in a con-
centration equal to 3.2 µg/kg [33].  

As a rule, thorough treatment of laboratory 
equipment, vessels, auxiliary materials, reagents 
and solvents reduces phthalates concentration in 
field blanks which are usually samples prepared 
for analysis but without any contents of exam-
ined products in them, but it can't completely 
resolve an issue related to secondary contamina-
tion of analyzed samples. It is obligatory to ana-
lyze field blanks for each series of analyzed 
samples in order to take into account background 
contents when calculating ultimate phthalates 
concentrations in food products. 

A lot of researchers note that background 
contamination can probably be decreased via 
reducing a number of procedures applied to 
prepare samples for analysis [10, 20, 33]. 

So, all the accomplished research on exam-
ining and analyzing methodical approaches to 
phthalates determination in food products for 
younger children indicate that it is vital to de-
velop highly sensitive, selective, and high-
precision determination procedures taking into 
account interfering influences exerted by com-
ponent structure of matrices which are specific 
for a specific food product. To achieve as com-
plete extraction of analyzed compounds as pos-
sible, it is necessary to apply new sample prepa-
ration procedures which should be simplified as 
regards extraction and purification of compli-
cated matrices such as milk, milk mixtures, or 
canned meat; it is also advisable to apply reli-
able techniques aimed at reducing background 
influences exerted by phthalates which are pre-
sent everywhere in the environment.  
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NEW LEGAL, REGULATORY AND METHODOLOGICAL 
DOCUMENTS ISSUED IN THE RF IN THE SPHERE 
OF HEALTH RISK ANALYSIS 

05.12.2018–01.03.2019 

 
The Recommendation by The Board of the 

Eurasian Economic Commission (EEC) No. 28 
dated December 18, 2018 "On the procedure for 
electronic interaction between a customs au-
thority and authorized bodies in a EAEU mem-
ber-state that are responsible for control (sur-
veillance) at the EAEU customs border, when 
preliminary informing is to be accomplished" 

The procedure fixes, among other things, situa-
tions in which electronic interaction should occur, 
list and structure of data which should be submitted 
to authorized bodies in the sphere of sanitary-
epidemiologic welfare of the population, veterinary 
sphere, and quarantine for plants. It envisages appli-
cation of guides and classifiers which are included 
as resources in the EAEU unified system of regula-
tory and reference information as well as guides and 
classifiers which are applied for customs purposes, 
created and meant for application in accordance 
with the legislation of a EAEU member-state. 

  
The Decision by The Board of the Eurasian 

Economic Commission (EEC)  No. 2 dated Janu-
ary 15, 2019 "On Approval of data concerning 
issued certificates on state registration of a prod-
uct which can be received by customs authorities 
in the EAEU member states and a procedure 
according to which such data can be obtained" 

The decision fixes the structure of data con-
cerning certificates on state registration of prod-
ucts issued to confirm that a product is in compli-
ance with the obligatory requirements fixed in the 
EAEU and CU technical regulations or with the 
Unified sanitary-epidemiologic and hygienic re-
quirements. Such data, among other things, 
should include: a register number of a certificate, 
date of issue or registration, its status; denomina-
tion of a manufacturer, an address of a juridical 
person and an address where this juridical person 
manufactures products; denomination of an appli-
cant or recipient, an address where a juridical per-
son performs its activities and/or where a private 
entrepreneur lives; data on a product: denomina-
tion, identifiers (type, model, mark, article, etc.), 
registration number; denomination of an author-

ized body in a  EAEU member-state that issued 
the certificate and its address; titles and denomi-
nation of documents according to which products 
were manufactured; denomination of a legal 
document compliance with which should be con-
firmed by the certificate; data on documents con-
firming compliance of a product with obligatory 
requirements. 

The above mentioned data are obtained by 
customs authorities in the EAEU member states 
via an enquiry to the EAEU integrated information 
system entitled "Application of databases contain-
ing data on documents issued by authorized bodies 
in the EAEU member states in the sphere of regu-
lating foreign and mutual trade, including those 
submitted when customs procedures are being ac-
complished in order to confirm that all embargoes 
and limitations are observed". 

 
The Decision by The Board of the Eurasian 

Economic Commission (EEC)  No. 3 dated Janu-
ary 15, 2019 "On Approval of the list of products 
for which a customs declaration should be sup-
plemented with a document on assessing con-
formity to the requirements fixed in the EAEU 
Technical Regulations "On safety of amusement 
rides (TR EAEU 038/2016)" 

The Decision fixes a list of products for 
which a customs procedure requires an additional 
document confirming that they are in compliance 
with the requirements fixed in the Technical regu-
lations "On safety of amusement rides" (TR 
EAEU 038/2016). The above-mentioned list in-
cludes mobile (temporary) amusements rides and 
stationary amusements rides (erected on founda-
tions or without them) (EAEU CN FEA code 
9508 90 000 0) with potential biomechanical risk 
degree RB-1 (certificate of conformity is to be 
submitted) and with potential biomechanical risk 
degree RB-2 and RB-3 (declaration of conformity 
is to be submitted). 

 
The Decision by The Board of the Eurasian 

Economic Commission (EEC) No. 7 dated January 
15, 2019 "On making alterations into the Decision 
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by the Board of the Eurasian Economic Commis-
sion (EEC) No. 55 dated March 26, 2013 " 

The Decision expands the program on devel-
oping (making alterations into or reviewing) inter-
state standards application of which provides vol-
untary compliance with the requirements fixed in 
the technical regulations "On safety of products for 
children and teenagers" (CU TR 007/2011) 

The above-mentioned program now includes 
16 additional items among which there are: Foot-
wear for children. Technical specifications. Revi-
sion of the State Standard R 26165-2003; Latex 
nipples for children. Technical specifications. De-
velopment of a new state standard based on the 
State Standard R 51068-97; Cutlery and cooking 
appliances made of corrosion-resistant steel. Overall 
technical specifications. Development of a new state 
standard based on the State Standard R 51687-2000. 
Books and magazines for children and teenagers. 
Hygienic requirements. Development of a state 
standard based on the Sanitary-Epidemiologic re-
quirements 2.4.7.960-00. 

 
The Decision by The Board of the Eurasian 

Economic Commission (EEC)  No. 13 dated 
January 29, 2019 "On the Procedure for intro-
ducing alterations into the Customs Union Tech-
nical Regulations "Food products as regards 
their marking" (CU TR 022/2011)" 

The Decision fixes a term during which food 
products marked in accordance with the previously 
set requirements can be distributed on the market. 
Within 24 months since the date when alterations 
come into force it is allowed to produce and dis-
tribute food products on the EAEU customs terri-
tory with their marking corresponding to the CU 
Technical Regulations "Food products as regards 
their marking" (CU TR 022/2011) approved on 
December 9, 2011 by the Decision of the Customs 
Union Commission No.881. The above mentioned 
products can be distributed up to the expiration 
date fixed by their manufacturers. 

 
The Federal Law No. 480-FZ dated Decem-

ber 25, 2018 "On making alterations into the 
Federal Law "On protecting rights of juridical 
persons and private entrepreneurs when accom-
plishing state control (surveillance) and munici-
pal control" and Clause 35 of the Federal Law 
"On water supply and sewerage" 

The Law fixes that in 2019-2020 scheduled 
inspections can be accomplished on objects be-
longing to small and medium-sized businesses only 
in the following cases: 

– scheduled inspections are accomplished 
within state control (surveillance) spheres for which 
risk categories, and hazard classes (categories) as 
well as criteria for assigning activities performed by 
juridical persons or private entrepreneurs into a spe-
cific risk category are fixed; 

– scheduled inspections accomplished at ob-
jects belonging to juridical persons or private en-
trepreneurs whose activities are included into lists 
issued by the RF Government; 

– scheduled inspections accomplished at objects 
belonging to economic entities that were accounted to 
administrative responsibility for gross violation of 
obligatory requirements; 

– scheduled inspections accomplished  con-
cerning activities for which a license is required. 

  
The Federal Law No. 488-FZ dated Decem-

ber 25, 2018 "On making alterations into the 
Federal Law "On the basics of state regulation 
over trading activities in the Russian Federa-
tion" and Clauses 4.4 and 4.5 of the Federal Law 
"On application of POS equipment when making 
payments in the Russian Federation" 

The Law approves creating an information sys-
tem for monitoring over distribution of marked goods 
and automation of processes for their tracking. 

The legislative base is supplemented with the 
following concepts: "goods marked with identifica-
tion means", "goods which are to be marked with 
identification means", "an identification mean" (it is 
usually a marking code that can be read by a ma-
chine, including bar codes), "a verification code" (it is 
usually a sequence of symbols formed as a result of 
encrypting transformation of an identification code 
that allows to detect its probable falsification) etc. 

Economic entities that deal with distribution 
of such goods are to provide an operator of an in-
formation system for monitoring with all the nec-
essary data in accordance with the rules fixed by 
the RF Government. An operator of an information 
system for monitoring is not an operator who deals 
with revenue data. Public data will be placed by an 
operator in the Internet 

 
The RF President Message to the Federal 

Assembly on February  20, 2019  
To achieve new life quality for each genera-

tion and dynamic development of the country, the 
RF President set the following tasks :  

- from January 1, 2020, each family member 
in the RF should be provided with at least two liv-
ing wages; from July 1 this year a social welfare 
payment given to those who take care of disabled 
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children and of people with the disability group 1 
who have been disabled since their childhood 
should be equal to 10,000 rubles per month; fami-
lies with many children should receive greater tax 
exemption as regards real estate tax; plots up to 
6 hundred square meters should be completely tax-
free; mortgage rates are to be reduced gradually; if 
a second child is born in a family it should be 
granted credit relaxation for the overall mortgage 
term; a growth in tax payment for land plots is to 
be limited; not less than 270 thousand new places 
in nurseries should be created by the end of 2021; 
citizens should be provided with greater opportuni-
ties to receive new knowledge and skills required 
for employment and stable income (a social con-
tract);  citizens who have lost sources of incomes 
should be granted a delay in mortgage payments; it 
is necessary to increase pensions and monthly so-
cial payments above a living wage for a retired 
person which is fixed annually etc. 

In public healthcare:  
– by the end of 2020 medical aid should be 

made available to citizens living in any settlement 
on the territory of Russia; 1,590 outpatient clinics 
and feldsher's stations are to be built or renovated; 
standards for economical polyclinics are to be de-
veloped and approved, their certification procedures 
are to be fixed, and ways to motivate medical per-
sonnel to raise quality of their work are to be intro-
duced in regions. In 2021 all polyclinics for children 
are to operate according to new standards; within 3 
years electronic interaction between medical organi-
zations, chemists, doctors, and patients should be 
implemented and organization of medical and social 
examinations is to be included into the common 
digital network; any age limitations for participants 
in "Zemskiy doctor" program should be eliminated;  

In other spheres: 
– within the next two years 30 large dumps 

located within cities are to be closed and re-
claimed, and over the next 6 years the same should 
be done to the rest of dumps. A share of wastes 
that are recycled is to be raised to 60%; by the end 
of 2021 all schools in Russia should be provided 
with a high-speed Internet connection; starting 
from 2020, a program "Zemskiy teacher" should be 
implemented and teachers who move to work in 
rural settlements or small towns should be granted 
a lump-sum payment; regional and municipal mu-
seums, theaters, and libraries should be given a 
profit tax exemption; a new program for rural terri-
tories development should be created and imple-
mented; starting from January 1, 2021 regulatory 
documents in control and surveillance sphere 

should become invalid, and the regulatory base 
should be updated before this date;  

In economics, we should provide the following: 
– priority growth in labor productivity; creation 

of competitive industries, growth in non-recourses 
exports;  

– improvement of business environment and 
national competence, a 6-7% growth in investments 
by 2020; elimination of infrastructural limitations to 
economic development in regions; development of 
highly qualified personnel with up-to-date skills and 
knowledge and creation of substantial scientific and 
technological base. 

 
"The list of orders aimed at raising quality 

of drinking water supplied to population" (ap-
proved by the RF President on February 20, 
2019 No. Pr-245) 

The RF Government are to provide: creation 
of a mechanism for assessing health risks caused 
by chemical and biological properties of water tak-
ing into account WHO recommendations; the Gov-
ernment are to make sure that provision with water 
for population living in rural areas should reach the 
same level as for people living in cities. The execu-
tive bodies in the RF regions are to provide control 
over conformity of drinking water supplied to an 
end customer with quality and safety standards; 
complete implementation of investment and pro-
duction programs by water supply and sewerage 
organizations. The RF Office of the Prosecutor 
General are to perform an inspection in order to 
control adherence to the legislation on water sup-
ply and sewerage when control and surveillance 
activities in the sphere are performed by executive 
bodies and local authorities 

 
"The list of orders aimed at implementa-

tion of the RF President Message to the Federal 
Assembly (approved by the RF President) 

The State Duma members are to consider 
and pass the following laws during their spring 
session 2019: 

– a federal law that fixes introduction of a sys-
tem for making quotas on emissions of pollutants 
into the air in large industrial cities, first of all, in 
Bratsk, Krasnoyarsk, Lipetsk, Magnitogorsk, Med-
nogorsk, Nizhniy Tagil, Novokuznetsk, Norilsk, 
Omsk, Chelyabinsk, Cherepovets, and Chita; 

– alterations into the RF legislation eliminating 
all regulatory documents that fix requirements  
compliance with which is to be checked within state 
control (surveillance) from January 1, 2021, and 
enforcing new standards, and updated requirements 
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developed within a risk-oriented approach and con-
temporary technological development.  

 
"The Chart for the national project "Ecol-

ogy" (approved by the Presidium of the RF 
President Council on strategic development and 
national projects, the minutes No. 16 dated De-
cember 24, 2018) 

The Council approved on the Chart for the na-
tional project "Ecology" (October 01, 2018 - De-
cember 31, 2024). 

The project is aimed at achieving the follow-
ing targets: efficient treatment of industrial and 
consumer wastes including elimination of all ille-
gal dumps within cities which were detected and 
are known to still exist on the January 1, 2018; re-
duction of atmospheric air pollution in large indus-
trial centers; an increase in quality of drinking wa-
ter supplied to population including people living 
in settlements which don't have up-to-date central-
ized water supply systems; ecological improve-
ment of water objects including Volga and preser-
vation of unique water systems including Lake 
Baikal and Lake Teletskoe; preservation of bio-
logical variety and creation of not less than 24 new 
strictly protected natural zones; provision of bal-
ance between deforestation and forests reproduc-
tion in a ratio equal to 100% by 2024. 

The national project includes the following 
federal projects: "A clean country", "A complex 
system for treating solid communal wastes", "Infra-
structure for treating wastes belonging to the 1st and 
2nd hazard category", "Clean air", "Clean water", 
"Ecological improvement for Volga", "Preservation 
of Lake Baikal", "Preservation of unique water ob-
jects", "Preservation of biological variety and de-
velopment of environmental tourism", "Preservation 
of forests", "Implementation of the best available 
technologies". 

 
"The Chart for the national project "De-

mography" (approved by the Presidium of the 
RF President Council on strategic development 
and national projects, the minutes No. 16 dated 
December 24, 2018) 

The Council approved on the Chart for the na-
tional project "Demography" (January 01, 2019 –  
December 31, 2024)  

The project is aimed at achieving the following 
strategic aims: an increase in expected healthy life-
span up to 67 years; an increase in overall birth-rate 
(up to 1.7 children per 1 women); an increase in 
number of people who pursue healthy lifestyle; an 
increase in number of people who are physically ac-

tive and do sports systematically. The national project 
includes the following federal projects: financial sup-
port for families with newborns; assistance to women 
who wish to be employed via creating pre-school 
children facilities for children younger than 3; sys-
temic support and better life quality for elderly peo-
ple; creating a system that motivates people to pursue 
healthy life style including healthy nutrition and giv-
ing up bad habits; creating opportunities for all popu-
lation groups to be physically active and do sports, 
infrastructure for mass sport, as well as training for 
future sportsmen (sport reserves).  

 
The RF Governmental regulation dated De-

cember 28, 2018 No. 2963-r "On Approving the 
concept for the creation and functioning of a sys-
tem for goods marking with identification means 
and tracking of their movement in the RF"  

The system for good marking with identifica-
tion means and tracking of their movement is aimed 
at obtaining rapid and authentic data on movement 
of goods and development of high-tech decisions on 
creating new services and business models. 

Organization of marking and tracking for 
goods involves the following: introduction of 
obligatory marking of goods with identification 
means based on analysis of how relevant this intro-
duction is for this or that specific product group; 
making those who participate in goods distribution 
responsible for marking of goods with identification 
means according to the procedures fixed by the RF 
Government; making expenses on introducing 
marking of goods as low as it's only possible; a pos-
sibility to conduct a voluntary experiment on mark-
ing of goods; identification of each unit of goods via 
marking; registration of each stage in goods distri-
bution, starting form manufacturing or import on the 
RF customs territory up to retail trade or any other 
removal or withdrawal of goods from distribution; 
fixing a charge for creation of a marking unit (code) 
for goods; providing necessary conditions for de-
velopment of en efficient public control in the 
sphere of marked goods distribution. 

The Ministry of Industry and Trade of the Rus-
sian Federation is to coordinate creation and func-
tioning of a system for goods marking with identifi-
cation means and tracking of their movement.  

 
The RF Governmental regulation dated 

February 13, 2019 No. 207-r "On approving the 
Strategy for spatial development of the Russian 
federation up to 2025" 

The RF Government have stated that there are 
the following priorities in the spatial development 
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of the Russian Federation for the period up to 
2025: advance development of territories which are 
poorly developed in terms of their socioeconomic 
state but have a potential for economic growth as 
well as territories with low population density and 
predictable growth in their economic potential; 
development of centers with promising economic 
growth and increase in their number and maximum 
spread over the RF territory; social development of 
territories with low population density and insuffi-
cient potential for economic growth. 

 
The RF Governmental regulation dated De-

cember 14, 2018 No. 1536 "On making alterations 
into the Regulations on federal state surveillance 
in the sphere of consumer rights protection" 

Starting from January 01, 2019 owners of 
Internet aggregators are subject to federal state 
surveillance in the sphere of consumer rights pro-
tection which includes: 

– organizing and conducting inspections to de-
termine whether owners of aggregators adhere to legal 
requirements in the sphere of consumer rights protec-
tion and to orders given by surveillance authorities; 

– systemic observation, analysis, and predic-
tion whether they meet obligatory requirements 
when accomplishing their activities. 

Surveillance authorities have the right to: 
– enquire and obtain data and documents on 

issues related to consumer rights protection; 
– conduct any inspection within control proce-

dures at objects which are under surveillance; an 
access should be granted to officials with service 
certificates and a copy of an order to conduct an 
inspection; 

– to issue prescriptions to stop violating con-
sumer rights, to eliminate detected violations, and 
to make efforts aimed at preventing any hazard to 
consumers' life, health, and property, and to the 
environment; 

– to take legal actions and to hand in petitions to 
court to protect consumer rights, legitimate interests 
of broad masses of consumers as well as petitions to 
liquidate an aggregator for repeated (2 or more times 
within 1 calendar year) or severe (causing death or 
mass incidence, mass intoxications) violation of con-
sumer rights. 

 
 The RF Governmental regulation dated 

February 28, 2019 No. 224 "On Approving the 
Rules for marking tobacco products with identi-
fication means and peculiarities related to im-
plementation of the state information system for 
monitoring over distribution of goods which are 

subject to obligatory marking with identifica-
tion means as regards tobacco goods" 

The Regulation determines that cigarettes 
which are not marked with identification means 
can be distributed up to July 01, 2020. 

Producers, importers, and sellers of tobacco 
products, among other things, are to register them-
selves in the state information system for monitor-
ing before June 30, 2019. And if they start their 
activities after this date, the registration should be 
accomplished within 7 days since the date such 
activities have started.  

 On the RF territory cigarettes can be intro-
duced onto the market without identification means 
being marked on them and data on this marking and 
their first sale on the market being fed into the in-
formation system for monitoring till July 1, 2019. 

Retail trade in above mentioned tobacco prod-
ucts manufactured (imported) after July 1, 2019 is 
allowed only if data on such sales are fed into the 
state information system for monitoring. 

On the RF territory distribution of cigarettes (a 
code as per classifier 12.00.11.130, CN FEA code 
2402 20; a code as per classifier 12.00.11.140, CN 
FEA code 2402 20 900 0) which are not marked 
with identification means is allowed only till July 1, 
2020; and distribution of other tobacco products, till 
July 1, 2021. 

 
The RF Governmental regulation dated 

January 28, 2019 No. 50 "On making alterations 
into the Rules for trade in specific goods" 

Milk products are to be sold according to a 
new procedure since July 01, 2019. 

According to a supplement made into the Rules 
for trade in specific goods approved by the RF Gov-
ernment regulation dated January 1998, No. 55, milk, 
milk products, and products that contain milk are to 
be placed in a shop or any other point of sale in such 
a way so that a buyer can visually separate them from 
other food products; there should be a notice "prod-
ucts without milk fat substitutes". 

The Regulation comes into force on July 01, 2019. 
 
The RF Governmental regulation dated 

February 13, 2019 No. 149 "On developing, fix-
ing, and reviewing standards for quality of the 
environment as for its chemical and physical pa-
rameters as well as on approving a list of regula-
tory documents in the sphere of environmental 
protection that fix technological parameters of 
the best available technologies" 

The Regulation determines a procedure for de-
veloping, fixing, and reviewing standards for quality 
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of the environment as regards its chemical and 
physical parameters. Standards are to be developed 
for specific environmental components, such as at-
mospheric air, water in surface water objects, water 
in underground water objects, and soils. 

Quality standards are fixed at maximum per-
missible levels obtained via laboratory research; or, 
in case of territories and water basins, at background 
levels (within permissible deviations in values)  
which occurred under influence exerted by environ-
mental factors specific for a specific area or a water 
basin. Background levels (an interval of permissible 
deviation from their values) for an area or a water 
basin are determined on the basis of data obtained via 
observations over the environment, samplings and 
(or) measurements as per chemical and physical pa-
rameters on a relevant reference area as well as on the 
basis of data taken from the unified state database on 
the environment, its contamination, the state water 
register the state fund for mineral resources, the state 
forests fund, the unified state register of real estate, 
the state ecological monitoring database (the state 
monitoring over the environment). 

A reference area is a land spot, water objects or 
its part, selected within an examined territory or wa-
ter basin, without any signs that their natural ecologi-
cal systems have started to deteriorate  (changes in 
species or trophic structure of ecosystems, their natu-
ral productivity, morphological or metabolic proper-
ties of soils, disappearance of animals and plants, 
disorders in biological cycles of animals and plants). 

 
The RF Governmental regulation dated Feb-

ruary 28, 2019 No. 225 "On authorized bodies in 
the RF that can perform control (surveillance) over 
adhering to the requirements fixed in the EAEU 
Technical Regulations "On safety of bottled drink-
ing water including natural mineral water" 

The Regulation fixes that state control (sur-
veillance) over adhering to the requirements fixed 
in the EAEU Technical Regulations "On safety of 
bottled drinking water including natural mineral 
water" approved by the Decision of the EEC Board 
Council dated June 23, 2017 No. 45 is to be per-
formed by the following bodies: 

– Rospotrebnadzor and other federal execu-
tive bodies which are authorized to perform federal 
sanitary-epidemiologic surveillance within their 
competence and within a scope of state sanitary-
epidemiologic surveillance; 

– Rospotrebnadzor within federal state surveil-
lance over consumer rights protection. 

Authorized bodies in the RF exchange infor-
mation in order to make their control (surveillance) 

competences more efficient and to prevent distri-
bution of products which are not compliant with 
the requirements fixed in the above mentioned 
technical regulations on the RF territory. 

 
The Order by the RF Chief Sanitary Inspec-

tor dated December 20, 2018 No. 52 "Approval of 
Sanitary-Epidemiologic Rules SER 3.1.3542-18 
"Prevention of meningococcal infection" (Regis-
tered in the RF Ministry of Justice on January 09, 
2019 No. 53254) 

The Order revises requirements to conducting 
prevention activities aimed at prophylaxis of men-
ingococcal infection occurrence and spread. 

The Rules contain overall description of men-
ingococcal infection and its agent; characteristics of 
morbidity with meningococcal infection in the RF 
and worldwide; ways of detecting, registering, and 
keeping records about patients with generalized 
meningococcal infection and acute nasopharyngitis; 
laboratory diagnostics of generalized meningococ-
cal infection; activities performed in foci where 
meningococcal infection is detected; rules for orga-
nizing immune prophylaxis of meningococcal infec-
tions during a period between epidemics and when 
there is a threat that there can be an epidemic rise in 
incidence; surveillance over meningococcal infec-
tion; hygienic education provided for citizens as 
regards meningococcal infection etc.  

The Sanitary-Epidemiologic Rules SER 
3.1.2.2512-09 "Prevention of meningococcal infec-
tion" approved by the Order by the RF Chief Sani-
tary Inspector on may 18, 2009 No. 33 are no 
longer valid.  

Validity of the Sanitary-Epidemiologic Rules 
SER 3.1.3542-18 "Prevention of meningococcal 
infection" expires on December 15, 2028. 

 
The Order by the RF Chief Sanitary Inspec-

tor dated December 19, 2018 No. 49 "On pre-
venting spread of parasites that could be caught 
when eating meat and meat products in the Rus-
sian Federation" (Registered in the RF Ministry 
of Justice on January 30, 2019 No. 53632) 

The RF Chief Sanitary Inspector informs that 
the situation in the RF is rather tense as regards 
incidence with parasitic diseases caught when eat-
ing meat and meat products (trichinosis, teniarin-
hoze, taeniasis).  

Regional authorities are urged to pay special 
attention to efficiency of activities aimed at elimi-
nating rats and disinvasion at animal farms and 
agro-industrial enterprises; to take certain meas-
ures aimed at preventing non-sanctioned trade in 
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meat and meat products; to examine quality of 
medical aid rendered to patients with parasitic dis-
eases including laboratory diagnostics of such dis-
eases; to reinforce quality control performed dur-
ing inspections of meat obtained via commercial 
and private hunting (bear, wild boar, and badger).  

Juridical persons and private entrepreneurs 
who deal with communal infrastructure for water 
supply, sewage, and sewage purification, are to 
take measures aimed at providing stable qualita-
tive disinfection of environmental components 
and guaranteeing them being completely free of 
any parasites.  

 
The Order  by the Rospotrebnadzor dated 

December 05, 2018 No. 1000 "On Approving 
application forms on establishing, changing, or 
eliminating a sanitary hygienic zone" (Regis-
tered in the RF Ministry of Justice on January 
22, 2019 No. 53491) 

The Order approves application forms that 
should be submitted when a sanitary-hygienic zone 
is established, changed, or eliminated. When sub-
mitting an application on establishing or changing 
a sanitary-hygienic zone, it is necessary to provide 
data on an economic entity (developer) who owns 
an object which is to have a sanitary-hygienic zone 
around it and to substantiate its establishment; data 
on a project designer; data on an expert's report 
issued as per results of a sanitary-hygienic inspec-
tion of a sanitary-hygienic zone project. Projects of 
sanitary-hygienic zones and expert's reports on 
results of a sanitary-epidemiologic inspection are 
to be submitted together with applications.  

Any application as regards eliminating a sani-
tary-hygienic zone should contain data on an appli-
cant, an expert organization, results of atmospheric 
air measurements, data on physical and/or biological 
impacts exerted on air beyond an object, and an ex-
pert's report on a performed sanitary-epidemiologic 
inspection that should conation results of the above-
mentioned examinations (measurements).  

 
The Letter by the Rospotrebnadzor dated 

November 12, 2018 No. 01/14740-2018-32 "On 
an expert's certificate" 

An expert's certificate gives its holder a right 
to pursue medical activities on the RF territory up 
to January 01, 2026; expert's certificates may be 
issued up to January 01, 2021 and are valid until 
their expiration date. Qualifying criteria for taking 
up posts in state civil services (item 9 in the Ref-
erence book of qualifying criteria for specialties, 
education, skills, and knowledge necessary to take 

up a post in state civil services taking into account 
a sphere and type of occupational civil activities 
performed by civil servants (approved by the RF 
Ministry of Labor)) include an expert's certificate 
valid till January 01, 2026 that confirms its holder 
has a medical-prevention specialty or a certificate 
that conforms accreditation of an expert.  

 
The Letter by the Rospotrebnadzor dated 

February 12, 2018 No. 01/1840-2018-32 "On re-
quirements to disinfection,. disinsection, and dera-
tization"  

To perform disinfection, any juridical person 
should hold a license on medical activity in "disin-
fectiology" sphere and employ experts with relevant 
medical education. The standpoint is confirmed by 
the RF Supreme Court in the Decision dated Janu-
ary 15, 2018 No. 309-КГ17-12073; the Decision 
dated January 12, 2018 No. 310-КГ17-14344; the 
Review on juridical practices "On certain issues 
occurring during arbitrations regarding administra-
tive infractions covered by the Chapter 14 of the 
RF Code on Administrative Infractions" confirmed 
by the RF Supreme Court Presidium on December 
06, 2017 as well as by the Arbitration Court of the 
Urals district in its Decision dated May 04, 2017 
No. F09-1737/17. 

 
Methodical Guidelines MR 2.4.5.0131-18. 

2.4.5. "Hygiene for teenagers and children. 
Children nutrition. Practical aspects related to 
organizing rational nutrition for children and 
teenagers and organization of monitoring over 
nutrition" (approved by the RF Chief Sanitary 
Inspector on August 10, 2018) 

The documents focuses on how to organize 
rational nutrition for children and teenagers at 
schools and pre-school children facilities. Accord-
ing to the Guidelines, a menu should be drawn for 
not less than 2 weeks. It should take into account 
physiological needs of a body in energy and nutri-
ents as well as actual amount of energy a child 
tends to spend; it should be diverse, safe, and bal-
anced; it should include products for children nu-
trition which are enriched with vitamins, minerals, 
bifid bacteria; it should include dishes cooked with 
sparing treatment of ingredients that ensures taste 
preservation; it should envisage a possibility to 
provide nutrition for children who require specific 
food as per medical indications. 

The Guidelines contain example sets of prod-
ucts for various meals which can be applied when 
organizing nutrition for children at pre-school chil-
dren facilities and schools. 
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The Methodical Guidelines MR 3.1.0140-
18. 3.1. "Prevention of infectious diseases. Non-
specific prophylaxis of flu and other acute res-
piratory infections. Methodical Guidelines" 
(approved by the RE Chief Sanitary Inspector 
on December 10, 2018) 

The Guidelines are to be used by experts 
employed at Rospotrebnadzor bodies and institu-
tions, medical organizations, heads and staff at all 
kinds of educational establishments, establishment 
aimed for long-term stay of people etc. The docu-
ment outlines basic features of infectious agents 
and risk groups; principles of non-specific prophy-
laxis aimed for fighting against flu and acute respi-
ratory infections; a list of actions that can make a 
body more resistant to infectious agents; how to 
apply non-specific preventive medications; disin-
fection means and procedures, barriers that prevent 
respiratory contagion with infectious agents and 
how to use them; etc. 

 
Information by Rospotrebnadzor dated 

January 15, 2019 "On making milk-containing 
products with fat substitutes"  

Starting from July 15, 2018, the Customs Un-
ion Technical Regulations 033/2013 "On safety of 
milk and milk products" are to contain a new term, 
"a milk-containing product with milk fat substi-
tute". It is a product obtained via milk processing 
and manufactured with application of milk fat sub-
stitute in a quantity not exceeding 50%. Rospot-
rebnadzor reminds that a 180-day period granted to 
milk products manufactures to prepare for changes 
in marking is soon expiring.  

Denomination of a product manufactured with 
application of milk fat substitutes should start with 
the following words: "milk-containing product with 
milk fat substitute". A consumer package should 
bear the following: "contains vegetable oils". The 
information should be given in a font which is easy 
to read; marking should be made on a package side 
which faces a consumer. Violation of the amended 
requirements will result in administrative responsi-
bility. Should consumers find any products distrib-
uted on the market which are not compliant with the 
fixed requirements, they have the right to apply to a 
regional Rospotrebnadzor office so that measures 
could be taken as regards manufactures, suppliers, 
and sellers of such products.  

 
The Order by the Russian Federal State 

Statistic Service  Росстата dated December 29, 
2018 No. 792 "On Approval of federal statistic 
observation forms and instructions on how to fill 

them for organization of а statistical observation 
over sanitary situation in a RF region by the 
Federal Service for Surveillance over Consumer 
Rights Protection and Human Well-being" 

The Order approves a new statistical form (a 
monthly one and an annual one); a monthly Form 
No. 5 "Data on preventive vaccinations" becomes 
valid starting from January 2019 Report, and an 
annual one, starting from 2019 Annual Report. The 
Form is to be filled in by organizations that render 
medical aid to children and adults, medical and 
obstetric centers in rural areas, infant orphanages, 
as well as medical organizations which are part of 
the Russian Railways, The Russian Ministry of 
Defense, The Russian Ministry for Internal Affairs, 
The RF Federal Security Service, The RF Federal 
Protective Service, The RF Federal Service for 
Execution of Punishments, the RF Federal Bio-
medical Agency, The Main Directorate of Special 
Programs of the President of the Russian Federa-
tion, The National Guard of Russia, the RF Presi-
dent Administration. The Federal Center for Hy-
giene and Epidemiology is to collect all the reports 
and submit a consolidated one as per the country as 
a whole to Rospotrebnadzor.  

Form No. 1 and 2 which are to contain data on 
infectious and parasitic diseases are also renewed.  

 
The Letter by the RF Ministry of Construc-

tion Industry, Housing and Utilities Sector dated 
November 29, 2018 No. 52225-ОГ/08 "On issues 
related to performing a state inspection" 

The Ministry informs that "List of environ-
mental protection activities" in project documents 
submitted to an inspection is to contain the results 
of assessing how an object that is being designed 
influences the environment; it should also contain 
data on activities aimed at preventing and (or) 
eliminating adverse effects produced by future 
economic activities. Project decisions should be 
well-grounded and validated with documents 
which are fixed by legal acts issued in the RF 

The letter highlights that, according to the Sani-
tary-Epidemiologic Requirements 2.2.1/2.1.1.1200-03 
"Sanitary-hygienic zones and sanitary classification 
of enterprises, buildings, and other objects. A new 
edition", sanitary-hygienic zones are to be designed 
at all the stages in development of project documents, 
construction, reconstruction and operation projects 
for an industrial object and production and/or a group 
of various productions. When production is in opera-
tion, a size of its sanitary-hygienic zone can be 
changed as per data collected via field research and 
risk assessment.  
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Assessment of a sanitary-hygienic zone project 
performed by Rospotrebnadzor bodies is not included 
into an inspection of project documents for construc-
tion and reconstruction of a capital construction ob-
ject; it is performed only for issuing initial permis-
sions as regards establishing sizes and boundaries of 
a sanitary-hygienic zone around an object. 

The Letter by the RF Federal Accreditation 
Service dated January 25, 2019 "On documents that 
should be attached to a conformity declaration that 
confirms compliance of products with  requirements 
fixed in technical regulations starting from February 
15, 2019" 

The RF Federal Accreditation Service re-
minds about documents that, starting from Febru-
ary 15, 2019, should be submitted together with a 
conformity declaration to confirm that products are 
compliant with requirements fixed in technical 
regulations. 

Such documents can be the following: a copy 
of a contract with a manufacturer stipulating that a 
manufacturer is to provide compliance of products 
supplied onto the RF customs territory to require-
ments fixed in relevant technical regulations and to 
bear full responsibility for non-compliance of 
products to the above-mentioned requirements; 
copies of documents that validate compliance, in-
cluding results of examinations and measurements. 
The Letter informs that a service for registration of 
conformity declarations will be renewed starting 
from February 15, 2019, and it will be impossible 
to register any conformity declarations about prod-
ucts being compliant with requirements fixed in the  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RF and EAEU technical regulations without scan 
copies of relevant documents. 

 
The Letter by The Federal Service for 

Hydrometeorology and Environmental Moni-
toring dated August 16, 2018 No. 20-44/282 "On 
sending Temporary recommendations "Back-
ground concentrations of hazardous substances 
(pollutants) to urban and rural settlements 
where there are no regular observations over 
ambient air contamination" for 2019-2023" 

For a period 2019-2023 The Federal Service for 
Hydrometeorology and Environmental Monitoring 
has developed temporary recommendations on estab-
lishing background concentrations of pollutants in 
atmospheric air for urban and rural settlements where 
observations over atmospheric air contamination are 
not performed regularly. The recommendations are 
developed basing on analysis and generalization of 
data collected in towns with their population size not 
exceeding 100 thousand people.  

Following the implementation of "Methods to 
calculate dispersion  adverse substances (pollutants) 
emissions in the atmosphere" since January 01, 2018 
approved by the Order by the RF Ministry for Natu-
ral Resources dated June 06, 2017 No. 273, the rec-
ommendations contain a table with values of long-
term average concentrations of adverse substances 
(pollutants) for towns with the above-mentioned 
population size.  

The recommendations also contain a typical 
reference form applied to inform about background 
concentrations of pollutants. 




