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ANALYSIS OF LEGAL AND METHODOLOGICAL GROUNDS FOR

RISK-ORIENTED SURVEILLANCE OVER CONSUMER PRODUCTS: TASKS
AND DEVELOPMENT PROSPECTS IN THE EURASIAN ECONOMIC UNION*

N.V. Zaitseva', I.V. May', S.I. Sychik?, E.V. Fedorenko?, L.M. Shevchuk’

'Federal Scientific Center for Medical and Preventive Health Risk Management Technologies, 82 Monastyrskaya
Str., Perm, 614045, Russian Federation
*Scientific-practical Hygiene Center, 8 Akademicheskaya Str., Minsk, 220012, Republic of Belarus

The paper dwells on basic legal and sub-legislative documents issued in the EU, the USA, Canada, by the
WTO and Codex Alimentarius Commission which provide control of consumer products safety on the basis of
assessing risks for consumers' life and health. Risk-oriented surveillance is shown as a system which makes for
lower loads on business but still provides systemic control over most hazardous products. The EU legislation
fixes the right to perform supranational control over state control systems existing in the EU member states in
terms of their relevance and legitimacy. This supranational control is supported by organizational structures
and regulatory and methodological documents. National control systems are systematically reviewed and ana-
lyzed in order to secure their conformity to supranational regulatory acts, to detect any cases of non-
compliance, and to spread the best practices. Risk analysis reviews and results are open and discussable. As a
result of products hazards assessment their turnover can be limited, or they can be withdrawn from the market,
or additional information on hazards or risks they may cause is to be provided for consumers. Public and con-
stantly operating systems of informing about hazardous goods are well-developed. International experience and
practices in the sphere of risk-oriented surveillance over consumer products can be and should be applied in the
Eurasian Economic Union (EEU) countries.

The Eurasian Economic Union countries fix orientation at observing consumer goods safety principles in
their legislation. There are also legal grounds for and practices in the sphere of risk-oriented approach to products
manufactures. But it is necessary to further develop a products classification system as per consumer health risk
parameters. And this task requires working out unified approaches to classification of both eatable and non-eatable
products. It seems relevant to develop a public analytical database of risk-oriented control created with the use of
the control and surveillance activities results obtained in the EEU countries. All the involved parties should more
actively interact and exchange information on issues of products risks assessment as it is a vital component re-
quired for further development of the system.

Key words: consumer products, products risks assessment, risk-oriented surveillance, legislative basis,
methodological approaches.
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Creation of the Eurasian Economic
Union (EAEU) and formation of the Sin-
gle Economic Space presuppose the elim-
ination of unnecessary state barriers that
hamper free trade in the territories of the
Union member countries. Economic inte-
gration is the leading motive of the Eura-
sian project, its main driving force [11].
To date, the sales turnover between the
EAEU member states amounts to more
than 43 billion US dollars (14.2% of the
total trade volume of the EAEU coun-
tries)'. The share of consumer goods in
2016 amounted to about 25.7% in value
terms (food products: 13.0%, non-food:
12.7%). Based on mutual trade, products
of animal and vegetable origin (meat, fish,
meat products, meat by-products, vegeta-
bles, fruits, cereals, products of flour-and-
cereals industry) come to the common
market; fats and oils of vegetable and an-
imal origin; sugar and confectionery; al-
coholic and non-alcoholic beverages;
soaps, detergents; perfumery and cosmet-
ics; fabrics, carpets, clothes, shoes, toys,
furniture, etc.

At the same time, we gained facts that
testify to the cases of harm to consumers’
health due to unsafe products traded on
the market of the single economic space
[5-7, 10, 12]. Since public health protec-
tion is the priority of any EAEU member
state, development of the fundamentally
new approaches to control safety of the
consumer products, when circulating in

the market, and to assessing their compli-
ance with the legally established sanitary
and epidemiological requirements, seems
relevant.

For the Eurasian Economic Union,
where state surveillance systems in the
context of sanitary and epidemiological
wellbeing are independent’, the elaboration
of common methodological approaches to
developing, approving, modifying and ap-
plying the common sanitary-
epidemiological and hygienic requirements
for products, as well as to products control
procedure and the selection of adequate
measures of state regulation (coercion), is
an extremely urgent task [1, 9]. The solu-
tions for such a problem would allow, with
an improvement in overall product safety,
to minimize contradictions and misunder-
standings in assessing the results of control
and surveillance activities by national
regulators regarding products traded on the
market of EAEU.

The EAEU basic documents consider
products safety as "the absence of unac-
ceptable risk associated with the potential
of causing harm and (or) damage"’. The
documents provisions require the subordi-
nate regulatory-methodological and in-
formational grounds for assessing and
managing the risks of potential harm to
the protected values in relation to con-
sumer products for assessing and manag-
ing risks for consumers’ life and health
and their property interests.

' On the results of foreign trade in goods of the Eurasian Economic Union. January — December 2016: analytical re-

view of  the Eurasian Economic

Commission.

Available at: http://www.eurasiancommission.org/

ru/act/integr i_makroec/dep_stat/tradestat/analytics/Documents/Analytics E 201612 180.pdf (28.08.2017).
*Treaty on the Eurasian Economic Union in the wording of 08.05.2015 with amend. and alterations.ddt.
12.08.2017. Section X, Art. 51 "General principles of technical regulation". Available at: http://www.consultant.ru/doc-

ument/cons_

doc LAW_163855/ef821de674bd00be353bb7b3efffdb453736d110/ (14.08.2017).

* Treaty on the Eurasian Economic Union in the wording of 08.05.2015 with amend. and alterations.ddt.
12.08.2017. Appendix No. 9 "Protocol on technical regulation within the framework of the Eurasian Economic Union".
Available at: http://www.consultant.ru/document/cons_doc_LAW_163855/d4a8ed9c96e6b5519b558{85f72112

ed06ble527/ (12.08.2017).
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To date, all the EAEU member states
legislatively ensured the transition to a
risk-oriented state surveillance, and in
particular, in the sphere of ensuring sani-
tary and epidemiological wellbeing and
protection of consumers' rights. However,
the implementation of models in most
countries is in the stage of formation and
accumulating data for assessing the effi-
ciency and viability [3, 9]. In addition, the
risk-oriented approaches in the organiza-
tion of surveillance are meant to justify
the frequency and scope of auditing legal
entities and/or individual entrepreneurs’
activities, rather than products as such al-
ready released onto the market.

Within this framework, an experience
in the field of risk-oriented surveillance
of products safety in the member states of
the European Union, the United States,
Canada, some individual Eurasian Eco-
nomic Union member states and such in-
ternational organizations as the World
Trade Organization and Codex Alimen-
tarius Commission, etc. seemed to be of
exceptional interest.

The purpose of the study is to ana-
lyze the legal and methodological grounds
for functioning the risk-oriented model of
control and surveillance activities in the
European Union, the United States, Canada
and the EAEU countries in terms of ensur-
ing products safety as the basis for improv-
ing the system for assessing health risks to
the population from consumer products
traded on the common market of the Eura-
sian Economic Union.

Materials and methods. In the course
of the study, we reviewed over 150 regula-
tory and non-mandatory legal acts of the
European Union, the USA and Canada,
about 40 methodical documents of the Eu-

ropean Union, the USA and Canada; about
30 normative and methodical acts of the
EAEU member states (the Republic of
Belarus, the Republic of Kazakhstan, the
Republic of Kyrgyzstan, the Republic of
Armenia, Russian Federation). Approxi-
mately 30 documents of international or-
ganizations, including the World Trade
Organization (WTO), Codex Alimentarius
Commission, the Organization for Eco-
nomic Cooperation and Development
(OECD), the International Organization for
Standardization (ISO), the European
Committee for Standardization, and other
international regulators in the field of con-
sumer products.

Results and discussion. The European
Union (EuroUnion, EU) as a unique and
complex organization, which unites 28
states, due to the longer history than the
EAEU history, can be considered as an ob-
ject for studying the experience in many are-
as of economy, including product safety.

The EU common goods market con-
solidates about 500 million consumers and
21 million manufacturers of different
forms and sizes*. One of the union inten-
tions is to ensure free goods flow on the
market and establishing high standards for
safety, including for in relation to consum-
ers. The EU represents all its Member
States in the World Trade Organization
(WTO) and, having legal personality, can
be a party to international agreements.

The Europe equivalent for the Russian
"control and surveillance activities in the
products market is "market surveillance"
and official controls/surveillance for food,
feedstuft, plants [2, 15]. The peculiarity of
the surveillance organizational structure
over products on the Euro-Union market
is the controls and surveillance at the EU

* About the EU . European Union. Available at: https://europa.eu/european-union/about-eu/countries_en (06.08.2017).
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level, and simultaneously at the national
level of the member states by the author-
ized member states authorities. Another
tool for risk management is obliging the
products manufacturers and other market
participants to ensure and prove safety of
products and to inform about possible
threats.

Ensuring product safety in the EU is
built on three key elements: legislation,
quick response system, and standards.

The basic legislative documents that
regulate ensuring safety of life and health
for people using any type and category of
products in the European Union are the
Directive 2001/95/EC (of the European
Parliament and the General Product Safe-
ty Council — General Product Safety Di-
rective’), which is elaborated in the con-
text of developing the Directive 92/59
EEC under the same name, Regulation
(EC) 765/2008°%) (as applied to non-food
products), Regulation (EC) 882/20047)
and Regulation (EU) 2017/625* ((in re-
spect to foodstuffs, feed and plants). The
same documents define the powers of the
surveillance bodies with regard to prod-
ucts, their rights and duties.

The Directive on general safety of
products 2001/95/EC establishes that "safe
product shall mean any product which, un-
der normal and reasonably foreseeable
conditions..., does not present any risk or

only the minimum risks ... considered to
be acceptable” (Art. 2, para. b). Since risk
is considered as a criterion of safety, Arti-
cle 1 of the Directive establishes a general
principle stating that "... legislation should
be based on a risk analysis". 1t is deter-
mined that risk assessment is based on the
scientific evidence available, and should be
carried out based on independence, objec-
tivity, transparency and follow the princi-
ple of preventive measures, providing for
preventive risk management until "more
comprehensive risk assessment".

The main responsibility for product
safety lies with the operators of economic
activities. However, "The Member States
must ensure compliance with food laws,
monitor and verify that the relevant re-
quirements of food law are met by opera-
tors of economic activities in the production
of food and feedstuff at all stages of produc-
tion, processing and marketing” (Article 17
2)).

The Directive authorizes national bod-
ies to independently monitor the market
and take actions against hazardous prod-
ucts through the designated national au-
thorities.

The national authorities of the Europe-
an Union countries that exercise monitor-
ing and surveillance over the products
market have the powers to control all
products before and after their release; on

* General Product Safety. Directive (GPSD) 2001/95/EC. European Commission. Available at:
https://ec.europa.eu/growth/single-market/european-standards/harmonised-standards/general-product-safety en

(06.08.2017).

% Regulation (EC) No 765/2008 of the European Parliament and of the Council of 9 July 2008 setting out the re-
quirements for accreditation and market surveillance relating to the marketing of products and repealing Regulation
(EEC) No 339/93 (Text with EEA relevance). EUR-Lex: Access to European Union law. Available at: http://eur-
lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32008R0765 (06.08.2017).

7 Regulation (EC) No 882/2004 of the European Parliament and of the Council of 29 April 2004 on official controls per-
formed to ensure the verification of compliance with feed and food law, animal health and animal welfare rules.

EUR-Lex: Access to European Union
content/EN/ALL/?uri=CELEX%3A32004R0882 (06.08.2017).

law.

Available at: http://eur-lex.europa.eu/legal-

¥ REGULATIONS: Regulation (EU) 2017/625 of the European Parliament and of the Council of 15 March 2017. Offi-
cial Journal of the European Union, 2017. Available at: http:/eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=

CELEX:32017R0625&from=EN (08.08.2017).
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the procedure for determining safety of any
product, which may represent even mini-
mal risks [13, 14, 16-18]. They check
whether the goods available on the market
are safe, ensure that the product safety laws
and regulations are respected by manufac-
turers and other market participants, and
apply sanctions when necessary.

It is extremely important that the Di-
rective 2001/95/EC states that "conformity
of a product with the criteria designed to
ensure the general safety requirement shall
not bar... from taking appropriate
measures to impose restrictions on its be-
ing placed on the market, or to require its
withdrawal from the market or recall
where there is evidence that, despite such
conformity, it is dangerous"(Art. 3, para.
5). Consequently, it is recognized that a
situation where, in observance of all the
requirements and standards, products under
real conditions of use can be dangerous for
life and health of a consumer.

Surveillance authorities warn potential
consumers about dangerous products and
encourage voluntary withdrawal of prod-
ucts from the market by their manufactur-
ers, when they discover hidden risks.

The document accents to the im-
portance of cooperation between the con-
trol bodies of the member states, including
risk assessment, joint product auditing, ex-
change of competencies and scientific
knowledge, implementation of joint pro-
jects for surveillance, tracing, withdrawal
or recall of hazardous products. The Euro-
pean Commission (EC) as an executive
body of the European Union is instructed
to "promote and take part in the operation

?Legislation on official controls. European

in a European network of the Member
States authorities competent for product
safety, in particular in the form of adminis-
trative cooperation” (Art. 10, para. 1).

It should be noted that the Directive
2001/95/EC, without establishing unam-
biguously the criteria for acceptable risk,
operates with the notion of "serious risk",
which refers to a risk requiring rapid inter-
vention by public authorities, including
those the effects of which are not immedi-
ate, requiring rapid intervention by the
public authorities (para. d, Art. 2).

Adopted in April 2004, the EU Regu-
lation No. 882/2004° on the official control
of compliance with the legislation in the
field of food and feedstuffs established for
the first time a risk-oriented approach to
control, and Regulation 2017/625)'° broad-
ened the application thereof [18]. The doc-
uments establish:

— the risk-oriented approach assumes
that the load on business representatives is
minimized, the control focuses on high-risk
objects. When planning monitoring activi-
ties, reports on past audits of the objects
under surveillance should be taken into ac-
count. In doing so, the competent authori-
ties, in carrying out control activities and
revising their periodicity, should consider
the likelihood that consumers may be mis-
led about the properties, quality, composi-
tion or country of origin of the products
they purchase;

— transparency of official control is
focused on increasing the responsibility of
the surveillance authorities. The document
provides for the possibility to publish the
control results and establish ratings;

Commission: Food. Available at:

https://ec.euro-

pa.eu/food/safety/official_controls/legislation_en (05.09.2017).
" REGULATIONS: Regulation (EU) 2017/625 of the European Parliament and of the Council of 15 March 2017. Of-

ficial Journal of the European Union, 2017. Available at:

2uri=CELEX:32017R0625&from=EN (08.08.2017).

http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/
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— foundation of reference laboratories
and centers in those sectors where there is a
need to create uniform, comparable meth-
ods for analysis, testing and diagnostics;

— explanation of selection, analysis,
testing, interpretation of results implies
close interaction between supervising and
supervised organizations in order to explain
to the auditees the methods of sampling,
analysis, testing, diagnosis and interpreta-
tion of the results obtained.

The European Commission ensures the
development and control over the ob-
servance of clear and uniform rules applica-
ble to food and non-food products. Its tasks
are to facilitate infrastructure, organization,
legal authority, etc. to be proper enough to
ensure market surveillance in compliance
with the law, in order to improve, including
simplification, market surveillance proce-
dures and product control in the EU and at
its borders; to develop tools for coordinating
the activities of national surveillance bodies
(for example, discussion forums, databases
and general market surveillance campaigns).

Another objective of the European
Commission is to promote the implemen-
tation of the market surveillance structure
and to ensure its effectiveness at national
levels.

A special condition for the successful
operation of product safety control and rap-
id response to risks, the EU documents de-
termine the availability of rapid warning
systems. There are several such systems in
the European Union: Rapid Exchange of
Information System (RAPEX), Rapid Alert
System for Food and Feed (RASFF), Trade
Control and Expert System (TRACES) and
several others.

For example, RAPEX computer sys-
tem is designed for rapid exchange of in-
formation between the member states and
the European Commission on serious non-
food products risks for consumers (except

Health Risk Analysis. 2017. no. 4

for drugs, chemicals and medical equip-
ment). The system accumulates data on
hazardous products, on risk assessment, on
control tests methods and their results, on
other aspects that should be taken into ac-
count in monitoring activities, sharing
knowledge and best practices. In addition
to the above, the information that enables
identifying products, the nature and dura-
tion of measures or actions taken is subject
to disclosure.

This is an intensively developing sys-
tem. For instance, since China is the largest
source of imports of goods to the EU to-
day, the European Union in collaboration
with General Administration of Quality
Supervision, Inspection and Quarantine of
the People’s Republic of China— AQSIQ)
establishes RAPEX-China system for the
exchange of information between the Eu-
ropean Commission and AQSIQ on dan-
gerous consumer goods of Chinese origin
found in the EU. Bilateral cooperation with
AQSIQ is complemented by tripartite co-
operation with the U.S. Consumer Product
Safety Commission involved.

Rapid Alert System for Food and Feed
(RASFF) ensures rapid interaction between
the national authorities of the EU member
states responsible for food safety, which en-
ables the authorities to promptly arrange
withdrawal of unsafe food''. It is legally
enshrined that the system should work
twenty four - seven days a week .

All EU member states submit reports
to the European Commission with an as-
sessment of market surveillance activities
(by market sector), which allows for annu-
al generalized analysis of effectiveness for
system functioning and to justify measures
to improve it [19].

In the United States, a country where
the risk assessment methodology was im-
plemented in legislation earlier than in oth-
er countries, a safety as "the absence of un-



N.V. Zaitseva, [.V. May, S.I. Sychik, E.V. Fedorenko, L.M. Shevchuk

acceptable risk to life and health ..." is de-
fined in the US Consumer Product Safety
Improvement Act No. 4040, of 2008").

The product safety issues based on risk
assessment are governed by the National
Technology Transfer and Advancement
Act, 15 US.A. §3701 et seq., 1996)"* and
the Risk Assessment and Cost Benefit Act
(RACBA), ddt. 23.02.1995 H.R. 1022 104-
ep)”.
The Code of Federal Regulations of
the USA contains legislative acts providing
for the assessment of risks of food, cosmet-
ic, chemical and other products, including
the most sensitive groups, to the population
health'® ' '® Thus, the law on safety of
food, drugs and cosmetics'® foresees health
risk assessment, including the diseases as-
sociated with the mentioned goods in the
process of their production and circulation
on the market, as well as the establishment
of quality standards based on risk assess-
ment.

Compliance with standards is ensured
by strict liabilities of producers, standardi-
zation and certification bodies. In addition
to administrative penalties and damages

caused by poor-quality goods, manufactur-
ers can be enforced with punitive damages,
aimed at preventing future violations, by
court of law in favor of state's revenue.
And the amount of such losses reaches
hundreds of million dollars (for example,
Snyder vs. American Association of Blood
Banks precedent, in which the patient re-
covered $11 million from the Association
for contracting AIDS as a result of blood
transfusions, which was tested in the labor-
atory of the Association [ 21]). The stand-
ardization and certification bodies that al-
lowed low-quality products release into
circulation may also be held liable for neg-
ligence and inadvertence.

In general, the US laws minimize leg-
islative pressure on producers, makes a
significant emphasis on informing the pub-
lic at large, business communities and con-
sumers about the risks of products, thereby
guiding manufacturers to voluntarily assess
and minimize product risks for the popula-
tion life and health. At the same time, leg-
islation fixes as a priority the system for
controlling products safety at all stages of
production as a guarantee for safety of

"' Regulation (EC) No 178/2002 of the European Parliament and of the Council of 28 January 2002 laying down the
general principles and requirements of food law, establishing the European Food Safety. Authority and laying down pro-
cedures in matters of food safety. EUR-Lex: Access to European Union law. Available at: http://eur-lex.curopa.eu/legal-

content/EN/TXT/?uri=celex:32002R0178 (06.08.2017).

'2 Commission Regulation (EU) No 16/2011 of 10 January 2011: Laying down implementing measures for the Rap-
id alert system for food and feed. Official Journal ofthe European Communities, 2011. Available at: http://eur-
lex.europa.eu/legal-content/EN/TXT/PDF/?uri=0J:L:2011:006:FULL&from=EN (06.08.2017).

" Consumer Product Safety Improvement Act of 2008: Public Law 110-314, 110th Congress, 2008. Available at:

https://www.cpsc.gov/s3fs-public/cpsia.pdf (06.08.2017).

" National Technology Transfer and Advancement Act of 1995: Public Law 104-113, 104th Congress, 1996 Available at:
https://www.nist.gov/standardsgov/national-technology-transfer-and-advancement-act-1995 (06.08.2017).

" H.R.1022 - Risk Assessment and Cost-Benefit Act of 1995:/ 104th Congress (1995-1996). Congress.Gov. —
Available at: https://www.congress.gov/bill/104th-congress/house-bill/1022 (06.08.2017).

' Federal Food, Drug, and Cosmetic Act (FD&C Act). U.S.Food and drug. Available at: https://www.fda.gov/Regu-
latoryInformation/LawsEnforcedbyFDA/FederalFoodDrugandCosmeticActFDCAct/

default.htm (06.08.2017).

" Toxic Substance Control Act (TSCA): Public Law 94-469, 94th U.S. Congress, 1976. Available at:
https://www.govtrack.us/congress/bills/94/s3149/text/enr (nata odpamenus: 06.08.2017).

" Federal Hazardous Substances Act
https://www.cpsc.gov/s3fs-public/thsa.pdf (06.08.2017).

(Codified at

15 US.C. §§1261-1278), 2011. Available at:

" CFR — Code of Federal Regulations. Title 21. Food and drugs chapter I — food and drug administration department of

health and human services subchapter A. U.S.

Food

and Drug. Available at: https:/www.access-

data.fda.gov/scripts/cdrh/cfdocs/cfCFR/CFRSearch.cfm?CFRPart=7&showFR=1 (07.09.2017).
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goods at the "exit". And for children's toys,
food and chemicals, there are mandatory
requirements for compulsory risk assess-
ment for life and health of consumers and
risks reduction to acceptable levels.

The notion of a "significant risk" is
used in the US regulatory framework. Three
classes of risk "significance" (classes A, B,
C) are based on two components: the se-
verity of damage/illness and the likelihood
of this damage occurrence. For example, the
risk refers to "A" class if causing death or
serious harm (illness) is probable or very
likely; to "B'"class, if the probability of
death or serious harm is low, etc. The haz-
ard assessment takes into account the fol-
lowing factors (but is not limited to):

—actually recorded cases of diseases
or injuries associated with the use of a
product;

—a product hazard assessment results
for different population segments that will be
exposed to the product in question, including
the most sensitive groups;

— an assessment of the severity of po-
tential harm to the health of populations at
risk;

—an assessment of hazard occurrence
probability;

—an assessment of immediate or de-
layed consequences of risk occurrence.

Based on the above factors analysis,

surveillance authorities classify products
into three classes'” with the aim of justify-
ing the decisions on managing risks to con-
sumers’ health (Table 1).
For example, based upon results of as-
sessing risks to children life and health, the
US Consumer Product Safety Commission
banned the sales of Neocub toys (mainly
known in the US as Buckyballs or Nano-
dots).

In the United States, the cumulation of
data on products non-compliance with the
requirements of laws on safety is

Health Risk Analysis. 2017. no. 4

Table 1

Classification of products to be withdrawn
from the market taking into account level
of hazard (risk) for the health of consumers

Class Explanation

Class A [Products that are in violation of safety re-
quirements, when used, or when in contact
with, there is a likelihood of serious ad-
verse consequences for health or death of a
consumer.

Probable actions: withdrawal from the

market, products recall from purchasers

Class B [Products in violation of safety require-
ments, when used or when in contact with,
there is a likelihood of developing tempo-
rary or reversible long-term consequences
for consumers health, or a likelihood of
serious adverse health effects is remote.

Actions: withdrawal from the market

Class C |Products with safety breaches, when used
or when in contact with, there is a likeli-
hood of adverse effects on consumers’
health is minimal.

Actions: restriction of market release

mandatory. Since 2013, the updates on the
project on implementing the methodology
for assessing risks of imported consumer
products are being accumulated. The pro-
gram allows CPSC employees to analyze
data provided by the US Customs Service
and the Border Guard, and determine high-
risk shipments of consumer goods entering
the US ports and then to make reasonable
and effective decisions on the selection of
goods needed for verification. [20] In addi-
tion, such a program also allows you to
recognize products of low risk level, but
shipped together with consignments of
high-risk products and prevent blocking
low-risk products arrivals to the US mar-
ket.

The specific experience in the risk-
oriented surveillance of consumer products
safety was gained in Canada.

The system of state control over con-
sumer goods safety in Canada is built upon

11
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principles of the priority to post-market
approach. For manufacturers and sellers,
there is no prior approval of the products
safety authorities required to release prod-
ucts into market circulation. Under the
Consumer Product Safety Act of Canada®,
manufacturers are fully responsible for the
fact that the consumer products they manu-
facture, import, sell or advertise in Canada
do not pose a threat to human health or
safety. In this case, according to the Art.
21-22 of the Act, a person authorized for
surveillance activities over products safety
at any appropriate time may exercise con-
trol in places, including transport, where a
consumer product is manufactured, im-
ported, packaged, stored, advertised, sold,
labeled, inspected or transported.

State, through the creation of a specific
Consumer Product Safety Program, concen-
trates its resources on controlling those
types of products where the risks to con-
sumers' health are high. The sources of in-
formation for risk assessment of products in
operation of this program are the reports on
incidents related to products from manufac-
turers or consumers; reports (e.g. on prod-
ucts recalls) of other countries, research re-
sults, information from health and safety
professionals, mass media and other
sources.

There are considered such factors, as

— how serious is the actual or potential
harm to consumer health is?;

— 1is it prudent to attribute the damage,
if any, to the use of a product?

— whether there were other incidents re-
lated to a product?;

— what is the age of a consumer whose
health is damaged?

*Canada Consumer Product Safety Act

(CCPSA).

— whether a consumer was aware of the
potential hazard?;

— whether a product that caused harm to
health was new or already in use?;

— whether a product represented poten-
tial hazard to consumer health or likelihood
of fatal outcome when it is used normally?;

— 1s a realization of harm to consumers
health when using a product for other pur-
poses ... etc. possible?

A risk in full compliance with the
classical methodical approaches is meas-
ured by combining the severity of harm
that a consumer product can cause with
the likelihood of this harm occurrence.
The severity of damage is determined us-
ing the scale of five levels: 1) insignifi-
cant, 2) moderate, 3) severe, 4) life threat-
ening and 5) fatal. The probability of harm
to the product user is determined using the
scale of six levels: 1) extremely rare, 2)
rare, 3) unusual, 4) random, 5) ordinary
and 6) frequent.

The level of product risk is determined
using a matrix that combines the severity
of injury and its probability. Risk levels are
defined as "very high", "high", "medium"
and "low".

The risk profile allows you to deter-
mine the overall level of risk (very high,
high, medium, low) for a consumer product
or cosmetics.

The TBT Agreement and the Agree-
ment on the Application of Sanitary and
Phytosanitary Measures (SPS measures)
have been adopted to ensure fair trade and
safety of products traded on the market of
the World Trade Organization member
countries. The SPS Agreement regulates
food trade issues, while the TBT Agree-

Government of Canada. Available at:

https://www.canada.ca/en/health-canada/services/consumer-product-safety/legislation-guidelines/acts-regulations/canada-

consumer-product-safety-act.html (07.09.2017).
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ment covers all non-food items.

In the international context, sanitary
measures include legislation covering all
stages of food products life cycle (sam-
pling, requirements for final product,
packaging and labeling, directly aimed at
ensuring food safety, etc.), requirements
for inspection procedures and approval
(i.e. for surveillance), as well as risk as-
sessment methods'.

The main principles of SPS Agreement
are the harmonization and scientific validity
of the applied sanitary measures. Harmoni-
zation assumes the widest possible use of
Codex Alimentarius Commission standards,
as defined in Art. 3.1 of the Agreement. In
the absence of such, and also if the sanitary
measure is more rigid in comparison with
the documents requirements of the said in-
ternational organization, it should be based
on the appropriate scientific justification
(Article 3.3). The requirements for food
products, consistent with the standards and
recommendations of Codex Alimentarius
Commission, without additional justifica-
tion, are adopted as being in accordance
with the provisions of the WTO Agreement
on SPS measures (Article 3.2).

When implementing the WTO Agree-
ment on SPS measures, the states ensure
that sanitary measures (and, as it follows
from the definition, surveillance over
product when it is marketed, also refers to
such) are based on human life or health
risks assessment relevant to circumstances.
At the same time, the risk assessment
methods developed by the relevant interna-
tional organizations, i.e. Codex Alimen-

tarius Commission, should be used (Art.
5.1).

In cases where relevant scientific evi-
dence is insufficient, a Member may provi-
sionally adopt sanitary or phytosanitary
measures on the basis of available pertinent
information, including that from the rele-
vant international organizations as well as
from sanitary or phytosanitary measures
applied by other Members (Article 5.7).

The basic element of protecting con-
sumer health is an appropriate level of san-
itary protection (Appropriate level of pro-
tection - ALOP). In fact, the appropriate
level of protection is equivalent to the no-
tion of "acceptable risk" (Annex A.5). Ac-
cording to international approaches, the
appropriate level of sanitary protection as-
sociated with food safety is customary un-
derstood as an existing or forecasted num-
ber of diseases due to foodstuff contami-
nated with dangerous chemicals or
biological agents. Achieving and maintain-
ing the level of acceptable risk requires in-
troduction and implementation of the inte-
grated interagency activities aimed at man-
aging hazards associated with food. It
should be noted that market surveillance,
including listing of priority products and
consistence of control, is one of the tools to
ensure sanitary and epidemic wellbeing of
the population.

Upon accession to the WTO, both the
Russian Federation and the Republic of
Kazakhstan declared that sanitary
measures would be scientifically justified
using risk assessment with the interna-
tional standards applied®> **.

*! Agreement on the Application of Sanitary and Phytosanitary Measures. World Trade Organization. Available at:
www.wto.org/english/docs_e/legal e/15sps_01 e.htm (20.08.2017).

*Report of the Working Party on the Accession of the Russian Federation to the World Trade Organization. Avail-
able at: http://economy.gov.ru/minec/activity/sections/foreigneconomicactivity/wto/doc20120201_0017 (06.09.2017).

» Report of the Working Party on the Accession of the Republic of Kazakhstan to the World Trade Organiza-
tion.Available at: http://online.zakon.kz/m/Document/?doc id=35955627 (25.08.2017).
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The TBT Agreement’’, which regu-
lates, among other things, the general ap-
proaches to ensuring safety of non-food
products, determines that technical regula-
tions should be developed, adopted and
applied only to fulfill a legitimate objective
— national safety requirements, prevention
of deceptive practices, protection of human
health or safety, animals or plant life or
health, or the environment. At the same
time, risks that would arise when such
goals are not achieved should be taken into
account. When assessing such risks, such
factors as available scientific and technical
information, related processing technology,
or intended end-uses of products, etc. are
taken into account (Article 2.2).

When carrying out the conformity as-
sessment procedures, it is necessary to
strive to obtain adequate confidence that
products conform with the applicable tech-
nical regulations, or standards, taking into
account the risks non-conformity would
create (Article 5.1.2).

The above-mentioned further con-
firms relevance of justifying the principles
of state market surveillance for products
that are common to the state members of
the EAEU on the basis of health risk as-
sessment.

Within the framework of the WTO
Council for Trade in Goods, the Commit-
tee on Sanitary and Phytosanitary
Measures operates, which is responsible
for all matters governed by the "SPS
Agreement" (paragraphs 1 and 4 of the Ar-
ticle 12, "SPS-Measures Agreement"), in-
cluding the development of a procedure to
monitor the process of international har-
monization and coordination of such ac-

“WTO Agreement on Technical

Barriers  to

tivity with relevant international organiza-
tions.

The Codex Alimentarius Commission
ensures the development of food standards
using risk assessment methodology, in col-
laboration with the WHO — the procedures
for a risk-based approach to controlling im-
ported food products and risk management.
Thus, the Codex Alimentarius Commission
developed the fundamental documents for
the assessment of product risk: Working
principles for risk analysis for food safety
for application by governments CAC/GL
62-2007, Principles and guidelines for the
conduct of microbiological risk assessment
CAC/GL-30, Principles and guidelines for
the conduct of microbiological risk man-
agement (MRM) CAC/GL 63-2007, Guide-
lines for risk analysis of foodborne antimi-
crobial resistance CAC/GL 77-2011, Guide-
lines for the design and implementation of
national regulatory food safety assurance
programme associated with the use of veter-
inary drugs in food producing animals
CAC/GL 71-2009 and etc.””. The organiza-
tion supports risk communication systems,
considers various risk management options
that can be used and combined to ensure
product controlling based on risks and op-
timizing the use of available resources.

The Eurasian Economic Union
countries, in full accordance with the
world tendencies, are oriented towards the
application of the methodology for as-
sessing the risk of products during control
of goods safety.

The EAEU system of technical regula-
tion and sanitary and phytosanitary
measures, both in general in developed
countries and in international unions, con-

Trade. World Trade Organization. Available at:

https://www.wto.org/english/docs_e/legal e/17-tbt_e.htm (25.08.2017).
 Guidelines and Standards of the Codex Alimentarius Commission. Codex Alimentarius Commission. Available at:

http://www.fao.org/fao-who-codexalimentarius/codex-texts/guidelines/en/ (02.09.2017).
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siders product safety as the absence of unac-
ceptable risk.

The requirements of technical regula-
tions and uniform sanitary requirements
and standards (USRS) apply to all EAEU
member countries that require develop-
ment of methods and criteria for risk as-
sessment based on common principles and
approaches. To help the national regula-
tors of the EEC, a methodological docu-
ment "Methodology for assessing popula-
tion health risks under exposure to chemi-
cal, physical, and biological factors to
determine products (goods) safety parame-
ters" was developed [4].

However, the supranational bodies of
the EAEU function somewhat differently
than, for example, in the EU. For instance,
the Eurasian Economic Commission
(EEC), as the EAEU regulating body, has
the authority to develop EAEU policy in
the field of product safety, but in compari-
son with the EU Commission, it has less
control functions at the supranational level.
Thus, EEC has no right to formally explain
or interpret the regulations of the Union.
The Commission does not play a decisive
role in trade disputes arising between the
EAEU member states, or between the
EAEU and any third country. It has an ex-
tremely limited capacity for supervising
the mandatory execution of the EAEU reg-
ulatory acts in the territory of the member
states, including in particular the sanitary
measures and technical regulation (for ex-
ample, the control and surveillance and ar-
bitration functions, the right to introduce
quarantine, prohibitions and restrictions in
trade, temporary SPS measures with regard
to third parties). The EAEU also does not

assume functioning of its own bodies and
institutions for inspections, conformity as-
sessment and risk assessment.

According to a number of researchers
from WHO FAOQO, the absence of a central-
ized system for managing consumer prod-
uct safety and general rules for national
control systems in the EAEU results in de-
creasing safety assurance [8].

The product safety control functions
are fully implemented at the national level.
At the same time, as noted above, the risk-
oriented approach is enshrined in all EAEU
member countries. At the same time, an
analysis of the regulatory framework has
shown that the risk-oriented model is
formed and functions in terms of classifica-
tion (categorization) of the risk of harm to
the health of legal entities (LE), individual
entrepreneurs (IE), or their types of activi-
ties.

For example, in Russian Federation,
the risk-based surveillance is regulated
by the Art. 8.1. of the Federal Law No.
294-FZ of December 26, 2008 "On Pro-
tection of Rights of Legal Entities and
Individual Entrepreneurs in performing
State Control (Surveillance) and Munici-
pal Control"*. At the same time, "... a
risk-oriented approach is a method of or-
ganization and implementation of state
control (surveillance), in which the
choice of intensity (form, duration, peri-
odicity) of control measures, measures to
prevent violation in mandatory require-
ments is determined by referring the ac-
tivities of a legal entity, individual entre-
preneur and (or) production facilities
they use in performing such activity to a
certain risk category or a certain class

%% On Protection of Rights of Legal Entities and Individual Entrepreneurs in performing State Control (Surveil-

lance) and  Municipal Control:  Federal Law

No. 294-FZ  of 26.12.2008 Available  at:

http://www.consultant.ru/document/cons_doc LAW 83079/58672404e5897f38d20be06de33c¢4570¢75d2897/
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(category) of hazard". Depending on the
activity category, as per risk of harm to
health, the frequency of the planned con-
trol measures varies from once a year to
once in seven years and less frequently.

In 2016, the Law of the Republic of
Belarus "On Sanitary and Epidemiological
Wellbeing of the Population"”” was
amended to legislate the application of the
risk-oriented approach while ensuring the
sanitary and epidemiological wellbeing of
the population, inter alia, at state sanitary
and epidemiological regulation and state
sanitary surveillance.

In the development of these changes,
the Decisions of the Ministry of Health of
the Republic of Belarus No. 8 ddt. January
20, 2017 "On Approval of the Instruction
on the Procedure for Risk Analysis" were
adopted®®, which determines the procedure
for conducting risk analysis for the plan-
ning, organization and implementation of
activities on ensuring sanitary and epide-
miologic wellbeing of the population.

The document legislatively establishes
three interrelated elements of risk analysis
(risk assessment, risk management and risk
communication), which meets international
requirements, defines the competence of
bodies and institutions that effect state sani-
tary surveillance, medical scientific organi-
zations in implementation of risk analysis.

The document sets forth the procedure
for assessing risks, managing risks and in-
forming about the risks that are being per-
formed by the authorized institutions, in-
cluding collection and studying the neces-

sary publicly available information; identi-
fication (detection) of the probability of
adverse effects on human organism due to
habitat factors, violations of legislation in
the field of sanitary and epidemiological
wellbeing of the population and the conse-
quences of this exposure, leading to a
threat to life and health of the population;
an assessment of acceptability of the iden-
tified (detected) risks; justification, devel-
opment and selection of optimal sanitary
and anti-epidemic measures, adoption and
implementation of the necessary measures
to prevent and minimize risks; assessment
of effectiveness and adjustment (if neces-
sary) of the measures taken; monitoring
risk levels; informing the involved parties
about the risks, and risk management.

The risk-oriented approach to classify-
ing the audited entities is enshrined in the
Republic of Belarus by the Decree of the
President of the Republic of Belarus No.
510 of October 16, 2009 "On improving
control (surveillance) in the Republic of
Belarus", which was modified significantly
in October 2016>. The mentioned docu-
ment specifies that a random audit is ap-
pointed taking into account the criteria for
assessing risk level for the selection of the
audited entities, and based on the analysis
of the available information in hands of the
surveillance authority that indicates a high
risk of violations in the law and inability to
detect and (or) eliminate them using other
forms of state control (surveillance). The
methodology for developing risk assess-
ment system for the audited entities is be-

*7 On Sanitary and Epidemiological Wellbeing of the Population: the Law of the Republic of Belarus No.340-3 of
January, 7, 2012 (in wording of 30.06.2016). Available at: http://www.pravo.by/main.aspx?guid=3961&p0=C21600205

(07.09.2017).

** On Approval of the Instruction on the Procedure for Risk Analysis: the Decisions of the Ministry of Health of the

Republic of Belarus No. 8 of
ment/ZguidZIZSS1&p0:W21731770&p1:1 (07.09.2017).

January, 20

2017. Available at:  http://www.pravo.by/docu-

On improving control (surveillance) in the Republic of Belarus: the Decree of the President of the Republic of

Belarus of 16.10.2009 No.510. Available
ukaz-376-ot-16-oktjabrja-2017-g-17324/ (07.09.2017).
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ing currently elaborated.

State control and surveillance in the
Republic of Kazakhstan is performed in
accordance with the Code of the Republic
of Kazakhstan No. 375-V of October 29,
2015 "The Entrepreneurship Code of the
Republic of Kazakhstan" (Chapter 13).
Under the Article 141, the audited subjects
(objects) are allocated by groups. The state
control and surveillance takes into account
the distribution of the audited entities into
four groups.

In the context of ensuring sanitary and
epidemiological wellbeing, risk assessment
is performed taking into account the fre-
quency and "violence degree" or "signifi-
cance" of the violation in mandatory re-
quirements. At the same time, the "extreme
violence" refer to "... deliberate or reckless
obvious and significant violations in the
legislation of the Republic of Kazakhstan
in the sphere of sanitary and epidemiologi-
cal wellbeing of the population whose non-
compliance has entailed and (or) may en-
tail grave consequences for the population
health"”, to "insignificant" - "violations in
the requirements of the legislation of the
Republic of Kazakhstan in the field of sani-
tary and epidemiological wellbeing of the
population, the non-compliance of which
entailed and (or) may entail the formally
admitted, but not inflicted any tangible
harm to the population”. Other violations
are considered "significant".

The categorization of products by risk
level is not set forth legally.

In the Republic of Armenia, accord-
ing to the latest version of the Law of the

Republic of Armenia "On Organizing and
Conducting Audits in the Republic of Ar-
menia™' , all inspection bodies should im-
plement risk-based audit systems and plan
audits taking into account business entities
risks levels (high risk level: once a year,
average level of risk: less frequently than
once in three years, and with a low risk
level: no more than once every five years).

In the Kyrgyz Republic, all entities of
entrepreneurship subject to audit, taking
into account the magnitude of risk, fall into
one of the three risk levels: high, medium,
and insignificant. The assessment of the
entity's compliance with the requirements
of legislation is determined by applying the
checklists in which questions are grouped
according to the requirements therein:

"A'"group: issues that contain require-
ments, the failure thereof directly caus-
es/poses an immediate threat to human life
and health safety;

"B" group: issues that contain re-
quirements, the failure thereof does not
create directly an immediate threat to hu-
man life and health safety.

The differentiated criteria have been
developed for further risk assessment of
the operations in various types of food
products, the production and distribution
of veterinary preparations, the harvesting,
storage and marketing of feeds and feed
additives (an example is given in Table
2).

Violations are given scores that are
summed up. By the scores grand total, the
audited subjects are classified to high,
medium or insignificant risk groups.

** The Entrepreneurship Code of the Republic of Kazakhstan (as amended on 03.07.2017). Available at:
http://online.zakon.kz/Document/?doc_id=38259854 (07.09.2017).

*' On Organizing and Conducting Audits in the Republic of Armenia: the Law of the Republic of Armenia of
17.05.2000 (as revised on 01.03.2017). Available at: http:/www.parliament.am/legislation.php?sel=show&ID=

1364&lang=rus (07.09.2017).
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Table 2

Criteria for risk assessment in the production of milk and dairy products

The number of identified
Types _ non-conformities to the
e Criterion .
of violations parameters contained
in checklists
Extreme |Requirements for safety of milk and dairy products in their sales 2 and more
Requirements for safety of raw materials used for the production 6 and more
(manufacture) of milk and dairy products
Requirements for safety of starter cultures and probiotic cultures 2 and more
Requirements for safety of milk and dairy products in their produc- 9 and more
tion (manufacture)
Significant |Requirements for safety of finished dairy products 5 and more
Requirements for safety of buildings, structures used in the produc- 4 and more
tion (manufacture) of milk and dairy products
Requirements for safety of milk and dairy products during storage 4 and more
and transportation
Requirements for safety of milk and dairy products for disposal 1 and more
Insignificant |Requirements for safety of packaging (tare) and labeling of milk 3 and more
and dairy products

The categorization of products by the
risk of harm to health is not in place.

In 2016, the Russian Federation Chief
State Sanitary Doctor approved methodo-
logical guidelines "Classification of food
products traded on the market by the risk
of harm to consumers’ health for the or-
ganization of routine control and surveil-
lance activities"”. The document is de-
signed to classify a particular type of prod-
uct to one or another class for the risk of
harm to health. The risk class (category)
allows justifying the selection of priority
products that must be audited during con-
trol and surveillance activities at storage
facilities, food transportation, food trade
and catering, as well as the frequency and
scope of laboratory support for audits.

The potential risk of harm (R) is con-
sidered as a consequence of violations in

the requirements and standards established
for certain types of food products by sani-
tary legislation and technical regulations,
and 1s defined as the combination of viola-
tion probability in legal requirements for
food safety, the severity of health damage
due to consuming the unsafe food prod-
ucts, and the scope of potential consump-
tion of these products:

R= Z(piui )W,

where p. is the probability of violations of

mandatory safety requirements for food
products by the i-criterion (factor) during
one inspection. As a hazard factor, we con-
sider all the chemicals, microbiological-
parasitic agents, radiological indices, ge-
netically modified organisms in products
examined during the control and surveil-
lance activities;

*2 On the Introduction of the Methodological Guidelines "Classification of food products traded on the market by
the risk of harm to consumers’ health for the organization of routine control and surveillance activities": Order of the
Head of the Federal Service for Surveillance on Consumers Rights Protection and Human Wellbeing No. 16 of
18.01.2016. 2016, 34 p. Available at: http://rospotrebnadzor.ru/documents/details.php?ELEMENT ID=5672 (07.09.2017)
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u, :relative harm to health, formed by
violation of safety requirements to the i-th
factor in a given product;

W is a coefficient, characterizing re-
gional features of food products consump-
tion.

For each type of food product, the
hazard identification (chemical, microbio-
logical, parasitological, radiation) is done,
probable types of health disorders that may
occur in realization of these hazards is es-
tablished. For each type of product, the rel-
ative harm to health associated with the
violation of i-th factor is calculated as the
sum of the regression coefficients weighted
by the severity of diseases or death. The
severity of diseases is assessed using WHO
criteria.

For today it is the only methodical doc-
ument in the countries of the EAEU, which
allows classify products according to the
risk parameters for consumer health. Ap-
proaches are universal, however, the calcu-
lations based on this methodology are per-
formed only for Russia, since data on the
frequency of violations and cases of harm to
consumers’ health are processed following
the results of control and surveillance ac-
tivities in Russian Federation over the past
few years.

Conclusions. The analysis has shown
that the experience of the European Union,
the USA and Canada can and should be
used for the tasks of improving the safety
control systems for mutually supplied prod-
ucts traded on the consumer market of the
Eurasian Economic Union.

The EAEU member states are commit-
ted to the ideas of risk-oriented surveillance
and set it forth in supranational and national
legislation. This situation can be considered
as a favorable platform for developing a
system of coordinated, mutually beneficial
actions on products risk-oriented surveil-
lance. Such a system would make it possi-

Health Risk Analysis. 2017. no. 4

ble to raise interstate relations to a new,
substantially more trusting objective level,
to actually put up barriers to products haz-
ardous to public health, and to minimize
administrative barriers for products that do
not form serious risks to consumers' health
losses in the entire unified economic space
of the union.

The EAEU through a sufficiently deep
and wide Dbase of the sanitary-
epidemiological requirements, standards,
norms, enshrined in the technical regula-
tions, provides a criterial background for
product safety. The documents are oriented
to assessing the health risk, which fully
corresponds to the current trends. At the
same time, the system of standards and
norms is constantly being improved, also
thanks to the initiative of all the stakehold-
ers. At the same time, there are no uniform
approaches to categorizing products by the
potential risk of harming consumer health,
which complicates the interaction of the
parties in bringing the audits of goods en-
tering the common market as a result of
mutual trade.

Being the body responsible for the
safety of consumer products in the EAEU,
the EEC has a number of powers, including
the development of the EAEU policy in
this area. However, the basic legal and in-
stitutional problem is the lack of legislative
formalization of an independent suprana-
tional control or monitoring over the man-
datory observance of the EAEU regulatory
acts on the territory of the member states.
No powers formalized, which could be as-
signed to a supranational body to perform
surveillance and arbitration functions, re-
strictions and bans on trade, temporary
sanitary measures in respect of the third
parties. As a consequence, all the ambigu-
ous, sometimes conflict situations are re-
solved, as a rule, bilaterally between the
EAEU member states.
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The all-union information and analyti-
cal base for the assessment of products
risks to consumer health requires substan-
tial development. The creation of a public-
ly accessible and transparent database to
contain results of state control, surveillance
and monitoring of products, and also cases
of causing harm to health is a topical issue.
It is advisable to improve the system of in-
formational interaction on the history of
state audits of goods in the event of dam-
age to the health of consumers, complaints
about certain types of products and goods.

Analysis of the statistics data on the
state surveillance regarding product safety
in Russia showed that approaches to the
classification of consumer products, based
on the principles of risk assessment as a
combination of the probability of violation
in mandatory sanitary requirements for
products, the probability and severity of the
consequences of these violations (taking
into account the scopes of products con-
sumption) can be replicated to the Eurasian
Union as a whole. This will make it possi-
ble to create "risk profiles" for certain
groups of goods and allocate products that
can be characterized as "risky." The classi-
fication will allow controlling in a direct,
targeted manner already at the first stages of
introducing the risk-oriented surveillance.

The methodology of classifying prod-
ucts, as well as the model of risk-based sur-
veillance, can function effectively if all its
structural elements are present:

—the information surveillance base,
which is a formalized, verified and struc-
tured data on the parameters of the prod-
ucts being audited; on the cases of viola-
tions in the mandatory requirements for
products; on the consequences of these vio-
lations; on the evidence of the relation of
health disorders with the product hazard
factors;

20

— methodical, mathematical apparatus
and software tools that allow information
arrays processing: to obtain simple statis-
tics on the results of control and surveil-
lance activities (calculation of the frequen-
cy of violations in general, by types of
products, factors, manufacturers, etc.), and
also to perform more knowledge-intensive
operations, i.e. to establish dependencies in
the system "production - harm to human
health"; "measures for risk management - a
characteristic of product risk"; to estimate
the average and maximum expected severi-
ty of health disorders, etc .;

— the organizational structure provided
by trained personnel, whose functions in-
clude collecting, processing, analyzing data
and informing all interested parties about
the results;

—the established channels of infor-
mation exchange, whereby some partici-
pants in the process transfer primary data
to the system (control results, including
laboratory research protocols, data on inju-
ries, poisoning, diseases, complaints about
products, etc.), and others, as a feedback,
"announce" hazard or risk assessment re-
sults for any product. It is assumed that in-
forming about risks should be gradually
transformed into a more perfect form of
data exchange - risk communication.

Realizing the potential for making any
meaningful decisions within the framework
of the Eurasian Union solely on the basis of
consensus and political will of each indi-
vidual state, one cannot fail to take into ac-
count that the optimal model for interaction
between states and the internal strengthen-
ing of the union is the mutual movement
towards an equal and mutually beneficial
partnership. Such movement should be ac-
companied by an increase in mutual trust,
including also by following the same prin-
ciples in realizing the most important pow-
ers of states at the national level.
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In this regard, in order to increase effec-
tiveness of measures to ensure the safety of
products circulated in the single economic
space of the EAEU (and risk-based surveil-
lance is such a measure), in terms of improv-
ing the legislation of the Union, one could
consider the issues of normative formaliza-
tion at the EAEU level of the principles for
organizing product safety control common
for all member countries with further im-
plementation of these principles into national
legislation.

In such a situation, methodological
guidelines on the risk-based surveillance,
developed on the principles agreed upon by
all parties, would have a much greater de-
mand.

In the long term, taking into account
the experience of the European Union, the
EAEU can consider the possibility of creat-
ing a system of supranational independent
audit, taking the advantages thereof will
allow arbitration, objective resolution of
two or multilateral conflicts arising in
products circulation and surveillance, and

at the same time will ensure the increasing
authority of the EAEU as a coordinating
body.

To ensure broad informational interac-
tion between the stakeholders, it seems ad-
visable to create a single information base
on the background of the national product
safety control systems, to accumulate a
"history" of violations, create a bank of
products risk "profiles" in terms of Cus-
toms Commodity Codes, risk factors, tech-
nologies and producing countries, at a later
stages — manufacturing entities. It is as-
sumed that the system will be created in
the EAEU in the short term.

In order to continuously improve
product risk management system, the an-
nual analytical reports integrated in the
framework of the EAEU, based on the re-
sults of state product safety surveillance,
could be of doubtless interest, with issuing
relevant guidelines to the authorized na-
tional bodies and setting tasks to scientific
organizations.
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BEWARE, PERSON-YEARS! EXPERIENCE OF SIMPSON PARADOX
OBSERVATION IN EPIDEMIOLOGICAL RISK EXAMINATIONS

V.F. Obesnyuk

Southern Urals Institute for Biophysics of the Russian Federal Medical-Biological Agency, 19 Ozrskoe highway,
Ozersk, 456780, Russian Federation

It is shown, on the examples of concrete publications, that "person-years" category application in multi-
factor health risks analysis can lead to false conclusions in the process of observation data grouping due to
Simpson paradox influence when examinations are performed via demographic or epidemiological techniques.
The paradox occurs when heterogeneous strata are being compared. "Person-years" category first appeared in
the middle of the 17th century, long before first applications of mathematical tools in statistics and probability
theory; it does not fully correspond to up-to-date requirements of epidemiological research. Risk theory should
change 17-18 century paradigm as it focuses on conditional probability of unwanted events occurrence and not
on a principle of comparing their intensities. It is particularly vital in case when we deal with determining pos-
sible damage to health caused by effects exerted by such factors and under such conditions when individual
damage cannot be measured objectively but when it is possible to quantitatively determine regularities of chang-
es in stochastic ability to survive for a large group of people or remote consequences occurrence for it.

We prove it is necessary to create specialized mathematical tools and hybrid software able to solve a risks
assessment task as an inverse one. Mathematical tools of large contingency tables could serve as prototypes of
such tools; we can also use multi-factor logistical and Poisson regressions which are usually applied in counta-
ble events analysis. We should note that it is also necessary to eliminate a number of methodological drawbacks
which are attributable to the said tools.

Key words: lifelong risk, cohort, epidemiology, parameter, intensity, Simpson paradox, factor, remote con-
sequences, software.

"Person-years" category [9] came to
life when risks related to possible negative
consequences for health were analyzed,
first in population research, and later, in
cohort one. An epidemiologic dictionary
gives the following definition for the term:
"Person-time is a dimension combining
people and time in a denominator in
calculating incidence and mortality ...,
when individuals run risks of a disease or a
lethal outcome during different time
periods. It is a sum of all the time periods
during which all the individuals ran risks".

© Obesnyuk V.F., 2017

Obviously, John Graunt [3] was the first
researcher who actually applied this
concept in the middle of the 17th century.
A number of observed person-years has
been traditionally applied to assess
mortality or morbidity intensity which are
thought by most practicing epidemiologists
to be directly related to such terms as
"risk" or "risk parameter":

A="r,

= M

where AM — is a number of "cases" over an
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observation period; AA — is a number of
observed person-years.

We should note that value had first
been applied before mathematics started to
develop rapidly after differential and inte-
gral calculus were discovered as well as
before probability theory and mathematical
statistics were created. English reference
books also determine the parameter as stra-
tum-specific rate, or as "hazard". It was
demographists who strove to apply it both
in descriptive and mathematical statistics
[3]. The word "statistic" itself is known to
be first introduced by Gottfried Achenwal
in 1746 as an equivalent for a "state study"
subject in Marburg and Gottingen Univer-
sities, that is, in a descriptive meaning of
the term.

Contemporary risk theory changes 17-
18 centuries paradigm as it is based on
probability category [1] and determines a
risk as a probability of unwanted events
occurrence (under a combination of certain
conditions, that is as a conditional proba-
bility). It is especially vital for scientific
demography and evidential epidemiology
if we speak about determining possible
health damage caused by such factors and
under such conditions when it is impossi-
ble to objectively measure an individual
damage but we can quantitatively deter-
mine regularities of changes in stochastic
survival rate for a large group of people or
long-term effects occurrence. Search for
scientific approaches to measuring such
biological effects has been intensified since
70ties last century in relation to all-around
growth in chemical, pharmaceutical, radia-
tion, ecological and other technogenic
risks.

At first sight this change in scientific
paradigm doesn't contradict to "person-
years" category as a distribution of mem-
bers in a homogenous examined cohort can

24

be described with a function of distribution
as per age ¢:

F(@)=1- exp[—jk(z’) dr] , (2)

where A(s)is an intensity of mortality
caused by all reasons, for example; 1is a
death risk and it is also a distribution func-
tion. Here A()= =F@)/(1-F¢) or
Mt)=-S'(t)/S(t), where S(¢)—a survival func-
tion S(t)=1-F(1).

Distribution function and survival
function are assessed empirically. Due to it
we can come to the formula (3) at any fi-
nite interval of observation A: at a suffi-
cient examined sampling value N, together
with the condition N(#)~ N,S(¢):

M =-S'")/S(t)~

_ N,(S(+AD-S(t) AN _AM
- N,S(t)At M M

3)

Therefore, such concepts as risk and
risk intensity are equal in a descriptive
sense. So it seems, all we have to do 1s to
select a reference group and come to some
conclusions. But application practices tell
us it would be wrong. And it is not only
because risks intensities ratios and ratios of
risks themselves in a focus group and a
reference one differ in their meaning and
value, but also because each of these pa-
rameters is determined for a homogenous
group, and the parameters themselves
should differ only as per 1 examined fac-
tor. However, it is this circumstance that is
not always strictly controlled by research-
ers.

Our research goal was to highlight
typical observation examples for Simpson
paradox when heterogeneous groups were
compared when heterogeneity was ob-
served as per more than 1 factor controlled
by a researcher. This paradox has been

Health Risk Analysis. 2017. no. 4
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known since Karl Pearson's time (1900)
but it has been repeatedly rediscovered.
Uncontrolled factors are also known as
"disturbing" variables. A technique involv-
ing comparison between a focus group and
a reference one actually leads to contin-
gency tables estimate. They are built both
on direct risk comparison principle (classic

contingency tables) and on a principle
when events observation intensities are
compared. And "person-years' category is
exactly applied in the latter case. To illus-
trate mathematic artifacts Simpson's para-
dox belongs to we suggest to look at Table
1.

Table 1
Comparative analysis of mortality among white women in Miami and Alaska in 1970
Miami Alaska
Age group AA, AM Parameter, AA, AM Parameter,
peoplexyear (died) (%0 per year) | peoplexyear (died) (%o per year)
<15 114 350 136 1,19 37 164 59 1,59
1524 80 259 57 0,71 20 036 18 0,90
2544 133 440 208 1,56 32 693 37 1,13
45-64 142 670 1016 7,12 14 947 90 6.02
65+ 92 168 3 605 39,11 2077 81 39,00
All ages* 562 887 5022 8,92 106 917 285 2,67
Note: " — crude rate.

As we can see, parameters are statistically
significantly different between all the age
groups in each region ( p <0.02). However,

if we compare each age group in different
regions we can see there are no statistically
significant discrepancies ( p>0.05). At the

same time combined (crude) mortality pa-
rameters in the same regions can paradoxi-
cally differ, and this difference can reach 3
times (8.92 against 2.67 people per 1,000 a
year; p<0.001). Demographists under-

stand the reason for the artifact quite well.
It is that when strata were combined, such
a hidden factor as regional difference in
people distribution as per age played its
role. A combined regional stratum turned
out to be heterogeneous. And a way to cor-
rect the mistake here is also well known.
Indeed, we can introduce any "standard"
distribution as per age categories in our
consideration, for example, simply com-
bining two administrative units in one.

Health Risk Analysis. 2017. no. 4

Then the parameters assessment will be
reduced to simple calculation of a weighted
average as per age group. For example, let
us fix shares distribution structure in a uni-
fied standard with the following ratios:
0,23:0,15:0,25:0,23 : 0,14. The parame-
ter will be equal to 7.88 %osyear 'for "Mi-
ami" sub-group, and for Alaska sub-group,
to 7.63 %o*year '. Obviously, given the ob-
served discrepancy, now we can't state
there are statistically significant differences
in health of population living in these two
regions. And a paradox would seem to be
overcome.

However, standardization procedure
itself doesn't remove heterogeneity. No
wonder, that standardized annual risk pa-
rameter is being criticized [15] as it is im-
possible to make any judgments on popula-
tion being healthy/unhealthy only on its
value. You can come to this conclusion
yourselves if, for example, you compare
three age dependences for intensity of mor-
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tality caused by lung cancer for three dif-
ferent population groups where standard-
ized risk was arithmetically identical (Fig-
ure 1), but lifelong risk was 1.25 times dif-
ferent and its values were higher not in a
cohort where specific mortality was maxi-

mum intense.

6 T T T
fond

----- cohort 1
= === cohort 2

Intensity, %o per year
(=3

20 40 60 80 100
Age group

Figure 1. Age dependence for intensity of mor-
tality caused by lung cancer in three different
make cohorts with the same standardized pa-

rameter 68:100,000 annually. Mathematic
modeling result.

Indeed, let us assume that cohorts 1
and 2 were exposed to different impacts
exerted by a certain pollutant. The back-
ground cohort with zero exposure is used
as a reference group. Obviously, if we
don't apply standardized risk parameter but
choose a probable damage done to a cohort
health, we will obtain higher parameter for
cohort 2. It is explained by the following:
deaths caused by cancer in cohort 2 in the
same volumes will be registered earlier and
this, as we can calculate, will lead to a
greater cumulative effect and a lifelong
risk of death due to cancer can serve as an
example of this effects. So, if changes in
distribution form is a response to impacts

"SER  2.6.1.2523-09. Radiation

Safety  Standards

exerted by a pollutant then we should
choose a correct biologic effect measure. It
can't be equal to just "average temperature
in a hospital".

Works by a well-known group of re-
searchers [2,4,6-8] also contain an incor-
rect application of annual risk parameters
and Poisson regression. According to their
observations, there is a statistically signifi-
cant decrease in morbidity with arterial hy-
pertension together with growth in an in-
ternal irradiation dose on the liver which is
higher than 0.05 Gy among men contacting
Pu compounds (Table 2). Meanwhile, 0.05
Gy Pu dose is equal to an external irradia-
tion dose of 1.0 Sv which corresponds to
50 years of work with fixed dose limits of
tolerable irradiation being equal to 20
mSv/year for professionals. So, this "fa-
vorable" impact exerted by Pu on male
bodies doesn't correspond to the existing
Radiation Safety Standards'. This phenom-
enon can be explained almost ion the same
way as in case with table 1, but here we
can see more sources of strata heterogenei-
ty as the samplings are made up of workers
employed at various technological sectors
with two completely different radiation
types. Even risk parameters standardization
the authors were quite able to apply didn't
help them much [4]!

The same researchers "found" even
greater paradoxes due to their heterogene-
ous groups examination. Thus, when
studying consequences of chronic influ-
ence exerted by ionizing radiation on in-
tensity of mortality caused by cerebrovas-
cular diseases, they "revealed" that if male
workers received alpha-radiation within a
dose range equal to 0.1-0.5 Gy, then mor-

(HPB-99/2009). 2009, 225 c. Available at:

https://www.google.ru/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3 &ved=0ahUKEwiT2unF9PLXAhWFDpoKHf9

pBdUQFggOMAI&url=http%3A%2F%2Fnucloweb.jinr.ru%2Fnucloserv%2Finform%?2Finstructions%2Fnrb-99-
2009.pdf&usg=AOvVaw1jm3EcC5xkTjs2NMZ8d7Rt (28.08.2017).
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tality grew together with a dose, but as for
the overall male part of a cohort, they "ob-
served" statistically significant decrease
with the following trend:
ERR, =-0.056 Gy~ (95% CI: from 0,094 to

-0,018) [8]. They managed not to come to

conclusions that internal irradiation caused
by radionuclides which penetrated a body
was actually "useful", but Simpson para-
dox was well there. There is another simi-
lar work where performed research results
are applied by its authors to state that regu-
lar alcohol intake by male workers from
the same cohort causes an increase in mor-
bidity with cerebrovascular diseases with
high confidence probability level [6]. On
the contrary, the same parameter for wom-
en is lower among those drinking alcohol.
And here we also see that absurdity and
Simpson paradox go hand in hand.

Dose trend assessment inconformity
which occurs in examinations of senile
cataract is also obvious there where these
assessments are based on intensity of the
disease evolvement risk [2]. For example,
we can see in Table 3 that if observation
grouping was one-factor, as per radiation
dose in the basic workers' group with Ra-
diation Safety Standards' being undoubted-
ly met, morbidity parameter was
A, =1631/255036=6.39 %o -year'. How-
ever, the same parameter was A, =12.31 %o
-year™" in a group who received more than
1 Gy. Then excess relative risk per a dose
unit within a hypothesis on a linear trend
would be equal to (4):

Ay =g

El b, ~
0 (D,-D,)

=0,89 A" (4)

Table 2

Morbidity with arterial hypertension among workers employed at PA "MAYAK", ex-
posed to different internal irradiation doses [4]

D <0,025 Gy 0,025-0,05 Gy D>0,05Gy
Sex Number of Parameter Number of Parameter Number of Parameter
cases (%o per year) cases (%o per year) cases (%o per year)
Men 1416 21,11+0,5 481 20,65+ 1,1 963 17,74" + 0,72
Women 694 18,59 £ 0,71 253 21,42+ 1,68 600 20,61+ 1,09
Note:  — Statistically significant observation.
Table 3

Relative risk (RR) of morbidity with cataract depending on a cumulative external gam-
ma-irradiation [2]

Cumulative dose of Average dose of
Person-years of RR
external external b . Cataract cases (95% CI)
y-irradiation (Gy) y-irradiation (Gy) observation °
(0-0,25) 0,08 255036,0 1631 1
[0,25-0,50) 0,36 69097,1 702 1,23 (1,11-1,35)
[0,50-0,75) 0,62 356782 365 1,13 (1,00-1,28)
[0,75-1,00) 0,87 25915,0 321 1,38 (1,21-1,57)
[1,00-1,25) 1,12 18191,8 224 1,43 (1,23-1,66)
[1,25-1,50) 1,37 151472 217 1,57 (1,34-1,83)
[1,50-2,00) 1,73 20066,3 296 1,59 (1,39-1,83)
>=2.00 2,67 25498,0 387 1,61 (1,41-1,83)
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And it 1s even higher in small doses
range. However, E.V. Bragin et al. give
another estimation in their work perform-
ing it partially allowing for observations
stratification, but for the overall cohort,
namely ERR; =0.28Gy™ (95% CI: 0.20 —

0.37) [2]. That is, one estimation doesn't
match within a confidence interval of the
another and they are approximately three
times different from each other. Again,
Simpson paradox. And what estimations
are we to trust here? Probably, not one of
them.

T.V. Azizova et al. made an attempt to
separately examine influence exerted by
two 1onizing radiation types on circulatory
system diseases (CSD) within a separate
one-factor analysis framework, but it again
led to a paradox [7]. Excess relative risk per
a dose unit under exposure to external
gamma-irradiation was  (95% CI: 0.0-
0.11). They also detected a statistically sig-
nificant rising trend for CSD-caused mortal-
ity as an absorbed dose of internal alpha-
radiation in liver was growing: (95% CI:
0.12-0.48). Given relative biological effi-
ciency of alpha-radiation in comparison
with gamma-radiation, we obtain the fol-
lowing: (95% CI: 2.4-9.6), which is sub-
stantially higher than among victims of Hi-
roshima and Nagasaki bombing and is ex-
tremely strange by itself. But it didn't
prevent the authors from stating that "...
Research results ... are well in line with risk
assessments obtained in a Japanese cohort
of people who survived in atomic bombing
...". We should note that the authors saw
how "... decreased and became statistically
insignificant when an adjustment as per an
external gamma-irradiation was introduced"
[2].

This "person-years" category is widely
used in epidemiologic research on radiation
effects. And it is this category that makes
risk researchers come to unjustified conclu-
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sions and generalizations which ignore ini-
tial probabilistic meaning of parameters in-
troduction. There is a serious methodologi-
cal defect when we measure "hazard" pa-
rameters when assessing death risk in
radiation-epidemiologic research and not
"risk" itself. Logical contradiction is espe-
cially typical when stochastic events in a
cohort are examined. They usually depend
on an impact dose which is cumulative in
its sense while a risk parameter is a "mo-
mentary" property of a cohort which can be
attributed to a certain age. One-value corre-
lation between and a dose seems logical
for acute impacts exerted by a hazardous
substance but it is totally non-relevant for
long-term ones. For example, chronic low
intense irradiation involves a correlation
between age and dose. If stratification
which is usual for epidemiology is made as
per both these values than it will be natural
in case of low irradiation doses that an ob-
served dose will be higher for people with
comparatively older ages of death. Maxi-
mum likelihood techniques application ac-
cording to Epicure Users Guide [23] will
lead to false interpretation of this fact: regis-
tered life span will be higher for cohort
members with greater doses, but "momen-
tary" specific mortality parameters will be
lower for them. So, application of mortali-
ty/morbidity intensity parameter can cause
epidemiologic  "observation" of false
hormesis which actually could be not more
than just a mathematical artifact. In spite of
the subjunctive mood applied in the previ-
ous sentence, the author is sure that the
above-mentioned artifact was repeatedly
observed in small doses area where it
should obviously be most apparent. And
this phenomenon was thought by many re-
searchers to be a true radiation-
epidemiologic hormesis or even anti-tumor
effect [10-16, 18-22, 24, 25].
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Risk assessment issues: discussion and
analysis. Basic risk factors awareness and
standardization underlies state sanitary-
epidemiologic control and surveillance.
But each science based on experience re-
quires its own unique toolset. It is not
enough to simply give a theoretical defini-
tion of risk. It is also necessary to be able
to measure it practically. Risk is always
caused by several internal and external rea-
sons, that is, it is a multi-factor value. We
can provide strict one-factor risk depend-
ence in an experiment only, which, due to
ethical reasons, cannot always be per-
formed on people. Multi-factor epidemio-
logic or clinical-epidemiologic research is
an alternative. Risk management practice is
not possible without this information as it
requires an ability to predict risks in preset
sanitary-epidemiologic conditions.

Analysis of existing risk assessment
practices reveals that it is hard to adapt tra-
ditional contingency tables or one-factor
statistic tools to multi-factor randomized
observations. As we have already stated,
Poisson regression built on wrong applica-
tion of "person-years" observation category
can lead to false conclusions. A solution to
a problem can be a transition to assessment
of strictly stochastic specific risk parame-
ters, for example conditional lifelong risk.
There is a positive example in radiation
epidemiology sphere acknowledged by In-
ternational Commission on Radiological
Protection (ICRP) [5].

Statistic research algorithm based on
cumulative effects assessment can be ap-
plied in non-radiation effects analysis but
only if their value can be characterized
with certain cumulative "doses". Risk can
be only conditional, so it will depend on
seX, exposure occurrence moment, a mo-
ment of individual effects observation in a
group, on concomitant physiological pro-
cesses which can influence an observed

Health Risk Analysis. 2017. no. 4

effect marker, on smoking status, on dam-
age localization, and on exposure nature.
Even a biological effect observation tech-
nique (diagnostic technique) can a factor
which causes a sampling heterogeneity.
"Detectability" category is applied by epi-
demiologists not for nothing. And finally,
examined long-term effects risk depends
on how possible realization of other lethal
risks is. All these factors are conditions for
conditional probability realization and so
they are also to be conditions for its as-
sessment.

Conclusions. Assessment of lifelong
risk and its dose trend in any heterogene-
ous cohort is a complicated statistical mul-
ti-factor analysis problem which cannot be
solved without specialized computing fa-
cilities. As a rule, universal software which
is available at present is not suitable for the
purpose. It is necessary to work out spe-
cialized software able to solve risk assess-
ment task as a inverse one. A logistic re-
gression could be a prototype if we don't
overemphasize a logistic function role
here; it would be better to replace it with a
more flexible approximation tool. For ex-
ample, it is possible to apply artificial neu-
ron networks as a generator of models de-
scribing correlations between risks and ex-
amined factors. In particular, it would
allow to give up stratification of random-
ized observations results and, consequent-
ly, to exclude well-known influence exert-
ed by strata limits setting on assessment
results. There are a lot of spheres in medi-
cine and healthcare where all the above-
mentioned can be applied, for example,
predictions made on screening results (on-
cology, cardiology, gastroenterology etc.),
medical statistics, cohort and clinical epi-
demiology, clinical toxicology, as well as
development of software for processing
other statistic data which are of probabilis-
tic nature.
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As we assess health risks caused by extremely dangerous infections, we can apply mathematical mod-
eling to estimate a disease or a death case probability. This mathematical modeling describes epidemiolog-
ical processes and allows to imitate their development without performing any anti-epidemic activities. Pa-
rameters which quantitatively assess morbidity and mortality cases obtained via this modeling together
with actual data on losses which were not prevented even if anti-epidemic activities were in place, can be
used as grounds for economic effects assessment. An economic effect of anti-epidemic activities was calcu-
lated in terms of indirect prevented losses which became possible due to decrease in mortality and morbidi-
ty; the effect was calculated in money units which were applied in the GDP calculation.

The calculation is performed in full conformity with 'The Methodology for calculating economic losses
caused by population mortality, morbidity, and disability" (Moscow, 2012) and envisages assessment of losses
in the current year and over a period of survival (for death cases).

The methodology was tested on the example of Ebola fever outbreak in Guinea in 2014-2016. The testing
results revealed that if not for anti-epidemic activities which included substantial assistance rendered by oth-
er countries (the RF among them), a number of morbidity cases caused by Ebola virus would have reached
521,289, and a number of death cases, 56,345.

The RF Rospotrebnadzor made a significant contribution into Ebola fever outbreak elimination in Guin-
ea, it sent a special anti-epidemic team there in August 2014. The team participated in diagnostic procedures,
staff training, and anti-epidemic activities organization. Risk prevented due to assistance rendered by other
countries, including the RF, amounted to 517,485 morbidity cases, and 53,809 death cases. Economic effects
for Guinea achieved due to anti-epidemic activities aimed at risk minimization with the help of other countries
is estimated to be equal to 229.51 million USD; it amounts to approximately 3.5% of Guinea GDP.

Key words: risk assessment, economic effect, modeling, risk minimization, extremely dangerous infections,
anti-epidemic activities, Ebola virus.
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Methodological approaches to assessing economic effects of activities aimed at minimizing health risks related...

The global practice conventionally re-
fers diseases which can cause an emergen-
cy sanitary and epidemiological situation
of international concern, according to
WHO International Health Regulations
(IHR-2005)" to extremely dangerous infec-
tions (EDI). These infections are character-
ized by high contagiousness, have rapid
epidemic spreading to large populations
and /or can cause severe or persistent indi-
vidual health disorders with a high proba-
bility of death in a short period since hav-
ing been infected, or a long-term loss of
ability to work, and disability of those who
have recovered.

To reduce threats due to EDI, it is nec-
essary to take preventive and anti-epidemic
measures with an assessment of their out-
come and effectiveness. Ap-proaches are
known when, in assessing the effect of
vaccine prophylaxis, the difference in inci-
dence rates in vaccinated and unvaccinated
groups was used as estimating parameters
[3, 6].

In planning such measures, an assess-
ment of their economic effect is getting ev-
er higher relevance. At the same time, it is
advisable to consider the prevented risk to
public health as an effect of anti-epidemic
activities [1, 5]. However, the approaches
to assess this effect using risk criteria that
allows for quantification of the avoided
losses caused by EDI, and their economic
evaluation have been poorly developed by
now, both in the world and in Russia, since
no ‘risk’ application found in EDI analysis.

When analyzing health risk caused by
EDI, mathematical modeling of epidemio-
logical process can be used to assess dis-

ease and death probability, allowing to
simulate its development at no anti-
epidemic activities in place, with quantifi-
cation of morbidity and mortality cases [4,
10, 14, 17, 20]. Such information, together
with the actual data on non-prevented loss-
es, even in the context of measures to stop
epidemy, can be used as a basis for as-
sessing the economic effect of anti-
epidemic activities and, accordingly, to
improve planning of future measures to
counter EDI and their trans-border spread-
ing.

It was considered relevant to test these
approaches using the example of a disease
caused by Ebola virus (EVD). The largest
outbreak in the history of this infection was
registered in 2014-2016 in three countries
of West Africa (the Republic of Guinea,
Liberia and Sierra Leone). The disease not
only caused significant economic damage,
but also became a serious threat to biologi-
cal safety throughout the world.

The target of the work is to develop
methodological approaches to assessing
economic effects of activities to minimize
health risks associated with especially dan-
gerous infections, and test these methods
using the example of EVD epidemic abor-
tion in the Republic of Guinea.

Materials and methods. To develop
methodological approaches, we studied
143 references to especially dangerous in-
fections. We used search platforms (Pub-
med, elibrary.ru). The average actual data
on morbidity, mortality, population was
obtained from open sources, such as the
WHO website (http://www.who.int/en/),
Pubmed (https://www.ncbi.nlm.nih.gov

" International Health Regulations (2005). 3rd ed. World Health Organization, 2016, 92 p. Available at:
http://www.who.int/ihr/publications/9789241580496/ru/ (12.06.2017).
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/pubmed/). Economic data were obtained
from official sources, such as the World
Bank website (http://www.worldbank.org/
), the UN database (http://data.un.org), the
WHO website (http://www.who.int).

To simulate epidemic development
without healthcare delivery, mathematical
SEIHFR model was used, which describes
quite fully the course of the disease [9].

The economic effect of anti-epidemic
activities was calculated in terms of indi-
rect prevented losses from reducing mor-
tality and morbidity cases in monetary
units of GDP. The calculation was carried
out in accordance with '"The Methodology
for calculating economic losses caused by
population mortality, morbidity, and disa-
bility" (Moscow, 2012) approved by the
Order of the Ministry of Economic Devel-
opment, Ministry of Healthcare and Social
Development, Ministry of Finance and
Rosstat of April 10, 2012 No. 192/323n /
45n / 113%, taking into account the assess-
ment of losses in the current year and sur-
vival period (for deaths cases). Evaluation
of the effect in monetary terms makes it
possible to calculate the economic effec-
tiveness of such activities to reduce risks to
population life and health from EDI.

When developing methodological ap-
proaches to assess economic effect of ac-
tivities to minimize health risks associated
with especially dangerous infections, the
following provisions were taken into ac-
count:

1) assessment of morbidity and mortal-
ity risks associated with especially danger-
ous infections, without actions aimed at

reducing it, is based on the results of math-
ematical modeling of the epidemic process;

2) assessment of morbidity and mortal-
ity risks associated with especially danger-
ous infections, when taking actions to re-
duce it, is based on evidence;

3) difference between the forecasted
risk without actions and actual evidence
data is considered as risk prevented in re-
sult of anti-epidemic activities.

The suggested methodical approaches
include:

l)assessment of potential risks of
morbidity and mortality due to EDI in case
of epidemic natural spread using mathe-
matical modeling;

2)analysis of actual evidence data on
morbidity and mortality due to EDI;

3)assessment of prevented risks as a
difference between potential risk and actu-
al data;

4)economic assessment of prevented
risk as an effect of anti-epidemic activities.

To calculate quantitative indicators of
potential risks of morbidity and mortality
due to especially dangerous infection, we
suggest using mathematical models such as
SEIR, SEIHFR for Ebola, SIR for HIV in-
fection, etc. [14-16].

For such models, the key classes are:

- the number of susceptible individuals
at risk at a time t;

- the number of infected individuals
able to spread the disease at a time t;

- the number of individuals who left
the previous class as a result of recovery or
death, at a time t.

The given models can be implemented

? Methodology for calculating economic losses from mortality, morbidity and disability of the population /
approved Order of the Ministry of Economic Development, the Ministry of Health and Social Development, the Ministry

of Finance and Rosstat  Ne 192/323u/45u/113

from 10 April 2012, 12  p.Available at:

https://rg.ru/pril/73/43/77/23983 _metodologiia.pdf (12.06.2017).
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using MATLAB application package.

The analysis of actual data on morbidi-
ty and mortality due to EDI is made using
information from open sources, for exam-
ple, the World Health Organization web-
site, the PubMed library, the databases of
the Centers for Disease Control, and oth-
ers.

When assessing the preventable risk as
the difference between potential risk and
actual data on morbidity and mortality, it
should be borne in mind that in some cases
the incidence in the presence of effective
anti-epidemic activities may be higher due
to greater detectability of an infection. At
the same time, mortality as a result of anti-
epidemic activities is usually reduced, due
to early detection of a disease and timely
assistance.

For economic evaluation of activities
effect (or participation in similar activities)
aimed at reducing health risk to the coun-
try's population, a scenario approach is en-
visaged. Scenarios of epidemic process
natural development without anti-epidemic
activities ("inaction model"), providing for
the full realization of EDI morbidity and
mortality due to this infection, and a sce-
nario in which such a risk not being fully
realized, owing to anti-epidemic activities
("actual").

Prevented losses in monetary terms
(the prevented losses of the country's GDP)
due to mortality and morbidity reduction
are estimated as the difference between
losses in monetary terms under "inaction
model" and actual losses in monetary
terms:

PEL = EL"IM" - ELactual,

where PEL — prevented economic losses

(effect of anti-epidemic activities);
EL"IM": economic losses under "inac-

tion model" (losses due to EDI morbidity

Health Risk Analysis. 2017. no. 4

and mortality in population, without activi-
ties and expenditures for anti-epidemic ac-

tivities);

ELactual: actual economic losses
(losses due to population mortality and
morbidity due to EDI).

Economic losses (for any scenario) are
made up of economic losses from mortality
and morbidity:

EL, = ELM+ ELL;,
where EL; — economic losses due to EDI re-
lated to mortality and morbidity of the popu-
lation under scenario j (actual, "inaction
model");3I13;— skoHOMHYECKHE TTOTEPH OT
3a00JIEBAEMOCTH HACEJICHUS 110 CIIEHAPHIO |
(paxT, «mogenb 6e31eUCTBUNY);

ELM; — economic losses due to the
population morbidity under scenario j (ac-
tual, "inaction model");

ELL;: economic losses due to the popu-
lation lethality under scenario j (actual, "in-
action model").

Economic losses due to morbidity of
the population as an effect of EDI for the
year are calculated by the formula:

ELMj = ADME;j * NME; *GDP_
365°NE
where ADME; — the average duration of a
morbid event among the working-age pop-
ulation according to scenario j (actual, "in-
action model");

NME; — the number of morbid events
among the working-age population accord-
ing to scenario j (actual, "inaction model");

GDP — the country's gross domestic
product in the reporting year;

NE — number of employed in the coun-
try in the reporting year.

Economic losses as a result of mor-
tality of the working-age population of
the country where EDI has occurred for
the year are calculated by the formula:
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GDP i
ELM, =NDC -ﬁ-(o,erZLz«; -p,.],

where NDC; — the number of death cases
among the population according to scenario j
(actual, "inaction model");

LE ;,— the level of employment in the
country in the reporting year;

pi— probability of survival from age x-1
to age x in the country under study.

0,5 — coefficient that takes into account
the time of deaths distribution during a year
(used only for the working-age population).

The proposed methodological ap-
proaches were tried out on the example of
assessing the effectiveness of measures to
stop the outbreak caused by Ebola virus
(EVD) in the Republic of Guinea in 2013—
2016.

In calculating quantitative indicators of
the potential morbidity and mortality risks

due to EVD in the Republic of Guinea,
SEIHFR model was used, which includes
the following variables:

- S(t) is the number of susceptible indi-
viduals at risk at a time t;

- E(t) 1s the number of individuals with
the disease in incubation period, at a time t;

- I(t) is the number of infected indi-
viduals able to spread the disease at a time t;

- H(t) is the number of individuals who
were hospitalized, at the moment of a time
t;

- F(t) is the number of individuals
who died at a time t;

- R(t) is the number of individuals
who dropped out of the previous class as a
result of recovery or death at a time t

Study results and discussion. Using

the parameters obtained by reviewing the
sources data [6,7,13,15] (Table 1) has

Table 1

Parameters applicable to mathematical SEIHFR model for EVD in the Republic of
Guinea, for 2013-2016

Parameters Parameter value
Social contact speed, people in contact with 1 in-fected 1,4
Contact speed in hospital, people in contact with 1 in-fected 0,4
Contact speed at funeral, people in contact with 1 in-fected 0,5
Incubation period, days 12,7
Time prior hospitalization, days 3,24
Time from hospitalization to death, days 5,0
Duration of traditional funeral, days 4,5
Duration of infection, days 15,00
Time from infection to death, days 13,31
Time from hospitalization to recovery, days 15,88
Probability of hospitalization 0,197
Mortality rate, not hospitalized 0,6
Average duration of Ebola fever morbid case, days 21
Patient mortality rate, hospitalized 0,4
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shown that, based on the simulation results
for the entire period of the epidemic in the
Republic of Guinea in 2013-2016, 521,289
people could have been infected, 56,545
would have died. At the same time, as not-
ed in the scientific literature, it should be
taken into account that modeling due to
inevitable simplification of the process un-
der study, impossibility to consider its real
characteristics under specific conditions,
etc., cannot assure that the results obtained
in this way reflect absolutely accurately the
development patterns of a real epidemic
process, which is probably reflected in the
modeling of lethality [2,7]. When review-
ing actual data on morbidity and mortality
due to EVD, we established that the inci-
dence rate of the diseases (NME) with
Ebola fever for the entire period was 3,804
cases, and the frequency of deaths from

Ebola fever for the whole period was 2,536
people”.

Using the data obtained from modeling
(forecasted risk) and the actual data (real-
ized risk) on morbidity and mortality, we
assessed the prevented risk. It was estab-
lished that, provided the third countries as-
sistance (including Russian Federation),
517,485 cases of infection with Ebola, and
53,809 lethal cases were prevented in the
Republic of Guinea [2.7]. The data obtained
were used to calculate the economic effect
of activities to minimize health risks.

For the purpose of economic assess-
ment for prevented risks as an effect of anti-
epidemic activities, in addition to the values
shown in Table 1, we also used the medical-
demographic and economic parameters
shown in Table 2.

Table 2

Medical-demographic and economic parameters to assess economic effects of anti-
epidemic activities to stop Ebola outbreak in Guinea, in 2014-2016

Parameters Parameter value
Population, people 13 247 808
NE, million people 6,138
GDP, billion dollars 6,579’
NME of Ebola fever for the entire period (actual), morbid cases 3804
NME of Ebola fever for the entire period (under "inaction model"), morbid cases 521289
Average duration of Ebola fever morbid event (actual), days 15
Proportion of children / adults among the infected, % 20/80
NDC due to Ebola fever for the entire period (actual), people 2 536
NDC due to Ebola fever for the entire period (under "inaction model"), people 56 345

Different research groups studied the
economic aspects of Ebola fever spread-
ing in African countries:

¢ The World Bank Group reports
(2014, 2015) contain data on the short-
term GDP losses in West Africa from 2.2

3 UNData: A World of information. Available at: http:/data.un.org (13.06.2017).
* Central Intelligence Agency. Available at: www.cia.gov (13.06.2017).
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to 7.4 billion dollars (2014); medium-
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term losses are estimated at 1.6 to 25.2
billion dollars (depending on epidemic
scenario) [12,20];

¢ The studies by The United Nations
Development Group in West and Central
Africa contain information on the average
forecasted losses in GDP, in 2014-2017,
in Guinea at 184.4 million dollars annual-
ly, 187.7 million dollars in Liberia, from
219 million to 286 million dollars in Sier-
ra Leone (depending on the scenario)
[8,18,19];

¢ According to the US Centers for
Disease Control and Prevention, "2.2 bil-
lion dollars was the loss of GDP in Guin-
ea, Liberia and Sierra Leone in 2015, pos-
ing a threat not only to macroeconomic
stability, but also to the food security,
human capital development and growth in
the private sector"[11].

These studies considered both the di-
rect and indirect losses from reduction of
the country's labor resources. In all cases, a
prerequisite for economic evaluation is the
scenario analysis of events progress.

The prevented economic losses of
Guinea's GDP due to morbidity, and effec-
tiveness of  anti-epidemic  activities
amounted to 25.5 million dollars and the
prevented economic losses of Guinea's
GDP from mortality: 204.01 million dol-
lars. Thus, the effect of anti-epidemic ac-
tivities amounted to 229.51 million dollars.

The effect reflects the prevented eco-
nomic losses of the Republic of Guinea on-
ly from the reduction in the period of eco-
nomic activity of the country's population
as a result of mortality (in the reporting pe-
riod, and for the period of survival to 70
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years old) and morbidity (taking into ac-
count labor productivity in the country)
from Ebola fever. Even in this case, the
losses estimates are comparable with the
results obtained earlier.

Conclusions:

1. Methodological approaches to as-
sessing the effect of activities to reduce
health risks caused by extremely dangerous
infections (in this case, anti-epidemic ac-
tivities) should include mathematical mod-
eling of morbidity and mortality risks as a
result of epidemic process, analysis of ac-
tual morbidity and mortality rates with an
assessment of economic losses, caused by
epidemic.

2. Approbation of the approaches pro-
posed, as a result of epidemic process
mathematical modeling using the example
of Ebola outbreak in the Republic of Guin-
ea, in 2014-2016, showed that without anti-
epidemic measures taken, including assis-
tance from third countries, and Russian
Federation in particular, the number of
Ebola fever diseases could be 521,289 cas-
es, and the number of deaths for this rea-
son: 56,345.

3. The prevented risks owing to anti-
epidemic activities, including assistance
from third countries, and Russian Federa-
tion in particular, made 517,485 cases and
53,809 deaths.

4. The economic effect of anti-
epidemic activities to minimize risks with
the help of third countries, and Russian
Federation, is estimated at 229.51 million
dollars of Guinea GDP.
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NON-CARCINOGENIC RISK FOR CHILDREN POPULATION HEALTH IN KAZAN
CAUSED BY FOOD PRODUCTS AND FOOD RAW MATERIALS CONTAMINATION*
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The paper dwells on results of assessing non-carcinogenic risk for children health in Kazan caused by con-
sumption of food products contaminated with chemicals. Research was performed in two stages (2007-2010 and
2011-2014) on children aged 3—6. Actual nutrition of children was examined via questioning and timing-
weighing techniques. Daily doses were calculated allowing for regional exposure parameters at median (Me)
and 95-th percentile level. We detected high non-carcinogenic risk at 95-th percentile level for methyl-mercury
(3.89 and 3.33 in both periods correspondingly); high and intolerable for As (10.67 in the first period). We de-
termined organs and systems in a body which were under greatest toxic effects. Alerting level of non-
carcinogenic risk for central nervous system (HI = 3.03) was detected in the first period at median level. In
2007-2010 we detected the following high non-carcinogenic risks at the 95-th percentile level of a danger coef-
ficient for children: non-carcinogenic risk for central nervous system (HI= 12.20), hormonal system
(HI=12.87), immune system (HI=11.72), and alerting risk for development (HI=4.03). In 2011-2014 the follow-
ing systems were most prone to overall toxic impacts: central nervous system and development (HI = 4.02 and
3.98 correspondingly). Non-carcinogenic effects risk over 2007-2011 for hormonal system (64 %), central nerv-
ous system (79 %), and immune system (91 %) was caused mostly by food products contamination with As. As
for 2011-2014, the greatest risk factor was Pb introduction, (46 %) for hormonal system, and (57 %) for central
nervous system.

Key words: chemical contaminants, regional exposure factors, children, share contribution, non-
carcinogenic risk, critical organs, critical systems in a body.

Food products safety is becoming
more and more vital each year as provision
of proper food raw materials and food
products quality is one of the basic factors
which determine absence of human health
risks when food is consumed. Nowadays
food products contain various quantities of
contaminants, in some cases, in doses
mostly lower than the fixed hygienic
standards [3, 7]. Long-term chemical loads
with low intensity are one of the most sig-

© Fomina S.F., Stepanova N.V., 2017

nificant health risk factors which make for
decrease in a body resistance to impacts
exerted by other unfavorable ecological
and socially determined environmental fac-
tors [1, 16]. Therefore, it is necessary to
provide surveillance over food products
safety, to examine possible negative influ-
ence exerted by low doses of foreign sub-
stances on children's health; these theoreti-
cal and practical hygienic tasks are seen as
truly vital. Children are a contingent most
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sensitive to unfavorable impacts exerted by
environmental factors, so children's health
can be a reliable indicator showing whether
ecological situation in a region is safe or
not.

Our review of publications on risk as-
sessment in Russia has revealed that most
issues these paper dwell on are related to
exposure assessment uncertainties and ab-
sence of regional, national, and age dis-
crepancies in exposure factors and sensitiv-
ity to carcinogens [4, 13]. Children under
6, due to their functional characteristics
peculiarities are known to be most vulner-
able in terms of exposure to chemicals [8].

Our research goal was to assess non-
carcinogenic risk for 3-6 year old chil-
dren's health depending on food products
loads with contaminants in the region..

Our research was performed in two
periods: 2007-2010 and 2011-2014. We
examined actual nutrition of children
aged 3-6 years incorporating the follow-
ing: examination of individual and family
nutrition (questioning); examination of
nutrition in pre-school children facilities
where a child received full or partial ra-
tion (timing-weighing technique). Actual
nutrition which children received in a
municipal pre-school children facility
"Children's kindergarten No. 146" in Ka-
zan was analyzed monthly via reports on
food products consumption (cumulative
lists analysis), as well as selectively via
menu sheets analysis. Children's nutrition
assessment was appended with the results
obtained via parents' questioning on
family nutrition at weekends and in the
evening on workdays. To calculate expo-
sure, we applied data on the examined
chemicals content in food products and
data on food products consumption by
children on the basis of the median and
95% percentile in conformity with Me-
thodical Guidelines 2.3.7.2519-09 "De-
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termination of exposure on population
and risk assessment for chemical contam-
inants in food products" [2]. Non-
carcinogenic risk was assessed as per re-
sults of our research on analyzing Pb, Cd,
As, and Hg contents in various food
products. The analysis was performed in
a certified laboratory at Tatarstan Repub-
lic Center for Hygiene and Epidemiology
in accordance with the 2.1.10.1920-04
"Guide to health risk assessment when
exposed to chemicals polluting the envi-
ronment" and the US Environmental Pro-
tection Agency. General toxic effects
were characterized on the basis of hazard
quantifications (HQ) for specific chemi-
cals and aggregate hazardous indexes
(HI) for chemicals with similar impacts
[5, 17]. HI values ranging from 1.1 to 3.0
were taken as permissible non-
carcinogenic impacts; HI values ranging
from 3 to 6 were considered to be alerting
risk level; HI values higher than 6 were
considered to be high risks [6].

Assessment results showed that Pb
made the greatest contribution into the
aggregate exposure in both examined pe-
riods (2007-2010 and 2011-2014); it was
introduced with food products (69.34 %
and 85.91 % at the median level and
50.93 % and 87.77 % at 95%-percentile
level). As (arsenic) aggregate exposure
took the second place in 2007-2010
(14.13% at the median level and 34.28 %
at 95%-percentile level) (Table 1).

In 2011-2014 exposure share of Pb
which penetrated children's bodies with
food products was 1.7 times higher than
in 2007-2010 at the median level and
95% percentile level.

Grain, cereals and bakery were products
with the highest Pb content and they made
the greatest contribution into the aggregate
exposure in both periods (31.08% and
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31.63% at the median level, 44.24 % and
35.02 % at 95%-percentile level); meat and

meat products, poultry, and eggs also con-
tributed (28.85% and 30.22 % at the median

percentile level); milk and dairy products
took the third place (16.66% and 18.94% at
the median level, 14.31% and 20.42 % at
95%-percentile level).

level, 18.03% and 22.58 % at 95%-
Table 1
Assessment results for exposure to chemical contaminants introduced with food products
20072010 20112014
) Exposure Contribution into Exposure Contribution into ag-
Contaminant mg/kg*day aggregate exposure, % mg/kg-day gregate exposure, %
median 92/; tl? lee " | median 3% lsiicen' median 922/; tIi)lee " | median 5% lsielzgcen
Pb 0,00952 | 0,03329 | 69,34 50,93 0,01694 | 0,05072 | 8591 87,77
Cd 0,00154 0,00710 11,22 10,86 0,00246 | 0,00580 12,47 10,04
As 0,00194 | 0,02241 14,13 34,28 0,00006 | 0,00008 0,3 0,01
Hg ! 0,00055 0,00218 4,00 3,33 0,00016 | 0,00093 0,81 1,61
Methyl ng 0,00018 0,00039 1,31 0,6 0,00010 | 0,00033 0,51 0,57
Sum 0,01373 | 0,06537 100,0 100,0 0,01972 | 0,05778 100,0 100,0

Note (here and further on):
"Exposure dose for Hg is calculated for food products groups without fish and non-fishery trade objects.

* Exposure dose for methyl Hg is calculated for fish and non-fishery trade objects.

The greatest contribution into exposure to
Cd in 2007-2010 was made by the follow-
ing groups of products: grain, cereals, and
bakery (42.63 % at the median level and
39.81%, at 95%-percentile level); fish and
non-fishery trade objects (18.47% and
21.51%, correspondingly); fruit and vege-
tables (15.19% and 14.11 %, correspond-
ingly). In 2011-2014 the greatest contribu-
tion into exposure to Cd was made by milk
and dairy products (64.57% at the median
level and 27.35%, at 95%-percentile level),
as well as grain, cereals, and bakery
(17.82% at the median level and 40.17%,
at 95%-percentile level). The greatest con-
tribution into exposure to Hg in both peri-
ods was made by meat and meat products,
poultry, and eggs (28.78% and 36.86% at
the median level and 20.73% and 28.84%,
at 95%-percentile level); grain, cereals, and
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bakery (28.52 % and 18.45% at the median
level and 40.49% and 42.74%, at 95%-
percentile level); fish and non-fishery trade
objects (18.55% and 28.79% at the median
level and 10.94% and 19.80% at 95%-
percentile level). In 2007-2010 milk and
dairy products also contributed into expo-
sure to Hg (20.04 % at the median level,
21.48% at 95%-percentile level).In 2007—
2010 substantial contributions into overall
exposure to As were detected for fish and
non-fishery trade objects (83.13% at the
median level, 77.44% at 95%-percentile
level); and in 2011-2014, for milk and
dairy products (57.78% at the median lev-
el, 64.37 % at 95%-percentile level), as
well as for sugar and confectionary
(42.22% at the median level, 35.63% at
95%-percentile level). It can be explained
by the fact that in 2011-2014 we didn't de-

Health Risk Analysis. 2017. no. 4
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tect any As content in other groups of food
products.

As most Hg in fish is actually methyl
Hg, so, as per recommendations given by
United Nations Environment Programme
(UNEP) and WHO, in 2008 Hg content in
fish and non-fishery trade objects was re-
calculated in to methyl Hg. Methyl Hg is
easily absorbed into a body via the gastro-
intestinal tract and has higher exposure
levels. Pregnant women and children are
more susceptible to it even when exposure
is rather low. We should also note that
non-organic Hg is a food contaminant but
exposure to it is considered to be less sig-
nificant in comparison with exposure to
methyl Hg [11, 15, 17, 18].

We applied officially recommended
data on reference (safe) doses (RfD) under
chronic exposure on critical body organs
and systems as criteria for assessing non-
carcinogenic risks for children's health
caused by the examined chemicals intro-
duced with food products (Table 2).

Risk characteristics revealed that val-
ues obtained for methyl Hg at the median

level, Cd and Hg, at 95%-percentile level
in the first period, were higher than the ref-
erence value being equal to 1.0. Hazard
quantification for methyl Hg at 95%-
percentile level was higher than 3.0 which
meant average risk. Risk as per As turned
out to be extremely high (hazard quantifi-
cation was higher than 10.0). In the second
period hazard quantification for methyl Hg
at 95%-percentile level was also higher
than 3.0. Non-carcinogenic risks caused by
exposure to Pb in the first period, and to
Pb, Cd, and Hg, in the second period didn't
exceed permissible levels (Table 3).

The examined chemical contaminants
(Pb, Cd, As, Hg, and methyl Hg), detected
in the analyzed food products in 2007—
2010 and 2011-2014, can possibly cause
various adverse effects in a body [10, 12].

Hazard indexes (HI) calculated on the
basis of the median hazard quantification
values were equal to 3.0 in the first period
which meant risk was average, and they
were lower than 3.0 in the second period
which meant risk was permissible.

Table 2

Non-carcinogenic hazard parameters for the examined chemicals at
oral introduction

Non-carcinogenic effects
CAS* Chemical RfD, . Data source
Critical organs and systems
mg/kg
Pb Nervous system, blood making organs, cardiovas-
7439-92-1 0,035 |cular system, reproductive system, urogenital sys- | P.2.1.10.1920-04 [5]
tem
7440-43-9 Cd 0,001 |Urogenital system, kidneys IRIS [14]
As Central nervous system, nervous system, cardi-
7440-38-2 0,0003 |ovascular system, immune system, hormonal IRIS [14]
system, gastrointestinal tract
He Immune system, kidneys, central nervous sys- P.2.1.10.1920-04 [5];
7439-97-6 0,0003 . ’ WHO/UNEP, 2008
tem, reproductive system, hormonal system [18]
Methyl Hg 0.0001 Central nervous system, kidneys, nervous sys- | WHO/UNEP, 2008
’ tem [18]

Note: * —unique numerical identifier for chemical substances
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Table 3

Non-carcinogenic risks of functional disorders in nervous system for children in Kazan
at oral contaminants introduction with food products

2007-2010 20112014
Contaminants Hazard Contribution into HI, | Hazard quantifica- | Contribution into HI,
quantifications (HQ) % tions (HQ) %
0 _ [y - Y - Y -
Median 95% per Median 95% percen Median 95% percen Median 95% percen
centile tile tile tile
Pb 0,039 0,136 1,28 1,11 0,069 0,207 6,058 20,254
As 0,925 10,670 30,53 87,24 0,029 0,039 2,546 3,816
Hg 0,260 1,036 8,57 8,47 0,078 0,442 6,848 43,249
Methyl Hg 1,806 0,389 59,63 3,18 0,963 0,334 84,548 32,681
Total (HI) 3,029 12,231 100,00 100,00 1,139 1,022 100,00 100,00

In the first period children ran alerting
non-carcinogenic risk for the central nerv-
ous system at the median level (HI was
equal to 3.03), and high risk at 95% per-
centile level (HI was equal to 12.2). We
also detected high non-carcinogenic risk
for the hormonal system at the 95%-
percentile level (HI=12.87), immune sys-
tem (HI=11.72), and alerting risk for the
overall development (HI=4.03). In 2011-
2014 the central nervous system and the
overall development were most exposed to
overall toxic effects (HI = 4.02 and 3.98
correspondingly). In 2007-2010 non-
carcinogenic risks for the hormonal system
(64%), central nervous system (79%), and
immune system (91%) were mostly deter-
mined by food products contamination
with As; and in 2011-2014, with Pb, the
hormonal system (46%), central nervous
system (57%).

Given high non-carcinogenic risk at
95%-percentile level caused by As and me-
thyl Hg, as well as a child's body peculiari-
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ties (greater quantities of products and
chemicals being introduced as per 1 kg of
body weight than in adults), it is necessary
to enhance surveillance over the examined
contaminants contents in food products. It
1s necessary to assess exposure for specific
age groups of children allowing for their
behavior at a different age, and peculiari-
ties of a region they live in [9]. Some facts
are being discovered that allow to suggest
that increased risks of certain diseases
evolvement in adults, notably, cancer and
heart diseases, can be partly caused by ear-
ly exposure to certain chemicals from the
environment in childhood [13].

Risk analysis allowing for local factors and

age differences in exposure to chemicals
introduced orally with food products re-
vealed that standards values application in
risk assessment methodology causes un-
derestimation of actual children health
risks.
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HYGIENIC ASSESSMENT OF RISK CAUSED BY APPLICATION
OF GRAMINIS KE AND RINKOR VG HERBICIDES
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Scientific-practical Hygiene Center, 8 Akademicheskaya Str., Minsk, 220012, Republic of Belarus

Our research goal was to perform hygienic assessment of risks caused by Graminis KE and Rinkor VG
herbicides for people working with them. We applied sanitary-hygienic and toxicological research techniques in
our work in full conformity with valid technical regulatory documents and guidelines. We set the following re-
search tasks: to analyze literature and information sources; to perform primary toxicological assessment of
preparatory herbicides and study their acute toxicity
together with sensitizing effects at intragastric introduction, cutaneous application, and inhalation exposure on
laboratory animals; to examine herbicides cumulative effects and calculation their cumulation coefficient, to
examine working conditions during a natural experiment when Graminis KE and Rinkor VG herbicides were
applied and calculate risks for workers; to work out scientifically grounded recommendations on their safety
application in agriculture.

The examined herbicides, Graminis KE and Rinkor VG, are classified as substances with the 3rd hazard
degree as per their toxicometric parameters (moderately hazardous substances). Calculated risks of complex
(inhalant and dermal) exposure to Gramins KE and Rinkor VG herbicides for workers (operators who refills
them and those who spray plants with them) when they are applied in agriculture don't exceed acceptable levels
(are less than 1). Our work results allow to enrich a set of plant protectors which are applied in the country and
to use such preparations in agriculture which are the least harmful for health and the environment. Application
of Graminis KE and Rinkor VG herbicides will help to increase crops productivity.

Key words: hygienic risk assessment, herbicides, primary toxicological assessment, acute toxicity, sensitiz-
ing effects, cumulative properties, cumulation coefficient, agriculture.

History of agriculture gives us an deni-
able proof that such extermination activities
as hand weeding, cultivation, and harrow-
ing, had always been playing the leading
role in fighting against weeds. But then
herbicides were invented and it led to a real
revolution in agriculture and old techniques
to a certain extent were replaced with new
ones. Agricultural workers all over the
world have been applying herbicides for
more than 60 years completely relying on
them; we can say that herbicides are now

among most widely spread agricultural
chemicals [1, 2, 4, 9].

Contemporary crop production in-
volves certain tasks; for example, it is vital
to achieve maximum possible productivity
of crops but ensuring here that agricultural
products don't contain any substances which
can be toxic for people and animals, for ex-
ample, pesticides [5].

Crops protection means are mostly
chemicals which are created and applied for
fighting weeds and pests. Pesticides appli-
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cation allows to produce stable crops and to
limit spread of infections which are trans-
ferred by carrying agents, for example, ma-
laria and epidemic typhus. However, un-
considered application of pesticides has also
negative consequences and results in greater
resistance to them among organisms, espe-
cially insects; it can kill natural enemies of
pests and other beneficial animals. Pesti-
cides contaminate the environment and are
a threat for human health. Herbicides take
the first place among crop protectors as per
applied quantities [7].

Herbicides is a commonly and world-
wide used name for chemical crop protec-
tors; it consists of two basic words: herb for
plant and cide for eliminate, that is a plant-
eliminating substance [3].

About 4.5 million tons of various herb-
icides are produced annually all over the
world; they are intensively put into soils,
especially in the regions with highly devel-
oped agriculture, and, consequently, exert
negative influence on the environment in
them. Herbicides are accumulated in soils.
They can be washed out of them, penetrate
natural water reservoirs and then they can
be introduced into human and animals bod-
ies. Physical and chemical absorption, bio-
logical and enzymatic destruction play their
own role in soils self-purification from poi-
sons; however, some toxins with systemic
effects can penetrate into crops and create
threats for food and fodders quality [13—
15].

Chemical components are known to in-
hibit live activity of soils biological compo-
nent, namely bacteria, fungi, ray fungi, al-
gae, rhizopod, flagellates, etc., living in
them and participating in humus creation.
As these soils inhabitants perish, it makes
soils less nutritious. And effects exerted by
chemicals can be rather long-term [16].

Herbicides, in comparison with other
crop protectors, are more phyto-toxic which
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is characteristic for substances with weak
selective effects.

Sometimes substances with wide range
of effects eliminate not only weeds but also
useful cultures which are related to a target
object (the same family etc.). For example,
when beetroot crops are treated, certain
substances kill not only lamb's-quarters, but
also beetroot itself; when herbicides exert
their impacts on monocotyledonous weeds,
they can also harm cultivated cereal crops.
To preserve a cultivated culture, agricultural
workers usually choose either substances
which beneficial crops are resistant to, or
those which have maximum selective ef-
fects [11, 12, 17].

Growing concern related to pesticides
abuse led to creation of basic rules for their
application accepted in many countries all
over the world. These rules comprise all the
aspects of their distribution: transportation,
storage, packing utilization, and maximum
permissible residual quantities.

There is a law issued in the EU which
forbids application of highly toxic pesti-
cides, including carcinogenic and mutagen-
ic substances which cause reproductive
function disorders and endocrine systems
disorders, and which are persistent and ca-
pable of biological accumulation.

Experts allow for high threats of herbi-
cides contamination, both during their ap-
plication and manufacturing and transporta-
tion and therefore recommend to apply
maximum safe or less toxic pesticides, or
try to resort to non-chemical alternative
pests-fighting techniques, such as cultivat-
ing, biological preparations (for example,
pheromones and microbe pesticides), genet-
ic engineering, genetic modifications,
wastes composting, etc. These techniques
are becoming more and more popular and
are often less dangerous than conventional
chemical pesticides.
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Therefore, nowadays it is advisable to
offer a wide choice of promising crop pro-
tectors to agricultural workers; these crop
protectors will allow to minimize negative
influence on population health and the envi-
ronment and to lower economic damage re-
lated to it; they will also give grounds for
manufacture of ecologically safe food prod-
ucts.

In order to prevent negative conse-
quences of herbicides application, to give
scientific foundations for risks caused by it
in real life conditions, and to develop
measures aimed at herbicides safe distribu-
tion, it is necessary to perform toxicological
and sanitary-chemical examinations of new
preparations as it will help to minimize
negative influence exerted by them on pop-
ulation health and the environment and to
lower economic damage related to it, and to
achieve their maximum efficiency in
fighting against weeds growing on fields
with agricultural crops.

Our research goal was to perform hy-
gienic assessment of risks caused by two
herbicides, Graminis, CE (concentrated
emulsion) and Rinkor, WG (water-soluble
granules) for workers involved in their ap-
plication.

We solved the following tasks in the
course of our research: to analyze literature
and information sources; to make primary
toxicological assessment of herbicides pre-
paratory forms with experiments on labora-
tory animals aimed at studying acute toxici-
ty at intragastric introduction, cutaneous
application, and inhalation exposure, and
sensitizing effects caused by it; to examine
herbicides cumulative properties and calcu-
late cumulation coefficient; to study work-

ing conditions during a natural experiment
at Graminis CE and Rinkor WG herbicides
application and calculate risks for workers;
to develop scientifically grounded recom-
mendations on their safe application in agri-
culture.

Data and methods. We applied sani-
tary-hygienic and toxicological research
techniques (acute toxicity at intragastric in-
troduction, cutaneous application, and inha-
lation exposure; sensitizing effects; cumula-
tive properties) in conformity with valid
technical regulatory legal acts and guidelines
[6, 8]. Results were statistically processed
with the use of MS Excel XP and Statistica
6.0 software.

Results and discussion. We studied
acute toxicity at intragastric introduction in
the experiment in accordance with the In-
struction No. 1.1.11-12-35-2004" (Chapter 4)
with the following doses: 3980, 5010, 6340
and 7940 mg/kg. Each dose in acute experi-
ments was tested on 6 animals (males) at in-
tragastric introduction via a needle probe
with the following observation during 14
days. Experiments were performed on sex-
ually mature white rats with body weight be-
ing equal to 190-220 grams. We considered
intoxication symptoms, animals' behavior
and death. Clinical picture of acute intoxica-
tion during the first few hours after introduc-
tion included heavy breathing, inhibited
movements, and insignificant tremor; the
symptoms became worse during the first day
and later were accompanied with shaky gait,
palpebral fissure narrowing, convulsive
breathing, refusal to eat, and lateral position.
Animals died from respiratory center stop on
1-2 day after the introduction. Rinkor, WG
DL50 (lethal dose) calculated as per V.B.

"nstruction No. 1.1.11-12-35-2004. Requirements for experimental research aimed at primary toxicological
assessment and hygienic regulation of substances. Approved by the Public Healthcare Ministry in Republic of Bela-
rus dated December 14, 2004. 42 p. Available at: http://www.vniiki.ru/document/4689864.aspx (16.05.2017).
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Prosorovskiy technique [10] amounts to
5210 (4400-6100) mg/kg; Graminis, CE
DL50, 5620 (4300+7400) mg/kg. So, pre-
paratory forms of these two herbicides
should be considered low-hazard chemicals
as per their acute intragastric toxicity (IV
danger category as per State Standard
12.1.007-76%).

Examination of acute toxicity at cutane-
ous application. The experiment was per-
formed in conformity Application Instruc-
tion No. 048-1215° on white sexually mature
rates (males and females, n=6), with body
weight equal to 190-210 grams. Herbicides
preparatory forms were once applied on skin
areas, 4x4 cm each, in the middle one-third
of a dorsal body surface where fur was cut
off; the areas were then covered with gauge
bandage and fixed by adhesive plaster. Ani-
mals were put into individual cages. Expo-
sure on skin lasted on 24 hours; after that
skin was washed with distilled water. We
applied the following dose of Rinkor, WG:
1500 (experiment 1), 2000 (experiment 2),
2500 (experiment 3) mg/kg; Graminis, CE:
2000 (experiment 1), 2500 (experiment 2),
5000 (experiment 3) mg/kg. There were 6
animals in each group. We observed them
for 14 days and considered intoxication
symptoms nature, body weight dynamics,
and animals behavior. Clinical picture of
acute intoxication during the first hours after
application included insignificant decrease in
locomotor activity; animals behavior didn't
have any discrepancies from the control
group on the next day and during the whole

observation period. No animals died during
the whole 14-day observation period. There-
fore, herbicides preparatory forms should be
considered low-hazard chemicals as per their
acute cutaneous toxicity parameters (IV
danger category as per State Standards
12.1.007-76%).

Examination of acute toxicity under
inhalation exposure. This experiment was
performed on sexually mature white rats
with body weight equal to 190-200 grams
in conformity with the Application Instruc-
tion No0.047-1215*. Preparatory forms of
herbicides were applied in concentrations
equal to 0.5; 1.0; 2.5, and 5 mg/l. Inhala-
tion lasted for 4 hours including balancing
period. Each dose in acute experiments
was tested on 6 animals, 3 males and 3 fe-
males, which were then under observation
for 14 days. We considered intoxication
symptoms, body weight dynamics and an-
imals' behavior. Animals which received
herbicides in maximum concentration un-
der inhalation exposure had lower motor
activity, their fur was disheveled, and they
also had excretion from their noses which
stopped during the first day after the expo-
sure was over. All the tested doses didn't
cause any deaths. CL50 (a substance con-
centration which causes deaths of 50% an-
imals under two-, four-hour inhalation ex-
posure) amounts to more than 5.000 mg/I
(5000 mg/m’). Therefore preparatory
forms of herbicides can be considered
moderately dangerous chemicals as per
their acute inhalation toxicity (III danger

* State Standard 12.1.007-76. Labor Safety Standards System (LSSS). Hazard substances. Classification and

general safety requirements (with Alterations N 1, 2): Interstate standard. Available at: http://docs.cntd.ru/document
/5200233 (18.05.2017)

* Application Instruction No. 048-1215. Determination of chemicals acute toxicity (chemicals and their mix-
tures) at cutaneous application. Approved by Deputy to Public Healthcare Minister — Chief Sanitary Inspector of
Republic of Belarus on August 30, 2016. Available at: http://rspch.by/Docs/048-1215.pdf (20.05.2017).

* Application Instruction No. 047-1215.Determination of chemicals acute toxicity (chemicals and their mix-
tures) under inhalation exposure. Approved by Deputy to Public Healthcare Minister — Chief Sanitary Inspector of
Republic of Belarus on August 30, 2016. Available at: http://rspch.by/Docs/047-1215.pdf (20.05.2017).
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category as per State Standard 12.1.007-
76%).

Sensitizing effects. The experiment was
performed in conformity with the Instruction
1.1.11-12-35-20041 (chapter 8).
Intracutaneous introduction of Rinkor WG
preparatory form in a challenging dose equal
to 100 pl into a hindleg pad (below the
aponeurosis) of white mice didn't lead to
edematic-proliferative reaction evolvement.
We measured a pad width in mm before and
24 hours after percutaneous testing with the
use of an engineering micrometer. A reaction
appearance was assessed both as per absolute
(mm) and relative (scores) parameters.
Average parameters of a mouse pad swelling
test (allergic test) in animals from the focus
group didn't have any discrepancies from
those in the relevant control group and didn't
exceed 0.1 mm (0 scores) (< 0.05).
Intracutaneous introduction of Graminis CE
herbicide preparatory form in a challenging
dose caused edematic-proliferative reaction
evolvement. Average parameters of a mouse
pad swelling tests differed from those in the
relevant control group and amounted to
0.143-0.198 mm (1 score) (<0.05). The
experiment enabled determining that the
examined Rinkor WG herbicides preparatory
form didn't cause any induration or
inflammation in tissues while Graminis CE
herbicide preparatory form did as much as a
result of tissues infiltration caused by
interaction between an antigen (allergen) with
macrophages and Thl-lymphocytes which
stimulated cellular immunity. So, Rinkor WG
herbicide preparatory form can be considered
a substance without any sensitizing effects (4
category, no sensitizing effects); Graminis CE
is a substance causing weak sensitizing
effects (3 category (3B subcategory) weak

allergen).

Irritating effects on eyes mucous tu-
nics under a single exposure. The experi-
ment was performed in conformity with the
Instruction 1.1.11-12-35-2004'(chapter 5)
and the Instruction No. 045-1215,

Preparatory forms of herbicides in
doses equal to 50-100 pl were introduced
into a low conjunctival fornix of rabbits'
right eyes; 24 hours later the eyes were
washed with distilled water; left eyes were
taken as control ones and 1-2 drops of dis-
tilled water were introduced into them. The
examined substances caused lacrimation,
serous excretions, and vessels injection af-
ter instillation; all these effects stopped on
the 1-2 day after washing with water when
the exposure ended. Mucous tunics appar-
ently recovered fully during 1-2 days after
instillation. So, in case of a single exposure
on mucous tunics Rinkor WG herbicide
preparatory form exerts weak irritating ef-
fects on mucous tunics with average total
scoring showing irritating effects evidence
being equal to 1.0 (3 category (3B subcate-
gory) weak irritating effects); Graminis CE
exerts moderate irritating effects on mu-
cous tunics with average total scoring
showing irritating effects evidence being
equal to 3.0 (3 category (3A subcategory)
moderate irritating effects).

Examination  of local irritating
properties on skin under a single exposure.
The experiment was performed in

conformity with the Instruction 1.1.11-12-
35-2004' (chapter 6) and the Instruction
No. 049-1215°. Preparatory forms of
herbicides were put on bare skin on backs
of non-linear white rats, spots on animals
backs were located on the right side, their
square was 4x4 cm (left side was taken as

> Application Instruction No. 045-1215. Determination of chemicals acute irritating effects (chemicals and
their mixtures) on eyes mucous tunics. Approved by Deputy to Public Healthcare Minister — Chief Sanitary Inspec-
tor of Republic of Belarus on August 30, 2016. Available at: http://rspch.by/Docs/045-1215.pdf (20.05. 2017).
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control); doses were equal to 20 mg/cm2
and were applied only once with
application duration equal to 4 hours. We
considered skin state and how apparent
skin reactions were. Preparatory forms of
herbicides under a single exposure on bare
spots located on rats' backs didn't exert any
irritating effects scoring 0 (4 category)
(absence of irritating effects).

Cumulative properties assessment.
The experiment was performed in con-
formity with the Instruction No. 052-1215’
on white male rats with body weight equal
to 170-200 grams, aged 8-12 weeks,
which we bred ourselves. The total number
of experimental animals was 14 (7 male
rats in the focus group and 7 in the control
one). To assess cumulative properties of
herbicides preparatory form, we chose a
dose equal to =1/10 from the maximum
dose introduced in an acute experiment.
Rinkor WG herbicide dose was equal to
500 mg/kg of body weight; Graminis CE,
550 mg/kg of body weight. We didn't de-
tect any animals' deaths during the whole
experiment. So, the examined preparatory
forms don't have any cumulative properties
with lethal effects (cumulation coefficient
>5).

All the detected statistically significant
changes in some morphofunctional param-
eters chosen for assessing toxicological ef-
fects exerted by the examined substances
after 90-days intragastric re-introduction
are most likely to be compensatory-
adaptive.

We performed microscopic pathomor-
phologic examination of internal organs

and didn't detect any visible changes. We
determined that liver and kidneys were
most typical target organs for sulfonylurea
(Rinkor WG and Graminis CE herbicides).

We performed hygienic assessment of
working conditions at workplaces where
herbicides were applied on a test field dur-
ing a single spraying via a tractor rod
sprayer, potatoes tops being 5-25 c¢m high,
discharge rate being 50 g/hectare, and
working fluid discharge being 250
I/hectare (Rinkor WG), and 50 g/hectare,
200 1/hectare, correspondingly for Grami-
nis CE. Work lasted for 40 minutes; work-
ing shift duration was 6 hours; daily rate of
a treated square was 25 hectares.

The experiment allowed to detect that
substances contaminated certain spots on
workers bodies, both protected with indi-
vidual protection means (neck and breast)
and unprotected (face). In relation to that
average dermal load (concentration) for the
rest chosen spots was calculated allowing
for 2 detection limit for samples having
"not detected" value and amounted to
0.00125 mg/m2 for herbicides contaminat-
ing bodies of a refilling operator and a
sprayer operator. Workers didn't feel them-
selves bad; they didn't have any skin irrita-
tions or eyes mucous tunics irritation; they
didn't complain on any health deterioration
after work.

We performed hygienic assessment of
risks for people contacting the examined
substances during potatoes corps treatment
with discharge rate being equal to 50
g/hectare in conformity with the Methodi-
cal guidelines No. 2001/73 [7]. Risks of

% Application Instruction No. 049-1215. Determination of chemicals acute irritating effects on skin (chemicals
and their mixtures). Approved by Deputy to Public Healthcare Minister — Chief Sanitary Inspector of Republic of
Belarus on August 30, 2016. Available at: http://rspch.by/Docs/2_049.pdf (20.05. 2017)

7 Application Instruction No. 052-1215. Determination of chemicals toxicity (chemicals and their mixtures)
and repeat and chronic intragastric introduction. Approved by Deputy to Public Healthcare Minister — Chief Sani-
tary Inspector of Republic of Belarus on August 30, 2016. Available at: http://rspch.by/Docs/052-1215.pdf

(20.05.2017)
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adverse effects caused by the substances
exposure on skin were determined via
comparison between actual skin exposure
(Eac, mg/cm?2), calculated on the basis of

the obtained data and tentatively permissi-
ble level of skin contamination (TPLs.c.,
mg/cm?2) (Table).

Total risks for a refilling operator and a sprayer operator under cutaneous and inhalation
exposure to herbicides during potatoes crops treatment

The substance
. . chisalofop-p-ethyl
Ifi Rinkor WG e
Calculated coefficients rimsulfuron (Rinkor ) (Graminis CE)

A sprayer | Refilling op-| A sprayer op- | Refilling op-

operator erator erator erator
Safety co'efﬁc1ent under cutanepus pesticide 0.018000 0,028000 0,029 0,029
introduction dermal exposure risk), SCy.
Safety coefﬁment under 1nhalat10n introduc- 0,003333 0,000333 0,075 0,075
tion (inhalation exposure risk), SCiy,.
Total risk, SCiotar, 0,021333 0,028333 0,104 0,104
Standard total risk value, SCig). <1 <1 <1 <1

Notes: E,.. is actual skin exposure, mg/cmz; MPC/TSEL,, .. is maximum permissible concentra-

tion/tentatively safe exposure level in work area air

Conclusions:

1. Preparatory forms of herbicides should
be considered low-hazard chemicals as per
their acute intragastric toxicity (IV danger
category as per State Standard 12.1.007-76).

2. Preparatory forms of herbicides should
be considered low-hazard chemicals as per
their acute cutaneous toxicity (IV danger cat-
egory as per State Standard 12.1.007-76).

3. Preparatory forms of herbicides should
be considered moderately hazardous chemi-
cals as per their acute inhalation toxicity (III
danger category as per State Standard
12.1.007-76).

4. Pinkor WG herbicide preparatory
form can be considered a substance without
any sensitizing effects (4 category, absence of
sensitizing effects); Graminis CE, a substance
with weak sensitizing effects (3 category (3B
subcategory), weak allergen).

5. Herbicide Rinkor WG preparatory
form under a single exposure on mucous tu-
nics exerts weak irritating effects on them
with total scoring showing irritating effect

Health Risk Analysis. 2017. no. 4

evidence being equal to 1.0 (3 category (3B
subcategory), weak irritating effects); Grami-
nis CE exerts moderate irritating effects on
mucous tunics with total scoring showing irri-
tating effect evidence being equal to 3.0 (3
category (3A subcategory), moderate irritat-
ing effects).

6. Herbicides preparatory forms don't ex-
ert any irritating effects on skin as there were
no such effects on bare skin spots located on
white rats' backs; scoring is 0 (4 category),
absence of irritating effects).

7. The examined preparatory forms don't
have any cumulative properties with lethal
effects (cumulation coefficient is > 5).

8. We didn't detect any changes in inter-
nal organs via microscopic pathomorphologic
examination.

9. Calculated risks of complex (inhala-
tion and dermal) effects exerted by Graminis
CE and Rinkor WG herbicides on workers (a
refilling operator and a sprayer operator) dur-
ing their application in agriculture don't ex-
ceed permissible levels (are less than 1).
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As women fertility is obviously decreasing at present, a number of people who, being at the reproductive
age, suffer from various diseases is only growing and it is truly a vital issue. Chronic endometritis which is a
problem in contemporary gynecology and reproductive performance studies may cause menstrual function dis-
orders, anemia, and chronic pelvis pains syndrome. Our research goal was to assess risks of somatic pathology
evolvement and life quality of women suffering from chronic endometritis. The focus group was made up of 42
patients at their fertile age who suffered from chronic endometritis (n=42); the reference group consisted of
practically healthy females at the same age (n=33) who applied to a gynecologist in order to make a choice on a
contraceptive.

We detected that women with chronic endometritis had somatic pathologies much more frequently that
women from the reference group, such pathologies included chronic gastritis, functional disorders in the bowels,
gall-bladder diseases, urinary system diseases, and chronic rhinopharyngitis (relative risks varied from 1.25 to
4.62; p<0.05). High somatic pathology parameters indicate there is a decrease in immunologic protection and
non-specific reactivity to pathologic changes in molecular mechanisms involving tissue and cellular homeostasis
disorders. Patients form the focus group had lower life quality, weaker endurance and greater fatigue, lower
emotional and social activity.

When doctors of all specialities treat patients with chronic endometritis they are advised to apply health-
restoring treatment at any stage when a patient applies for medical assistance (and not only when she is getting
ready for a pregnancy). We highlight the necessity to create individual sets of pharmaceuticals, physiotherapy and
balneal techniques, and diet therapy for basic metabolic processes recovery, antioxidant processes recovery, im-
munologic protection and non-specific reactivity improvement. It is also necessary to treat not only gynecological
pathology, but also a concomitant somatic one.

Key words: reproductive age, chronic inflammatory pathology, somatic diseases, life quality, chronic en-
dometritis, reproductive health.

The World Health Organization sticks
to the following reproductive health defini-
tion: "Reproductive health is a state of
complete physical, mental, and social well-
being; it does not mean simple absence of
any diseases related to the reproductive
system, its functions, and processes". As
female fertility is going down nowadays,
more and more people of reproductive age
turn out to have various diseases, both of

© Kobaidze E.G., Padrul M.M., 2017

somatic and gynecological genesis, which
can cause infertility, and it remains a very
serious issue. A number of auxiliary repro-
ductive technologies aimed at treating in-
fertility has grown over the last years.
However, there are certain pathologies
which are too difficult to treat and which
cause unsuccessful embeddings in case
when auxiliary reproductive technologies
are applied. Particularly, nowadays the
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uterine factor is becoming a complicated
and poorly treatable infertility issue all
over the world. Epidemiological parame-
ters of chronic endometritis in women of
fertile age are quite different, from 1% to
70%; but its contribution into reproduction
disorders is not under any discussion
[9, 12]. This pathology outcomes are indi-
vidual in each case, as it is hardly possible
to predict endometrial functional state in
these patients in spite of great number of
contemporary laboratory-diagnostic tech-
niques for examining uterus mucous tunic
state. Chronic endometritis can become a
serious problem for a patient: it causes
menstrual disorders in women, anemia,
chronic pelvis pain syndrome, chronic fa-
tigue, infertility, and it lowers overall life
quality. We should also note that oncologic
gynecological pathologies increase in pa-
tients with chronic diseases in their case
history and it accordingly proves it is nec-
essary to get better insights into the issue
[10, 14]. Inflammation process under
chronic endometritis progresses wave-
like, specific clinic symptoms are absent,
etiological agents in endometrium are
hard to identify, physiological factors of
protection from damage fail, disorders in
endometrium receptivity evolve, a doctor
and a patient tend to underestimate clini-
cal signs, the disease can possibly have
autoimmune character, and so, etiotoropic
therapy issue arises; all the above-said
characterizes chronic endometritis nowa-
days.

When endometritis occurs, acute or
chronic inflammation evolves and a whole
body is involved in it to a certain extent.
Endogenous protection systems and search
for universal regulators of physiological
body functions attract doctors' closest at-
tention when it comes to complications
prevention and rehabilitation. When patho-
genic factors exert their impacts on a body,
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basic inflammatory and immune response
schemes start to work: inflammation oc-
curs, antigen-representing cells start to
function, an adaptive immune response
evolves, immune lymphocytes-effectors
migrate, antibodies concentrations in in-
flammation focus grow, antigens and tis-
sues damaged by pathogens are destroyed,
and decay products are discharged from a
body by its excretory systems, namely the
liver, kidneys, bowels, etc. [2, 7, 15].
Chronic inflammation pathologies occur-
rence in the gastrointestinal tract or urinary
tracts are now considered by practicing gy-
necologists as related to chronic endome-
tritis. Extragenital chronic inflammation
focuses can contribute into a decrease in a
body adaptive abilities and make for chron-
ic inflammation pathologies in the uterus.
There are opinions that any chronic infec-
tion focus in a body, including chronic ad-
nexitis, can be a source of infection which
penetrates the gall bladder [3], thus causing
chronic non-calculous cholecystitis. We
should note that possible reserve impacts
exerted by inflammations in the gall blad-
der on endometrium state are not studied
enough. There are some data in literature
on pathologic impacts exerted by chronic
tonsillitis on menstrual function develop-
ment in girls and on pregnancy complica-
tions [6]. There are also some data on mi-
croflora persisting in endometrium of pa-
tients suffering from chronic endometritis
being similar to that occurring in the pala-
tine tonsils [11]. Negative influence which
chronic pyelonephritis has on pregnancy
course is beyond any questions now [4, 5,
13]. But its occurrence in gynecological
patients is not well examined. And as a
number of healthy women is decreasing
now, it is undoubtedly vital to assess their
life quality. Therapeutic approach im-
provement is not possible without imple-
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mentation of recommendations obtained on
the basis of such research.

Our research goal was to assess life
quality and risks for somatic pathology oc-
currence in women suffering from chronic
endometritis.

Data and methods. We performed our
research in a form of clinical analytical pro-
spective analysis. We examined 75 women
of reproductive age permanently living in
Perm (in 2015 and 2017). The examined
women were divided into 2 groups: the first
one was made of practically healthy women
(n=33), who applied to a doctor in order to
make a choice on a contraceptive; the sec-
ond groups was made of patients (n=42)
suffering from chronic endometritis. We
used the following criteria to select and in-
clude women into our sampling:

- chronic endometritis was diagnosed
and the diagnosis was verified by morpho-
logic examinations;

- the disease was diagnosed more than
1 year ago;

- there was no acute somatic pathology
or an exacerbation of the chronic one;

- absence of any signs proving there
was exacerbation of chronic inflammatory
pathology in small pelvis organs (chronic
salpiginitis, oophoritis, endometritis, cervi-
citis, vaginitis).

Complex examinations performed on
patients included passport data analysis,
case history analysis, menstrual and repro-
ductive functions assessment, general clini-
cal and gynecological research, somatic pa-
thologies detection, general clinical labora-
tory tests, life quality assessment via SF-36,
and statistical analysis techniques.

SF-36 questionnaire is a non-specific
one aimed at life quality (LQ) assessment. It
is widely used in conducting research on
life quality of healthy population and
groups of patients with various chronic dis-
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eases. Life quality was analyzed as per
several scales [1, 8, 16, 17]:

1. Physical Functioning or PF. This
scale shows to what extent physical state
limits physical loads; low scoring means a
respondent's physical activity is signifi-
cantly limited by his or her health.

2. Role-Physical Functioning or RP.
This scale determines how physical state of
a person influences his or her everyday
life; low scoring means that a person faces
certain limitations in his or her everyday
life caused by his or her health state.

3. Bodily pain or BP. This scale allows
to find out how intense a pain syndrome is
and how it influences an examined person's
ability to pursue his or her everyday activi-
ties; low scoring also means that everyday
activities are seriously limited because of
pain.

4. General Health or GH. This scale
shows how a woman assesses her health
and her resistance to diseases; low scoring
proves there is health deterioration.

5. Vitality or VT. The scale is based
on subjective feelings of a respondent and
allows to assess whether he or she suffers
from excessive fatigue or on the contrary is
full of energy; low scoring means fatigue is
excessive.

6. Social Functioning or SF. This scale
allows to assess satisfaction with social ac-
tivity level; accordingly, low scoring
proves social activities are also low.

7. Role-Emotional or RE. The scale
shows how emotional state influences a
patient's everyday activities; low scoring
means that working capacity is reduced
due to poorer emotional state.

8. Mental Health or MH. The scale al-
lows to assess patients' moods; low scoring
proves a patient has increased anxiety.

Parameters on each scale vary from 0
to 100 scores, where 100 means absolute
health. The higher scoring is, the higher
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life quality is and the better health is; the
results are given in scores as per 8 scales
made up in such a way that a higher scor-
ing means a better life quality [16, 17]. Pa-
rameters as per 2 groups were assessed and
represented by the median (Me) and a per-
centile interval 25-75. We applied distribu-
tion-free techniques (Mann-Whitney test
for comparing two independent samplings)
to compare both groups and examine pos-
sible correlations. To analyze dependences
between a frequency of a parameter occur-
rence (somatic and gynecologic pathology)
in a group, we applied chi-square criterion
(x2). We analyzed discrepancies between
groups as per parameters occurrence fre-
quencies also with y2 criterion. We calcu-
lated odds relation (OR) with 95%-
confidence interval and applied relative
risk with 95%-confidence interval as a way
to assess risk factors and possibility of
health disorders in female patients.

Results and discussion. Women from
the first group were from 19 to 44 (average
age was 30.90+£7.09 ); from the second,
from 21 to 44 (average age was
34.11+4.79). Reproductive case history
analysis in the first group revealed the fol-
lowing peculiarities: 11 women had child-
birth in their case history (33.33+£16.72%);
5 miscarriages which happened during
first 5 gestation weeks were detected in
15.15+12.71% women, x*=3.46; p=0.06;
we didn't detect any frozen pregnancies in
this group; medical abortions were made in
24.24+15.2% (8) cases, y°=6.97; p=0.008,
that is, frequency of this parameter occur-
rence in this group was statistically signifi-
cant; 96.97+6.08% women practiced birth
control and used condoms to protect them-
selves from unwanted pregnancies, and it
proved that frequency of this parameter oc-
currence was statistically significant for
this category of the examined women
(x’=58.30; p<0.001).
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Our analysis of gynecological case his-
tory which patients from the 1st group had
revealed that 6.06+8.46% women suffered
from such proliferative uterus diseases as
leiomyoma, and we didn't detect adenomy-
osis in this group. We analyzed frequency
of chronic reproductive system inflamma-
tions occurrence and revealed that women
didn't have chronic salpiginitis, adnexitis,
or cervicitis; chronic cervicitis led to sur-
gery on the uterine neck in 2 patients
(6.06+8.46%, v*=0.52; p=0.473). Menstru-
al cycle characteristics revealed that men-
arche occurred timely in 87.88+11.57%
(29) women and we didn't detect any other
menstrual disorders in this group.

Reproductive case history analysis
performed on women suffering from
chronic endometritis revealed the follow-
ing: 57.14+15.42% (24) patients had pri-
mary and secondary infertility, ¥*=30.86;
p<0.001; 14 patients (33.33+14.69%) had
childbirth, 54.76£15.51% women had
medical abortions (p<0.001), and it indi-
cated that frequency of this parameter oc-
currence in this patients' group was statisti-
cally significant. Pregnancy had an unfa-
vorable outcome, namely miscarriage or
frozen pregnancy, in 26.19+13.7%
(x*=10.46; p<0.001) cases and it indicated
that frequency of this parameter occurrence
among these patients was also statistically
significant. 14.29+£10.9% (6) women suf-
fered from proliferative uterus diseases
(leiomyoma) and frequency of this parame-
ters occurrence was also statistically signif-
icant, y’=4.49; p=0.034. Adenomyosis was
detected in 9.52+9.15% (4), ¢*=2.36;
p=0.124, that is, the parameter was not sta-
tistically significant in this group. Our
analysis of chronic reproductive system
inflammations revealed that 40.48+15.3%,
(x*=18.88; p<0.001) suffered from chronic
salpiginitis and adnexitis; 47.62+15.56%
(p<0.001), from chronic cervicitis;
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52.38+15.56% (p<0.001) patients had sur-
gery on the uterine neck in their case histo-
ry. Women suffering from chronic endo-
metritis had various menstrual function
disorders in  69.05+14.41%  cases
(1’=10.46;  p<0.001), algomenorrhea

(28.57+14.08%; p<0.001) and profuse
menses (19.05+£12.24% patients; p<0.001)
were statistically significant. Comparative
characteristics of all the above mentioned
parameters is given in Table 1.

Table 1

Comparative characteristics of the obstetric-gynecological case history

between two groups

Groups 2

Signs | gi‘;‘gs% (ed2) % Chi’ R OR | CI95%

Child birth 33,33+16,0 | 33,33+14,6 | 0,061 0,805 1,000 | 0,38;2,63
Infertility 0 57,14+ 154 | 15,584 | 0,001* | 416,00 |25;4195,12
Medical abortion 2424 +15,0 | 54,76 £15,5 | 5,896 | 0,015* | 3,783 1,39; 10
Miscarriage 1515+12,0 | 26,19+ 13,7 | 0,765 0,382 1,987 | 0,61;6,43
Frozen pregnancy 0 26,19+ 13,7 | 4,252 0,039* — -
Menstrual dysfunctions 0 69,05+144 | 22,517 | 0,001* — —
Leiomyoma 6,06+8,4 |1429+109 | 0,591 0,442 — -
Adenomyosis 0 9,52+9,2 0,799 0,371 - —
Chronic salpiginitis 0 4048 £15,3 | 8,527 | 0,003* — -
Chronic adnexitis 0 4048 £15,3 | 8,527 | 0,003* — —
Chronic cervicitis 0 47,62+15,5| 11,234 | 0,001* — —
Surgery on the uterine neck 6,06+84 |5238+155| 16,155 | 0,001* | 17,050 |3,61; 80,56
Contraception 96,97 +6,08 | 61,9+15,1 7,716 | 0,005* | 0,000 —

Note:* — means that statistically significant discrepancies in a parameter occurrence frequency were de-

tected between healthy women and those suffering from chronic endometritis

When we compared analyzed parame-
ters in healthy women and in female pa-
tients with chronic endometritis we re-
vealed that there were statistically signifi-
cant discrepancies in occurrence frequency
of medical abortion (made to get rid of
unwanted pregnancy, the parameter was
higher in patients with chronic endometri-
tis), chronic adnexitis and salpiginitis,
chronic cervicitis, frozen pregnancy, and
infertility.

As per body mass index, healthy
women from group I were divided into the
following sub-groups: 23 (69.7£16.3%) out
of 33 women had normal parameters
(18.50-24.99); 10 (30.3£16.3%) women
had excessive body weight and 1st degree
obesity (*=9.55; p=0.002). A share of
women with normal body mass in group 2
amounted to  69.05+£14.41%  (29);
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30.95+14.41% (13) had lipid metabolism
disorders; x*=13.11; p<0.001.

We analyzed gastrointestinal tract
disorders in the examined women and re-
vealed that 4 women (12.5£11.92%,
¥*=2.40; p=0.121) in the first group (n=33)
suffered from chronic gastritis, and 3
(9.09£10.19%, y*=1.40; p=0.237) had
chronic pancreatitis; functional bowels dis-
orders (notably, irritable bowels syndrome)
were detected in 1 patient (3.03+£6.08%),
gall bladder disorders (including gall blad-
der dyskinesia and biliary tracts dyskine-
sia) were also detected in only 1 patient
(3.03+6.08%). We didn't detect any urinary
system disorders (chronic pyelonephritis,
cystitis, or urethritis), or thyroid gland dis-
orders (hypothyroidism or hyperthyroid-
ism) in women from the first group. We
detected 2 cases (6.06+8.46%, x=0.52;
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p=0.473) of chronic respiratory tracts dis-
orders (chronic pharyngitis, rhinitis, or rhi-
nopharyngitis). More than half of them had
food allergy or household chemicals aller-
gy, 6 (18.18+13.68%, y*=4.52; p=0.003)
women had broad spectrum antibiotics al-
lergy.

Gastrointestinal tract diseases analysis
in the 2nd group (n=42) revealed that
57.14+15.42% had chronic gastritis, and
42.86+15.42% were healthy, %’=30.86;
p<0.001; chronic pancreatitis was detected
in 23.81+13.27% (10 women), ¥*=9,19;
p=0.002; bowels functional disorders, in
64.29+14.93% (27 patients), ¥°=36.90;
p<0.001; gall bladder disorders were de-
tected 1 61.9+£15.13% (26) cases,
v’=34.81;  p<0.00l. 21  patients
(50£15.58%), had urinary system diseases
¥*=25.40; p<0.001. Thyroid gland diseases
were detected in 5 (11.9+£10.09%) women;
chronic respiratory tract diseases, in partic-
ular, chronic rhinitis, in 19.05+12.24% pa-
tients, °=6.77; p=0.009, and chronic rhi-
nopharyngitis, in 28.57+14.08%, x*=11.76,
p<0.001. 15 patients (35.71+14.93%, y*=
1591; p<0.001) had broad spectrum
antibiotics allergy.

We applied Mann-Whitney criterion
and revealed statistically significant dis-
crepancies between 2 groups as per blood
analysis. Notably, women from the groups
2 (patients with chronic endometritis) had
greater quantities of stab neutrophils, lym-
phocytes, and monocytes, as well as low
erythrocytes sedimentation rates, which
could possibly indicate their immune pro-
tection was weaker, and their non-specific
body reactivity, lower (Table 2).

Comparison between patients from the
Ist and 2nd group allowed to reveal statisti-
cally significant discrepancies between oc-
currence frequency of such diseases as
chronic gastritis, bowels functional disor-
ders, gall bladder diseases, urinary system
diseases, and chronic rhinopharyngitis. the
above-mentioned  pathologies  occurred
more frequently in patients suffering from
chronic endometritis. We also detected sta-
tistically insignificant discrepancies be-
tween occurrence frequency of such param-
eters as body mass index deviations, chron-
ic pancreatitis, chronic rhinitis, antibiotics
allergy in groups of healthy and sick wom-
en. Comparative characteristics of the
above-mentioned pathologies is given in
Table 3.

Table 2
Comparative characteristics as per blood analysis between 2 groups
groupl group 2
. (n=33) (n=42)
Blood analysis parameters Me Me p-level
(25%-75%) (25%-75%)
Leucocytes (10*9) 5,2 (4,7-5,5) 4,7 (4,1-5,3) 0,029*
Stab neutrophils (%) 2(1-2) 2 (2-3) 0,005*
Monocytes (%) 9 (6-10) 11(9-12) 0,003*
Lymphocytes (%) 31 (27-395) 36 (33-40) 0,001*
Thrombocytes (10*9) 244 (226-286) 221 (211-267) 0,024*
Erythrocytes sedimentation rate (mm/h) 13 (11-15) 7 (5-12) 0,001*
Hemoglobin g/1 127 (124-132) 124 (114-134) 0,246
Note:* — means Mann-Whitney criterion allowed to reveal statistically significant discrepancies between
2 groups.
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Table 3
Comparative characteristics of somatic pathologies between groups
Group Group 2
Parameter 1(n=33) (n=42) Chi’ P OR CI195%
% %

BMI 30,3+16,3 | 3095+144 | 0,04 | 0,848 | 1,031 | 0,38;2,77
Chronic gastritis 12,5+11,9 | 57,14+154 | 13,6 | 0,001* | 9,333 | 2,78;31,39
Chronic pancreatitis 9,09+1,01 | 23,81 +13,2 1,9 0,172 | 3,125 | 0,78; 12,46
Bowels functional disorders 30360 | 6429+149 | 27,1 |0,001* | 57,60 |7,14; 464,79
Gall bladder diseases 3,03£6,0 | 61,9+15,1 253 10,001* | 52,00 |6,46;418,55
Urinary system diseases 0 50,0 £ 15,5 12,2 | 0,001* — —
Thyroid gland diseases 0 11,9+ 10,0 1,1 0,300 — —
Chronic rhinitis 6,06+84 |19,05+122| 14 0,229 | 3,412 | 0,67;17,36
Chronic rhinopharyngitis 6,06+8,4 |2827+14,0| 4,8 0,029* | 6,200 | 1,28;30,07
Antibiotics allergy 18,18+ 13,0 | 35,71 +14,9 | 2,015 | 0,156 | 2,500 | 0,84; 741

Note: * — means that statistically significant discrepancies in a parameter occurrence frequency were de-
tected between healthy women and those suffering from chronic endometritis.

When we calculated relative health
disorders risk in terms of a significant so-
matic pathology in patients suffering from
chronic endometritis, we obtained the fol-
lowing results: chronic gastritis risk (RR)
was equal to 2.190, OR 95% 1.48; 3.24;
bowels functional disorders (RR), 3.021,
OR 95% 1.98;4.62; gall bladder diseases
(RR), 2.889, OR 95% 1.92;4.34; urinary
system diseases (RR), 2.571, OR 95%
1.84;3.59; chronic rhinopharyngitis (RR)
1.743, OR 95% 1.25;2.43 (correlation was
thought to be significant at p < 0.05), and it
indicated that women from the 2nd group
ran higher risks of somatic pathologies oc-

currence. Bearing our research goals in
mind, we analyzed women's questionnaires
as per life quality and revealed statistically
significant discrepancies between two
groups as per two scales. We should high-
light that patients suffering from chronic
endometritis had lower Role-Emotional
functioning capacities, greater anxiety,
mental ill-being, lower health self-esteem
and lower resistance to diseases, they as-
sessed their treatment prospects skeptical-
ly, and all this undoubtedly meant life
quality of these women was rather poor
(comparison results are given in Table 4).

Table 4
Comparative characteristics of life quality between 2 groups
Group 1 (n=33) Me Group 2 (n=42) Me
Parameters (12) 5%-75%) (5 5%-75%) p-level
Physical functioning 65 (59-68) 44 (42-54) <0,001*
Role physical functioning 68 (67-71) 47 (44-49) <0,001*
Bodily pain 71 (69-74) 43,5 (38-47) <0,001*
Vitality 71 (70-73) 48 (45-51) <0,001*
Social functioning 72 (70-75) 55 (48-56) <0,001*
Role emotional state 77 (74-79) 40,5 (37-45) <0,001*
Mental health 80 (72-82) 42 (38-45) <0,001*
General health 69 (60-72) 445 (43-55) <0,001*

Note: p<0.001* — means Mann-Whitney criterion allowed to reveal statistically significant discrepancies

between 2 groups.
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Conclusions. Health parameters of pa-
tients suffering from chronic endometritis
differ greatly from those of healthy women.
High somatic pathology parameters and fer-
tility issues can cause low scores of each life
quality scale. Analysis of life quality which
patients with this diseases have will allow to
develop relevant recommendations aimed at
its improvement and exerting positive influ-
ence on efficiency of the basic pathology
therapy. Allowing for poor health of women
suffering from chronic endometritis, we as-
sume that doctors with all specialties should
pay greater attention to medical-preventive
activities, and prescribe health-preserving
treatment at all the stages when a woman

applies for medical aid, and not only when
she is getting ready for a pregnancy. It is
necessary to apply individualized sets of
pharmaceuticals, physiotherapeutic and bal-
neal techniques, as well as diet therapy, for
the recovery of basic metabolism types, anti-
oxidant processes, immunologic protection
factors and non-specific reactivity. Health-
preserving treatment for not only gynecolog-
ical but also concomitant somatic patholo-
gies can stimulate adaptation reserves recov-
ery in organs and systems, neuro-vegetative
regulation, and, accordingly, hormonal ho-
meostasis recovery which becomes truly vi-
tal for maintaining proper reproductive sys-
tem functioning.
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We chose young students as our research object as they represent a social-demographic group with a spe-
cific social health, lifestyle, social activity, and social well-being. Our research goal was to assess students' so-
cial health and to determine how they perceived risks for it. Analysis of social health risks perception by young
students was performed within socio-centric and sociogenic approaches as well as risk-examining paradigm. We
considered social activity, social networks involvement, and social well-being as key aspects of social health. It
is shown that young students mostly have average social health as per its integral index. But here we detected
low social activity, high social networks involvement, and average social well-being. We singled out 3 typical
groups of young students: "socially active integrated optimists", "socially passive moderately integrated pessi-
mists", and "socially passive integrated optimists". All three students groups mentioned difficulties related to
employment as important social health risk factors;, however, it were respondents with low social health who
were most preoccupied with "future uncertainty”. Young students with low social health are to a greater extent
preoccupied with risk factors causing personal danger for themselves than for a society as a whole.

1t is necessary to create complex activities in a contemporary education space; these activates are to aimed
at minimizing and preventing risks for Russian students' social health. We should make for higher social activity
as it will inevitably lead to higher social well-being and improve overall students' social health.

Key words: young Russian students, social health, risks, risks perception, social activity, social networks
involvement, social well-being.

The World Health Organization treats
health as a phenomenon with a rather
complicated nature and determines it as
triune physical, psychological, and social
welfare of a person. So, social welfare can
be and should be considered a feature of a
person's individual state. In the WHO
experts' opinion, social health is a degree
to which a person is satisfied with his or

her social status, social connections and
relations, material welfare, and living
conditions. An antipode to social health is
social deadaptation, social neglect, and
deviation [21].

It is vital to study social health of
young students as its parameters are indica-
tive for assessing overall health risks, and
they have "the significance for making a
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young person's sociality really healthy and
for making this phenomenon a scientifical-
ly regulated object" [11, p. 74]. When we
characterize "social health" as a category, it
is necessary to highlight that its semantic
field is very wide and has a lot of mean-
ings; it comprises a wide range of social,
economic, psychological, cultural, and oth-
er parameters. T.Parsons and E.Fromm in-
terpreted health as a social phenomenon
with a complicated structure which formed
due to interactions between various social
groups or individuals and the society as a
whole and reflected this or that level of
such interactions [16, 18]. We noted that
foreign researchers focused their attention
on social health as a certain state of a per-
sonality, group, and society [23,26].

Overall, representation of youth's so-
cial health in the scientific sociological
discourse is related to issues of social ac-
tivity which transforms types and forms of
a group's or an individual's social mobility
and involvement into the society into vari-
ous social relations and connections. These
issues attracted attentions of foreign and
Russian sociologists [3, 9, 11, 12, 18, 20,
22, 24]. Thus, L.A. Baikova considers
youth's social health through the prism of
harmony in social connections and rela-
tionships with other people, society, and
culture, which make for satisfying social
needs and self-actualization of a young
man's personality [3].

Scientific research in the youth sociol-
ogy sphere, as well as in the sphere of its
social health was performed by a number
of Russian scientists [2, 6, 9, 10, 13, 14,
19]. A common conclusion is that when
there is uncertainty and riskiness in the so-
ciety, young students face a problem which
life style to pursue as a form of their social
self-determination ~ and  their  self-
actualization in life [17].

Health Risk Analysis. 2017. no. 4

Overall, population health risks [4,
14], including those for young students'
social health, evolve in the social interac-
tions and "become behavioral determi-
nants" [8].

M. Tobias, a contemporary foreign re-
searcher, has examined risk factors for a
personality social development and young
people's health; he stresses, among other
factors, a low social rank (social-economic
status of young people) as being one of the
most important. The scientist comes to a
just conclusion that low social rank results
in unhealthy life style and risks of increase
in social insecurity. To solve this problem,
M. Tobias suggests to make material
wealth more accessible and to provide so-
cial support [25]. Such an approach will
make for decrease in risks for youth's so-
cial development and health.

This article treats social health as a
state determined by social activity and in-
volvement into social contacts and reflect-
ing a certain level of a social state. "Young
students" as a social category within the
socio-centric approach is a heterogeneous
community with a variety of life styles,
risks as its essential property, and different
levels of social health [5].

Our research goal was to assess social
health and perception of risks for it by
young students.

Our research tasks were to analyze an
individual's social activity, his or her in-
volvement into social networks, and social
well-being of young Russian students.

Data and methods. We analyzed per-
ception of risks for young students' social
health within the socio-centric and socio-
genic approaches as well as within the
riskology paradigm. Our research empiric
base was the results of sociological ques-
tioning conducted among young students
in Rostov region (the sampling comprised
369 people). We questioned students from
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the Southern Federal University, 130 peo-
ple (35.2% of the sampling); Donskoy
State Technical University, 186 people
(50.4%); Rostov State Medical University,
47 people (12.7%); and Rostov Regional
Sport School of the Olympic Reserve, 6
people (1.7%). The questioning was con-
ducted in September - October 2016.

Respondents' age varied from 16 to 26
years: 145 were 16-18 (39.3% of the sam-
pling); 183, 19-21 (49.6%); and 41, 22 and
older (11.1%). 37.9% were males and
62.1% females. More than a half (58.3%)
were first-years students from humanitari-
an, technical, and natural sciences facul-
ties.

A medical-social trend, namely inte-
gration of socio-centric and sociogenic ap-
proaches, gave methodological grounds for
social health research. Socio-centric ap-
proach implies examining characteristics of
a young personality's involvement into the
society  which  provides its  self-
actualization, the society development, and
harmonious interaction between a person-
ality and the society [1]. Sociogenic ap-
proach implies examining influence exert-
ed on health by characteristics of a person-
ality involvement into the society, physical
and mental welfare being determined by
social health [5]. A combination of socio-
centric and sociogenic approaches (as per
terms suggested by L.V. Kolpina [12]) al-
lows to explain objective and subjective
features of youth social health. Objective
criteria give the possibility to assess in-
volvement into social contacts; and subjec-
tive ones, satisfaction with one's own so-
cial status and social health.

Our basic methodological benchmark
was the thesis that social health character-
izes not only the society as a whole or a
social group, but also separate individuals,
that is, it can be described on an individual
level together with physical and mental

68

health. We spotted the following compo-
nents of individual social health:

a) an individual's social activity (is
measured via involvement into work, so-
cial and political, cultural, and other activi-
ties);

b) involvement into social networks (is
measured via social contacts intensity and
membership in various organizations);

B) social well-being (is measured via
satisfaction with a social status, social net-
works, "life as a whole").

Students' social activity was assessed
via their participation in the social life of
their HEE and city, volunteer activities and
social and political activities, participation
in religious organizations activities. Activi-
ty in these spheres was considered to be
"high" if a respondent got him or herself
involved into it "often" or "from time to
time"; it was considered to be "average" if
respondents did it "rarely"; it was consid-
ered to be "low", if a respondent stated he
or she "never did that". Analysis of an-
swers simple distributions revealed that
73.4% respondents never took any part in
social and political activities, and 83.2%
students never participated in any religious
organizations activities. As these activity
types turned out to be rather alien for most
students they were excluded from our fur-
ther analysis.

Involvement into social networks was
measured via frequency of a student's so-
cializing with a) his or her family: b) his or
her friends. Involvement into social net-
works was assessed as "high" if a respondent
chose a variant "I socialize quite often"; it
was assessed as "average" if they chose "so-
cialize from time to time"; and it was as-
sessed as "low", if the answers were "rarely"
and "never".

Social well-being was characterized on
the basis of assessments respondents gave
to the quality of their social relations (in-

Health Risk Analysis. 2017. no. 4
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teractions with such reference groups as
families, friends, and fellow students). So-
cial well-being was assessed as "high"
("good") for respondents who, when an-
swering "How do you estimate your rela-
tions with various groups of people?" ques-
tion, chose "excellent"; 1t was assessed as
"average" for those who chose "good": and
it was assessed as "low" ("bad") for those
who chose "satisfactory" or "bad".

An index for each component of social
health was calculated as per formula:

;_atata,

i s

n

where [; — is and index for an i-th compo-
nent of social health,; a , — is a value of a
n-th variable characterizing a component
(values are equal to "1", "2", or "3"); n —1s
a number of variables which characterize a
component.

For example, social activity index
(Laxr) Was calculated as a simple average of
three components: participation in a city
social life, participation in a HEE social
life, and participation in volunteer activi-
ties. If a respondent stated he or she fre-
quently participated in a HEE social life
(variable value being equal to "1"), rarely
participated in volunteer activities (variable
value being equal to "2"), and almost never
participated in a city social life (variable
value being equal to "3"), then his or her
I, amounted to "2".

Value of each index varied from 3 (a
component evidence is minimal, that is, a
respondent is socially passive / isolated
from a social network / his social well-
being is low) to 1 (a component evidence is
maximum, that is, a respondent is socially
active / he is integrated into social networks
/ his social well-being is high).

We performed a cluster analysis ( k-
averages techniques) basing on values of
social health components indexes; it al-
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lowed us to distribute students into groups
depending on their social health peculiari-
ties. We also calculated an integral social
health index as a simple mean of its three
components. Index value from 1 to 1.25 in-
dicated social health was good; from 1.26 to
1.75, above average; from 1.76 to 2.25, av-
erage; from 2.26 to 2.75, below average;
from 2.76 to 3, poor social health and social
insecurity risks for an individual. That is,
the higher social health integral index is, the
better and individual is integrated into so-
cial environment, adapted to it, and the
higher his socio-cultural potential is.

We applied correlation analysis to
characterize how young students perceived
risks for their social health. We detected
correlations between: a) an integral index of
a student's social health, b) a respondent be-
longing to this or that cluster, and c) a re-
spondent assessing this or that social prob-
lem as " dangerous".

To assess risk perception, students were
offered a list of 12 factors causing social
health disorders risk. Each respondent could
choose not more than 6 factors which he or
she considered to be "dangerous".

Results and discussion. The pre-
formed analysis revealed that students' so-
cial health had the following features: low
social activity, substantial involvement into
social networks, and average social well-
being.

A share of students who often took
part in various social activities didn't ex-
ceed 10% per each type. Thus, only 4.3%
respondents often participates in social life
of their city, and 10.6% did it from time to
time. 7.6% often participated in their HEE
social life, 22.2% did it from time to time.
This social activity was the most popular
among students. Only 3.0% respondents
were often involved into volunteer activi-
ties, and 17.3%, from time to time. 33.9%
students were totally isolated from their
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HEE social life (chose "never participate"
variant); 54.7%, from their city social life;
52% never took part in any volunteer activ-
ities.

As we calculated students' social activ-
ity index, we got values ranging from "1"
(maximum activity, 8.4% respondents) to
"3" (minimum activity, 24.7% respond-
ents).

Students most frequently communicat-
ed with their friends as 85.9% respondents
said they did it often. 12.7% chose "from
time to time" variant; 1.4%, rarely. The ob-
tained data on high students' involvement
into interaction with their peers are quite
natural and reflect peculiarities of social
connections and attitudes in this social
group. Less than half students (48.2%) not-
ed that they "frequently communicated
with their family members less than with
their friends"; 36.3%, "from time to time";
14.1%, "rarely"; and 1.4%, "never".

Maximum value of index showing in-
volvement into social networks ("1") was
characteristic for 45.5% respondents; and
minimum ("3"), for only 0.5% of the sam-
pling.

Most students assessed their relations
with friends quite positively: 63.7% said
they were excellent, 28.2% stated they
were good. 46.9% and 42% students corre-
spondingly gave the same assessments for
their relations with their family members.

Respondents' relations with their fel-
low students can be considered the least
satisfactory as only 12.5% said "they were
excellent", 48.8 stated "they were good",
and 34.7%, "satisfactory".

More than a half values of social well-
being index (58.7%) are concentrated in
"high" zone ranging from 1 to 1.67, the
least possible value ("3") was fixed only
for 2.7% students.

Clustering allowed to detect 3 clusters
(Table 1). Students from the first cluster
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(35.7% of the sampling) had the best social
health as the cluster end center as per so-
cial activity index was equal to 1.56, social
networks involvement index was equal to
1.21, and social well-being index was
equal to 1.57. Students from this cluster
can be called "socially active integrated
optimists". Share of students belonging to
this cluster was practically the same among
male and females students, 37.2% and
34.8% correspondingly.

Students from the second cluster
(26.6% of the sampling) — so called "social-
ly passive moderately integrated pessimists"
— have low social activity (the cluster end
center is 2.55) combined with poor social
well-being (the cluster end center as per this
component is 2.27) and average involve-
ment into social networks (index value is
1.92). Young male students authentically
more frequently belong to this cluster than
young females, 33.6% against 22.3% corre-
spondingly.

Students from the third cluster (37.7%
of the sampling) are well involved into so-
cial networks just as students from the first
cluster (the cluster end center as per social
network involvement index is 1.23) and
have good social well-being (the cluster
end center as per this index is equal to
1.59). However, social activity level in this
cluster is very low (the cluster end center
as per social activity index is 2.7). This
students' group can be called "socially pas-
sive integrated optimists" and there are
more girls among them than boys. 42.9%
female respondents belong to it and only
29.2% male respondents. Calculation of
the integral index showing students' indi-
vidual social health (index value ranging
from 1 to 1.25) revealed that only 8.3%
students had good social health, and
36.3%, above average. 41.8% students had
only average social health, and 13.6%,
below average.

Health Risk Analysis. 2017. no. 4
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Tablel
Median values of social health components in the detected clusters
Median value of a components in clusters
Social health 1 cluster (35.7%) 2 cluster (26.6%) 3 cluster (37.7%)
components "Socially active integrated |"Socially passive moderately| "Socially passive
optimists" integrated pessimists" integrated optimists"
Social activity 1,56 2,55 2,7
Social networks in- 121 1.92 1.23
volvement
Social well-being 1,57 2,27 1,59
We detected statistically significant As per our research results, there was

(p<0.001) weak positive correlation (Pearson
correlation coefficient is equal to 0.22) be-
tween social health level and a respondent' s
self-esteem of his or her physical health. Re-
spondents with different social health level
perceived risk factors which were important
for them in a different way.

We examined a correlation between an
integral index showing individual social
health and a respondent choosing this or that
factor as a significant one and detected that
respondents with low social health were
more preoccupied with "future uncertainty"
(Pearson correlation coefficient was equal to
0.117 with p<0.05). This group of respond-
ents was also more preoccupied with social
insecurity threat than other groups (Pearson
correlation coefficient was equal to 0.1 with
p<0.06).

The obtained data are confirmed with
the results of the research conducted by
the Russian Public Opinion Research Cen-
ter (VCIOM) in June 2017. As per this re-
search results, health index and personal
safety (security) nowadays holds the lead-
ing place among life priorities of Russians
(Table 2). And as we can see from it, sig-
nificance attributed to personal safety and
health has been growing steadily accord-
ing to comparative data analysis as per this
parameters over previous years [7].
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a statistically significant correlation (as
per chi-square criterion) between belong-
ing to a certain cluster and choice of in-
crease in poverty (0.14 at p<0.05) and fu-
ture uncertainty (0.14 at p<0.01) as dis-
turbing troubles. The first threat was
authentically more frequently mentioned
by students from the most "socially
healthy" cluster, and the second one, by
those form the least "socially healthy".

Shares of respondents who perceived
this or that risk factor as a significant one
in different clusters are shown in Table 2.

Totally, we can note that respondents
with lower social health are more preoccu-
pied with threats for themselves than for
the society as a whole as opposed to stu-
dents with better social health parameters.

As can see from the Table 3, such fac-
tor as difficulties with recruitment is
viewed as the most serious threat in all
clusters; it was chosen as "a dangerous
one" by 53% respondents from the first
cluster, by 48%, from the second, and by
54%, from the third one. We didn't detect
any authentic discrepancies between clus-
ters. Students also had the same attitudes
towards traditional values destruction; it
was considered a threat by 39% respond-
ents in the first cluster, by 37%, in the sec-
ond, and 36.8%, in the third one.
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Table 2

"VCIOM-Sputnik" all-Russian pilot questioning results (14-15 May 2017)[7]

How significant are the following aspects of your life for you personally?

(closed question, one answer, index in scores)

[Mapametp 2005 2006 2007 2008 2009 2014 2017
Your own health e}nd health of your 08 94 93 96 97 95 99
family members (index)
Family relations (index) 97 94 94 96 97 97 98
Yoq pergonal safety and safety of your 9% 94 23 96 97 97 96
family (index)

Note: * — Respondents could assess a factor significance as per scale from -100 (totally insignificant)

to 100 (very significant)

Table 3
Risk perception by respondents with different social health levels
A share of respondents considering a threat to be signifi-
Risks cant (%)
1 cluster 2 cluster 3 cluster

Traditional values destruction 39,5 37,5 36,8
Social stratification into poor and rich 31,0 20,8 19,9
Poverty growth 32,6 24 18,4
Difficulties with recruitment 53,5 47,9 544
Unemployment growth 27,9 20,8 19,9
Social insecurity 13,2 20,8 19,9
Social and political instability 20,9 14,6 15,4
National and religious conflicts 233 21,9 22,8
Social injustice growth 15,5 229 20,6
Soullessness and immorality 26,4 26,0 36,0
Credibility crisis 20,9 14,6 17,6
Future uncertainty 22,5 333 18,4

Besides all that, each fifth student
from the second and the third cluster
marked social injustice growth as a risk
factor (as opposed to students from the first
cluster who thought this factor was insig-
nificant). Perhaps, ideas about injustice are
rather personified. But still the same young
people are much less preoccupied with
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overall unemployment growth (14.8 re-
spondents from the third cluster thought it
was significant as opposed to 27.9% re-
spondents from the first cluster). Respond-
ents from the third cluster are the least pre-
occupied with overall poverty growth (two
times less than in the first cluster), social
stratification in the society, and political
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instability. Therefore, we can say that a
thesis on private problems priority for re-
spondents from the "socially passive..."
group.

Conclusions and recommendations.

Therefore, social health is a phenome-
non which reflects different aspects of life
and it requires comprehensive and pro-
found scientific examination with obligato-
ry generalization of theoretical and applied
data related to contemporary practicalities
in the sphere [15]. The sociological re-
search which considered social activity,
social networks involvement, and social
well-being as key aspects of young stu-
dents' social health revealed that:

- calculation of the integral index
showing individual social health of young
students proves that most respondents have
average social health; young students' so-
cial health has the following features: low
social activity, high social networks in-
volvement, and average social well-being;

- we spotted out 3 typical groups of
young students: "socially active integrated
optimists", "socially passive moderately
integrated pessimists", and "socially pas-
sive integrated optimists";

- all students' group mark difficulties
with recruitment as significant social risk
factors; however, "future uncertainty" pre-
occupies respondents with low social
health more that those with high one;

- young students with low social health
are more preoccupied with risk factors
which are dangerous for themselves that
for the society as a whole.

In contemporary educational environ-
ment it is necessary to work out complex
activities aimed at minimization, preven-
tion and prophylaxis of risks for young
students' social health. In particular, it is
necessary to make for greater social activi-
ty and decrease in social networks in-
volvement as it will undoubtedly lead to
better social well-being and better social
health in general. As a social aspect of
young people's health influences their
overall health and is realized via social
connection and relations, it is necessary to
promote social health support both at re-
gional and federal levels. This statement
confirms all the results obtained in the pre-
vious research [22] and conclusions saying
that societies with high social health has a
distinctive feature of the highest informal
support being given to all their members.
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INFLUENCE EXERTED BY RISK FACTORS OF SPACE AND ERATH WEATHER
ON FREQUENCY OF EMERGENCY CALLS FROM PATIENTS WITH ACUTE CER-
EBRAL CIRCULATION DISORDERS
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High morbidity with cardiovascular pathology increases loads on a public healthcare system and is not on-
ly social but also an economic problem. To optimize cardiovascular pathology prevention, it is necessary to
thoroughly analyze risk factors which cause its occurrence. Our research goal was to examine a dynamics of
acute cerebral circulation disorders depending on meteorological factors and heliofactors allowing for a sea-
sonal component. We performed a retrospective analysis of morbidity with acute cerebral circulation disorders
in winter, spring, and summer in 2012 on the basis of the archives obtained from an emergency station in Vladi-
kavkaz. We analyzed 509 cases of the disease (294 women and 215 men). On the basis of our analysis results we
assessed influence exerted by external factors on frequency of applications to emergency from patients with
acute cerebral circulation disorders. We analyzed meteorological factors and heliofactors and their derivatives:
average daily temperature, air pressure, relative humidity, wind speed, cloud coverage, weather pathogenicity,
Sun radiation flux density at a wave length equal to 10.7, and a number of sunspots.

We detected that in winter negative influence was exerted by temperature; there was also a multi-factor
dependence between frequency of acute cerebral circulation disorders and such predictors as temperature path-
ogenicity index and speed of changes in Sun radiation flux density during a day (R = 0.50; R> = 0.25). Dras-
tic temperature fluctuations make for increase in morbidity in spring. Morbidity cases frequency in women in
this period correlates not only with temperature pathogenicity index but also with pathogenicity index of air
pressure changes. Morbidity increase in summer is caused by simultaneous drop both in air pressure and rela-
tive humidity (R = 0.59; R’ =0.35). Overall, correlation between external factors and morbidity with acute
cerebral circulation disorder has seasonal specificity in different seasons. The obtained data make it possible to
predict unfavorable influences exerted by meteorological factors and heliofactors allowing for seasonal dynam-
ics and to plane prevention activities.

Key words: acute cerebral circulation disorders, seasonal morbidity, emergency, patient, risk factors, me-
teorological factors, heliofactors.

Cardiovascular diseases hold the first
place in terms of worldwide prevalence
and are the most widely spread mortality
cause. Issues related to meteotropic reac-
tions of a healthy and especially of a sick
person have great medical and social sig-
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nificance due to the fact that the cardiovas-
cular system is the basic target under expo-
sure to external environmental factors [6,
14]. Various phenomena associated with
solar physics are considered to be a stress
factor for a body as they are able to cause
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exacerbation of an already existing pathol-
ogy [7, 9]. A number of hemorrhagic
strokes, subarachnoid hemorrhages, and
intra-cerebral hematomas is known to grow
considerably during periods when the Sun
1s active [4, 8].

Seasonality factor plays a great role in
cardiovascular pathology occurrence and
evolvement. Seasonal changes in the nature
are an integral part of the environment, and
fluctuations in environmental factors which
are attributable to them become condi-
tioned reflex significant [5]. Some re-
searchers note that morbidity with acute
cerebral circulation disorder (ACCD)
grows in autumn and winter [18, 20, 21].
But some insist that a number of acute cer-
ebral circulation disorders grows in spring
and summer [16, 17]. And, finally, there
are works which don't contain any data on
detected seasonal dynamics in morbidity
with this pathology [13]. Such great dif-
ferences in existing data require further
research in the field and development of
prevention techniques aimed at decreasing
risks of such a grave disease as acute cer-
ebral circulation disorder. It is necessary
to examine and to predict influences ex-
erted by meteorological and heliophysical
factors on morbidity with acute cerebral
circulation disorders when we plan emer-
gency stations functioning in various geo-
graphical regions.

Our research goal was to examine
dynamics in acute cerebral circulation
disorders frequency depending on meteor-
ological and heliofactors allowing for the
seasonal component.

Data and methods. We performed
a retrospective analysis of the archive data
provided by an emergency station in Vla-
dikavkaz in winter, spring, and summer
2012. We analyzed frequency of emer-
gency calls related to acute cerebral circu-
lation disorders depending on meteorolog-
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ical and heliofactors in the examined peri-
od. There were 509 acute cerebral circula-
tion disorder cases fixed in the period
(294 women and 215 men). Average daily
emergency calls related to the examined
pathology was equal to 3.2+0.22 pa-
tient/day. There were more calls from
women than from men (1.8+0.14 against
1.3+£0.14; t=2.56; p=0.010). Average age
of patients was 71.4+0.5 (women were
72.6+0.7; men, 69.7+0.7). Correct and
prompt diagnostics of acute cerebral cir-
culation disorder as such is a basic task at
the pre-hospital stage as it is extremely
vital to render proper medical assistance
within a "therapeutic window" [3]; there-
fore, our research tasks didn't include an
exact determination of a stroke nature.
Moreover, it is next to impossible to de-
termine its nature when the first medical
aid is rendered as there are no diagnostic
signs which are characteristic only for is-
chemic or hemorrhagic acute cerebral cir-
culation disorder. A stroke nature is usual-
ly determined only in hospital via comput-
er tomography or magnetic resonance
imaging of the brain [10].

Meteorological parameters (average
daily temperature (0C), air pressure (gPa),
relative humidity (%), wind speed (m/sec),
cloudiness (scores)) were obtained on the
web-site "Weather Schedule"
(http://www.rp5.ru) maintained by Vladi-
kavkaz meteorological station.

Apart from the absolute parameters we
determined certain weather pathogenicity
indexes which reflected negative influence
exerted by fluctuations in temperature (it),
humidity (ih), wind speed (iv), cloudiness
(in), and air pressure (ip), as well as chang-
es in these parameters in different days.

Pathogenicity indexes show how path-
ogenic this or that specific meteorological
situation is for patients; they are deter-
mined as a mathematical function of
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changes between days and deviations of
basic meteorological parameters from their
optimal values. Formulas for their calcula-
tion are given in the works by V.G. Boksh
and B.V. Bogutskiy [2]. When meteoro-
logical parameters are at their optimal val-
ues or when pathogenic parameters are
equal to zero, the weather doesn't cause
any negative reactions in a body, and
changes in any parameter in any direction
lead to an increase in pathogenicity indexes
and negative reactions risks which are pro-
portionate to them.

We also analyzed the following heli-
ofactors: the Sun radiation flux density at a
wave length equal to 10.7 cm (s.r.f), a
number of sunspots (SSN), as well as their
derivatives, namely parameters values
which determined speed of their changes (-
3, -2, -1 days prior to measuring). Numeric
values of the parameters were taken from
SPIDR (Space Physics Interactive Data
Resource) international database.

We performed statistical analysis of
the data with the help of Statistica 6.0. To
compare average values in two independ-
ent groups, we applied Student's t-criterion.
We assessed influence exerted by external
factors on frequency of emergency calls
from patients with acute cerebral circula-
tion disorders via correlation and regres-
sion analysis. Critical significance in statis-
tical hypotheses verification was taken as
equal to < 0.05.

Results and discussion. Analysis of
all-season correlations between frequency
of emergency calls from patients with
acute cerebral circulation disorders and
meteorological factors over the whole ex-
amined period revealed that there was a
correlation on the whole ACCD sampling
with average daily temperature (r=0.23;
p=0.008) and relative humidity (r=-0.20;
p=0.007). Having divided the sampling as
per sex, we detected that correlation with
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the temperature factor in the whole sam-
pling structure was caused by increase in
ACCD morbidity in women when the tem-
perature grew (r=0.19; p=0.03); while cor-
relation with relative humidity was caused
by increasing morbidity of men when hu-
midity dropped (r=-0.19; p=0.023).

Further seasonal analysis of correla-
tions between frequency of emergency
calls and the examined factor reveled there
was seasonal specificity, and correlation
coefficients values were even higher. In
winter we detected correlation between
ACCD morbidity and speed of changes in
the Sun radiation flux density during a day
(s.r.f. (-1)) (r=0.42; p=0.009), and also av-
erage daily temperature (r=-0.39; p=0.012).
There was a growing trend in frequency of
emergency calls when temperature patho-
genicity index (it) grew (1=0.38; p=0.06).
Therefore, we can conclude, that morbidity
with ACCD grows when temperature drops
and also when there are drastic fluctuations
in the Sun radiation density flux during a
day.

Mechanisms of influences exerted by
meteorological factors, heliofactors, and
geomagnetic ones on a human body have
not been fully examined so far since differ-
ent levels of its structural and functional
organization are involved into reactions
evolving as a response to these influences.
Increase in morbidity with cardiovascular
pathology is supposed to result from adap-
tation desynchronosis [15]. In particular,
when low temperatures exert their impacts
on weakened patients with reduced body
adaptation reserves and with already exist-
ing cardiovascular pathology, it leads to
greater vasoconstrictors production and ar-
terial stiffness as sympathetic nervous sys-
tem becomes more active; consequently,
hypertensive reactions occur. Due to it car-
diovascular disasters risk increases consid-
erably [19]. Increase in mortality caused by

Health Risk Analysis. 2017. no. 4
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this pathology is usually detected in winter
[12].

We should take into account that vari-
ous meteorological and solar physics fac-
tors interact with each other and can act as
synergists or antagonists thus changing
body responses [1]. We performed multi-
ple regression analysis which allowed us to
detect multiple correlation (R = 0,50;
R =0,25) between ACCD morbidity
and the following predictors: it (p=0.016),
s.r.f. (-1) (p=0.01), and to create ACCD
morbidity model in winter time (Figure 1).
(left axis: ACCD morbidity).

As we can see from the Figure 1, when
weather pathogenicity index and speed of
changes in the Sun radiation flux density
grow simultaneously during a day, morbidity
with acute cerebral circulation disorders, that
1s, these factors act as synergists in this case.

In spring we detected a positive correla-
tion between ACCD morbidity and tempera-
ture pathogenicity index (r=0.26;p=0.05).
Drastic fluctuations in average daily temper-
ature cause more frequent emergency calls
from patients suffering from ACCD. We al-
so detected that in spring ACCD morbidity
in women correlated positively not only with
temperature pathogenicity index (it)(r=0.29;
p=0.028), but also with pathogenicity index
of air pressure changes (iAp) (=0.31;
p=0.019). As climate has been rather unsta-
ble over the last years, substantial differ-
ences in meteorological factors are detected
in this region in spring and summer, and it
causes greater information loads on a body
and adaptation mechanisms stress [11].

We detected negative correlation be-
tween ACCD morbidity and the follow-
ing meteorological factors: air pressure
(r=-0.48; p=0.0116) and relative humidi-
ty (r=-0.34; p=0.047) in summer.
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Figure 1. Correlation between ACCD
morbidity and weather pathogenicity index (it)
and speed of changes in the Sun radiation flux

density during a day (s.r.f.(-1)) in winter

(3D ACCD surface graph (men/day) =

1,374+0,113*x+0,1081%*y).

Decrease in air pressure causes lower
partial oxygen content in the air and it
can cause hypoxic reactions in a body
which become obvious via weakness,
somnolence, dyspnea, and ischemic pains
with different localization [2]. It is also
known that as air pressure drops, a number
of thrombocytes grows, and blood clotting
period becomes shorter [1]. Allowing for
the geographical position of Vladikavkaz
which is located from 659 to 732 meters
above sea level we can state that negative
influence exerted by this factor is even
more apparent and can cause increase in
morbidity with cardiovascular pathology.
Further multiple regression analysis re-
vealed that dependence of emergency calls
frequency on air pressure and humidity
was a multi-factor one. Morbidity with
ACCD grew at simultaneous decrease in
air pressure (p=0.002) and relative humidi-
ty (p=0.009) (Figure 2).
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Figure 2. Correlation between ACCD
morbidity with air pressure (AP) and relative
humidity (h average daily) in summer (3D dis-
persion diagram: AP (gPa) and h.ep.day,% and
ACCD morbidity (men/day))

Multiple correlation coefficient was
Rpuie = 0.59, multiple determination coeffi-
cient was R.,,;;2=0.35 (p=0.004), therefore,
35% ACCD cases were determined by a
complex negative influence exerted by the
above-mentioned factors in summer. As we
divided our sampling as per sex, we detect-
ed that air pressure was the basic predictor
influencing ACCD occurrence frequency
in women in summer (r= -0.47; p=0.004);,
as for men, relative humidity was the basic
predictor in their case (= -0.42; p=0.013).

Conclusion. In winter emergency calls
frequency related to ACCD grows when
average air temperature drops and speed of
changes in the Sun radiation flux density
increases during a day. We detected a mul-
ti-factor dependence between ACCD oc-
currence frequency and the following pre-
dictors: temperature pathogenicity index
and speed of changes in the Sun radiation
flux density during a day.

In spring frequency of emergency calls
related to ACCD correlates positively with
temperature pathogenicity index regardless
of patients' sex. Air pressure pathogenicity
index is an additional predictor for women
which determines ACCD  morbidity
growth.

In summer ACCD morbidity growth is
caused by air pressure and relative humidi-
ty drops. Women are apparently more sen-
sitive to air pressure fluctuations in terms
of summer ACCD morbidity; men, to rela-
tive humidity fluctuations.

The obtained data help to plan prophy-
laxis activities aimed at ACCD prevention
for people who are in risk groups allowing
for external factors and season specificity.
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CONTEMPORARY PROBLEMS OF HEALTH PROTECTION FOR WORKERS
EMPLOYED AT A LARGE INDUSTRIAL ENTERPRISE AND WORKING
UNDER OCCUPATIONAL HAZARDS

E.Ya. Titova, S.A. Golub'

Perm State Medical University named after Academician E.A. Wagner, 26 Petropavlovskaya Str., Perm, 614000,
Russian Federation

We examined data provided by a healthcare facility at a large industrial enterprise focusing on occupa-
tional morbidity dynamics over 2013-2016 and periodical medical examinations results obtained in 2015 and
2016. We created a specialized program and applied it to conduct sociological research on health of workers
who has a periodical medical examination. We detected that most questioned workers (50.48 %) whose occupa-
tions were associated with dangerous and hazardous occupational factors were poorly aware of occupational
diseases prevention and needed relevant knowledge. It is shown that over 2013-2016 occupational morbidity
decreased from 9.38 cases per 10,000 workers to 3.55 cases. However, it remained higher that in Russian and
Perm region on average .

All occupational diseases were detected in workers older than 40 with their working record being longer than
15 years. A share of people able to work with certain limitations grew in 2016 in comparison with 2015 (from 7.35
to 9.31 %); a number of people who needed sanatorium-resort therapy also grew from 19.96 to 32.12 %, a number
of people with general somatic diseases increased from 31.23 to 70.17 %); health index reduced from 38.77 to
29.82 %. Musculoskeletal system diseases, connective tissue diseases, circulatory system diseases, eye and its ac-
cessory apparatus diseases, respiratory organs diseases, and digestive organs diseases prevailed in general somat-
ic morbidity structure. We registered a substantial growth in hearing organs diseases (mostly hearing loss, from
49.47 to 99.06 cases per 100 examined),; skin and subcutaneous tissue diseases (from 7.73 to 36.3 cases per 100
examined); urinary system diseases (from 68.42 to 100.62 cases per 100 examined). We detected that most exam-
ined workers pursued unhealthy lifestyle. For example, 29.9 % often consumed strong spirits (equally men and
women), and 72.8 % smoked. All the respondents tended to have low physical activity. We also revealed some
drawbacks in periodical medical examinations procedure: 26.3% respondents mentioned medical staff were indif-
ferent and even rude to them; 40.8 % complained on having to wait for a long time to get to a specialist; 26.2 %
said they had to wait for a reception in rather unfavorable conditions; all the respondents mentioned untimely re-
ceipt of their "health passport”.

The data we collected can be applied in assessing risks of health disorders occurrence in workers em-
ployed at industrial enterprises and in the process of creating prevention activities aimed at health risks minimi-
zation.

Key words: large industrial enterprise, occupational morbidity, periodical medical examination, morbidity,
morbidity structure, workers' lifestyle, working conditions, medical examinations drawbacks.

A most important social and economic Strategy" which was approved by the RF
task fixed in "The RF National security President Order No. 683" dated December
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31/2015 is to preserve and to improve
working population health. Today, as our
society is undergoing reforms in many
spheres, safe working conditions in indus-
try and workers' health protection are
among factors securing economic devel-
opment of our country [4,5,12-15]. All
workers exposed to industrial hazardous
factors existing at their workplaces run
risks of occupationally-induced pathology
evolvement [11].

Occupational risk concept was adopted
in Russia and it became a significant stage
in labor protection system improvement as
it allowed to make activities aimed at work-
ers' health preservation and improvement
more prevention-oriented which was espe-
cially important for those workers who had
to perform their tasks under hazardous con-
ditions [3]. Safe working conditions and
low risks of impacts exerted by unfavorable
environmental factors on working popula-
tion are the most important conditions for
persistent social and economic development
of any state. Prevention of health disorders
in workers, first of all, occupational and oc-
cupationally induced ones, is among priori-
ty tasks occupational medicine has to solve
[5].

Personnel health management is seen
as a most important technique in economi-
cally developed countries; when we apply
it, we can cut organizational costs due to
decrease in morbidity and labor productivi-
ty growth. Countries which are able to do it
are the most competitive [16, 17].

The RF Government issued the Order
No. 2580-r on December 28, 2012
approving "Medical Science Development

Strategy in the RF up to 2025"% this
strategy stresses the necessity to "change
priorities in planning strategies aimed at
population health improvement, namely, to
make emphasis not on clinical approaches
but on prevention programs". A priority
task is to develop a set of activities which
can help to prevent hazardous impacts
exerted by working conditions on health.
"Global Plan of Action on Workers'
Health" was approved on the 60th WHO
session (May 23, 2007); it contains the
following: "workers' health is determined
both by risk factors existing at a workplace
and by social and individual factors, as
well as by a free access to medical and
sanitary service" [2].

As per data taken from official statis-
tics contained in Rospotrebnadzor state re-
ports, occupational morbidity in the RF
still remains high despite a slight decrease
which was detected in the parameter in
2016 against 2015, being equal to 1.47
cases per 10,000 workers (it was 1.76 cases
in 2013; in 2014, 1.74 cases; in 2015, 1.65
ciydaeB) [8—10]. Occupational morbidity
in Perm region annually is higher than the
average country level: 1.83 cases in 2013;
1.86, in 2014; 1.37, in 2015; 1.2 cases per
10,000 workers in 2016 [6,7].

Our research goal was to examine
certain contemporary problems related to
health protection of workers employed at a
large industrial enterprise.

Data and methods. We studied da-
ta on occupational morbidity taken from
reports collected in 2013-2016 by a health
station at a large industrial enterprise and

'On the Russian Federation National Security Strategy: The RF President Order dated December 31,2015 No.
683. ConsultantPlus. Available at: http://www.consultant.ru/document/cons_doc LAW 191669/ (10.08. 2017)

*Medical Science Development Strategy in the RF up to 2025 / approved by the RF Government Order on De-
cember 28, 2012 No. 2580-r. Available at: https://www.rosminzdrav.ru/documents/5413-rasporyazhenie-
pravitelstva-rossiyskoy-federatsii-ot-28-dekabrya-2012-g-n-2580-r (10.08.2017)
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compared them with average country pa-
rameters and Perm region parameters. We
also compared results of workers' medical
examinations performed in 2015 and 2016.
We found out how aware workers were on
occupational hazards and occupational dis-
eases prevention; to do that, we applied a
specially designed sociological research
program which also allowed us to analyze
respondents' lifestyle and to examine their
opinions on periodical medical examina-
tions. We calculated relative and average
values, assessed their validity, and deter-
mined dynamic series parameters (average
chronological value and growth rate).
When assessing validity of discrepancies in
relative and average values, we applied
Student's t-criterion.
Our research was performed at a
large industrial enterprise; about 3,000
workers were employed at it. Basic hazard
occupational factors there were noise,
chemicals, labor hardness, increased air
temperature, vibration, and ionizing radia-
tion. According to the Order issued by the
RF Labor Ministry on January 24, 2014
No. 33n "On approving a specialized work-
ing conditions assessment procedure",
most working places at an enterprise corre-
spond to 3.3 or 3.4 danger category as per
working conditions existing at them.
Results and discussion. Our research
revealed that 5,000 occupational diseases
were registered at the examined enterprise
in 2013-2016. Average working period for
workers with a diagnosed occupational
diseases was equal to 16.2+0.9 years, their
average age was 43.8+1.1. In 2016 1 occu-
pational disease case, namely chronic toxic
bronchitis, was detected, just like in 2015.

Primary occupational morbidity frequency
dropped by 62.15% in 2016 in comparison
with 2013 and amounted to 3.55 cases per
10,000 workers. Average chronic diseases
values in 2013-2016 amounted to
1.66+0.14 cases per 10,000 workers in
Russia; 1.57+0.16 cases per 10,000 work-
ers in Perm region; 4.14+1.95 cases per
10,000 workers at the examined enterprise

(Figure 1).
10 - 9,38
8l
4 . : 303 333
o |1.761:350 174186 165, 4| ] L4742
0 0
2013 2014 2015 2016
| Russia Perm region | Examined enterprise

Figure 1. Occupational morbidity dynamics for
workers employed at the examined enterprise,
in Perm region, and in Russia (per 10,000
workers).

Table 1
Results of workers' periodical
medical examinations

Parameters 2015 | 2016
A share of those who attended
PME from the overall number of 99,30 | 99,10
workers who had to attend it, %
A share of people who needed ad-
ditional examinations (health report| 7,35 9,31
not given), %
A share of workers fit for work
with certain limitations, % 4,20 >13
A share of workers without any
medical contraindications for 88,51 | 84,75
work, %
A sharq of workers who needoed 19.96 | 32.12
sanatorium-resort treatment, %
A shar.e of workers with general 6123 | 70.17
somatic diseases, %
"Health index", % 38,77 | 29,82

3 On approving a specialized working conditions assessment, Classifier of hazardous and (or) dangerous occu-
pational factors, a reporting form for specialized working conditions assessment and an instruction on how to fill it
in correctly": The Order by the RF Labor Ministry issued on January 24, 2014 No. 33n (edited on November 14,
2016). ConsultantPlus. Available at: http://www.consultant.ru/document/cons_doc LAW_158398/(08.08.2017).
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Analysis of periodical medical exami-
nations (PME) results revealed that parame-
ters deteriorated in 2016 in comparison with
2015 (Table 1):

— a share of workers without any med-
ical contraindications for work decreased
from 88.51% to 84.75%, and a share of
those fit for work only with limitations in-
creased from 4.2% to 5.18%;

— a share of workers who needed addi-
tional examinations increased from 7.35%
to 9.31%; and a share of those who needed
sanatorium-resort treatment, from 19.96%
to 32.12%;

— a share of worker who had general
somatic diseases grew from 61.23% to
70.17%;

— health index fell from 38.77% to
29.82%.

As per medical examinations data,
morbidity frequency grew from 1,178.58

cases to 1,564.3 cases per 100 examined
workers in 2016 (by 32.73%, the difference
is statistically authentic, p<0.05). Morbidi-
ty grew practically as per each nosologic
category: skin and subcutaneous tissue dis-
eases grew by 369.6%; ear and mastoid
diseases, by 100.24%; blood and blood
making organs diseases, by 48.43%; mus-
culoskeletal system diseases, by 41.71%;
eye and its accessory apparatus diseases,
by 34.68%,; neoplasms, by 33.33%; circu-
latory system diseases, by 31.65%; endo-
crine system diseases, nutrition disorders
and metabolism disorders, by 5.84% (Fig-
ure 2).

The same 5 nosologies prevailed in
morbidity structure in 2015, as it was in
2015. Their share was equal to 77.37% in
2016 and to 73.98% in 2015. However,
their ranking changed a bit.
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Figure 2. Morbidity frequency as per medical examinations data (per 100 examined)
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Thus, musculoskeletal system diseases and
connective tissue diseases took the first
place in 2016 (21.85%), but this place be-
longed to circulatory system diseases in
2015 (20.92%). Circulatory system diseas-
es took the second place in 2016 (20.76%),
but in 2015 it belonged to musculoskeletal
system diseases and connective tissue dis-
eases (20.47%). Eye and its accessory ap-
paratus diseases held the third place both in
2016 and 2015 (17.94% and 17.68% corre-
spondingly). The fourth place belonged to
respiratory organs diseases (6.83% and
9.35% correspondingly). Digestive organs
diseases took the fifth place both in 2015
and 2016 (6.6% and 8.95% corresponding-
ly) (Table 2).

Table 2

Morbidity structure as per medical exami-
nations data in 2015 and 2016 (%)

Parameter 2015 | 2016
Neoplasms 0,03 | 0,03
B.lood and blood making organs 433 | 484
diseases
Endocrine system diseases, nutri-
tion disorders and metabolism dis- | 7,61 | 6,07
orders
Eye and its accessory apparatus dis- 17.68 | 17,94
eases
Ear a.lnd mastoid diseases (including 420 | 633
hearing loss)
Circulatory system diseases 20,92 | 20,76
Respiratory organs diseases 9,35 | 6,83
Digestive organs diseases 8,95 | 6,60
Skin and subcutaneous tissue dis- 066 | 232
eases
Mus.culo-skeleta-l system and con- 2047 | 21.85
nective tissue diseases
Urogenital system diseases 5,81 | 643
Total morbidity 100,001100,00

Sociological research performed on
workers who attended a medical examina-
tion revealed that most respondents were
30-49 years old (46.6%) and 50-59 years
old (38.8%); only 6.8% were 60 and older.
Most respondents worked at the examined

Health Risk Analysis. 2017. no. 4

enterprise for a long time: 35.9% for 11
years and longer; 30.1%, 6-10 years; 23,3%,
4-5 years; only 1.0% respondents worked
there less than 1 year. 87.3% respondents
had secondary vocational education, 6.8%
had higher education. 41.7% respondents
were females, and 58.3% males.

We detected that 50.5% were poorly
aware of hazardous occupational factors
existing at their enterprise and of their in-
fluence on workers' health as well as of
occupational diseases prevention; but they
were eager to get this knowledge.

Nicotine addiction prevailed among
workers as 72.8% of them smoked: 85.0%
men and 56.0% women. Smoking preva-
lence among workers employed at various
industrial enterprises in Perm region was
also detected by other researchers [5];
they give data on a share of smoking
workers varying from 56 to 78 %. And
here there are no authentic discrepancies
between men and women (p>0.05). We
detected that 29.9% respondents drank
strong spirits several times a month and
even more often (discrepancies in alcohol
intake between men and women are also
statistically insignificant, p>0.05). These
results are well in line with data obtained
at other regional industrial enterprises [1].
And we should note here that, in spite of
rather high prevalence of bad habits
among workers, only half of respondents
try to abandon them. All the respondents
(100%) told they had very little physical
activity. All the above-mentioned exerts
negative influence on workers' health.

Most respondents gave positive as-
sessment of medical personnel work during
medical examinations (73.79%); however,
25.24% complained on indifferent attitudes
towards a patient, and 0.97% told medical
personnel were even rude to them. Time
spent in waiting for a doctor's reception
was mostly from 10 to 30 minutes as
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59.22% mentioned exactly this waiting pe-
riod; 34.954% said they had to wait for 31-
60 minutes; 5.83% waited for more than 1
hour. 26.2% respondents complained on
bad conditions in which they had to wait
for a doctor's reception.

Besides, respondents were offered to
assess certain criteria as per 5-score scale;
these criteria characterized a medical ex-
amination quality (Table 3).

Table 3

Medical examinations quality assessment
as per 5-score scale

Criterion Average score

The main purpose of a medical exam- 412
ination is achieved — occupational ’
and chronic diseases prevention
Medical recommendations are given 415
after an examination ’
"Health report" is received on time

. 24
(during 30 days)

Rather low scores given to a timely
receipt of a health report can be explained
by a situation when workers have their
tests and EEG taken exactly on a day
when a medical examination takes place.
As there are a lot of workers who have to
attend 1it, research results are often re-
ceived with a delay.

Conclusions:

1. Workers employed at the examined
enterprise are influenced by dangerous
and adverse occupational factors and it
exerts negative impacts on their health.
Most workplaces belong to 3.3 or 3.4
danger category. But most questioned
workers (50.48%) are poorly aware of oc-
cupational diseases prevention and need
this knowledge.

2.1In 2013-2016 a decrease in occupa-
tional morbidity was observed (from 9.38
to 3.55 per 10,000 workers); however, it
still remains significantly higher than in
the country or Perm region on average.
All the detected occupational diseases

88

during the examined period occurred in
workers who worked for more than 15
years at the examined enterprise and was
older than 40.

3. As per medical examinations re-
sults obtained in 2016, we detected that a
share of workers who were fit for work
with certain limitations grew in compari-
son with 2015 (from 7.35% to 9.31%); a
share of workers who needed sanatorium-
resort treatment also grew (from 19.96%
to 32.12%); a share of workers with gen-
eral somatic diseases grew from 61.23%
to 70.1%); overall health index fell from
38.77% to 29.82%).

4. As per medical examinations data,
the same nosologic forms prevailed in the
overall morbidity structure both in 2015
and 2016: musculoskeletal system and
connective tissue diseases; circulatory sys-
tem diseases; eye and its accessory appa-
ratus diseases; respiratory organs diseases;
digestive organs diseases. Their share is
equal to 77.37% and 73.98% correspond-
ingly. It is interesting to note a considera-
ble frequency growth in such nosologic
categories as ear and mastoid diseases rep-
resented by hearing loss (from 49.47 to
99.cases per 100 examined), skin and sub-
cutaneous tissue diseases (from 7.73 to
36.3 cases per 100 examined), and uro-
genital system diseases (from 68.42 to
100.62 cases per 100 examined).

5. A great number of respondents pur-
sue unhealthy life style: 72.8% of them
smoke; 29.9%, equally men and women,
drink strong spirits; all the respondents
tend to have insignificant physical activi-
ty.

6. There are some drawbacks in peri-
odical medical examinations procedure:
26.3% respondents complained medical
personnel were indifferent and even rude
to them; 40.8% mentioned they had to
wait for a doctor's receipt for a long time;
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26.2% said they had to wait for a receipt The data we obtained can be ap-

in bad conditions; all the respondents said plied in assessing health risks for workers

they didn't receive their health report on employed at an enterprise and for devel-

time. oping prevention measures aimed at their
minimization.
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FACTORS CAUSING RISKS OF CARIES EVOLVEMENT IN DENTAL SOLID
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We analyzed parameters characterizing mineral balance in a body and dental state in two groups of
healthy men (n = 15 in each, aged 34.7 £+ 0.6) in hot and humid marine climate conditions, one group was made
of people undergoing acclimatization, the second one consisted of local population.

We assessed working conditions and their category, and metrological data with determining environmental
thermal load (ETL-index).

Both groups worked outdoors,; their labor had IIb category,; they had to work overtime and under in-
creased psychoemotional loads; their working conditions differed as per nutrition and accommodation. When
people from both groups had to work beyond their permanent location, their nutrition was represented by indi-
vidual rations.

Labor hardness was assessed as 3.2; labor intensity, as 3.2. Daytime temperature reached 30,0 °C, relative
air humidity was 77.3 £ 2.6 %, wind speed was 4.3 + 0.3 m/sec. Microclimate was assessed as having 3.1 hazard
category. Overall, working conditions were assessed as hazardous (3.3 hazard category).

Electrolyte balance in a body was violated and it was proved by ower contents of K, Na, and Cl in blood
serum, it was more apparent in people who were undergoing acclimatization. 70.0 % of local people had Ca
contents in blood serum lower than the physiological standard. Lower Ca and increased P contents in blood
serum were also detected in those undergoing acclimatization which could be evidence that Ca was washed out
of a body and greater risk of dental caries occurred. As per observation dynamics we detected the following pro-
cesses in people undergoing acclimatization: pH saliva and its mineralizing function shifting to acidity, saliva-
tion rate, and lower enamel resistance; they proved there was a growth in dental solid tissues demineralization.
These parameters corresponded to those detected in local population. It calls for primary prevention activities
aimed at fighting caries of dental solid tissues.

Key words: hot and humid marine climate, acclimatization, minerals, dental state, blood serum, risk, den-
tal caries.

World practice has proved that preven-
tion programs implementation leads to a
drastic decrease in caries and teeth losses;
prevention techniques are 20 times cheaper
than treatment of already existing dental
diseases [5, 19]. Over the last three dec-
ades prevention programs implementation

has resulted in decrease in caries preva-
lence in many regions all over the world
and in all age groups. However, this trend
hasn't occurred in all the social groups to
the same extent: the disease risk turned out
to be higher among population with low
social-economic status (a substantial
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growth was observed from 1990 to 2013)
[9, 12, 16-18].

One of the most important concepts
underlying caries prevention is a fact that
the carious process is simultaneously dy-
namic and reversible [11, 14]. It happens
due to demineralization and remineraliza-
tion. Demineralization occurs when dental
deposit acids on a tooth surface wash Ca
ions and phosphate-ions out of enamel hy-
droxyapatites and it results in mineral sub-
stances losses out of teeth tissues. Remin-
eralization occurs when acid effects are
removed and free Ca and phosphate ions
which are present in the saliva penetrate
demineralized enamel areas and the miner-
al component in them grows.

Teeth caries has a multi-factor nature
[7, 12]. Interaction between the dental de-
posit, ration components and teeth tissues,
as well as genetic and ecological factors,
make the greatest contribution into teeth
caries pathogenesis [8, 15, 16]. Other car-
ies-inducing factors are the salivation qual-
ity and quantity, overall health, and ex-
treme impacts on a body. The saliva,
chronic systemic diseases, and weak im-
munity are thought to be basic internal fac-
tor which can cause caries evolvement [3,
6, 10, 11]. Therefore, search for risk factors
which can cause teeth tissues demineraliza-
tion is an urgent theoretical and practical
task [2, 11, 19].

Our research goal was to assess risks
of caries evolvement in teeth solid tissues
among adult working population under ac-
climatization in a hot humid sea climate.

Our research tasks were:

1. To assess working conditions for
adult men performing their work tasks dur-

ing summer.

2. To assess dental state and mineral
saturation of a body among local popula-
tion.

3. To examine risks of caries evolve-
ment in teeth solid tissues under acclimati-
zation in a hot humid sea climate.

Data and methods. The examined re-
gion belonged to the IV climatic type in the
I zone'.

Our research objects were 2 groups of
healthy males aged from 30 to 40
(34.7£0.6). People from the first group re-
sided permanently in the Central Russian
regions (n=15 people); the second group
was made up of local population (n=15).
All the people took part in our research
quite voluntarily (they gave their informa-
tive consent). Work category and working
conditions were assessed as per their haz-
ard degree and danger'.

Males from the first group were sent to
the examined region to perform their work
tasks. They were observed starting from
the third acclimatization day in the hottest
time of the year, in July.

Health risk, including that of caries
evolvement, was determined as per dental
state data: enamel resistance to effects ex-
erted by a standard acid solution (ER-test),
saliva pH determination, salivation rate,
and saliva mineralizing potential [1], as
well as per impacts exerted on mineral me-
tabolism parameters in a body: determina-
tion of mineral substances (Na, K, Ca, P,
Mn, and CI) concentrations in blood serum
[4]. Dental state was examined and blood
tests taken twice, at the same moment of
time, on an empty stomach, initially, and
20 days after.

"SER 2.2.4.3359-16. Sanitary-epidemiologic requirement to physical factors at workplaces / approved by the

Order signed by the RF Chief Sanitary Inspector on June 21,

http://docs.cntd.ru/document/420362948 (20.08.2017).
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We assessed the following meteoro-
logical data: ambient temperature (average,
minimum, and maximum), air speed and
air relative humidity. We also determined
environment thermal load index, or ETL-
index'.

The results were statistically treated
with AtteStat software. Validity of dis-
crepancy for independent samplings was
determined as per Mann-Whitney

Results and discussion. Working
conditions both group had to work in didn't
have any discrepancies and belonged to 2.2
hazard category. Work tasks were per-
formed outdoors, working hours were ir-
regular, and there was high psychoemo-
tional stress. Out-of-town workers, as op-
posed to local population, were staying at a
hostel and received their meals at a cater-
ing facility. If any work tasks were to be
performed outside the permanent deploy-
ment territories, people from both groups
had individual meals.

Labor hardness was assessed as 3.2
hazard degree, labor intensity, as 3.2 haz-
ard degree. Average daily outdoor tem-
perature reached 27.40C on several days,
and maximum one reached 30.00C. Rela-
tive air humidity was beyond standard
(77.3£2.6%), sometimes reaching 80.0%—
100.0%. Minimum wind speed amounted
to 2.0 m/sec, maximum one, to 7,0 m/sec
(4.3+0.3 m/sec). Microclimate as per ETL-
index was assessed as 3.1 hazard degree.
The final estimation was that working con-
ditions were hazardous (3.3 hazard de-
gree).

Assessment of mineral substances
concentration in blood serum in both
groups revealed that people who came to
work in a hot humid sea climate had min-
eral substances in their blood serum in
concentrations within reference limits.
However, on the 23rd acclimatization day,
we determined an authentic decrease in K

Health Risk Analysis. 2017. no. 4

and Na concentrations: on average, by
11.2% (p=0.0038) and by 5.0% (p=0.003)
correspondingly in all the examined peo-
ple. And here Na concentration was lower
than the standard. Cl concentration de-
creased in 80.0% people, by 2.2%
(p=0.0028) on average. As per individual
parameters, 46.7% had K concentrations
lower than the standard, and 13.3%, CI; Na
concentration was lower than the standard
in all the examined people. It proved there
was a disorder in a body electrolyte bal-
ance. Ca concentration didn't change au-
thentically (p=0.106); however, it fell in
53.3% of the examined people. Initially, it
was lower than the standard in 53.3%, and
by the end of the ob-servations, in 66.7%.
P concentration, on the contrary, grew
within the reference limits (p=0.0104),
which was detected in 86.7%. It resulted in
changes in Ca:P ratio: initially, it was equal
to 2.29 units; by the end of the observa-
tions, to 1.76 units. Only Mn concentration
was within the same limits (0.95 against
0.92 pmol/l, p=0.22) (Table 1).

Table 1

Mineral substances concentrations un
blood serum of people from both groups

(M = m)

Substance (mol/1), Examined groups

Reference limits Local Group 1 P
popula-tion |(23-rd day)

K, 3,5-5,1 4,04 £0,08 3,56 £0,15| 0,0186
135,45+ 128,5 +

Na, 136-146 0.58 1.33 0,0001
104,26 + 100,0 +

Cl, 97-107 1,04 117 0,0137

Ca, 2,15-2,57 2,12+£0,02 |2,04 £0,06| 0,076

P, 0,87-1,45 0,93+0,03 |1,16 +0,08| 0,0044

Mn, 0,80-1,00 0,88+ 0,05 0,95+ 0,05 0,153

All the assessed parameters, Ca ex-
cluded, were within the reference limits in
local population. However, 40.0% had Na
concentration lower than the standard;
6.7%, K and P concentrations; 26.7%, Mn
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concentrations. Insufficient K concentra-
tions parameters were the most significant:
they were lower than the reference limits in
70.0% of the examined people which de-
termined average value in the whole group.

Thermal load resulted in K concentra-
tions (by 11.9%), Na concentrations (by
5.1%), and Cl concentrations (by 4.1%)
being authentically lower in people under
acclimatization than in local population,
and P concentration in them was by 24.7%
higher. Ca and Mn concentrations didn't
have any discrepancies.

We assessed dental state under ac-
climatization and revealed that saliva pH
was shifting towards acidity with a 8.1%
decrease (p=0.0022) up to 6.66+0.08 units.
And changes in saliva pH were detected in
86.7% of the examined people. pH was
lower than 6.5 units (average standard val-
ue), namely 6.2 units, in 20.0% of them
[1]. Saliva pH in local population didn't
have any authentic discrepancies with the
same parameter in group 1 as also 20.0%
had it lower than the average standard val-
ue (table 2).

Saliva mineralizing potential (SMP)

also decreased authentically by 7.1 %
(p=0.0014) to 2.6+0.18 scores. Initially, it
was estimated as satisfactory; by the end of
the observations, it was estimated as low in
40.0% of the examined people. 26.7% of
the local inhabitants had low SMP, and
6.7%, high SMP. Average SMP values in
both groups didn't have any authentic dis-
crepancies.
Salivation rate also decreased authentical-
ly, by 5.5% (p=0.007) to 23.92+1.36
ml/hour. It was detected in 86.7% people.
Average parameters in local population
didn't have any authentic discrepancies.

We detected a 33.3% decrease in
enamel resistance as per ER-test, p=0.0017
(the parameter grew to 5.1+0.17 scores).
Initially, it was lower than 3 scores in
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53.3% which was the evidence that their
enamel was substantially resistant to car-
les; the rest ran some risks of caries
evolvement. By the end of the observa-
tions, 100.0% of the examined people ran
this risk. ER-test results for local popula-
tion didn't have any authentic discrepancies
with the data obtained in group 1: ER-test
showed caries evolvement risk for 80.0%
of them; as for the rest 20.0%, they ran
high risk of caries evolvement (Table 2).

Table2
Dental state characteristics in both groups,
(M £+ m)
Dental state parame- Observation period
ters, reference limits Loca} Group I | p
’ population |(23-rd day)
Saliva pH, 6.8-7.4 ¢ 61 +0,08/6,66 + 0,08{ 0,352
units
Sahva.mmerahzmg 28402 |2.64+0.16 0272
potential, 1-5 scores
Salivation rate, 18- 25,02 + 23,92 + 036
111,0 ml/h 1,22 1,36 ’
ER-test, 1-10 scores |5,1+0,22|5,1+0,17| 0,5
Conclusions:

1. When people had to undergo accli-
matization to hot humid sea climate condi-
tions and simultaneously had to work un-
der hazardous working conditions a disor-
der occurred in their electrolyte balance
which was proved by lower K, Na, and Cl
concentrations in their blood serum. Elec-
trolyte imbalance was less apparent in local
population.

2. 70.0% of local people had Ca con-
centration in their blood serum lower than
the standard. We also detected a decrease
in Ca concentration and an increase in P
concentration in blood serum of people un-
der acclimatization; and Ca:P ratio in them
changed until it reached the values detected
in local population. These data were the
evidence Ca was possibly washed out of a
body and it led to higher teeth caries risk.

3. Dynamic observations performed on
people who came to work in a hot humid
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sea climate revealed that processes related sistance deteriorated. Therefore, we can
to teeth solid tissue demineralization oc- state that activities aimed at primary pre-
curred in them: saliva pH shifted towards vention of caries in teeth solid tissues are
acidity, saliva mineralizing function weak- truly essential.

ened, salivation rate fell, and enamel re-
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The paper dwells on generalized analysis of morbidity which is characteristic for conductors working in
passenger carriages of locomotive-driven trains. Working conditions train conductors had to work in were ex-
amined as per results of sanitary-hygienic research on intra-carriage environment, specific working conditions
assessment, and questioning. Hazards caused by working environment factors for train conductors to a certain
extent depend on a carriage type, its technical and hygienic state, as well as on a route a train goes by.

Our research revealed that impacts exerted by various working environment factors, namely physical,
chemical, biological, and psychophysical ones, caused respiratory diseases, increased allergic reactivity,
changes in hearing sensitivity, and overall morbidity growth among people from this occupational group.

Unordered regime resulting from constant trips and unfavorable living conditions in a carriage lead to the
following diseases: varix dilatation in legs, ischemic heart disease together with primary hypertension, and
chronic rheumatic heart diseases. More precise classification of conductors' working conditions can be obtained
via a mathematical model creation as it enables precise estimation of occupational diseases probability. Such
models should be based on a relationship between diseases frequency (or probability) and working conditions as
per specific hygienic factors.

We worked out methodical guidelines on providing safe working conditions at conductors' working places
which include efficient activities aimed at prevention of hazardous impacts exerted by working environment fac-
tors. It will help to improve working conditions substantially, to preserve workers' health, and to ensure safe
passengers traffic.

Safe working conditions for conductors can be secured due to a set of activities aimed at equipping new carriages
and those afier capital repair with air-conditioning, disinfection systems, heating, ecologically clean toilets, modern fur-
nishing materials, as well as at improving sanitary and living conditions, providing comfortable uniforms, and better
regulation of work and rest regimes.

Key words: conductor, passenger carriage, working environment factor, morbidity, sanitary-hygienic re-
search, labor protection.
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Russian Railways PLC pursues a con-
sistent policy concerning labor protection;
the policy is aimed at minimizing risks for
occupational injuries and accidents and at
maintaining maximum possible safety of all
the technological processes in the company.

In 2009 Russian Railways PLC set a
technical task to manufacture a range of two-
storey passenger carriages for locomotive-
driven trains; the main purpose was to im-
plement innovative life support systems, to
achieve greater labor productivity of train
conductors, to increase constructional speed,
to lower life cycle costs per one passenger-
place, to decrease energy consumption, and
to ensure high social and economic perfor-
mance figures [3,13].

"On railways rolling stock safety" Cus-
toms Union Technical Regulations (TP TC
001/2011)1 were based on the RF Federal
law "Technical Regulations on fire safety
requirements" dated July 22, 2008 No.
123-FL (last edited on July 02, 2013)?
these regulations set forth all the require-
ments to railway rolling stock and its com-
ponents in order to ensure people's life and
health safety. But provision of safety work-
ing conditions for train conductors in-
volves working out and updating regulato-
ry-technical and methodological grounds,
sanitary-hygienic assessment of environ-
mental factors inside a carriage, and devel-
oping recommendations on working condi-
tions improvement.

It is known that carriages costs amount
to 20% of all the railways fixed assets; per-
sonnel occupied with passenger carriages
maintaining and technical support has ap-
proximately the same share among all the
railway employees; 60-80% of this car-

riages maintenance staff are women [8].

A train conductor is one of the most
widely spread occupations in railway
transport; their quantity amounts to approx-
imately 41,000 employees. But still working
conditions for these people, both in old and
modern carriages, have not been given suffi-
cient attention. Hazard caused by occupa-
tional factors for train conductors to a certain
extent depends on a carriage type, its tech-
nical and hygienic state, as well as on a route
a train goes by.

According to the existing data, impacts
exerted on workers by physical, chemical,
biological, and psychophysical occupational
factors cause respiratory diseases, increased
allergenic reactivity, changes in auditory
sensitivity, and increase in overall morbidity
among them. Female workers, beside all
that, suffer from disorders in specific female
body functions, namely gynecological dis-
eases, and complications during pregnancy
and childbirth. A train conductor occupation
belongs to a group with the highest occupa-
tional risks [5, 6, 9, 10, 12]. All the above
stated proves that a problem of providing
safe working conditions for train conductors
is truly vital.

As per research data, overall morbidity
with temporary disability among train con-
ductors is two times higher than in the
branch on average.

Impacts exerted by occupational factors
mostly depend on specificity of work tasks a
train conductor has to perform as well as on
peculiarities of labor organization and work-
ing conditions which are characteristic for
this occupation only. And here a number of
detected adverse occupational factors which
exist at conductors' workplaces can't be elim-

' On railways rolling stock safety: Customs Union Technical Regulations (TP TC 001/2011). Available at:
http://webportalsrv.gost.ru/portal/GostNews.nsf/acaf7051ec840948¢22571290059¢78{/31df4d876b7¢c282244257a3

7003¢01d3/$FILE/TR_TS 001-2011_text.pdf (07.08.2017).
?Federal law dated July 22, 2008 No. 123-FL. Available at: http:/docs.cntd.ru/document/902111644

(07.08.2017).
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inated directly by any organizational or pre-
vention activities [7, 17].

We should note that previous research
on conductors' working conditions and mor-
bidity didn't allow for properties of life sup-
port systems in up-to-date rolling stock, in-
cluding two-storey passenger carriages.

Train conductors occupation involves
constant travelling, and most conductors
have to make long trips lasting from 3 to 7
days.

Experts at Russian Railways PLC per-
form specialized working conditions assess-
ment as per established procedures in order
to provide safe working conditions for train
conductors [1,4,14-16].

We can highlight the following basic
hazardous and adverse factors related to train
conductors occupation: vibration, noise,
dustiness, adverse chemicals, luminance, un-
favorable microclimate, labor hardness and
intensity. Undoubtedly all these adverse oc-
cupational factors influence conductors'
working conditions and cause their health
deterioration [2,8,18].

Experts at Russian Scientific Research
Institute for Railway Hygiene conducted re-
search on working conditions and morbidity
of passenger carriages conductors. The re-
search results revealed that their morbidity
structure had certain peculiarities: conduc-
tors mostly suffered from respiratory organs
diseases, circulatory system diseases, muscu-
loskeletal system diseases, injuries, and al-
lergy. Those parameters were related not on-
ly to age peculiarities of the examined work-
er but also to specific factors attributable to
occupational activities of these railway
transport workers.

We also noted that working conditions
of passenger carriages conductors involved
influence exerted on their bodies by a set of
adverse occupational factors, namely overall
transport vibration, noise, cooling and heat-
ing microclimate, and high neuro-emotional
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stress. Unfavorable sanitary-hygienic work-
ing conditions of train conductors were basi-
cally caused by the following: some carriag-
es in operation were not fully equipped with
all the necessary components of life support
systems; work tasks were not automated
enough and had to be performed by hand;
carriages interior was not rationally planned
and organized; ventilation wasn't efficient;
sanitary and communal services were unsat-
isfactory; labor, rest, and nutrition regimes
were not rational.

In 2011 "Tverskoy Carriage Works"
PLC started manufacturing various proto-
types of two-storey passenger carriages in
order to conduct performance tests and to
determine sanitary and hygienic standards
for them.

Conductors' working conditions were
analyzed as per sanitary-hygienic research
data and questioning results. Tests were per-
formed in old passenger carriages. Such car-
riages weren't equipped with air condition-
ing, water and air disinfection systems, and
ecologically clean toilets; finishing and heat-
insulating materials in them were of poor
quality or even absent; the carriages didn't
conform to sanitary-hygienic, toxicological,
and fire safety requirements (Figure 1).

There was also comparative research on
working environment conditions for train
conductors, and their labor hardness and in-
tensity in one-storey old carriages (2002) and
two-storey new ones (2013). The research
results are given in Figure 2. The results of
specific working conditions assessment in the
same carriages are shown in Figure 3.

Given all the working environment
factors exerting their influence  inde-
pendently, we calculated an aggregated
risk level and applied a model incorporat-
ing scores of working environment and la-
bor hardness (Figure 4).

99



M.F. Vil'k, O.S. Yudaeva, V.A. Aksenov, V.M. Ponomarev, V.I. Apattsev, E.A. Sorokina, V.B. Prostomolotova...

100

[
LR

)
in

Working conditions category

1.5 -
I .
0.5
0 i —
=
Figure 1.
4 -
3 1
2 14
1 4
Oce Mk IO

o .3’1. S .........391...3.1 I

Biological
Luminance

Tonizing radiation - -

Ultrasound

Non-ionizing radiation - B

Infrasound

I
I
£
g
8
=

Local vibration - -

Overall vibration

w
w
13
=
=
s
=
=)
=]
C
]

Fibrinogenous sprays

Labor intensity

Hazardous working conditions

Aceceptable working conditions

B Qccupational factor

Working conditions at train conductors' workplace: analysis results

-+ Passenger compartment carriage No. 15131(2002)

= Passcnger two-storcy corpartment carriage, model No.051-14244 (2013)

B 3MI Mn X¢ O6GPrCM Pl Jp Cra Pn Mr Had Br Ilc Onm B Ha M
1 — easy work without any stress under optimal hygienic conditions

2 — average labor intensity little stress, acceptable conditions

3 — hart labor under unfavorable conditions

4 — very hart labor, a lot of stress, under hazardous conditions

Figure 2. Description of working environment conditions, and labor hardness
and intensity for train conductors

Note: here and in Fig. 3 conventions:

OcB  — luminance (meter-candela); Ap — dynamic work (kg x m);

Mk  —microclimate (0C, %, m/sec); Cru - static load (kg x sec);

11} —noise (dB); Pn  — working posture (%);

B — vibration (Hz); Mr —maximum load (kg);

amn  — electromagnetic fields (W/m2); Ha¢ - analyzing functions strain (h);

Hu  —ionizing radiation (Bg/kg); Bu —attention overload (h);

X¢  —chemical factors (mg/m3); IIc —density of perceived and processed signals (per 1
h);

06 —negative biological factors (CFU/m3); On — working memory volume;;

PrCm — working regime, working shifts sequence and 9u  — emotional stress (risk degree);

duration (h); HUu - intellectual strain;

PrIl — working regime, breaks during a shift (min); M  — work and working environment monotony

(quantity per a shift).
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Figure 4. Occupational factors safety for passenger carriages conductors

Though all the scores given to the ex-
amined occupational factors correspond to
acceptable working conditions category, an
aggregated risk level is still rather high. So,
the applied calculation model confirms that
it is necessary to adopt a complex approach
to occupational risk analysis as it allows to
assess influence exerted on health simulta-
neously by several occupational factors.

Our paper also contains an aggregated
analysis of passenger carriage conductors
morbidity.

Morbidity with temporary disability
amounts to 113.1 cases and 1,505.8 days
per 100 conductors. Morbidity parameter

Health Risk Analysis. 2017. no. 4

related to taking care after a sick family
member amounts to 13.4 cases per 100
workers; sick leaves related to childbirth
are 15.3 cases per 100 workers. Overall
morbidity with temporary disability among
train conductors is two times higher than
the same parameter in the branch as a
whole. 89% of all morbidity cases belong
to 7 basic nosologies: respiratory organs
diseases, circulatory system diseases, nerv-
ous system and sense organs diseases,
musculoskeletal system diseases, digestive
organs diseases, and injuries.

Respiratory organs diseases among
train conductors account for 56% of all the
morbidity cases, and their share is the big-
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gest. Respiratory organs diseases cause
more than a half of temporary disability
cases; they are mostly acute respiratory
diseases, rhinitis, bronchitis, and pneumo-
nia; it is obviously related to influence ex-
erted by hazardous temperature differ-
ences, especially during a cold season
when train conductors have to exit from a
warm carriage onto a platform. It all indi-
cates that working conditions for train con-
ductors need to be improved. Besides, res-
piratory organs diseases among train con-
ductors cause loss of occupational fitness
due to poor health authentically more fre-
quently (by 12.5%) in comparison with
other railway workers. Most frequent dis-
eases here are bronchial asthma and other
recurrent bronchial-lungs system diseases
caused by high bacterial contamination of
the air inside a carriage, various chemicals
contents in it, as well as by unfavorable
microclimate.

A so called "share of workers who
were ill" parameter prevails among train
conductors and is equal to 46.8% (while an
average branch one is equal to 40% only).
Besides, a number of workers who have
this occupation and can be included into a
group of "frequently and long sick people"
is also higher than in the branch on average
(8% against 6.7%).

Results of sociological questioning
conducted among this occupational group
reveal there are objective conditions and
risk factors causing acute and chronic dis-
eases in train conductors:

- influence exerted by a number of
working environment factors during round-
the-clock staying inside a carriage (micro-
climate, noise, vibration, ultrasound, lumi-
nance, and chemicals);

- physical loads and significant neuro-
emotional stress;

- unordered working regime;

- night and day shifts;
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- unfavorable sanitary and communal
conditions (insufficient motor activity
(hypokinesis), constant violation of nutri-
tion, sleep, and rest regimes, absence of
possibility to maintain personal hygiene).
We also detected that possibilities for
physiological and psychological functions
recovery were not properly provided and
this process organization had a number of
drawbacks.

Results of research conducted by A.A.
Prokhorov, and V.A. Kudrin [11], which
considered conductors' health disorders in
view of their occupational activity contain
very interesting data on how fast conduc-
tors' biological ageing is; the data show
that the speed of the process increases
greatly at the age from 18 to 27, and from
38 to 42. The discrepancy between a true
age and a calendar one amounts to 2-3
years during first 10 years of working as a
train conductor; when working experience
amounts to 16-20 years, this discrepancy
grows up to 9 years and remains stable at 3
years when working experience is between
20 and 36 years.

As we studied morbidity structure as
per various temporary disability causes
taking data from the results of complex
medical examinations conducted by ex-
perts from Russian Scientific Research In-
stitute for Railway Hygiene, we were able
to determine that morbidity among passen-
ger carriages conductors was rather high. It
was especially high among people aged 30-
39 and 40-49.

Respiratory organs diseases (ARVI,
angina, laryngitis, tracheitis, and flu) had
the greatest specific weight in all age
groups.

Rank places in morbidity structure are
as follows:

1 rank place belongs to respiratory or-
gans diseases (56%);

2 rank place belongs to circulatory
system diseases (6,9%);

Health Risk Analysis. 2017. no. 4
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3 rank place, to musculoskeletal sys-
tem and connective tissue diseases (6,6%);

4 rank place, digestive organs diseases
(4,9%);

5-6 places are held by skin and subcu-
taneous tissue diseases, injuries and intoxi-
cations (4,4%).

We can clearly determine a group of
diseases which are closely related to pecu-
liarities of train conductors work in the
overall morbidity structure; these diseases
are acute respiratory viral infections, flu,
angina, nerve plexus diseases, osteoarthri-
tis, radiculitis, stomach and duodenum ul-
cer, acute gastritis, pyoderma and fungus
skin diseases.

Unordered working regime involving
a lot of travelling and unfavorable com-
munal conditions in a carriage obviously
causes the following diseases: varix dila-
tation in legs (1.0 case per 100 workers),
ischemic heart diseases with primary hy-
pertension (1.1 cases per 100 workers),
primary hypertension (4.4 cases per 100
workers), chronic rheumatic heart disease
(1.1 cases per 100 workers). Skin diseases
among train conductors occur 3 times
more frequently than in the branch on av-
erage.

Circulatory system diseases include
the following: primary hypertension, non-
rheumatic heart diseases, atherosclerosis,
phlebitis, and thrombophlebitis.

Morbidity analysis revealed that nerv-
ous system diseases and sense organs dis-
eases occurred among train conductors au-
thentically more frequently than among
workers from the comparison group. As for
specific nosologies, we detected that con-
ductors more frequently suffered from such
diseases as neuritis, neuralgia, inflammato-
ry eyes diseases, and otitis.

We detected that such adverse occupa-
tional factors as vibration, dustiness, and
neuro-emotional loads, caused disorders in
normal adaptation, and activated regulatory
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mechanisms responsible for specific adap-
tation and non-specific stress syndrome.

Interesting data with a great practical
significance were obtained in the course of
research on a group of conductors who had
to travel for a long time in different time
zones as they went on a train Moscow -
Vladivostok - Moscow, 14 days overall.
They travelled across 6 time zones during
their whole trip. Basic age group was 21-
33 (76% of the examined workers), pre-
vailing working experience was equal to 1-
5 years (69%). All the examined workers
were practically healthy but before their
trip they complained on considerable fa-
tigability, tiredness, and low working ca-
pacity. Such complaints grew stronger after
a trip. Besides, after a trip conductors also
complained on sleep disorders related both
to sleep and wake regime violations (night
shifts) and to different time zones and
break of daily biorhythms. Closer to an end
of a trip eastward they had difficulty in
falling asleep, or they fell asleep too fast
and woke after a very short sleep (only 1-2
hours). Sleep didn't help to get needed rest
and to recover psychological and physical
working capacity. All the data on train
conductors state before and after a trip re-
vealed that long-term trips in equatorial
direction exerted considerable negative in-
fluence on a body which caused substantial
decrease in its adaptive abilities, anti-
microbe protection, and anti-oxidant state;
it all could eventually lead to various infec-
tious and non-infectious diseases occur-
rence.

More than a half of all the questioned
conductors were 40-50 years old. As per
statistic data, in 2007 30-40 age group pre-
vailed, and we can state that workers' aver-
age age grew. Duration of working experi-
ence as "passenger carriage conductor” al-
so increased considerably: in 2007 45%
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workers had working experience equal to
10 and more years; in 2014 share of such
workers grew up to 57%. Such parameters
as overall morbidity, and a share of work-
ers who were sick among conductors, cor-
relate with workers' age and working expe-
rience; therefore, such a trend can lead to
growth in morbidity cases among workers.

Working experience in up-to-date roll-
ing stock generally is not longer than 3
years (47% of the questioned).

Female conductors amounted to 72 %,
and it was lower than in 2007 (83%); still,
a share of female workers among train
conductors remains substantially high.

Workers gave their own assessment of
how often they were sick: 47 % on average
1 time a year; 26 % were rarely sick; 24 %
were sick 2-3 times a year; 3 %, more than
5 times a year. A mathematical model can
help to obtain more precise classification
of conductors' working conditions; such a
model precisely assesses occupational dis-
eases probability. The model is based on a
relationship between diseases frequency
(or probability) and labor situation as per
specific hygienic factors.

So, to sum up results of our work ded-
icated to analyzing functional and physio-
logical peculiarities, state of a body, and
occupational activities of train conductors,
we should point out that we revealed grave
strain in background parameters of psy-
chophysiological functions used in conduc-
tors' occupational activities, as well as ad-
aptation-compensatory reactions violation;
all this makes health disorders among this
occupational group much more probable.
Data obtained by a number of researchers
prove there is neuro-emotional stress in
conductors, especially during long trips.

We can say that all the obtained data
undeniably prove occupational causality of
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morbidity with temporary disability among
passenger carriages conductors.

The performed analysis revealed that
overall morbidity among train conductors
was growing. But passenger carriages con-
ductors who were younger than 50 fell sick
less frequently in comparison with other
occupational groups; morbidity escalated
only among people older than 50.

In the course of our research we de-
veloped a set of priority measures aimed at
providing safe working conditions for train
conductors (Figure 5). The suggested sys-
tem should help to solve vital tasks on hy-
gienic optimization and passenger trans-
portation safety, occupational environment
improvement, prevention of morbidity
among passenger carriages conductors; to-
day, it can be taken as a generic one in la-
bor protection activities in passenger trans-
portation sphere.

We developed methodical recommen-
dations on providing safe working condi-
tions at train conductors' workplaces; they
include efficient activities aimed at preven-
tion of unfavorable influence exerted by ad-
verse occupational factors and will allow to
improve working conditions considerably,
to preserve health, and to provide safety
(Figure 6). A set of measures was imple-
mented in equipping new carriages and
carriages after capital repair; the carriag-
es were equipped with air-conditioning
units, disinfection units, heating, ecologi-
cally clean toilets; up-to-date finishing
materials were applied during repairing;
sanitary and communal conditions in the
carriages were improved. Conductors
were provided with comfortable uni-
forms, their rest and work regimes were
better regulated; all the above-mentioned
helped to provide working conditions
with 2nd hazard degree (acceptable ones)
additionally for 22% conductors over the
last 5 years.

Health Risk Analysis. 2017. no. 4
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Priority measures aimed at providing safe
working conditions for passemger carriages
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Figure 5. A set of priority measures aimed at providing safe working
conditions for passenger carriages conductors
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Figure 6. Life support systems in a two-storey carriage
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CHANGES IN THE NERVOUS SYSTEM STATE AND PERIPHERAL BLOOD
PARAMETERS UNDER BENZENE INTOXICATION DURING AN EXPERIMENT

R.A. Orujov, R.E. Dzhafarova
Azerbaijan Medical University, 23 Bakikhanova Str., Baku, AZ1022, Azerbaijan

Benzene is a widely spread chemical health risk factor. Our research goal was to examine the nervous system
state and the blood system state under benzene intoxication during an experiment. An acute experiment was per-
formed on 45 white mice with 5-fold poisoning with benzene; a chronic one was performed on 72 rabbits being
under inhalation exposure to benzene during 4 months, its concentrations increasing and fluctuating. We deter-
mined the following blood parameters: number of reticulocytes, eosinophils, basocytes, and erythrocytes, erythro-
cytes sedimentation rate; blood clotting period; blood clot retraction; plasma re-calcification period; plasma toler-
ance to heparin; prothrombin time; prothrombin index, fibrinogen concentration; blood fibrinolytic activity, ace-
tylcholine and choline esterase contents. We also determined adrenalin, noradrenalin, dopamine, and
dihydroxyphenylalanine contents in urine.

Acute experiments results revealed that one-time exposure to benzene exerted a narcotic effect on the cen-
tral nervous system which had an excitation phase and inhibition phase. Under a repeat exposure to benzene
animals' drug intoxication was shorter. And here neutrophils / leucocytes gradient first increased to 139.5 %
from its standards value and then when down under consequent intoxications.

We detected relevant changes in morphological picture of animals' peripheral blood and their central and
vegetative nervous system under chronic exposure to intermittent and increasing benzene concentrations.

So, our research revealed that effects exerted by benzene in small concentrations led to apparent shifts in
white blood and catecholamines (adrenalin, noradrenalin, dopamine, and dihydroxyphenylalanine). We also de-
tected certain signs that catecholamines endogenous reserves (dihydroxyphenylalanine ) were depleted and, and
also signs of eosinophils-basocytes dissociation; such prognostic signs were considered to be unfavorable as it was
exactly at that moment of time (the 4th month of poisoning) when substantial changes (leucopenia, granulopenia,
lymphopenia, and monocytopenia) occurred in blood. Fluctuating benzene concentrations exerted more apparent
toxic effects in comparison with simply increasing toxicant concentrations.

Key words: benzene poisoning, intoxication, nervous system, drug intoxication, hemogram, catechola-
mines, acetylcholine, choline esterase.

Oil-refinery and petrochemical plants
tend to have a lot of potentially hazardous
chemicals in working areas air; these
chemicals are chemical risk factors both
for workers employed at these enterprises
and population in general [12, 15].

Petrol, acetone and benzene are the
most widely used chemicals among those

© Orujov R.A., Dzhafarova R.E., 2017

produced by petrochemical industry. Ben-
zene is the most toxic substance [5, 10]. It
exerts effects close to those of drugs on the
central nervous system (CNS) when it is in
high concentrations; and it can become a
poison for blood and blood-making organs
when it is introduced chronically in low
doses [13, 14, 17]. It is also known, that,
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depending on concentrations penetrating a
body, benzene can cause various patholog-
ical reactions. And clinical signs can be
absent during a long period of time but im-
pacts exerted by benzene on a body are tru-
ly dangerous in terms of long-term effects
as they can lead to leucosis, genetic disor-
ders, and depletion of overall adaptive and
protective responses complex [12, 15].

Nowadays, a correlation between the
leukocytic reaction and neurohumoral and
endocrine changes in a body is established
[9, 14]. Thus, when the sympathetic nerv-
ous system is excited, leukocytes, eosino-
phils, and neutrophils grow in number; and
when adaptive adrenal cortex hormones
are active, eosinophils number drops by
50% or more [4, 9]. It is considered to be
correct to make judgments on mineral cor-
ticoids activity as per value of neutrophils
to leukocytes ratio [9, 17].

Allowing for this strong correlation be-
tween the neuro-endocrine system state and
the peripheral blood, we set our research
goal: to examine a state of these two sys-
tems under an acute and chronic intoxica-
tion with benzene

Data and methods. We performed acute
and chronic experiments on two groups of
laboratory animals (white mice and rabbits).

An acute experiment was performed on
45 non-linear white mice grown in the vi-
varium of the Scientific Research Center at
Azerbaijjan Medical University. Animals
weighed 18-22 grams and were divided into
2 groups: the first one was intact animals,
the second underwent inhalation poisoning
with benzene with repeating 2-day breaks.

72 rabbits of "chinchilla" species un-
derwent chronic benzene poisoning. The
intoxication was done daily during 4
months, 4 hours a day with one day a week

'State Standard 5955-75. BENZENE
http://docs.cntd.ru/document/gost-5955-75 (08.07.2017).
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reagents:

which was free from it, and there was 1-
month recovery period after the poisoning
was over. Average poisoning benzene con-
centration in chambers was equal to
1240+82 mg/m3. The experimental animals
were divided into 3 groups: group 1 was
poisoned with growing benzene concentra-
tions, group 2 was exposed to intermittent
concentrations, and group 3 was a reference
one, without any exposure to benzene.

We applied benzene PFA (pure for
analysis) as our poisoning substance (State
Standard 5055-75)'. Benzene concentra-
tions in poisoning chambers were checked
regularly via air analysis. Air in chambers
was constantly mixed via ventilation
systems.

We introduced 0.25 of threshold ben-
zene concentration each 15 minutes to
achieve growing concentrations mode al-
lowing for benzene hazardous effects
threshold being equal to 2000 mg/m’ [13].

To achieve benzene intermittent con-
centrations, we introduced benzene into
chambers each 30 minutes in various quan-
tities, to make concentrations fluctuate sig-
nificantly. Sometimes a chamber was open
for 20 minutes ventilating. And here con-
centrations sequences changed every day
during 12 days (Table 1), and then were re-
peated in the same order during 4 months.

Blood tests were taken in the morning,
before feeding, from an ear border vein
(rabbits) and from a caudal vein (mice). Re-
ticulocytes number was calculated in prepa-
rations dyed with brilliant cresyl-violet via
Pappenheim technique. To make chamber
calculation of eosinophils, we diluted blood
with a liquid offered by L.S. Piralashvili,
basocytes chamber calculation was per-
formed as per M.P. Vilchinskiy's modifica-
tion [2].

The USSR State Standard. Available at:
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Tablel

Animals poisoning with intermittent ben-
zene concentrations

Poisoning| Benzene concentrations in a chamber,
days shares from threshold
1 0,25/2,0| 0 |5,25/0,5] 0 |6,0] 0 |20
2 501 0 [1,75] 0 [4,0]025] 0 [4,5]0,5
3 4,510,225/ 0 [3,75{ 0 |0,5] 0 |1,5]5,5
4 201 0 [45] 0 [25] 0 [5,0]025]1,75
5 1,75(0,25[ 0 [4,75| 0 |1,25] 0 |6,0]2,0
6 1,25/6,0/ 0 0,25/ 0 |55] 0 |2,0]|1,0
7 0,25/ 0 |2,5] 0 14,75/ 1,5] 0 |3,75]3,25
8 0,5(1,25{ 0 |5,75] 0 |2,5] 0 |1,5]45
9 4,75/ 0 [1,25] 0 [4,5] 0 | 1,5]2,25]1,75
10 2,010,25] 0 16,75 0 [4,0] 0 |0,5]2,5
11 40| 0 10,25 0 [5,75{0,5[1,5] 0 [4,0
12 10,25[4,75/1,0| 0 3,75 0 |1,25| 0 |50

We also examined erythrocytes sedi-
mentation rate and erythrocytes acid re-
sistance. The latter was determined as per
ILA. Terskov and LI.Gitelzon technique,
modificaiton by A.I. Vorobiyov [2]; ace-
tylcholine (AC), as per S.Hestrin technique
[16], choline esterase (CE), as per
E.Sh.Matlin technique [7]. We applied tri-
oxyindole fluorimetric technique for de-
termining adrenaline (A), noradrenalin
(NA), dopamine (D), and dihydroxy-
phenylalanine (DHPA) in a single urine
portion [13]. To get insight into the blood
coagulating system state, we determined
blood coagulation time (BCT), blood clot
retraction (BCR), plasma re-calcification
time (PRT), plasma tolerance to heparin
(PTH), prothrombin time and prothrombin
index, fibrinogen concentration, and blood
fibrinolytic activity (FA) [1, 6].

Beyond experiments, all the animals
were kept and fed under the same condi-
tions. All the experiments on the animals
were performed in full conformity with
"European Convention for the protection of

vertebrate animals used for experimental
and other scientific purposes" (Strasburg,
March 18, 1986)°.

We detected statistically significant dis-
crepancies between the compared groups
with Student's parametric criterion. Cause-
and-effect relations between exposure fac-
tors and their effects were revealed via mul-
ti-factor correlation analysis and other math-
ematical statistics techniques.

Results and discussion. Results ob-
tained in acute experiments revealed that a
single exposure to benzene exerted a nar-
cotic effect on the central nervous system
which was characterized with excitation
and inhibition phases. A repeated exposure
to benzene involved shorter periods during
which animals suffered from narcotic in-
toxication. For example, after the 5th expo-
sure, intoxication time decreased from
34.60£3.05 minutes to 12.27+3.71 minutes
and it can be considered signs of adaption
to benzene effects which evolved in the
animals [9, 10].

Table 2
Leuko-formula elements picture under sin-

gle and repeated exposure to benzene
(in % of the background taken as 100)

Exposure mode
Leukocytes Single expo-| Repeated
sure exposure
Leukocytes 73,70 86,70
Eosinophils 41,20 60,0
Neutrophils 87,60 98,30
Lymphocytes 62,80 86,30
Neutrophils/Leukocytes
(N/L) 139,50 81,10

Table 2 comprises data reflecting
changes in a blood picture under various
benzene exposure modes; as we can see
from it, after narcotic effects pass, an au-

*European convention for the protection of vertebrate animals used for experimental and other scientific pur-
poses. Strasburg, March 18, 1986. 13 p. Available at: http://docs.cntd.ru/document/gost-5955-75 (10.06.2017).
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thentic decrease in leukocytes number and
their specific forms occurs. A considera-
ble decrease in leukocytes number makes
for neutrophils/leukocyte (N/L) gradient
growth up to 139.5% of the background
level.

We detected changes in blood com-
ponents after the repeated exposure to the
toxicant; these changes were different
from the initial parameters before the first
poisoning. There was an increase in leu-
kocytes number with simultaneous N/L
gradient fall. Absolute number of eosino-
phils returned to its initial value before the
first poisoning (Table 2).

A significant decrease in erythrocytes
number (Figure 1) and hemoglobin was
detected in the morphological picture of
animals (rabbits)' peripheral blood under
chronic exposure to intermittent and in-
creasing benzene concentrations. This de-
crease was more significant during the
first month of chronic poisoning with in-
termittent concentrations.

By the end of the observations period
the red blood composition somehow got
back to normal as erythrocytes number
was close to background values and to the
same parameter in animals from the ref-
erence group (it as equal to
9.20+0.30x10'*/1 in the experimental an-
imals; 10,40+0,15x10'%/1, in the reference
group animals; background level was
equal to 11,30+0,40x10'%/1).

The animals from this group also had a
decrease in overall erythrocytes sedimen-
tation rate which became more apparent
by the end of the fourth month under
chronic exposure to benzene (Figure 2).

Together with certain quantitative
changes, our research revealed a number
of qualitative shifts in the red blood pic-
ture, their evidence being changes in
erythrocytes acid resistance which can be
seen in acid erythrograms deviations to
the right. These changes appeared at the
end of the second month and it proved
young and more acid-resistant erythro-
cytes occurred in the peripheral blood.

1012/ '
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Figure 1. Dynamics of erythrocytes number changes in animals' peripheral blood under various
modes of exposure to small benzene concentrations.
(Parameters are authentic against the reference group (p<0.01)
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Figure 2. Dynamics of changes in overall erythrocytes sedimentation rate in animals' peripheral
blood under chronic inhalation poisoning with benzene
(The parameters are authentic against the reference group (p<0.05)

As we can see from Table 3, a month
animals' exposure to benzene caused a
61.8% decrease in eosinophils/basocytes
gradient due to a drastic growth in baso-
cytes number (187.70%, p<0.01), while eo-
sinophils number increased only slightly
(107.70%, p<0.05).

Table 3
Dynamics in blood coagulation system pa-
rameters and eosinophils/basocytes
association

Research periods and
parameters values
Parameters (in % from the initial level)
I II 11 v
month| month | month | month
Eosinophils/basocytg 61,80 | 110,20 | 100,0 | 112,40
Blood clot retraction|123,1*| 128,4* | 140,4* | 140,0*
Blood coagulation |15 701155 50| 144,50+ 147,50*
time
Plasmare- 109,30| 101,20 | 107,60 | 106,70
calcification time
Prothrombin time 04,50 | 94,0 [97,80% | 94,0
Prothrombin index | 94,10 | 102,30 | 99,30 | 101,20
Plasma tolerance to |15 46| 9760 | 1459+ | 178,8*
heparin

Note: * — means these parameters are authen-
tically different from the reference group
(» <0,02).

The above-mentioned changes were
mostly accompanied with blood clot retrac-

112

tion growth (123.1%, p<0.02). We also ob-
served a trend for longer blood coagulation
time (112.7%, p<0.02) and plasma re-
calcification time (109.3%, p<0.02).During
the subsequent experimental months, there
was a gradual growth in blood coagulation
time (125.50-147.50%, p<0.001) and blood
clot retraction (128.4-140.0%, p<0.01), but
plasma tolerance to heparin increased only
after 3 months (145.9%-178.8%, p<0.02)
(Table 3). These data prove that blood an-
ticoagulation properties grow steadily. But
still, we didn't detect any bleeding which
was specific for benzene, given all the de-
tected changes in the blood coagulation
system; absence of eosinophils-basocytes
dissociation fully corresponds to the situa-
tion. The latter can be explained by a
growth in eosinophils number.

The biggest deviations in leukocytes
number from the initial value occurred dur-
ing the second month of exposure to in-
creased benzene concentrations; the number
grew from 9.95 to 13.08 x10° pl (Figure 3).
By the end of the 4th month of poisoning
leukocytes number decreased to 5.95+0.49
x10° ul.
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Figure 3. Dynamics of changes in animals' leukocytes in peripheral blood exposed to chronic
benzene poisoning (The parameters are authentic against the reference group (p<0.01)

The parameters recovered up to their
initial level during a month after poisoning
stopped; it proves that all the occurred chang-
es are reversible.

Shifts in leukocytic formula of the an-
imals from the second group were more
apparent. Thus, wave-like changes in leuko-
cytes and their specific elements content
under exposure to benzene in intermittent
concentrations were accompanied with a
growth in leukocytes number during the first
month of poisoning (from 10.13 to 13.94 x10’
ul). By the end of the observations we detect-
ed a significant decrease in leukocytes num-
ber in the experimental rabbits (5.30 x10° ul).
We should note that statistically authentic low
leukocytes level (against the reference one) at
the end of a monthly recovery period (initial
level was 10.13+0.60 x10° pl, level during a
recovery period was 6.18+0.73x10° pl) can be
an evidence that animals body reactivity
decreased considerably under exposure to
intermittent benzene concentrations.

Changes in leukocytic formula pa-
rameters occurred at the end of the first
month of poisoning. These changes were
an increase in neutrophils number (neutro-
philic leukocytosis with a shift to the left),
as well as lymphocytosis and monocytosis.
By the end of the poisoning period shifts in
leukocytic formula of experimental ani-

Health Risk Analysis. 2017. no. 4

mals were quite the opposite: we detected
absolute neutropenia, lymphocytopenia,
and monocytopenia. 1 months after, when
the animals no longer contacted benzene,
we didn't detect full recovery in the param-
eters (they didn't return to their initial lev-
els) and it could be an evidence that a re-
covery period was too short, or body reac-
tivity decreased too significantly.

So, we examined leukocytic reaction
which occurred in the experimental ani-
mals as a response to benzene impacts un-
der various intoxications modes; our exam-
ination revealed that intermittent benzene
concentrations exerted more apparent im-
pacts in comparison with growing toxicant
concentrations mode. Thus, authentic de-
crease in leukocytes number which corre-
sponds to the 3rd and 4th months of poi-
soning under both intoxication modes did-
n't disappear in those animals which were
exposed to intermittent benzene concentra-
tions. Consequently, concentrations which
fluctuated during poisoning caused more
considerable changes in animals' bodies
and it resulted in adaptation mechanisms
depletion.

The results we obtained during our ex-
perimental research were analyzed as per
catecholamines metabolism and the acetyl-
choline - choline esterase system. We de-
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tected that reactive changes in the sympa-
thoadrenal system are characterized with a
certain activity of catecholamines biosyn-
thesis, secretion, elimination, and metabo-
lism, which varies in different periods of
exposure to intermittent benzene concen-
trations. The first stage in the reaction oc-
curred during the 1st experimental month
and was characterized with a synchronous
sympathoadrenal system (SAS) activation
when adrenaline, noradrenalin, dopamine,
and DHPA excretion with urine grew (Fig-
ure 4). Sympathetic nervous system activi-
ty in experimental rabbits grew more sub-
stantially at this stage as noradrenalin
quantity (noradrenalin being a basic sym-
pathetic nervous system mediator) grew
faster than that of adrenaline and it led to a
relative decrease in A/NA ratio.

By the end of the exposure period we
detected the second stage in the reaction
which could be determined as secretory-
sympathetic activity dissociation phase.
Here we detected a further growth in NA

concentration, certain relative decrease in
adrenalin, dopamine, and DHPA level in
urine.

SAS reserves and precursors level in
urine increased initially at the first stage
but them at the second one we observed
signs of DHPA (endogenous catechola-
mine reserve) depletion (Figure 4).

Activity level
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Figure 4. Contents of catecholamines and
their precursors in daily rabbits' urine under
chronic exposure to intermittent benzene con-
centrations (A is adrenaline, NA is noradrena-
lin, DP is dopamine, DHPA is dihydroxy-
phenylalanine)

Table 4

Acetylcholine content and choline esterase activity in rabbits exposed

to small benzene concentrations

Animals groups and poi- Observation periods, Examined parameters and their values
soning modes months AC, pg% IC, pg/min LC, pg/min
Initial level (background) 0,20 £ 0,02 0,89 £ 0,05 0,29 £ 0,05
. 1 month after 0,33 +£0,04 0,66 + 0,06 0,38+0,10
L. Increased concentrations 2 months after 0,46 + 0,03 0,92 +0,03 0,32 +0,02
3 months after 0,49 +£0,03 0,98 + 0,04 0,20+ 0,01
4 months after 0,40+ 0,02 0,99 + 0,08 0,19+0,01
Initial level (background) 0,22 +£0,03 0,94 +£0,14 0,28 £0,04
IL. Intermittent concentra- 1 month after 0,34 +£0,05 0,69 + 0,09 0,44+ 0,12
tions 2 months after 0,50 + 0,06 1,14+ 0,04 0,32 +0,02
3 months after 0,51 £0,04 1,26 + 0,08 0,21 +0,01
4 months after 0,46 £ 0,04 1,08+0,12 0,18 £ 0,01
Initial level (background) 0,21 +0,01 0,87 +£0,07 0,27 +0,03
1 month after 0,22 +£0,02 0,89 +£0,08 0,26 + 0,03
Reference 2 months after 0,20+ 0,02 0,93+0,03 0,27+0,03
3 months after 0,22 + 0,02 0,90 + 0,04 0,26 + 0,04
4 months after 0,21 +£0,02 0,87 £0,04 0,25+ 0,03
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We determined parasympathetic nerv-
ous system activity simultaneously with
sympathetic nervous system activity as
these two systems are interconnected. Par-
asympathetic nervous system activity be-
came apparent through increase in acetyl-
choline concentration in blood, higher ace-
tylcholine esterase and lower
butyrylcholine esterase. By the end of the
observation period butyrylcholine esterase
activity fell but acetylcholine (AC) level
still remained high (Table 4).

Our research results and other authors'
works [8,12,13,17] reveal that a primary
body reaction to toxic effects exerted by
benzene appears in the peripheral blood sys-
tem which, in its turn, gives information on
the sympathetic nervous system state. So, a
primary body reaction to endogenous irrita-
tion can be seen in the sympathetic nervous
system excitation with a corresponding in-
crease in blood sympathetic activity. This
primary increase in blood sympathetic activi-
ty gives an impulse to a compensatory reac-

tion of the parasympathetic nervous system
and other corrective systems [9,15].

So, impacts exerted by benzene in small
concentrations caused changes in some regu-
latory systems of experimental animals' bod-
ies. The most apparent and earliest shifts
were detected in the white blood and cate-
cholamines (adrenaline, noradrenalin, dopa-
mine, and DHPA). The detected signs of
catecholamines and DHPA endogenous re-
serves depletion as well as eosinophils-
basocyte dissociation are unfavorable as it is
exactly at this period (the 4th poisoning
month) when significant changes in blood
occur, namely leucopenia, neutropenia,
lymph- and monocytopenia. And here inter-
mittent benzene concentrations exert more
apparent toxic effects in comparison with
growing toxicant concentrations. Leukocytes
quantity which decreased during the 3rd and
4th poisoning months didn't recover to its
initial levels during a recovery period in an-
imals who were exposed to intermittent ben-
zene concentrations.
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Our task was to create a mathematical model which could describe anti-virus immune response regula-
tion allowing for disorders in the adaptation (neuroendocrine and immune) systems caused by chemical fac-
tors of various genesis. We analyzed immune response allowing for immunity types (inborn and acquired one)
with certain quantitative parameters chosen in order to characterize them, notably: interferon and NK-cells
for inborn immunity, and virus-specific cytotoxic T-cells and antibodies-forming B-lymphocytes for acquired
immunity. Regulatory mechanisms incorporated in the model comprise influences exerted by hypothalamus-
hypophysis-adrenals system hormones (corticoliberin, adrenocorticotropic hormone, and hydrocortisone),
and cytokines (interleukin-1 and interleukin-2) produced by various regulatory cells of the immune system.
The suggested model also takes spatial organization of infection and immune processes in different organs
and tissues into account as we introduced a time lag for components interaction into it.

The model includes a system of 18 ordinary differential equations with a retarded argument, its pa-
rameters characterize how fast various processes influencing an infection dynamics evolve in a body. The
parameters are identified on the basis of published experimental data which describe a process of a body
being infected with a virus. We calculated dynamics in the immune and neuroendocrine system parameters
under a virus infection allowing for disorders in the marrow synthetic function. The model is developed
within the framework of a concept viewing a human body as a multi-level model allowing for interactions
between its systems and functional state of examined organs under influences exerted on them by hazardous
factors of different genesis. The performed research gives a qualitative idea on biological factors which
explain an infectious agent kinetics under a virus infection and impacts exerted by factors of various gene-
sis. The results can be applied for adjusting parameters of existing population models, spread and clinical
course of various infections, and for making long-term forecasts on an epidemiologic situation which is
necessary when we analyze infectious diseases risks, including those which occur under impacts exerted on
a human body by hazardous environmental factors.

Key words: mathematical model, dynamic system, virus disease, inborn immunity, acquired immunity,
neuroendocrine regulation.

Nowadays an issue of describing inter- their functioning in order to preserve their
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of great interest to researchers both in the
sphere of neuroendocrine regulation and
immune mechanisms [25, 30]. Works pub-
lished in the field focus on various sings of
mutual regulatory influences [17, 41].
Some research dwells on neuroendocrine
regulation of the immune system [4, 19,
29] and controlling influence exerted by
the immune system, for example, via cyto-
kines production, both on itself and on the
neuroendocrine regulatory loop [37, 41].
Most experts believe neuroendocrine and
immune regulatory loops are a unified "su-
per"-regulatory meta-system [9, 21],
which coordinates a complicated multi-level
controlling process in a living system. The
immune system is responsible for various
mechanisms aimed at a macro-organism pro-
tection, including those preventing from vi-
rus infections. Losses occurring due to infec-
tious morbidity make a considerable contri-
bution into overall damages done to
population by various health disorders and
are a great medical and social problem [44].
Thus, morbidity with children virus infec-
tions (measles, chicken pox, and rubella) is
significant among children population [12].
Acute respiratory virus infections in the RF
take the first place among reasons for a tem-
porary disability among adult population.
Increased morbidity with virus hepatitis [11],
HIV-infection [1], etc. is another serious
problem.

Technogenic environmental factors can
cause pathomorphism and lead to deteriora-
tion of infectious diseases clinical course and
outcome [8,10,12,13]. Technogenic process-
es exert influence on regulatory (immune
and neuroendocrine) systems; thus, for ex-
ample, it was shown [3], that technogenic
chemical factors exerted negative impacts on
the said systems functioning.

Observation techniques or an experi-
mental approach which are conventionally
applied in biology and medicine to assess
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functional disorders in the immune and neu-
roendocrine system usually involve conse-
quent statistical processing of the results. In
spite of all their significance, they don't fully
allow to analyze mechanisms and assess con-
sequences caused by an effect occurring
when functional disorders accumulate in
body systems. It is due to limitations which
exist in choice of representative groups, com-
plications related to identification and detec-
tion 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.
To study regulatory systems influences, we
previously suggested to apply a mathematical
model of interaction between the immune and
neuroendocrine system which we developed
on the example of a bacterial infection [14].
This approach allows to save time and re-
sources required for solving the set tasks.
Mathematical models make it possible to ana-
lyze influence exerted by various factors and
their combinations on an individual and
population level. An example of such models
is mathematical prediction models which de-
scribe correlation between human health and
environmental factors [7].

Our research goal was to give a
mathematical description of an interaction
between the immune and neuroendocrine
systems mechanisms which occurs under a
virus infection; this description allowed for
functional disorders caused by negative
influences exerted by chemical environ-
mental factors.

Data and methods. Structural scheme
of our model given in Figure 1 is a set of
interrelated immune and neuroendocrine
system elements which are the most signif-
icant components in a body response to a
virus invasion. The model allows for func-
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tional state of organs which are being con-
sidered. We can highlight such factors in-
fluencing changes in their state as natural
ageing and negative impacts exerted by
various chemicals penetrating a body from
the environment.

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 de-
termined by the current values of all the
variables. At present we assume that the

basic processes which regulate immune
protection dynamics take place in three lo-
cal volumes: brains (hypophysis and hypo-
thalamus), abdominal cavity (adrenals),
and a target organ. Interaction between
these three local volumes occurs with a
time lag.

Protection mechanisms are activated
after macrophages have started interaction
with dead cells of a target organ which
were destroyed due to a virus life cycle. As
macrophages remove cells damaged by a
virus, simultaneously information mole-
cules of (cytokine) interleukin-1 are syn-
thesized [22].
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Figure 1. Immune and neuroendocrine system functioning
in case virus infection occurs: a conceptual scheme
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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 cortico-
liberin, 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 interleukin-
2 are aimed at NK-cells cytotoxic T-
lymphocytes and B-cells [15, 32, 35]. Basic
NK-cells function is related to infected
cells elimination at early stages of a body
protecting against virus infections. NK-
cells are produced by the marrow. NK-
cells activity is influenced by various cyto-
kines and hormones produced by a body.
In our work we allow for inhibiting effects
exerted by hydrocortisone and stimulating
influence by interleukin-2 [24, 28, 36].
Infected cells produce interferon and it
is another mechanism of primary anti-virus
body protection [31, 39, 40]. Interferon in-
fluences neighboring uninfected cells and
invokes resistance to virus infection in
them [20]. This resistance is temporary and
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then cells transfer into adiaphoria thus be-
coming resistant to interferon influence for
a while [33]. There are basic mechanisms
of specific acquired immune response: B-
cells produce antibodies [16], which bind
free viruses, and cytotoxic T-lymphocytes
destroy cells infected with viruses [36].
Active  reproduction of the above-
mentioned immune response cells starts af-
ter a body gives its first signals that a virus
infection has occurred; these signals are
given via stimulating effects by interleukin-
2. Activation of antibodies production by B-
cells and T-killers entering the circulatory
and lymphatic systems occurs only when a
number of specific cells reaches a certain
level. Hydrocortisone inhibits antiviral ac-
tivity of the examined cells. The initial
number of acquired immune response cells
depends on the marrow functional state and
previous case history of a body being in-
fected with this virus.

Basing on the above-given interaction
scheme we can describe a mathematical
model of the regulation mechanism com-
prising elements of the immune and endo-
crine system with the help of the designed
model which is a system consisting of 18
ordinary first-order differential equations
with a retarded argument (1):
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wereC, — antibodies concentration,
[mIU/ml];

C,.y — 18 adrenocorticotropic hor-
mone (ACTH) concentration,
[picogram/ml (pg/ml)];

C, — is B-cells concentration, [cells/ml];
C., — 1s cytotoxic T-lymphocytes con-
centration, [cells/ml];

C.y — 18 corticoliberin concentration,

[pg/ml];
C, — is number of dead cells in a tar-

get organ, [cells];
C,. — 1s number of healthy cells in a

target organ, [cells];
C, — is number of infected cells in a
target organ, [cells];

C,, — 1s interleukin-1 concentration,
[pg/mi];

C,, — 1s interleukin-2 concentration,
[pg/ml];

C, — 1s interferon concentration,
[ME/ml];

C, — 1s hydrocortisone concentration,
[nanogram/ml];

C, — 1S macrophages (monocytes)

concentration, [cells/ml];

Cw — 18 NK-cells (natural killers) con-
centration, [cells/ml];

C, — 1s number of resistant cells in a

target organ, [cells];

C,, — 1s T-helpers concentration,
[cells/ml];

C, — 1s antigens concentrations, [cop-
ies/ml];

F — is adrenals functional capacity,
synthesizing function, [dimensionless val-
ue];

F, — is marrow functional capacity,
synthesizing function, [dimensionless val-
ue];

F, —is hypothalamus functional capac-
ity, synthesizing function, [dimensionless
value];
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F, —1s hypophysis functional capacity,
synthesizing function, [dimensionless val-
uel.

The model parameters were indenti-
fied on the basis of experimental data ob-
tained during research on a process of a
body being infected with a flu virus; pa-
rameters values are given in Table.

We suggest to consider functional dis-
orders in the immune system on the exam-
ple of the marrow which produces im-
munocytes. Functional changes in the mar-
row occurring due to various reasons,
chemical contamination included, influ-
ence rates at which various inborn and ac-
quired immunity cells are produced. In fu-
ture it leads both to quantitative (immuno-
cytes and auxiliary immune system cells
number dynamics) and qualitative (lower
functional activity of immune-competent
and auxiliary cells) changes in the immuni-
ty, including those evolving due to auto-
regulation mechanisms disorders. Func-
tional disorders in the neuroendocrine sys-
tem elements which we described earlier
and which can be caused by chemical envi-
ronmental factors [3, 5], in their turn, are
able to result in the "outer" immune system
failure and lower immune response effi-
ciency.

To describe this factor, we apply a
mathematical model which allows to pre-
dict functional disorders evolution under
exposure to environmental factors. The
model allows for body age-related peculi-
arities, and functional disorders accumula-
tion due to natural processes occurring in a
body and environmental factors impacts.

Disorders in each organ's functional
abilities is characterized with a functional
damage parameter . ; means an organ
functions properly (perfectly). means an
organ is unable to fulfill its functions.
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Parameters of the mathematical model describing interactions between the immune and endocrine
systems under a virus infection

Parameter Value Source Parameter Value Source
Kk 2.35%10"" [1/cells*day] [34] Ko7 1.1*¥10™ [cells/ml*day]
K 0.98 [1/day] [36] Kog 0.11 [1/day]
ks 1.1¥10"7 [ml/IU*day] [21] Koo 4*10" [cells/ml*day] [36]
k4 2*107"? [ml/copies*day] [36] Ko 4.15 [ml/pg*day] [36]
ks 2.5%10""7 [ml%/cells*pg*day] ks 1.6*10"7[1/ cells*day] [21]
K¢ 6.6¥10" [ml/pg*day] [21] K3 0.4 [1/day] [36]
k; 1.5 [1/day] [2] k3 5.75 [ml/pg*day] [36]
kg 0.5 [dimensionless] 'en 0.4 [1/day] [36]
ko 0.5 [dimensionless] Kas 7.56*10" [mIU/cells] [36]
kyo 3.2%10° [[U/cells*ml*day] ksg 0.5 [dimensionless]
ki 1.01*10 " [1/cells*day] [21] K 8.6*10° [ml/copies*day] [21]
K 8 [1/day] [21] Kag 0.043 [1/day] [36]
ki3 10" [ml/cells*day] k3o 0.5 [dimensionless]
ki4 510 [copies/ml*cells*day] [2] k4o 0.002 [ml/pg]
ks 8.6*10"° [ml/mIU*day] [43] Ky 3.767 [1/day] [26]
K 6.1*¥10[1/cells*day] [21] ke 0.5 [dimensionless]
ki 1.7 [1/day] [21] ki 0.7572 [1/day] [38]
Kig 3*10° [cells/ml*day] [36] [ 0.1972 [1/day] [38]
ko 0.03 [1/day] [36] Kus 1.8139*10% [cells/ml]
koo 2.94*10" [pg/cells”*day] [20] K 0.4*10" [cells/ml] [36]
ky; 0.5 [dimensionless] k47 3.055 [ng/ml] [42]
K» 0.1245 [1/day] [27] Kag 7.659 [pg/ml] [26]
ko3 5.8*10°[cells/ml*day] k49 21 [pg/ml] [38]
Koy 0.0058 [1/day] Kso 3.055 [ng/ml] [42]
ks  |3.28%107 [ml/cells*day] T 0.0132 [day] [42]
Ko 0.248 [1/day] 1.1%10" [cells/ml*day]

Outer (for an organ being considered)
impacts and internal degradation (ageing)
are basic reasons for damages in it. Outer
impacts are hazardous substances penetrat-
ing into a body and influencing damages to
an organ.

Assuming that damages speeds depend
on various factors, we suggest the follow-
ing structure of equations describing evolu-
tion of functional damages to human or-
gans (2):

2)

where o — is a coefficient which charac-
terizes a speed at which an organ grows
older [1/year];

B, —1s a coefficient which characterizes a

value of impacts exerted by i-th hazardous fac-
tors on functional damages to an organ [1/

year];

a3 (L),
dt i :

1
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p, — 1s i-th hazardous substance intro-

duction into a human body;
p) — is standard (maximum permissi-

ble) value of i-th substance introduction for
an organ being considered.

So called McCauley brackets are giv-
en as (x) OyayT o003Ha4YaThCA TaK Ha3bl-

Baemble ckoOku Mak-Keiinmu (McCauley):
(xy=0 mpu x<0u (x)=x npux=>0.

The first summand in the equation (2)
makes an additional contribution into func-
tional damages due to an increase in the
intensity an undamaged part of an organ
functions with in case any structural dam-
ages disorders occur; this increased intensi-
ty results from the necessity for a healthy
part of an organ to enter an enhanced mode
required for proper organ functioning. This
enhanced functioning mode decreases cells
life and causes faster organ destruction.
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The second summand characterizes dam-
ages caused by environmental factors
which can occur due to excessive hazard-
ous substances introduction. The suggested
structure describes the overall picture of
damages evolution and allows for self-
destruction (natural ageing) and damages
accumulation caused by hazardous sub-
stances introduction which is beyond the
set standards.

As all the equations in the model are
complicated and non-linear, it becomes
more difficult to obtain analytical solution
with its application. To solve the differential
equation system, we apply implicit numeri-
cal technique by Runge-Kutta of the third
order.

Results and discussion. To test our
model, we performed a numerical experi-
ment and implemented three possible sce-
narios of the system behavior. The differ-
ence between them was related to the de-
gree of disorders in the marrow
synthesizing function, and this degree was
determined by the intensity of impacts ex-
erted by negative chemical factors. Each
scenario involved breaking the system bal-
ance by setting up the initial viruses level.
The results are given in Figures 2.

Our first scenario modeled virus inva-
sion and a body successful fighting against
it (F, =1). Initially macrophages produced
interleukin-1 which stimulated interleukin-
2 production. The latter in its turn activated
NK-cells which were already present in a
body; they rapidly inhibited infected cells
thus preventing viruses from being re-
leased. After all viruses were successfully
destroyed, interleukin-1 concentration went
down to zero. Tentatively speaking, we can
assume that it will correspond either to ab-
sence of any clinical signs of a disease or
to a very mild form of it which will result
in complete and fast recovery.
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Figure. 2. a — Graph showing changes in
number of virus copies in a body over time
and depending on damages to the marrow syn-
thesizing function Graph showing changes in
number of virus copies in a body over time
and depending on damages to the marrow syn-
thesizing function; b — Graph showing changes
in % of healthy cells quantity against their ini-
tial level

The second scenario describes activa-
tion of not only inborn immunity but also
acquired one (F, =0,85). If we take clini-

cal practices, a disease with average gravi-
ty can be an example of such a scenario. At
initial stages fighting against a virus is
based on inborn immunity. But a body
can't overcome it and viruses continue to
reproduce themselves. Acquired immunity
activations occurs on the fifth day and a
number of viruses goes down rapidly. We
can observe this scenario when the marrow
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synthesizing function is a bit weakened,
when virus load is substantial, or when
there is no immune memory about this
concrete type of viruses.

The third scenario concentrates on vi-
rus invasion in case when the marrow syn-
thesizing function is significantly reduced
(F, =0,7) as a result of adverse impacts

exerted by the environment. These impacts
cause initially low levels of macrophages,
NK-cells, B-cells, and cytotoxic T-
lymphocytes in a body. As a result a num-
ber of viruses in a body grows continuous-
ly. It can correspond to a very serious dis-
ease or even lethal outcome of it.

When an infection occurs, a number of
healthy cells in a target organ gradually
goes down due to negative impacts exerted
by viruses. There are the following grada-
tions for damages to a target organ tissue
corresponding to a disease clinical form:
damage to less than 8-10% of a tissue cor-
responds to a mild disease; 10-20%, an av-

erage disease; 20-25%, a grave disease;
when more than 25-30% of a target organ
tissue is damaged, lethal outcome is rather
probable [6].

Conclusions. So, the suggested pre-
dictive mathematical model of regulatory
systems functioning under virus invasion
and under exposure to chemical factors
represents the occurring processes quite
qualitatively and sufficiently. This model is
a simplified variant of a complicated multi-
component process of interaction between
regulatory systems under chemical contam-
ination when virus invasion occurs. How-
ever, it allows to show mechanics of multi-
component interaction between regulatory
systems when inflammatory reactions of
viral genesis evolve. Basing on it, in future
we plan to expand the model component
structure possibly performing population
analysis of dependence between infectious
morbidity and chemical contamination.
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Spectral structure of environmental light can have significant influence on risks of various eye diseases
which can evolve quite early. The paper dwells on how age-related macular degeneration evolves and on a part
which eye age pigment plays in the process. We discuss predictive models for age pigment accumulation and
methodology of their creation. We created a predictive mathematical model for accumulated A2E age pigment
quantity allowing for LED lighting peculiarities and its age-related perception. The model encompasses active
oxygen forms generation evolving due to decrease in antioxidant cellular protection efficiency in a lighting envi-
ronment with a higher blue light dose. It is shown that superoxide dismutase, catalase and glutathione peroxi-
dase 1 (GRX 1) efficiency within 445 (plus minus 10 nanometers) range drops substantially in blue light; it in-
creases risks of lower cellular resistance to effects exerted by non-compensated active oxygen forms. These pro-
cesses which are rather long-term can lead to early age-related macular degeneration. Mathematical
calculations prove that in the nearest future a share of patients aged 30—40 who suffer from age-related macular
degeneration will grow drastically, it will eventually lead to an increased number of disabled people aged 50—60
whose disability is caused by eyesight disorders. It is shown that if we fail to discover any mechanisms aimed at
lowering risks of early age-related macular degeneration evolvement in the nearest future, total costs required
for solving eyesight disorders issue will grow substantially. Thus, in 2012 about 140 billion dollars were spent
on the eyesight disorders issue all over the world; the sum is likely to reach 377 billion dollars in 2050.

Key words: age-related macular degeneration, age pigment, antioxidant cellular protection, eye pathology
prevention, lighting environment, LED lighting, blue light.

Age-related macular degeneration (AMD)
1s a degenerative progressive disease of the ret-
ina macular area which plays the leading role in
central vision loss among elderly people in de-
veloped countries who spend 80-90% of their
time under artificial lighting. AMD holds the
first place among diseases causing poor vision
and, as a rule, leads to two-side damage (both
eyes are damaged in 60% cases). As per data
given by the WTO, this pathology prevalence
amounts to 300 people per 100 thousand, 25-30
million people all over the world suffer from

© Kaptsov V.A., Deinego V.N., 2017

AMD. 25-40% of people older than 40 have
this disease. This pathology is detected in 58%
people who are older than 60. AMD evolve-
ment becomes a more vital issue due to growth
in elderly people share among overall popula-
tion as well as due to the disease itself getting
"younger", this process being induced by new
computer and television technologies entering
our lives and lives of your children [2]. Another
problem here is overall lighting created mostly
by artificial light sources. In Russia AMD is
detected in more than 100 thousand people an-
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nually; 20% out of them suffer from the disease
evolving into "wet" ("neovascular") form.

Economic consequences which neovascu-
lar AMD evolvement has are significant for pa-
tients, their families, and the public healthcare
system (lower life quality, loss of independ-
ence, and disability). Assessment of economic
losses caused by population disability is stated
in the Orders by the RF Economic Develop-
ment Ministry, the RF Social Development
Ministry, the RF Ministry of Finance, as well as
in the Order by the Federal State Statistic Ser-
vice No. 113 dated April 10, 2012 "On Ap-
proval of methodology for calculating econom-
ic losses caused by population mortality, mor-
bidity, and disability" '.

AMD pathogenesis is known to be
based on oxidation-reduction balance disor-
ders in the eye retina. The main role in the
process belongs to free radicals which ap-
pear in the retina structures under constant
impacts exerted by active oxygen forms and
light. Active oxygen forms appear due to in-
fluence exerted by external factors and the
visual cycle as A2E (pyridinium bisretinoid)
generates active oxygen forms under blue
light influence when a certain pigment epi-
thelium concentration is accumulated in the
tissue culture [20]. ]. In the end the process
causes cells death and age-related degrada-
tion evolvement in the eye retina, Stargardt
disease, various retinopathies, and other
dangerous eyesight diseases [9].

We can find lipofuscin in epithelium
retinal pigment in the form of spherical par-
ticles of micron size; it has its own yellow
fluorescence when being excited by blue
light; this excitation leads to active inter-
mediate oxygen forms occurrence.

Figure 1 shows the results of lipofuscin
fluorescence distribution in the retina of

people from various age groups.

a

O

Intensity of
fluorescent

Age, years
b
Figure. 1. Spatial distribution of lipofuscin
fluorescence in a human eye:

a) fluorescent images of the overall retina
pigment epithelium in patients from various
age groups: A —21-year old, B —41-year
old and C — 65-year old; images were taken
via bio-luminescence system of image crea-
tion with radiation filter ranging from 575 to
650 nanometers (DC is red filter); b) meas-
ured overall intensity of lipofuscin fluores-
cence (DC red filter) grows with age (x axis
1s age (years); y-axis is fluorescence intensi-

ty [19]

A group of researchers estimated some
risks calculated via multiple logistic
regression analysis and considered genetic
and ecological risk factors (smoking,
primary hypertension, body mass index, and
diabetes) for various age groups [14]. The
scientists analyzed various age groups (<70,
70-79 and 80-89 years, and neogenetics as
well) for risk variants with CFH genes (hu-

"On Approval of methodology for calculating economic losses caused by population mortality, morbidity, and disa-
bility: The Order by the RF Economic Development Ministry No. 192, the Order by the RF Social Development Ministry
No. 323n, the RF Ministry of Finance No. 45n, The Federal State Statistic Service No. 113 dated April 10, 2012 (regis-

tered by the RF Ministry of Justice on

April 28, 2012 No. 23983). Available at:

http://www.consultant.ru/document/cons_doc_ LAW_129302/(06.07.2017).
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man complement factor with genetic suscep-
tibility to AMD and ARMS2 with age sus-
ceptibility). AMD probability is considered
to increase due to three basic factors: CFH
gene polymorphism (genetic marker is
T1204C), 43 %; ARMS2 gene polymor-
phism (genetic marker is G205T), 36 %; and
smoking, 20 %. Homozygotes as per
changed (minor) alleles of CFH and ARMS2
genes run 50 times greater risk of AMD than
basic alleles carriers [14].

The experts calculated AMD risks bas-
ing on stepwise logistic regression for genet-
ic and ecological risk factors applying three
interrelated logistic regression equations:

logit (p') = log (p'/[1 —p']) =
= b0 + b1-ARMS2 + b2-CFH,

logit (p*) = log (p*/[1 — p']) = b0 +
b1-smoking +
+ b2-bepertension + h3-BMI + b4-diabetes +

b5-sex,
logit (p*) = log (p°/[1 — p*]) = b0 +
b1-ARMS2 +
+ b2-CFH + b1-smoking + b2-bepertension
+

+ b3-BMI + b4-diabetes + b5-sex,

where p' —is AMD risk allowing for genetic
influence;

p* — is AMD risk allowing for environ-
mental factors;

p’ — is AMD risk allowing for both ge-
netic and ecological impacts.

AMD probability for each risk parameter
was calculated with the following equation: P
= exp (logit[P])/(1+exp [logit{P}]) allowing
for the extent to which external factors could
influence it. The authors gave a profound de-
scription of their risk assessment procedure;
each factor significance was determined o the
basis of the following patients data: 2,737
people (1204 were the control group; 1433, the
focus one), including 166 neogenetics (52
were the control group; 114, the focus one).
Single nucleotide polymorphisms (SNP) were
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detected in ARMS?2 and CFH genes. The au-
thors consider genetic and age risk factors to
exert much less significant influence on AMD
evolvement in neogenetics while environmen-
tal factors exert the same effect in people from
senior age groups [20].

F.C. Delori et al. suggested mathemati-
cal models for assessing lipofuscin accumu-
lation with age, rate of its accumulation, and
spatial distribution in the retina allowing for
melanin [12]. The researchers revealed that
melanin concentration in pigment epithelium
cells changes with age. Generalized results
of their assessment are given in Figure 2.

45| 1 1 1 i L 1 L

404 7° Temporal retina
351
30

25 4

Eve fovea

Lipofuscin fluorescence
[ =]

40 50
Age (years)

30

Figure 2. Lipofuscin fluorescence depending
on age.Solid lines show linear regression equa-
tions at the age from 20 to 70 years
(P <0.0001); broken lines show linear regres-
sion equations at the age from 70 to 80 years
(p <0.12)

The following functional dependences

for each age are suggested on the basis of
regression analysis given in the paper [12]:
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*F15 is fluorescence in young patients
(starting from 15), with all the melanin lo-
cated apically to lipofuscin;

*F65 is fluorescence in old people (older
than 65), with their melanin evenly mixing
with lipofuscin over the whole cell.

These fluorescences are calculated as per the
following formulas:

ES — C d lof[KAJfo]Dsoo
or

C_, d {1 _ 10*[1(/\ +K; | Dsoo }
F.= .
“  In(10)[K, + K, | Dy,

Lipofuscin fluorescence grew linearly
up to 70 years, but then it decreased. Accu-
mulation rate was significantly slower in the
fossa than on the temporal area; accumula-
tions rates in vivo were higher than it was
previously observed in microscope examina-
tions. Fluorescence was by 40% lower in the
fossa than at the 7 ° eccentricity and was
asymmetrically distributed around the fossa.
Fluorescence was maximum at "11 © at the
temple", 7 © at the nose, "13 © and higher",
and "9 ° lower". Fluorescence at the same
eccentricity was always lower as per the bot-
tom meridian than as per any other one.
Light absorption by melanin in pigment epi-
thelium can explain differences between
lipofuscin rates assessments in vivo and ex
vivo. Decreasing fluorescence in older ages
can be related to removal of atrophic cells in
retinal pigment epithelium (RPE). Overall,
spatial lipofuscin distribution coincides with
rods spatial distribution and reflects, but
does not predict, an age loss picture [12].
This statement has a very important conse-
quence, namely, retina flare spot square
which depends on a pupil diameter in this
light environment should be smaller than a
square of the macula with cones which are
reliably protected with the yellow spot [5].

J.P. Greenberg in his work measured
a gAF auto-fluorescence quantitative param-
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eter of the retina ground in a healthy patient
with the use of the standardized approach
[25]. His goal was to detect standard data
and determine factors which can influence
lipofuscin accumulation in pigment epitheli-
um cells and/or simulate AF observed signal
in the retina ground images. AF images were
obtained in 277 healthy people (age ranging
from 5 to 60 years) using Spectralis confocal
scanning ophthalmoscope (cSLO, 488 na-
nometers excitation, 30") equipped with an
internal fluorescent etalon. Average level of
grey for each image was calculated as a
mean of eight pre-set areas and was gauged
as per etalon zero light, optical carriers mag-
nification and density as per standard data on
lens transmission spectra. He also estimated
correlation between qAF and age, sex,
race/ethnic  group, eyes color, refrac-
tion/axial length, and smoking status; he also
examined measurement repeatability and
gAF spatial distribution. The research in-
volved application of linear regression equa-
tions for mixed effects which allowed for
inter-subject correlations between eyes
(Stata, College Station, TX). After tasting
various models, he obtained the best linear
diagram with the following exponential
model:

log (qAFs) = B0 + B1 factor; + .... +
+ Bn factor, + Bage log (age),

where factor; u factor, were a combination
of binary and contiguous factors. Binary fac-
tors in the model included sex, race, and eth-
nic group.

Calculations revealed that qAF levels
grew substantially with age; grew with the
eccentricity rising from 108 to 158; were
higher in women; were substantially higher
in whites than in Latin Americans; were
lowers in Asian people and Negros than in
Latin Americans. There were no relations
between an eye axis length and smoking.
The authors came to the conclusion that gAF
standard levels were a reference tool neces-
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sary for interpreting qAF measurements in
case of eyes diseases.

The above-mentioned models are true
for predicting A2E, eye lipofuscin compo-
nent, which starts to accumulate in pigment
epithelium cells from the first visual cycle
and the first sight. If we want to predict fur-
ther AMD evolvement, it is very important
to know lipofuscin primary accumulation
over the first five years of life while the pro-
tective yellow spot and the ciliary muscle are
developing.

In Figure 3 we can see age groups of pa-
tients examined in 1978. Patients were di-
vided into two groups as per color tempera-
ture of a light environment which they were
born in and spent their first five years of life.

The first group comprised people who
were born and spent their first 5 years in a
light environment with color temperature
equal to 2700K (a light source being an in-
candescent lamp with a small blue light
dose).

The second group were people who
were born in a light environment with color
temperature being equal to 4000K—-6000K
(luminescent lamps with great blue light
dose) and spent their first 5 years of life un-
der luminescent and incandescent lamps.

Nowadays children are born in a light
environment with color temperature being
more than 4000K, and they spend their first 5
years of life with LED toys and LED visual
display units. They all get increased blue
light dose at early stages of their life, and,
consequently, high accumulated lipofuscin
level which causes risks of early AMD oc-
currence.

E. Kitchel and M. Ed give an overview
of evolution stages in causes for increased
risks of AMD occurrence and an excessive
dose of blue light in the sunlight spectrum
here is considered to be an indentified risk
factor for cataract and AMD [18]. Thus, 838
boatmen in Chesapeake bay who spent most
of their time under bright sunlight on the
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Figure 3. Lipofuscin content in overall RPE
quantity depending on age [32]
(1: yellow spot develops by the age of 5,2 is a
moment when the ciliary muscle becomes ful-
ly developed).

water were examined, and scientists detected
a significant correlation (p = 0.05) between
their work during previous 20 years and
grave cataract and yellow spot degradation.
Patients suffering from AMD were much
more susceptible to blue light than people
from control groups but they were equally
susceptible to ultraviolet radiation [13, 18].

Eye grounds were examined in 5,000
people aged from 43 to 84 and it allowed to
detect a correlation between time spent out-
doors (during age periods 13-19 years and 30
-39 years from 13 to 19 and from 30 to 39)
and both early and "late" AMD occurrence
[31].

To detect a correlation between blue
light influence and wet AMD in patients
with lower antioxidants level, researchers
examined 4,753 people aged 65 and older
(Figure 4). The eye retina was photographed
in all the examined people. Participants were
also asked how much time they usually spent
under exposure to sunlight and gave their
blood for antioxidant analysis. Blue light
measuring was assessed via combination of
meteorological data and questioning [26].

4,753 people aged 65 and older took
part in the following research and data on
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sunrays influence and antioxidants were
available for 101 people with neovascular
AMD among them and 218 with early AMD.
The control group consisted of 2,117 people.
Experts detected no correlations between
blue light and neovascular or early AMD
during the research. However, they detected
a considerable dependence between blue
light influence and a higher risk of wet AMD
occurrence at low levels of vitamin C, ze-
axanthin, and vitamin E, which were also
related to early AMD stages with OR being
about 1.4 or 40% [29]. Although it was im-
possible to detect causality between expo-
sure to sunlight and neovascular AMD. Re-
search results revealed that people in the
general population should protect their eyes
and follow the recommendations aimed at
obtaining basic antioxidant nutrients.

Epidemiologists constantly argue over
sunlight as a risk factor for yellow spot age-
related degeneration. Meta-analysis of 14
integrated research revealed that experts
came to a conclusion on a higher AMD risk
under exposure to sunlight in 12 of them
(OD 1.379). In six works researchers report-
ed on significant risks but some experts con-
sider they are not proven properly and not
validated [17]. Some authors think that natu-
ral blue filtration loss after cataract surgery
can be related to higher AMD prevalence
[31]. All the above-said proves that experts
create their models to predict
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Figure 4. Odds ratio and confidence intervals
of blue light exposure [29].
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Characteristics of stages in age-related macu-
lar degeneration evolvement [12, 14, 18, 25, 32]

Parameter Characteristics

The overall human lifecycle is
divided into time stages as per
criteria determined by AMD pro-
cesses researchers

Time stages in
the process

Each stage is characterized with
its particular amount of A2E ac-

Stages particu- .
ges p cumulated amount. Accumulation
larity and se- . . . .
rate is described with mathemati-
quence

cal models on the basis of current
time stage peculiarities

Results of the previous stage are
the initial conditions for the next
stage. A2E accumulation at a cur-
rent stage is summed with A2E
amount accumulated at the previ-
ous time stage

The process
continuity

AMD evolvement at each stage of a person
life cycle and also note what factors play
significant role in the risk of its occurrence
(table). Analysis of various models and
AMD evolvement mechanisms allowed to
reveal common methodological approaches
to their design. Bearing hygienic science in-
terests in mind (which hygienic measures are
necessary for preventing negative trends in
this or that process?), we can suggest a mod-
el which illustrates that AMD risks (with
various gravity) occur at younger ages.
Given the determined target function of
the hygienic approach, a mathematic model
describing A2E stage accumulation for
AMD prediction can be given as follows:

Ksnop =2 (4;+ B; Aty),

where i — is a current stage number from the
row: 1,2,3....n;

n — 1s a number of stages in a human lifecy-
cle as per certain criteria (duration of being
in a light environment of a maternity hospi-
tal, light environment at home, pre-school
children facilities, school, educational estab-
lishments, working environment). From a
hygienic point of view these criteria are: a) a
time moment when protective elements in
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the visual analyzer structure are fully formed
which is related to age peculiarities (yellow
spot and the muscle system of the accommo-
dation apparatus are fully formed and func-
tional); b) a time moment when age-related
degradation processes occur;;

A; — is A2E amount accumulated by a
moment when i-stage starts; it is calculated
as per the following formula

A; =2 (A4 + By Aty);

At;_;—1s an i-stage duration;

B; — 1s A2E accumulation rate at an i-
stage.

A2E evolvement generates active oxy-
gen forms under exposure to blue light. An-
tioxidant protection efficiency is especially
important at this stage (yellow spot for-
mation for retina macula protection and su-
peroxide dismutase efficient synthesis under
exposure to excessive active oxygen forms).
Thus, J.M. McCord et al. explains in his
work that cells with insufficient superoxide
dismutase content are extremely sensitive to
oxygen intoxication [30].

Given all the above-stated, we suggest a
model for predicting AMD evolvement at
younger ages under exposure to excessive
blue light dose in a light spectrum. This dose
increases nowadays due to mass LED light-
ing implementation and its negative impacts
only grow as it is installed now in maternity
hospitals, pres-school children facilities,
schools, at workplaces, and in private hous-
es. The generalized model is given in Figure
5.

Potential functional resources of human
organs are at least two times greater than our
usual 60-80 years. But when hygienic rules
are violated a human body degrades consid-
erably faster in the contemporary environ-
ment. The brain can function for 200 years;
eyes, lungs, and heart, up to 140 years; liver,
up to 120 years; kidneys, up to 130 years;
muscles, up to 150 year [8].
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Figure 5. AMD occurrence rate.

A human body grows older because
each its interaction with the environment
causes a stress at this or that level. Stresses
result in active oxygen forms which are to be
compensated by antioxidant system.

Our model for A2E accumulation and
predicting early AMD occurrence focuses on
antioxidant system state as per its functional
efficiency in a specific light environment.
Mathematical models allowed for many in-
fluencing factors but they didn't contain cal-
culations of antioxidant system state (super-
oxide dismutase and catalase) and its func-
tional efficiency in a light environment
created by artificial light sources with their
spectra being different from the sunlight [12,
14, 18, 25, 32]. Let's expand on this point as
it 1s important for getting better insight into
AMD occurrence under LED light environ-
ment conditions.

Contemporary artificial lighting envi-
ronment is created by lighting devices and
visual display units. To detect regularities
and crucial wave lengths (blue light doses)
influencing the visual analyzed (A2E occur-
rence), we should consider overall spectra
images of artificial light sources which cre-
ate contemporary light environment (Figure
6).

As we can see from these graphs, all the
contemporary artificial light sources have ex-
cessive radiation in blue light area (460 na-
nometers), a dip in blue-turquoise area (480 -
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500 nanometers), as well as absence of light
(380 nanometers), which participate in the
visual cycle and rhodopsin production out of
vitamin A.

Nowadays LED lighting is being im-
plemented without any approval from oph-
thalmologists but it is even more alarming
that lighting with the same spectra is used in
visual display units and its "cyanotic" light
influences faces and eyes of almost all chil-
dren in Russia. And while chief Russian oph-
thalmologists are keeping their silence,

LED lighting producers claim that, as per
SCHEER experts, low-intensity radiation lev-
els are below a threshold of possible

mm-1
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Spectral eadistion W*sr 1%

organic LED
'[Sﬂm\un;: Galaxy 5)

28 e

Figure 6. Overall light spectra images of
various light devices.

*Ienirp Guidelines:
Health Physics, 2013, Vol. 105, no. 3, pp. 271-295.

damage to the retina which is determined as
per Icnirp Guidelines: On limits of exposure
to laser radiation of wavelengths between 180
nm and 1,000 pm* and Icnirp Statement: On
Light-Emitting Diodes (Leds) And Laser Di-
odes: Implications For Hazard Assessment’.
Nowadays Scientific Committee on
Health, Environmental, and Emerging Risks
(SCHEER) has published a preliminary re-
port " Potential risks to human health of
Light Emitting Diodes (LEDs)" dated July 6,
2017%. The section 6.5. "Basics of eye op-
tics" contains the following conclusion: "De-
spite we don't have any reliable data for as-
sessing risks to life safety when LED light
sources are applied we can still be preoccu-
pied with potential negative consequences
caused by LED emissions especially in case
of a susceptible population who already have
early signs of the macula pathologic ageing.
However, we should highlight that these
problems arise due to the results obtained in
experiments on animals or cells cultures
models during which experts applied higher
exposure levels than those which can possi-
bly occur when LED light sources are used
in everyday life. Impacts exerted by optical
radiation coming from white LEDs can
cause serious damage to the outer retina un-
der high exposure levels. Spectral power dis-
tribution (SPD) and irradiation are risk fac-
tors which contribute into photochemical
damage to the retina. To prevent this damage
or to at least decrease it, one should use low-
er blue components for indoor lighting". The
section 6.5.2.3 of the report titled "An eye
posterior segment" contains the following
experts' opinion: "A spectrum emitted by
white LEDs has photons with energies which
are higher than the enzymes threshold which

On limits of exposure to laser radiation of wavelengths between 180 nm and 1,000 pum.

*Ienirp Statement: On Light-Emitting Diodes (Leds) And Laser Diodes: Implications For Hazard Assessment.

Health Physics, 2000, vol. 78, no. 6, pp.744-752.

*Potential risks to human health of Light Emitting Diodes (LEDs): Preliminary Opinion. Scientific Committee on

Health, Environmental and FEmerging Risks
health/scientific_committees (10.09.2017).
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protect from stress™.

Professor John Marshall in his new
book "The Blue Light Paradox: Problem or
Panacea", notes that:

- low-level long-term LED lighting (hours,
days or months) causes damages to the reti-
na;

- blue-violet light is more dangerous than
other wave lengths;

- LEDs have high spectral peaks in blue
range at levels which can exert cumulative
impacts during human life;

- retina phototoxicity was shown in
several research on wave lengths with high
energy, blue-violet light, up to 455 nanome-
ters [22].

Artificial light sources do exert malign
impacts on the visual analyzer and it is clear-
ly shown by new ophthalmologists' research
on assessing myopia evolvement rate in
countries where energy-saving lighting
sources and computer technologies are im-
plemented everywhere. Research performed
in South Korea where compact luminescent
and LED lamps are used everywhere had
awful results: 96.5% of all the 19-year old
men of call-up age suffered from myopia
[24]. And it is only one step from myopia to
early AMD occurrence as both these diseas-
es evolve under low-intensive light. If light
intensity doesn't do any damage to the retina,
then "cyanotic" light spectrum can cause
lower efficiency of the visual analyzer anti-
oxidant protection.

Several researchers revealed that low-
temperature 4,000K LED light is equal to
6,500K sunlight as per blue light dose [7].
Visual display units with 7,000K LED light-
ing are equal to 1,000K sunlight as per blue
light. M.A. Ostrovskiy, the Russian Acade-
my of Sciences Member (N.M. Emmanuel's
RAS Biochemical Physics Institute) de-
scribes these processes as an eye-sight pho-

tobiological paradox which is that light car-
ries visual information and is simultaneously
a risk factor [6].
A combination of light and oxygen is a nec-
essary condition for normal photoreceptor
process functioning. But at the same time
these are classic conditions, necessary and
sufficient for occurrence and evolvement of
destructive photochemical reactions in eyes
structures as per free radical oxidation
mechanism.

In M.A. Ostrovskiy's opinion, it is cor-
rect to spot out two functional eye systems:
photoreception itself and protection from
photo-damage danger. Focusing on an eye-
sight photobiological paradox, we should
point out that retinal is a key section in both
photoreception and light damaging mecha-
nisms. the visual cycle shown in Figure 7
underlies visual processes.

Light
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Figure 7. Visual cycle and photopathy
danger

The visual cycle completely removes
trans-retinal out of the photoreceptor mem-
brane and then returns it back there but in
11-sic isomer form (Figure 7). Only this
isomer is able to penetrate the chromophore
center in a molecule protein section (opsin)
and again create a covalent chemical bond
with 296-lysine amino-acid residue in its
seventh a-helix. All the above-said explains
how rhodopsin regenerates, that is, returns

* Potential risks to human health of Light Emitting Diodes (LEDs): Preliminary Opinion. Scientific Committee on
Health, Environmental and FEmerging Risks (SCHEER). 6 July 2017. Available at: https:/ec.europa.cu/health/
scientific committees/scheer/opinions en#fragmentl (10.09.2017).
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into its initial dark state with maximum opti-
cal photons absorption at a wave length
equal to 500 nanometers and other lengths in
the blue-turquoise spectrum part. Photon
flux has a dip (minimal value at 500 na-
nometers) in this wave lengths range in case
of LED light in comparison with the sun-
light. Rhodopsin regeneration cycle is one of
the key events in the retina dark adaptation
process [6].

P.P Zak together with M.A. Ostrovskiy
note that "Visual cycle results in so called
A2E-phosphatidylethanolamine (A2EPE)
formation in the membrane. Apparently, it is
phototoxic by itself, but what is more im-
portant, it is just a predecessor of the next
extremely toxic compound, namely pyridini-
um bisretinoid or A2E for short" [4]. Under
exposure to blue light (<455 nanometers)
this phototoxic compound, A2E, generates
active oxygen forms. Phototoxicity mecha-
nisms and a significant role which blue light
plays in them are described in depths in
M.A, Ostrovskiy's works.

The retina is a medium with great oxy-
gen strain close to 70 mm Hg [11], and it
creates perfect conditions for ROS oxidative
stress evolvement (damage done to a cell due
to oxidation). A spectrum (blue/turquoise
balance) starts up the visual cycle during
which rhodopsin decays and recovers with
certain efficiency and A2E phototoxic com-
pound occurs as a phosphor of lipofuscin
granules which accumulate in pigment epi-
thelium tissue culture. Under exposure to
blue light and having reached certain con-
centrations, A2E is able to, on the one hand,
develop detergent properties when it, for ex-
ample, damages the outer mitochondrial
membranes and activates cells apoptosis,
and, on the other hand, to act as a photo-
sensitizer of cell free-radical damage which

can also led to its apoptosis. This paradox of
light being both an information carrier and a
potentially dangerous damaging factor, was
solved as a sufficiently reliable multi-level
system which protects against photopathy
was created in the process of evolution. This
system includes:

¢ photoreceptor membranes renewal;

¢ a set of endogenous antioxidants;

¢ a mechanism for the promptest free
retinal removal out of a visual cell;

¢ cye optical filters system with a key
role in it belonging to the lens which yellows
with age in human and primates' eyes.

The next protection line is antioxidant. It
includes vitamins E (o-tocopherol) and C
(ascorbic acid), taurine, several antioxidant
enzymes (superoxide dismutase, catalase, and
peroxidase). Eye shielding pigments, or mel-
anosomas, enhance this effect. A melanosoma
is an organelle which consists of melanin and
other light-absorbing pigments.

Superoxide dismutase transforms active ox-
ygen forms into hydrogen peroxide and then
catalase transforms it into water. Undoubted-
ly, any disorders in the system "light spec-
trum - rthodopsin - antioxidant system" cause
increased risks of light damage to the retina
and pigment epithelium. SCHEER reports,
section 6.5.2.3 "Posterior eye segment" con-
tains experts' opinion that "a spectrum emit-
ted by white LEDs has photons with energies
higher than enzymatic threshold which pro-
tects from stress"®. We can also find a com-
prehensive analysis there which dwells on
potential risks caused by white LEDs allow-
ing for pre-clinic knowledge as well as epi-
demiologic research and reports by the
French Agency for Preventing potential haz-
ards for the retina via three systems [21]:

1) non-enzymatic molecules such as thi-
ols, vitamins (E and C), carotinoids (vitamin

8 Potential risks to human health of Light Emitting Diodes (LEDs): Preliminary Opinion. Scientific Committee
on Health, Environmental and Emerging Risks (SCHEER). 6 July 2017. Available at: https://ec.europa.ceu/health/
scientific_committees/scheer/opinions_en#fragmentl (10.09.2017).
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A);

2) metals ions absorbers;

3) specific enzymes such as superoxide
dismutase (SOD) and catalase.

Superoxide dismutase (SOD) molecules
can be found in all living cells exposed to
oxygen-containing environment including
epithelial retina cells (retinal pigment epithe-
lium or RPE). Pigment epithelium in the
human retina contains two different superox-
ide dismutase types [24]. Both CuZn- and
Mn-containing SOD play their own role and
can contribute greatly into removal of super-
oxide radicals which evolve in mitochondri-
as as an oxygen metabolism by-product [23].

1. Cytoplasmic (or cytosolic) superoxide
dismutase (or SOD-1). It functions inside
cells. A gene which is responsible for cyto-
plasmatic superoxide dismutase synthesis is
located in the 21st chromosome, in 21q22.1
locus.

2. Mitochondrial superoxide dismutase
(SOD-2). It is located in the mitochondrial
matrix. A gene responsible for its synthesiz-
ing and functioning is in the 6th chromo-
some, 6q25.3 locus.

3. Extracellular superoxide dismutase
(SOD-3). It can be found in the intercellular
substance; a gene responsible for its synthe-
sis and functioning is located in the 4th
chromosome, 4p15.3-p15.1 locus.
Superoxide dismutases keep steady-state
concentration of superoxide radicals at a cer-
tain level thus protecting cellular structures
from their hazardous impacts. SOD-1 is in
cytoplasm, SOD-2, in mitochondrias, and
SOD-3 is an extracellular (intercellular)
type. The first type is dimeric, while the two
others are tetrameric (consisting of 4 equal
sub-units). SOD-1 and SOD-2 contain cop-
per in their active center and zinc as their
structural component, while SOD-2 contains
manganese in its active center. Genes re-
sponsible for these types are located corre-
spondingly in the chromosomes 21, 6 and 4
(21922.1, 6925.3 and 4p15.3-p15.1). Cyto-
plasmic SOD-1 is a small protein with mo-

Health Risk Analysis. 2017. no. 4

lecular weight 32.5 kDa, but molecular
weight of mitochondrial SOD-2 is about 86—
88 kDa. Extracellular SOD is the greatest
superoxide dismutase, its molecular weight
being 135 kDa.

As Hassan and Fridovich detected in

1977, enhanced superoxide dismutase syn-
thesis occurred under increased facultative
organisms exposure to oxygen when there
was excessive peroxide radicals evolvement
inside a cell. Intracellular superoxide dis-
mutase concentration correlates with a cell
resistance to oxygen intoxication [15].
A reaction catalyzed by SOD consists of two
stages and involves transfer of an electron
from one superoxide radical to another. A
copper atom located in the SOD active cen-
ter is an intermediate acceptor for this elec-
tron:

COJI-Cu*" + HO* => COJI-Cu’ + O,
COJ-Cu” + HO* => CO/I-Cu** + H,0,.
Hydrogen peroxide (H,0,) is a basic source
of the most toxic radicals in living systems,
namely HO radicals. So, decrease in H,0,
will lead to lower HO radicals concentra-
tions. H,0,, is removed by two enzymes:

catalase and peroxidase.
Catalase enzyme cycle consists of the fol-
lowing stages:
Cat-Fe’’ + H,0, => Cat-Fe’* + 2H,0
Cat-Fe>* + H,0, => Cat-Fe*" + O,.
Experts from the Institute for Biophys-
ics and Cellular Engineering of the Belarus
National Academy of Science assessed in-
fluence exerted by blue light on superoxide
dismutase (SOD) activity and revealed that
this activity aimed at active oxygen forms
compensating in cells was significantly in-
hibited by it [3].

Figure 8 shows ranked results of the
research. These data prove that photom flux
in blue light range (450-465nm) exerts
significant influence on (SOD) activity
aimed at active oxygen forms neutralization.
Superoxide dismutase (SOD) activity grows
drastically under irradiation by light coming
from a spectrally managed LED lamp with
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blue+light blue (465-485nm) + yellow+red
LEDs in its structure. As color temperature
grows, superoxide dismutase (SOD) activity
decreases.

»0 1 B00000000000000000
Color temperature |
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Figure 8. Changes in overall SOD activity in
an organic object under lighting:
red LED 630nm-650nm; white light from lu-
minescent lamp Philips TL-D36W/765
(6200K); blue LED 450nm-465nm; blue + red
LEDs; blue + light blue (465nm-485nm) + yel-
low (590nm-595nm) + red LEDs.

Experiments made on laboratory an-
imals are also interesting. Thus they revealed
that if mice had SOD-2 deficiency, A2E lev-
el and lipofuscin accumulated in their RPE
were high [28]. Some experts think SOD-2 is
likely to play a positive role in early AMD
prevention as it protects a mouse pigment
epithelium from apoptosis caused by oxida-
tion [27].

On May 1-5, 2016 at ARVO annual
meeting in Seattle, Washington, there was a
report entitled "Blue light decreases oxida-
tive stress defenses in an in vitro model of
AMD" [10]. Experts applied a specially de-
signed lighting system which provided 10
nm wide lighting ranges in a blue-green
range; they revealed that a narrow 415-455
nm range was the most toxic for EE-loaded
RPE cells and was a sign of high oxidative
stress (damage to a cell caused by oxida-
tion). To get further insight into mechanisms
related to this phototoxicity, experts then ex-
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amined photomodulation of basic oxidative
stress protections in the blue-green range of
the visible spectrum. Light irradiation was
standardized as per natural sunlight (6500K)
which reached the retina after it had been
filtrated by ocular structures (E ., <1.5 mW
/ cm ?).

When this AMD model was applied in
vitro, it was detected that antioxidant protec-
tion deteriorated after exposure to blue light
and it could make for concomitant increase
in active oxygen forms quantity. These re-
sults prove that blue light can act as ROS
inductor and ROS elimination process in-
hibitor which will result in greater oxidative
stress and, consequently, cells death. These
results give better knowledge needed for
preventing oxidative stress caused by blue
light during retina photo-adjustment and
AMD.

Figure 9 (a, b, ¢, d, and e) shows gen-
eralized results of influence exerted by blue
light on:

- hydrogen peroxide from A2E concen-
tration;

- mitochondria potential;

- superoxide dismutase (SOD-2);

- catalase;

- glutathione peroxidase 1, also known
as GPXI.

Glutathione peroxidase functions at
hydrogen peroxide detoxification and is one
of the most important human antioxidant en-
zymes; it is expressed everywhere in many
tissues where it protects cells from oxidative
stress. It 1s located inside cells, in cytoplasm
and mitochondrias and catalyzes reduction of
other organic hydroperoxides such as lipid
peroxides, to corresponding spirits. GPX1
usually uses glutathione (GSH) as a reducing
agent, but glutathione synthetase (GSS), just
as in cerebral mitochondrias, can also act as
a reducing agent instead of y-
glutamylcysteine. A protein coded by this
gene protects from CD95-inducted apopto-
sis in cultivated breast cancer cells and in-
hibits 5-lipoxygenase in blood cells, and its
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Figure 9 (a, b, ¢, d, and e). Influence exerted
by blue light on hydrogen peroxide from A2E
concentration; mitochondrial potential; super-
oxide dismutase (SOD-2); catalase; glutathi-
one peroxidase 1: a — high hydrogen peroxide
content was detected in blue-violet spectrum
after 15-hour irradiation with A2E presence in
comparison with dark control and red lighting,
especially between 415-455 nm (average +
s.e.m, n = 4); b — mitochondrial membrane
potential decerased significantly after blue-
violet light impacts at 440 nm in cells loaded
with A2E (average £ s.e.m, n = 3); ¢ — Low
SOD-2 antioxidant protection expression
CO[-2; d — catalase; e — glutathione peroxi-

dase-1
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excessive expression postpones endo-
thelial cells death and increases resistance to
toxic problems, especially oxidative stress.

Lower SOD-2 mRNA, catalase, and GPX1
expression was observed after 15-hour expo-
sure to blue light in cells loaded with A2E in
comparison with untreated control elements or
cells loaded with A2E which were exposed to
red light (average + s.e.m, n = 3).

Peri-nuclear clustering and globular
forms were observed in mitochondrias of cells
irradiated with blue-violet light (430-400nm)
and their membrane potential became signifi-
cantly lower in RPE cells falling down to nearly
mitochondrial dysfunction. Low expression of
basic antioxidant enzymes was detected after
exposure to blue light at A2E presence, and
high hydrogen peroxide content was detected in
cells exposed to blue light between 415 and 455
nm, and it allows to consider blue light an in-
dentified AMD risk factor.

0O.V. Basharina states in her work that
impacts exerted by ultraviolet light (240-390
nm) in specific doses (4.5-15.1) * 10 > J/m2
at pH 6.3, (1,.5-45,.3) * 10 > J/m2 at pH 9.0
and (1.5-i-22, 6) ¥*10> J/m2 at pH 11.5) cause
higher superoxide dismutase activity. greater
ultraviolet light doses induce the enzyme in-
activation [1].

Analysis of all the above-mentioned
data proves that antioxidant protection (su-
peroxide dismutase) reaches its maximum
efficiency under certain light doses and
when this level is exceeded, metal-
containing protective enzymes become inac-
tive.

So, spectral structure of the environ-
ment adults and children live in can have
significant influence on early AMD occur-
rence risks and other eye diseases risks.

Excessive blue light dose is a difference
between doses under LED lighting against
hygienically safe sunlight at a preset lighting
level. Given all the detected drawbacks in
white LEDs (a blue crystal covered with yel-
low phosphor) and their negative influence
on the human visual analyzer [7], no wonder,

142

that Russian experts have already designed a
concept of semi-conductor white light
sources with a biologically adequate radia-
tion spectrum.

A biologically adequate light spectrum
is a set of photon fluxes which form a con-
trolling signals matrix providing harmonized
functioning of the visual analyzer cells, hu-
man hormonal system, and normal brain
functioning.

Biologically adequate lighting envi-
ronment is an environment created by semi-
conductor white light sources with a biologi-
cally adequate light spectrum aimed at min-
imizing human health risks at all the stages
in his or her life cycle. This definition is cre-
ated on the basis of all the above-stated and
working experience in formulating scientific
grounds for the design of semi-conductor
white light sources with biologically ade-
quate light spectrum. As experts from "EL-
TAN" Ltd worked on a project " Develop-
ment of an industrial technology for manu-
facturing energy-efficient LED white light
sources with biologically adequate radiation
spectrum”, they synthesized a white light
spectrum without any peaks within 460nm
range and dips within 480 nm range. Figure
10 shows a measured spectrum of the de-
signed lamp.

This spectrum doesn't have any drawbacks
detected in a standards white LED spectrum.
The developed technology is protected by
patents issued in Russia, Europe, Korea, the
USA, and China, and it has made foreign
LED manufactures to increase quality of
light coming from their LEDs. And countries
where teenagers myopia has the highest lev-
els have reached certain success in synthe-
sizing semi-conductor white light emitters
with a spectrum which is equal to a spectrum
of hygienically safe sunlight.

This spectrum doesn't have any drawbacks
detected in a standards white LED spectrum.
The developed technology is protected by
patents issued in Russia, Europe, Korea, the
USA, and China, and it has made
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conductor source with biologically ade-

quate white light spectrum -3105K, de-
signed by "ELTAN" Ltd experts.

foreign LED manufactures to increase quali-
ty of light coming from their LEDs. And
countries where teenagers myopia has the
highest levels have reached certain success
in synthesizing semi-conductor white light
emitters with a spectrum which is equal to a
spectrum of hygienically safe sunlight. LEDs
belonging to the second generation and de-
veloped in Japan and Korea (with blue light
dips and peaks in their spectrum not exceed-
ing parameters of hygienically safe sunlight)
are now penetrating European light tech-
niques market. EuroLighting GmbH (Ger-
many) increases its activities in selling AL-
LIX LEDs manufactured in Korea. White
LEDs with sunlight spectrum are protected
with patents in Europe, Korea, the USA, and
China. This new LED is available in two
ranges: Xenoled I and Xenoled II. The dif-
ference between them is that Xenoled I has a
blue chip as its base but LEDs from Xen-
oled II range employ a crystal which emits
violet light and phosphors of many colors.
These SMD LEDs have high CRI up to 98,
and there are no blue peaks in their spectrum
within 450nm-460nm  and dips within
480nm range (Figure 11).
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Figure 11. White light spectrum at 3000K
emitted by a LED from Xenoled II range.

A peak occurrence in the spectrum of
the LEDs from Xenoled II range requires
providing additional constructional protec-
tion in the LED lamp. But all in all LEDs
from this range emit almost sunlight and
blue peaks hazard is significantly reduced in
them. Semi-conductor light sources which
emit white light with a biologically adequate
spectrum can be applied as light sources cre-
ating healthy lighting environment for chil-
dren and adults provided that they are given
relevant hygienic certificates with ophthal-
mologists participating in the procedure.

Conclusions: 1. To make advance pre-
dictions for early AMD occurrence risks it is
advisable to create mathematical models
aimed at assessing safety of new artificial
light sources which are to be installed in ed-
ucational and medical facilities. 2. Existing
mathematical models for predicting A2E eye
lipofuscin level don't allow for impacts ex-
erted by blue light on antioxidant protection
efficiency and color temperature of the light-
ing environment starting from birth and over
the first 5 years of life. 3. We should allow
for peculiarities and a period of being in a
lighting environment with various artificial
sources which differ as per spectra and color
temperature when we create a set of preven-
tion activities for people from different age
groups. 4. Mass implementation of LED
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lighting and visual display units with light- 40 years already, and it in its turn will cause
ing having excessive blue light dose with greater expenses of state budgets in the near-
peaks within 450nm-460nm range and dips est future due to population disability related
within 480nm range will lead to greater to eye diseases and eyesight loss.

risks of AMD occurrence by the age of 30-
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Our review comprises medical and sociological research conducted over the last 20 years and dedicated to
examining reasons and consequences of alcohol consumption in the Russian Federation. We detected that this
research covered a wide range of issues starting from analyzing social contexts of alcohol consumption, micro-
social, psychological, and biological factors causing alcohol-associated behavior in specific population groups,
and then moving on to examining prevalence and gravity of medical and economic consequences which alcohol
consumption usually leads to. We dwell on research results which explain reasons for alcohol consumption in
various social and age population groups. We also describe different approaches to risk assessment procedure,
assessment techniques and criteria applied for characterizing risks. We give concrete data on this bad habit
prevalence in a number of the RF regions as well as data on medical-demographic losses caused by alcohol con-
sumption.

It is shown that the issue is recognized at the federal level and a number of political and administrative steps
are taken to minimize it. We stress the necessity of closer cooperation between experts, authorities, and population
in the process of solving tasks aimed at making our society healthier. We also reveal that risk-communication as a
dialogue model is replaced with an information model; and the absence of "feedback” from risk recipients doesn't
allow to adequately adjust information flows or to assess their efficiency. In our opinion, the most important task is
to build up relevant risk-communications in the society as they will provide searching for most efficient dialogue
techniques in the risk-communication system on alcohol addiction reasons and consequences. New risk-
communication technologies should make for better risk awareness among population, above all among young
people, as well as for creation of persistent attitude towards giving up alcohol as self-preserving behavior.

Key words: alcohol consumption, population, reasons, health risk, risk assessment, risk-communications, health
recovery.

Alcohol abuse is one of the gravest
medical and social problems not only in
Russia but all over the world. Alcohol holds
the third place among risk factors for
untimely death, disability, and health loss
[22, 58]. In 2012 DALY index, a parameter
which shows aggregate "load with diseases"
and which is a linear sum of potential years
of life lost due to untimely death and
disability, calculated for disorders caused
by alcohol abuse, amounted to 32.03
million person-years (1.2% of the total load
with diseases). The share of economically
developed countries (including the Russian
Federation) in this value amounts to more
than 35% (11.4 million person-years lost).

Health Risk Analysis. 2017. no. 4

For comparison, in 2000 this parameter
value was equal to 28.98 million person-
years (1% of the total load with diseases)
worldwide, and 11.32 million years (3% of
the total load with diseases) in economically
developed countries. For the latter,
disorders caused by alcohol abuse are on
the seventh place among leading reasons for
loss of years due to untimely deaths and
disability for people living with a disease or
its consequences.

In conformity with "The Russian
Federation National Security Strategy for
the period up to 2020" approved by the
Presidential Order No. 537 on May 12,
2009' alcoholism is acknowledged to be a
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threat to the national security in the public
healthcare and national health sphere. The
significance of this medical and social
problem is confirmed by multiple scientific
publications which focus on examining
impacts exerted on health by alcohol con-
sumption. Thus, target search as per such
key words as "alcohol", "consumption",
"abuse", "risk", and "health" in titles of pa-
pers stored in eLIBRARY.RU scientific e-
library (https://elibrary.ru/) revealed that
in 2000-2006 Russian scientists published
more than 2,000 works on various issues
and aspects related to alcohol consumption
and its impacts on somatic, mental, and so-
cial health.

Medical research mostly dwells on
clinical pictures of alcohol-associated pa-
thologies, and ways how to diagnose and to
treat them. Sociological research concen-
trates on alcohol consumption prevalence
in various social groups, among men and
women, youth and working population,
school children and students, people living
in various municipal districts and RF sub-
jects. Experts in the field study life quality
dynamics in these groups in relation to al-
cohol-associated practices as well as social
perceptions about alcohol, attitudes to-
wards it and proneness to consume it. Psy-
chological research focuses on analyzing
personal peculiarities of individuals who
have positive, neutral, on negative attitude
towards alcohol, on behavioral conse-
quences of alcohol consumption in various
age groups, and on psychological reasons
for alcohol consumption.

Our research goal was to systematize
and generalize domestic scientific research

works published in 2000-2016 and dedi-
cated to alcohol consumption as a health
risk factor.

Results and discussion. Problems re-
lated to influences exerted by alcohol on
individual and population health have tra-
ditionally attracted attention not only of
Russian medical experts but also of sociol-
ogists and psychologists. So, a great num-
ber of works have been published in the
sphere over the examined period and they
are mostly dedicated to analyzing social
contexts of alcohol consumption preva-
lence as well as micro-social, psychologi-
cal, and biological factors causing alcohol-
associated behavior in specific social
groups, notably, among young people [1, 7,
39]. A.V. Golenkov et al. (2009), S.S.
Gordeeva (2016) and others pay special
attention to social attitudes, standards, and
values promoting alcohol consumption
prevalence among population as a whole
and in specific groups [13, 14]. For exam-
ple, S.S. Gordeeva states that wide spread
of information about alcohol consumption
in mass media, hidden beer advertising and
hidden advertising of other spirits makes
teenagers think that alcohol is truly attrac-
tive. This research results correlate well
with the data obtained in the course of the
examination performed by the Federal
State Statistic Service in 2013 and entitled
"Sampling observation of behavioral fac-
tors influencing population health"* [10].
When asked "Why do you drink alco-
hol?", 79% respondents answered it was a
tradition to hold celebrations with spirits.
Russian teenagers and young people aged
15-19 chose such answers as "a tradition

'The Russian Federation National Security Strategy for the period up to 2020: The RF President Order No.
537 dated May 12 2009. Available at: http://www.consultant.ru/document/cons_doc_ LAW_87685/(26.02.2017)

?Sampling observation of behavioral factors influencing population health 2013. Federal State Statistic Ser-

http://www.gks.ru/free_doc/new_site/ZDOR/Sdp2013.Bfs.Publisher/index.html

vice, 2013. Available at:
(09.09.2014).
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to hold celebrations with spirits" (67%),
"it makes holidays brighter and helps to
have a great time" (29%), "it helps me to
calm down and brings me pleasure"
(15%), "most people do it" (13%).

Domestic researchers pay special at-
tention to alcohol consumption models
(N.V. Goryacheva, 2003; V.V. Radaev,
2016). They came to conclusion that
"strong spirits consumption" pattern domi-
nated in Russia in the early 2000 [15], as
well as on transformation of this typical
model nowadays and changes in a "several
alcohol consumption style", traditional in
our country [36, 49].

There is also interesting research com-
bining social and medical approaches to
analysis of correlation between alcohol and
health. Thus, experts from Saratov State
Medical University examined influence
exerted by various alcohol consumption
models on cardiovascular risk evolvement
in working population of Saratov and En-
gels. Cardiovascular risk was shown to go
down when a consumption model aimed at
low alcohol spirits was implemented [35].

Actual medical research works focus-
ing on examining alcohol consumption as a
health risk factor can be divided into four
groups.

The first group comprises works de-
voted to determining and proving correla-
tions between alcohol consumption and
negative effects (responses) from health on
an individual level. Thus, M.V. Markina in
her works (2016) states that alcohol con-
sumption is one of the basic causes for
psychoneurological disorders [32], V.O.
Generalov et al. (2009), and M. Leone at
al. (2012) consider it one of the basic caus-
es for epilepsy [11,28]. There are works
describing a significant role alcohol plays

in evolvement of some non-infectious dis-
eases, for example, cardiovascular ones
[12,37,50], and liver cirrhosis [2, 24]. Sani-
tary-Epidemiologic Requirements
No.1.2.2353-08 "Carcinogenic factors and
basic requirements to carcinogenic threats
prevention»’ enlists alcohol among chem-
ical factors which are hazardous for peo-
ple and thus stresses alcohol significance
as a carcinogenic risk factor. Some re-
searchers rightfully state there is a correla-
tion between some types of cancer and al-
cohol abuse (I.L. Klyaritskaya, 2007; N.A.
Malofeevskaya, 2015; O.V. Reshetnikov
at al., 2016 and others.). Thus, there is a
positive correlation between alcoholism,
alcoholic psychosis and increased morbid-
ity and mortality caused by tumors in the
stomach, esophagus, colon, rectum, liver,
and lungs [26,31,51].

Research performed in Izhevsk in
2002 revealed that male mortality among
working population was to a great extent
determined by "hazardous alcohol con-
sumption", notably, non-drinkable alcohol
consumption [6].

The second group comprises research
on negative influence exerted by alcohol
consumption on specific social risk groups
which are especially vulnerable, notably,
children in perinatal period of their devel-
opment and newborns [16,54,55].

Influence exerted by a mother's behav-
ioral addiction on a fetus development was
examined by Yakut scientists who de-
scribed alcohol teratogenic effects, intrau-
terine growth retardation, scull develop-
ment dismorphism, and irreversible chang-
es in the central nervous system [16,
29,30]. A.B. Palchik and N.P Shabalov et
al. [43.,44], highlight intrauterine exoge-
nous intoxication as a cause for intrauterine

3Sanitary-Epidemiologic Requirements 1.2.2353-08. Carcinogenic factors and basic requirements to carcino-
genic threats prevention. Available at: http://docs.cntd.ru/document/902101545 (25.07.2016)
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teratogenic effects and such their conse-
quences as congenital malformations and
minor maldevelopment. Their works are
well in line with data obtained in other re-
search, including by foreign experts, where
fetal alcohol syndrome is also shown to be
a consequence of intrauterine ethanol ef-
fects on a fetus. And this syndrome is,
among other reasons, a leading one for
mental retardation (J.Bertrand,2004; V.1
Shilko et al., 2009; S.M. Zimatkin, 2013)
[21,63,67].

Young people (teenagers under 18 and
young people aged 18-24) are considered
by most scientists to be another population
group prone to alcohol addiction evolve-
ment. An issue of alcoholism getting
"younger" has been discussed by Russian
scientists for a long time (B.A. Ruchkin,
1998) [52]. Research performed in the re-
cent years prove that age of people who
systematically drink alcohol has become
substantially younger [22]. In 2010 mortal-
ity analysis performed on young people
revealed that 6% of overall deaths were
caused by psychoactive substances abuse
or intoxication, and 5%, by alcohol intoxi-
cation [3]. Teenagers and young people are
unprotected, first of all, due to medical and
psychological age peculiarities of a body
and personality development. G.A,
Novikova described peculiarities of effects
exerted by low alcohol drinks, notably
beer, on teenagers and proved there were
negative shifts in sensory-motor and psy-
chodynamic processes and changes in
functional asymmetry and cerebral bio-
rhythms at various levels of beer alcoholi-
zation [39]. A.A. Kirpichenko and [.A.
Uvarov showed in their works that system-
atic alcohol drinking at younger ages, in-
cluding young females drinking, was one
of predisposing factors for alcoholism and
tended to turn into chronic alcoholism ear-
lier and faster, apparent alcohol depend-
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ence and asocial actions, crimes, and lower
social status which were usual by-effects of
chronic alcoholism [25, 62]. Alcoholism,
in addition to all that, causes menstrual cy-
cle disorders and increased risk of unwant-
ed pregnancy for young women [27, 41].
M.S. Ponomareva stated in her work
(2013) that damage done by alcohol abuse
to young people was twice as high than in
case of other age groups. Besides, drunken
young people got into car accidents or be-
haved dangerously more frequently than
drunken adults [46].

The third group comprises research re-
lated to population health which often dete-
riorates due to high alcohol consumption
prevalence [33, 60, 64]. Authors of such
research mostly analyze statistical parame-
ters which characterize population health
and calculate economic losses of countries
or specific regions caused by health losses
associated with alcohol abuse by popula-
tion. For example, shorter life span in Rus-
sian in comparison with most developed
countries and high population mortality are
closely related to alcohol addiction consid-
ered in works by E.M. Andreev, A.A.
Korneshov, E.A. Koshkina, A.N. Pe-
rezhogin et al. and others [4, 5, 6, 23, 27,
33]. Experts also dwell on considerable
share of overall load with diseases caused
by incidental and deliberate injuries, in-
cluding car accidents (overall number of
accidents caused by drunk drivers amount-
ed to 15,344 in 2015, and to 15,669, in
2016), violence, and suicides [53, 60]. For
example, M.Leone and A.Ivashinko stated
that "in Russia in 2016 a number of people
who committed crimes under alcoholic in-
toxication amounted to 395.3 thousand
people that was 11.5% higher than in the
previous year" [28].

This group of works also includes lo-
cal (municipal or regional) research [19,
38, 47, 48,57]. As a rule, such research
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concentrates on alcohol consumption prev-
alence or alcohol-associated mortality and
morbidity on a specific territory and on
highlighting their impacts on this territory
economy. For example, research conducted
in Irkutsk region [4, 5, 18] revealed that
there was a correlation between alcohol
consumption and population health. The
authors detected an authentic correlation
between alcohol consumption and average
life span of Irkutsk region population (r=-
0.5), congenital malformations (r=0.72), 0-
1 year old children mortality caused by
congenital malformations (r=0.71), and
population mortality caused by accidental
alcohol intoxications (r=0.8). The authors
also detected an authentic direct and strong
correlation between such a parameter as
"population mortality in Irkutsk region
caused by accidental alcohol intoxications"
(as a parameter characterizing a poor situa-
tion with alcohol consumption), and pa-
rameters of mortality due to specific
nosologies and death causes including inju-
ries and intoxications (r=0.94, p <0.001),
vascular brain damages (r=0.8, p <0.05),
and cardiovascular system diseases (r=0.8,
p <0.05). So it was proved that alcoholiza-
tion level and hazardous consequences re-
lated to it was determined by alcohol con-
sumption volumes.

Experts from Murmansk region ana-
lyzed statistical parameters and revealed
that if mortality caused by alcohol intoxi-
cations among population older than 15
increased by 1 case per 100,000 people,
then mortality caused by injuries increased
by 1.8% among men and by 1.7% among
women. On average, additional share of
mortality caused by injuries and related to
alcohol consumption amounts to 24.6%
among men and to 23.4% among women

[65].

Retrospective analysis of 1,000 mor-
bidity cases with circulatory system dis-
eases in Chuvash Republic conducted in
2000-2010 allowed to prove alcohol abuse
was a significant risk factor for such dis-
eases evolvement [66].

Alcohol consumption volume is con-
sidered to be one of the most significant
factors influencing decrease in average life
span and mortality growth among Moscow
population [40].

And finally, the fourth group dwells on
quantitative predictive estimate of risk as-
sociated with alcohol effects on people
health [8, 42]. Some research is based on
algorithms and risk assessment techniques
stated in the methodological Guidelines
entitled "Assessment of risk related to im-
pacts exerted by life style factors on popu-
lation health" (MG 2.1.10.0033-11)*. Thus,
R.V. Buzinov and T.N. Unguryanu as-
sessed alcohol-associated individual risk
for ischemic heart disease (IHD) evolve-
ment among adult population in Arkhan-
gelsk region [9]. They detected than IHD
risk related to alcohol consumption among
the population living on the examined terri-
tory was "alerting" (4.1 E-04) in the age
group from 40 to 49, and "high" in the age
group "50 and older" (1.6 E-03 for 50-59
age group and 1.5 E-02 for 60 and older).
D.M. Shlyapnikov et al. examined workers
employed at industrial enterprises and
showed that workers who consumed alco-
hol and who were exposed to industrial
factors (the focus group) ran authentically
higher risk of digestive organs diseases
than workers from the control group [59].

We should note that a number of
works concentrating on profound examina-
tion of reasons for individual and popula-

*MR 2.1.10.0033-11. Assessment of risk related to impacts exerted by life style factors on population health.
Available at: http://36.rospotrebnadzor.ru/documents/rekdoc1/9539 (20.04.2017)
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tion alcoholism and on ways how to mini-
mize risks for society alcoholization is sub-
stantially lower than a number of research
works dwelling on the phenomenon itself
(that is, experts examine "alcoholism as a
reason and risk factor..." but not "reasons
and risk factors which cause alcoholism").

Overall, researchers state that alcohol-
ism results from destruction of a family as
a social institution and old habit of domes-
tic hard drinking which is considered to be
"harmless". A.V. Merinov (2010)[34],
A.V. Nemtsov (2008) [38], and M.V. Pas-
tukhova (2010) [45] state that domestic
hard drinking and stressful situation in a
family are risk factors causing alcoholism
evolvement among teenagers and children.
Some researchers mention that alcoholism
results from poor leisure culture which
young people have [57]. N.V. Romanova
et al. (2008) note that a certain "negative
contribution is made by modern literature,
mostly translated one, which, together with
cinema, praises those who are being re-
laxed and have free-thinking but such be-
havior turns out to be just permissive-
ness..." [56]. A. Yu, Efremov and L.A.
Kazaryan showed that alcoholism preva-
lence was promoted by social insecurity,
loss of life goals by young people, their
value disorientation, and their life being
meaningless [17].

A.Yu. Bushkova (2013) also gives
some well-grounded reasons for alcohol-
ism. Examining historical roots of alcohol-
ism in Russia, she cites baron Ginzburg, an
owner of large industrial enterprises, who
said, "I get more gold from vodka deliver-
ies to state wine stores and from industrial
distillation than from all my gold mines ...
state sales of hard drinks should be pre-
served at any costs and it should be some-
how justified in public opinion's eyes... ".
The author also reminds that the country
rulers in 90ties last century strove to in-
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crease state budget earning by alcohol sales
growth and privatization of alcohol-
producing plants, and it caused drastic in-
crease in population alcoholization [10].

The state officials nowadays fully un-
derstand the problem is serious and they
take on the responsibility for finding solu-
tions; so legislative and administrative
measures are taken to achieve decrease in
the country population alcoholization. In
recent years, punishments for drunk driv-
ing have become substantially harder; al-
cohol products advertising has been pro-
hibited; struggle against counterfeit prod-
ucts has also intensified as the country
budget has lost more than 31 billion rubles
due to them. The state continues to develop
and implement anti-alcohol policy [61]. In
2015 The Unified State Automated Infor-
mation System was implemented into
wholesale and retail alcohol trade as one of
a key measures aimed at alcohol market
stabilization. Extrajudicial blocking of
web-sites which sell alcohol illegally is
now permitted. The government issued a
decree allowing to destroy all the produc-
tion equipment right there where alcohol
was illegally manufactured. However, such
measures require active support by the civil
society. In relation to that, we see healthy
life-style propaganda and promotion as one
of the most significant trends in minimiza-
tion of alcohol-associated demographic
losses (death cases, disability, and morbidi-
ty). But it undoubtedly requires search for
new types and techniques of risk-
communications. Alcohol products variety
is constantly growing, trade barriers are
being removed, state surveillance and con-
trol functions are becoming more liberal,
and other social-economic processes are
developing, and it all calls for transfer to a
new paradigm for discussing health risks
caused by alcohol consumption (risk-
communications).

Health Risk Analysis. 2017. no. 4



Alcohol consumption as a factor causing risks for population health (Russian research review)

Strategically a risk-communication
means a special interaction between "all
the involved parties" (risk manufactures
and risk consumers, as well as mediators)
concerning a risk and this interaction
should be based on openness, trust, and
equality. Decision-making in risk man-
agement sphere and plans how to imple-
ment all the taken decisions are to be de-
veloped and performed by experts, authori-
ties, and the society together. Solutions to
these tasks involve clear perception that a
risk 1s not exceptionally an objective and
cognizable fact; it i1s always mediated by
social and cultural stereotypes and pro-
cesses [20].

At present, this model is often replaced
by its "prototype" and we have simple in-
forming instead of a true risk-
communication. And here absence of a
feedback from risk recipients doesn't allow
to adjust information flows correctly or to
assess how efficient they are. Sociological
questioning conducted in the RF usually
prove these hypotheses. Consequently, we
have to face risk underestimation by con-
sumers. Risk-communication issues and
attempts to find new ways and techniques
are being discussed by the country scien-
tific society, however, foreign research
works on the topic have much larger scales
and are much more diverse.

A way to build an efficient multi-sided
communication system on alcohol evolve-
ment risks and its consequences is to in-
crease information activity of the popula-
tion and to raise their interest in safety mat-
ters; to achieve not only high population
awareness about risks but also to create
persistent attitudes towards self-preserving
behavior; to improve the state system of
risk-communications in the population
health sphere. It is greatly important to ful-
ly use information spread channels which
are in demand among a target audience (for
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example, active social media incorpora-
tion), to create conditions for public dis-
cussions about risks. A tactic task is to
provide methodical support for all the con-
cerned parties in terms of ways and media
applied for presenting data on health risks;
these ways and media should be relevant
for a specific target audience. Another sig-
nificant ~way to  increase  risk-
communications efficiency is more active
involvement of the experts society into a
constructive discussion about risks. As
population tends to trust experts, scientists,
or doctors more than they trust public au-
thorities, representatives from these groups
are to play their important social role in an
efficient data exchange system.

Conclusions. Contemporary research
works on alcohol consumption as a health
risk factor are numerous and diverse. There
are medical examinations dwelling on ana-
lyzing "factor - response" relationships
(where alcohol consumption is a factor,
and a somatic or a mental pathology is a
health response); but there are also works
which concentrate on micro-social, social-
demographic and socio-cultural conse-
quences of alcohol consumption at a coun-
try, regional, or a local level, or on a con-
tribution which alcohol makes into "social
ill-being" of a person and a nation as a
whole.

A specific research field is where ex-
perts deal with alcohol consumption fac-
tors which have biological, psychological,
or social nature, as well as with alcohol
consumption models in various age, ethnic,
territorial, and other groups. Methodologi-
cal issues related to assessing risks associ-
ated with alcohol consumption impacts on
population health are being discussed in
Russian scientific publications: experts de-
scribe different approaches to risk assess-
ment procedure implementation, risk as-
sessment techniques, and risk assessment

153



N.A. Lebedeva-Nesevrya, I.G. Zhdanova-Zaplesvichko, V.I. Rerke, A.O. Barg

criteria. At the same time, suggested theo-
retical and methodological approaches still
don't find sufficient practice implementa-
tion. It partially happens due to weak inte-
gration of actual results obtained in exam-
ining correlations between alcohol con-
sumption and health into the existing
techniques for assessing alcohol-associated
risks.

niques in a risk-communication dialogue
system devoted to reasons and conse-
quences of alcohol addiction in the society
should become a separate important trend
in scientific research in the field, together
with searching for new ways and tech-
niques aimed at supporting "self-
preserving" and "low-risk" behavior among
young people.

Examination of most efficient tech-

References

1. Aleinikova T.V. Predstavleniya o vozrastnoi periodizatsii ontogeneza cheloveka
[Views on age periodization of human ontogenesis].Vozrastnaya psikhofiziologiya. Moscow,
Feniks, Publ., 2007, Chapter1, pp. 5-10 (in Russian).

2. Alkogol'naya bolezn' pecheni 1 alkogolizm — dve bolezni i odna problema / A.A.
Samsonov, E.Yu. Plotnikova, [.N. Nikushkina, E.A. Talitskaya, M.V. Krasnova, O.A. Kras-
nov [Alcoholic liver disease and alcoholism: two diseases, one problem]. Meditsinskii sovet,
2013, no. 10, pp. 38—41(in Russian).

3. Al'bitskii V.Yu., Ivanova A.E., II'in A.G. Smertnost' podrostkov v Rossiiskoi Feder-
atsii [Teenagers mortality on the Russian Federation]. Moscow, 2010, 61 p. (in Russian).

4. Perezhogin A.N., Luzhnov M.V., Zhdanova-Zaplesvichko 1.G., Dubrovina O.A.,
Tarbeeva E.A., Kuz'mina M.V., Shpakova N.L. Analiz dinamiki zabolevaemosti khronich-
eskim alkogolizmom, alkogol'nymi psikhozami 1 narkomaniei v Irkutskoi oblasti: Infor-
matsionno-analiticheskii byulleten' za 2014 god [Analysis of mortality from chronic alcohol-
ism, alcoholic psychosis, and drug addiction in Irkutsk region: Information-analytical bulle-
tin for 2014]. Irkutsk, 2015, 26 p. (in Russian).

5. Perezhogin A.N., Luzhnov M.V., Zhdanova-Zaplesvichko 1.G., Zaikova Z.A., Bas'ko
E.V., Tarbeeva E.A.  Analiz dinamiki zabolevaemosti khronicheskim alkogolizmom,
alkogol'nymi psikhozami i narkomaniei v Irkutskoi oblasti v 2013 g.[ Analysis of mortality
from chronic alcoholism, alcoholic psychosis, and drug addiction in Irkutsk region in 2014].
Irkutsk, 2014, 48 p. (in Russian).

6. Andreev E.M. Vozmozhnye prichiny kolebanii prodolzhitel'nosti zhizni v Rossii v 90-¢
gg. [Possible reasons for fluctuations in life interval in Russia in 90-ies last century]. Voprosy
statistiki, 2002, no. 11, pp. 3—15 (inRussian).

7. Bezrukikh M.M., Dubrovinskaya N.V., Farber D.A. Psikhofiziologiya rebenka [A
child psychophysiology]. Moscow, MPSI, Publ., 2008, 495 p. (in Russian).

8. Belikova M.Sh., Zakharova M.A., Sartakov P.G. Otsenka riska, svyazannogo s
vozdeistviem tabakokureniya i1 alkogolya, dlya zdorov'ya kursantov voennogo instituta 1
metodika profilaktiki [Assessment of risk associated with exposure to tobacco and alcohol
on health of the cadets of military institute and its prevention methodology]. Analiz riska
zdorov'yu, 2015, no. 2, pp. 24-30.DOI: 10.21668/health.risk/2015.2.03.eng.

154 Health Risk Analysis. 2017. no. 4



Alcohol consumption as a factor causing risks for population health (Russian research review)

9. Buzinov R.V., Unguryanu T.N. Otsenka riska, svyazannogo s povedencheskimi
faktorami obraza zhizni [An assessment of the risk associated with behavioral lifestyle fac-
tors].  Amaliz  riska  zdorov'yu, 2013, no. 2, pp. 45-48. DOI:
10.21668/health.risk/2013.2.05.eng.

10. Bushkova A.Yu. Sotsial'no-politicheskie prichiny i posledstviya alkogolizma v Ros-
sii [Social and political reasons and consequences of alcoholism in Russia]. Molodezhnyi
nauchno-tekhnicheskii vestnik, 2013, no. 4, pp. 44-50 (in Russian).

11. Generalov V.O., Sadykov T.R. Alkogol'naya epilepsiya [Alcoholic epilepsy]. Zdo-
rov'e — osnova chelovecheskogo potentsiala: problemy i puti ikh resheniya, 2009, vol. 4, no.
1, pp. 12—13 (in Russian).

12. Gertsen M.A., Kozlov 1.D. Svyaz' upotrebleniya alkogolya so smertnost'yu ot ser-
dechno-sosudistykh zabolevanii u muzhchin s ishemicheskoi bolezn'yu serdtsa: rezul'taty
25-letnego prospektivnogo nablyudeniya [A correlation between alcohol consumption and
mortality caused by cardiovascular diseases in men with ischemic heart disease: results of
25-year prospective observation]. Kardiovaskulyarnaya terapiya i profilaktika, 2008, vol. 7,
no. 6S1, pp. 88. —S. 88 (in Russian).

13. Golenkov A.V., Andreeva A.P., Bulygina 1.LE. Chastotno-kolichestvennye poka-
zateli 1 motivy potrebleniya alkogol'nykh napitkov studentami-medikami [Quantitative and
qualitative measures and motives for alcohol use in medical students]. Narkologiya, 2009,
vol. 8, no. 10, pp. 25-29 (in Russian).

14. Gordeeva S.S. Sotsiologicheskii analiz funktsii ustanovki na potreblenie alkogolya u
podrostkov [Sociological analysis of set function for alcohol consumption by teenagers].
Diskussiya, 2016, no. 6 (69), pp. 57-63 (in Russian).

15. Goryacheva N.V. Model' potrebleniya alkogolya v Rossii [A model of alcohol con-
sumption in Russia]. Sotsiologicheskii zhurnal, 2003, no. 4, pp. 101-107 (in Russian).

16. Kershengol'ts B.M., Chernobrovkina T.V., Nebrat V.V., Rabinovich E.V., Khlebnyi
E.S., Shein AA., Kershengol'ts E.B. Deistvievodno-
spirtovykhsistemnadissipativnyesostoyaniyacheloveka. Gipoteticheskaya model' biogennosti
1 narkogennosti spirtsoderzhashchikh produktov [Impacts exerted by water-alcoholic sys-
tems on a human dissipative state. A hypothetical mode; of biogenicity and narcogenic po-
tential of alcohol-containing substances]. Narkologiya, 2004, no. 8, pp. 64—76 (in Russian).

17. Efremov A.Yu., Kazaryan L.A. Sotsial'no-psikhologicheskie aspekty prichin po-
drostkovogo alkogolizma [Social and psychological aspects of reasons for teenagers alco-
holism]. Vospitanie i obuchenie: teoriya, metodika i praktika: sbornik materialov VI
Mezhdunarodnoi nauchno-prakticheskoi konferentsii [Education and teaching: theory,
methodology and practice: materials of the VI International theory and practical confer-
encel. 2016, pp. 57-59 (in Russian).

18. Zhdanova-Zaplesvichko 1.G., Zaikova Z.A. Analiz meditsinskikh 1 sotsial'no-
ekonomicheskikh posledstvii potrebleniya alkogolya, tabaka 1 narkotikov v Irkutskoi oblasti
[Analysis of medical and social-economic consequences of alcohol, tobacco, and drugs con-
sumption in Irkutsk region]. Metodologiyva profilakticheskoi meditsiny i formirovaniya zdo-
rovogo obraza zhizni: Shbornik nauchnykh statei [Prevention medicine methodology and
healthy life-style formation: Scientific papers collection]. In: A.E. Agapitov, ed. Irkutsk,
RIOGBOUDPOIGMAPO, Publ., 2012, pp. 15-18 (in Russian).

19. Bukin V.N., Terkulov R.I.,, Kormilina O.M., Shamsutdinov Ya.V., Sosnina V.S.
Zabolevaemost' naseleniya Novosibirskoi oblasti narkologicheskimi rasstroistvami v 2010 g.

Health Risk Analysis. 2017. no. 4 155



N.A. Lebedeva-Nesevrya, I.G. Zhdanova-Zaplesvichko, V.I. Rerke, A.O. Barg

[The Novosibirsk region population morbidity of narcology diseases in 2010 year].
Narkologiya, 2011, vol. 10, no. 7, pp. 57-60 (in Russian).

20. Zaitseva N.V., Lebedeva-Nesevrya N.A. Podkhody k postroeniyu effektivnoi re-
gional'noi sistemy informirovaniya o riskakh zdorov'yu [Methodological approaches to
building of regional system of health risks information]. Zdorov'esem'i - 21 vek, 2010, no. 4,
pp- 8 (in Russian).

21. Zimatkin S.M., Bon' E.I. Fetal'nyi alkogol'nyi sindrom: povedencheskie i nevro-
logicheskie narusheniya [Fetal alcohol syndrome: behavioral and neurological disorders].
Zhurnal Grodnenskogo gosudarstvennogo meditsinskogo universiteta, 2013, vol. 42, no. 2,
pp- 14—17(in Russian).

22. Zloupotreblenie alkogolem v Rossiiskoi Federatsii: sotsial'no-ekonomicheskie
posledstviya i mery protivodeistviya: Doklad Soveta Obshchestvennoi palaty RF ot 13 maya
2009 g. [Alcohol abuse in the Russian Federation: social-economic consequences and re-
sistance to it: A report made by the RF Civic Chamber Council on May 13, 2009]. Moscow,
2009, 84 p. (in Russian).

23. Andreev E.M., Kir'yanov N.A., Leon D., Makki M., Tomkins S., Shkol'nikov
V.M. Zloupotreblenie alkogolem 1 prezhdevremennaya smertnost' v Rossii na primere
Izhevska [Hazardous alcohol drinking and premature mortality in russia: a population
based case-control study]. Narkologiya, 2008, vol. 7, no. 7, pp. 38—52 (in Russian).

24. Zloupotreblenie psikhoaktivnymi veshchestvami [Management of substance abuse].
World Health Organization. Available at:
http://www.who.int/substance abuse/facts/alcohol/ru/ (26.02.2017) (in Russian).

25. Kirpichenko A.A. Alkogol'naya zavisimost' u zhenshchin s razlichnymi formami
sotsial'nogo funktsionirovaniya: avtoref. dis. ... d-ra med.nauk [Alcohol addiction in fe-
males with various social functions: abstracts of the thesis. ... for Doctor of Medical Sci-
ences]. Moscow, 2008, 34 p. Available at: http://www.dissercat.com/content/alkogolnaya-
zavisimost-u-zhenshchin-s-razlichnymi-formami-sotsialnogo-funktsionirovaniya
(21.04.2016) (in Russian).

26. Klyaritskaya I.L., Is'kova [.A. Rol' alkogolya v vozniknovenii raka zheludochnok-
ishechnogo trakta [Role of alcohol in occurrence of a cancer of a gastrointestinal tract].
Krymskii terapevticheskii zhurnal, 2007, vol. 2, no. 2 (9), pp. 18-23 (in Russian).

27. Korneshov A.A. Sovremennyi obraz zhizni naseleniya, kak faktor razrusheniya de-
mograficheskogo potentsiala Rossii: avtoref. dis. ... d-ra ekonomich. nauk [Contemporary
population lifestyle as a factor causing destruction of the RF demographic potential: abstracts
of the thesis. ... for Doctor of Economics]. Moscow, 2010, 45 p. (in Russian).

28. Leone M., Ivashinko A. Epilepticheskie pripadki 1 alkogol' [Epileptic seizures and
alcohol]. Nevrologiya i neirokhirurgiya Vostochnaya Evropa, 2012, no. 1, pp. 109-132 (in
Russian).

29. Malakhova Zh.L. Kliniko-patogeneticheskie osnovy fetal'nogo alkogol'nogo sin-
droma u detei rannego vozrasta: avtoref. dis. ... d-ra med nauk [Clinical and pathogenetical
grounds for fetal alcohol syndrome in infants: abstracts of the thesis. ... for Doctor of Medi-
cal Sciences]. Ekaterinburg, 2012, 47 p. (in Russian).

30. Malakhova Zh.L., ShilkoV.I., Shukshina L.A. Fetal'nyi alkogol'nyi spektr
narushenii sredi vospitannikov sotsial'nykh uchrezhdenii [Fetal alcohol disorders among the
inmates of social institutions]. Kazanskii meditsinskii zhurnal, 2009, no. 5, pp. 647-650 (in
Russian).

156 Health Risk Analysis. 2017. no. 4


http://www.who.int/substance_abuse/facts/alcohol/ru/
http://www.dissercat.com/content/alkogolnaya

Alcohol consumption as a factor causing risks for population health (Russian research review)

31. Malofeevskaya N.A. Zlokachestvennye obrazovaniya: vliyanie upotrebleniya
alkogolya 1 ego posledstvii [Cancer: the impact of alcohol consumption and its consequences].
Upravlenie megapolisom, 2015, vol. 2, no. 6 (48), pp. 97-103(in Russian).

32. Markina M.V. Nevrologicheskie rasstroistva pri khronicheskom alkogolizme [Neu-
rological disorders associated with chronic alcoholism]. Tsentral'nyi nauchnyi vestnik, 2016,
vol. 1, no. 13, pp. 24-26 (in Russian).

33. Koshkina E.A., Pavlovskaya N.I., Yagudina R.I., Kulikov A.Yu., Usenko K.Yu.
Mediko-sotsial'nye 1 ekonomicheskie posledstviya zloupotrebleniya alkogolem v Rossiisko1
Federatsii [Health and social and also economic consequences of alcohol abuse in the Rus-
sian Federation]. Sotsial'nye aspekty zdorov'yva naseleniya: elektronnyi nauchnyi zhurnal,
2010, no. 2 (14). Available at: http://vestnik.mednet.ru/content/view/189/30/lang.ru/
(11.04.2014) (in Russian).

34. Merinov A.V., Shustov D.I. Autoagressiya v sem'yakh bol'nykh alkogolizmom [Au-
toaggression in alcoholics' families]. Narkologiya, 2010, vol. 9, no. 9, pp. 26-30 (in Rus-
sian).

35. Malinova L.I., Furman N.V., Klochkov V.A., Dolotovskaya P.V., Podbolotov R.A.
Model' potrebleniya alkogolya i obshchii serdechno-sosudistyi risk u lits trudosposobnogo
vozrasta [Alcohol drinking pattern and total cardiovascular risk in able-bodied people].
Profilakticheskaya meditsina, 2015, vol. 18, no. 3, pp. 24-30 (in Russian).

36. Nemtsov A.V. Alkogolizm v Rossii: istoriyavoprosa, sovremennye tendentsii [Al-
coholism in Russia: history and contemporary trends]. Zhurnal nevrologii i psikhiatrii im.
C.C. Korsakova, 2007, vol. 107, no. S1, pp. 3—7 (in Russian).

37. Nemtsov A.V., Terekhin A.T. Cvyazannaya s alkogolem serdechno-sosudistaya
smertnost' v Rossii
[Alcohol-associated cardiovascular mortality in Russia]. Profilakticheskaya meditsina, 2008,
vol. 11, no. 2, pp. 23-31 (in Russian).

38. Nemtsov A.V., Shelygin K.V. Zavisimye ot alkogolya yavleniya. Situatsiya v
severo-zapadnom federalnom okruge [Alcohol related issues. Situation in the North-
Western Federal District]. Narkologiya, 2009, vol. 8, no. 12, pp. 44-52 (in Russian).

39. Novikova G.A. Psikhofiziologicheskie osobennosti podrostkov v zavisimosti ot inten-
sivnosti pivnoi alkogolizatsii: avtoref. dis. ... kand. biol. Nauk [Psychophysiological peculiarities
of teenagers depending on beer alcoholization intensity: abstracts of the thesis. ... for Candidate
of Biological Sciences]. Arkhangel'sk, 2009, 18 p. (in Russian).

40. Novoselova E.N. Osnovnye faktory prodolzhitel'nosti zhizni zhitelei megapolisa (na
primere Moskvy) [Main factors of megalopolis citizens' life expectancy (example of Mos-
cow)]. Vestnik Moskovskogo universiteta. Seriya 18: Sotsiologiya i politologiya, 2016, vol.
22, no. 2, pp. 176200 (in Russian).

41. Osmanov E.M., Pyshkina A.S. Vliyanie alkogolya na reproduktivnoe zdorov'e
zhenshchin [Influence exerted by alcohol on female reproductive health]. Vestnik Tam-
bovskogo universiteta. Seriya: Estestvennye i tekhnicheskie nauki, 2010, vol. 15, no. 1, pp.
59-62 (in Russian).

42. Indutnyi A.V., Novikov D.G., Khodosevich A.A., Gorbunova L.V., Borzenok G.A.,
Trofimovich N.A. Otsenka kardiovaskulyarnogo riska pri razlichnom urovne potrebleniya
alkogolya [Cardiovascular risk assessment in patients with different level of alcohol con-
sumption]. Sovremennye problemy nauki i obrazovaniya, 2016, no. 2, pp. 146 (in Russian).

Health Risk Analysis. 2017. no. 4 157


http://vestnik.mednet.ru/content/view/189/30/lang,ru/

N.A. Lebedeva-Nesevrya, I.G. Zhdanova-Zaplesvichko, V.I. Rerke, A.O. Barg

43. Pal'chik A.B., Fedorova L.A., Legon'kova C.B. Fetal'nyi alkogol'nyi sindrom:
metodicheskie rekomendatsii [Fetal alcohol syndrome: methodical guidelines]. St. Peters-
burg, 2006, pp. 1-24 (in Russian).

44. Pal'chik A.B., Shabalov N.P. Toksicheskie entsefalopatii novorozhdennykh [Toxic
encephalopathy in newborns]. Moscow, MEDpressinform, Publ., 2009, pp. 12-56 (in Rus-
sian).

45. Pastukhova M.V. Problema razvitiya i vospitaniya rebenka v sem'e pri alkogolizme
ottsa [An issue of developing and educating a child in a family with an alcohol-dependent
father]. Prikladnaya psikhologiya i psikhoanaliz, 2010, no. 2, pp. 4 (in Russian).

46. Ponomareva M.S. Zloupotreblenie alkogolem molodymi lyud'mi kak ugroza
natsional'noi bezopasnosti Rossii [Alcohol abuse among young people as a threat to the RF
national security]. Natsional'nye interesy: prioritety i bezopasnost', 2013, no. 7, pp. 52—63
(in Russian).

47. Pochitaeva 1.P., Golubeva A.P. Sotsial'no-epidemiologicheskaya kharakteristika
alkogol'nykh rasstroistv v Kostromskoi oblasti [Social and epidemiological characteristics of
alcohol use disorders in the Kostroma region]. Kazanskii meditsinskii zhurnal, 2014, vol. 95,
no. 3, pp. 426433 (in Russian).

48. Izergina E.V., Lozovskaya S.A., Kosolapov A.B., Shevtsova S.P. Predotvratimaya
smertnost' muzhskogo naseleniya Dal'nevostochnogo Federal'nogo okruga Rossii [Preventa-
ble mortality of the male population of the far Eastern Federal District of Russia].
Fundamental'nye issledovaniya, 2015, no. 1-9, pp. 1836—1841 (in Russian).

49. Radaev V.V., Kotel'nikova Z.V. Izmenenie struktury potrebleniya alkogolya v
kontekste gosudarstvennoi alkogol'noi politiki v Rossii [Changes in alcohol consumption
structure within the context of the state alcohol politics in the RF]. Ekonomicheskaya politi-
ka, 2016, vol. 11, no. 5, pp. 92—117(inRussian).

50. Razvodovskii Yu.E. Alkogol' kak faktor riska serdechno-sosudistoi smertnosti [Al-
cohol as a risk factor of cardiovascular mortality]. Narkologiya, 2013,vol. 12, no. 2 (134),
pp- 3842 (in Russian).

51. Reshetnikov O.V., T Openko.G., Kurilovich S.A., Khryanin A.A., Malyutina S.K.
Rak pecheni 1 ego faktory riska v Novosibirske [Hepatic cancer and its risk factors in novo-
sibirsk]. Sibirskii onkologicheskii zhurnal, 2016, vol. 15, no. 3, pp. 19—27 (in Russian).

52. Ruchkin B.A. Molodezh' 1 stanovlenie novoi Rossii [Youth and formation of a new
Russia]. Sotsiologicheskie issledovaniya, 1998, no. 5, pp. 90-98 (in Russian).

53. Sakharov A.V., Govorin N.V. Suitsidal'noe povedenie i potreblenie alkogolya:
otsenka vzaimosvyazei na populyatsionnom urovne [Suicidal behavior and alcohol: estima-
tion of correlations at the population level]. Suitsidologiya, 2015, vol.6, no. 2, pp. 35-46 (in
Russian).

54. Sakharova E.A. Vozdeistvie alkogolya na plod [Alcohol impacts on a fetus]. Prob-
lemy sovremennoi meditsiny: aktual'nye voprosy: Sbornik nauchnykh trudov po itogam
mezhdunarodnoi nauchno-prakticheskoi konferentsii [Vital issues of contemporary medi-
cine: a collection of scientific papers as per results of an international theory and practical
conference]. 2016, pp. 233-236 (in Russian).

55. Sokolovskaya T.A., Azarko V.E., Dmitrieva O.V. Vliyanie alkogolizma roditelei na
formirovanie invalidnosti u detei [Influence of parents' alcoholism on formation of physical
inability at children]. Sotsial'nye aspekty zdorov'va naseleniya, 2009, vol. 9, no. 1, pp. 9 (in
Russian).

158 Health Risk Analysis. 2017. no. 4



Alcohol consumption as a factor causing risks for population health (Russian research review)

56. Romanova N.M., Davidson E.M., Kasterina [.A., Voronov S.E. Sotsial'no-
psikhologicheskie faktory zhenskoi prestupnosti [Social and psychological factors of female
criminality]. Saratov, Izd-vo Saratovskogo Universiteta, Publ., 2008, 80 p. (in Russian).

57. Leshchenko Ya.A., Boeva A.V., Dorogova V.B., Golubev V.Yu. Sotsial'no-
ekologicheskie aspekty zhiznedeyatel'nosti 1 zdorov'ya naseleniya promyshlennogo goroda
Sibiri [Social and economic aspects of population life and health in a Siberian industrial
city]. Novosibirsk, 2014, 280 p. (in Russian).

58. Sotsial'no-ekonomicheskoe polozhenie Rossii 2016 [Social and economic situation in
Russia in 2016]. Federal'nayasluzhbagosudarstvennoistatistiki (Rosstat). Moscow, 2016, 371
p. Available at: http://www.gks.ru/wps/
wcm/connect/rosstat_main/rosstat/ru/statistics/publications/catalog/doc 1140086922125
(25.06.2017) (in Russian).

59. Shlyapnikov D.M., Shur P.Z., Ryazanova E.A., Alekseev V.B., Kostarev V.G. So-
chetannoe deistvie proizvodstvennykh faktorov 1 faktorov obraza zhizni na razvitie nekotor-
ykh proizvodstvenno obuslovlennykh zabolevanii u rabotnikov mashinostroeniya [Com-
bined action of the production factors and lifestyle factors on development of some occupa-
tion caused diseases at workers of mechanical engineering]. Izvestiva Samarskogo
nauchnogo tsentra Rossiiskoi akademii nauk, 2013, vol. 15, no. 3-6, pp. 2021-2023 (in
Russian).

60. Soshnikov S.S. Rol' alkogol'nogo faktora v formirovanii poter' zdorov'ya naseleniya
v rezul'tate dorozhno-transportnykh proisshestvii (na primere Moskvy): avtoref. dis. ... kand.
med nauk [A role which the alcohol factor plays in population health losses caused by road
accidents (on the example of Moscow): abstracts of the thesis. ... for Candidate of Medical
Sciences]. Moscow, 2008, 27 p. (in Russian).

61. Soshnikov S.S., Kaigorodova T.V. Strategiya VOZ po bor'be chrezmernym upotre-
bleniem alkogolya i ee ispol'zovanie pri formirovanii alkogol'noi politiki Rossii [The WHO
strategy on fighting alcohol abuse and its application in working out Russian alcohol poli-
cyl. Obshchestvennoe zdorov'e i profilaktika zabolevanii, 2006, pp. 42—47 (in Russian).

62. Uvarov I.A. Epidemiologiya, klinika, techenie i lechenie alkogol'nykh psikhozov):
avtoref. dis. ... d-ra med nauk [Epidemiology, clinical course and treatment of alcohol psy-
chosis: abstracts of the thesis. ... for Doctor of Medical Sciences]. Moscow, 2009, 38 p. (in
Russian).

63. Shilko V.I., Malakhova Zh.L., Bubnov A.A., Bazarnyi V.V., Klein A.V. Fetal'nyi
alkogol'nyi sindrom: kliniko-eksperimental'nye sopostavleniya [Fetal alcohol syndrome:
clinical and experimental comparison]. Narkologiya, 2009, vol. 8, no. 8, pp. 38—40 (in Rus-
sian).

64. Khalturina D.A., Korotaev A.V. Russkii krest. Faktory, mekhanizmy i puti pre-
odoleniya demograficheskogo krizisa v Rossii [The Russian cross. Factors, mechanisms and
ways to overcome a demographic crisis in Russia]. Moscow, URSS, Publ., 2006, 111 p. (in
Russian).

65. Shelygin K.V., Lozhkina L.I. Travmaticheskaya smertnost' 1 potreblenie alkogolya
v Murmanskoi oblasti [Traumatic mortality and alcohol consumption in Murmansk region].
Sotsial'nye aspekty zdorov'yva naseleniya, 2016, vol. 47, no. 1, pp. 4 (in Russian).

66. Shuvalova N.V. Mediko-biologicheskie faktory riska zabolevaemosti boleznyami
sistemy krovoobrashcheniya v Chuvashii [Medical and biolog risk factors of blood system

Health Risk Analysis. 2017. no. 4 159


http://www.gks.ru/wps/

N.A. Lebedeva-Nesevrya, I.G. Zhdanova-Zaplesvichko, V.I. Rerke, A.O. Barg

diseases in the Chuvash republic]. Sovremennye problemy nauki i obrazovaniya, 2012, no.
4, pp. 70 (in Russian).

67. Bertrand J., Floyd R.L., Weber M.K., O’Connor M., Riley E.P., Johnson K.A., Co-
hen D.E., National Task Force on FAS/FAE. Fetal Alcohol Syndrome: Guidelines for Refer-
ral and Diagnosis. Atlanta, GA: Centers for Disease Control and Prevention, 2004, 62 p.

Lebedeva-Nesevrya N.A., Zhdanova-Zaplesvichko 1.G., Rerke V.I., Barg A.O. Alcohol
consumption as a factor causing risks for population health (Russian research review).
Health Risk Analysis, 2017, no. 4, pp. 147—160. DOI: 10.21668/health.risk/2017.4.15.eng

Received: 25.09.2017
Accepted: 11.12.2017
Published: 30.12.2017

160 Health Risk Analysis. 2017. no. 4



Health Risk Analysis. 2017. no. 4 161



