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ON IMPLEMENTATION OF POPULATION LIFE QULITY ASSESSMENT
INTO SOCIAL-HYGIENIC MONITORING SYSTEM

A.Yu. Popova', N.V. Zaitseva?, I.V. May?

'Federal Service for Surveillance on Consumer Rights Protection and Human Wellbeing, Build 5, 7, 18 Vadkovskiy
lane, Moscow, 127994, Russian Federation

*Federal Scientific Center for Medical and Preventive Health Risk Management Technologies, 82 Monastyrskaya Str.,
Perm, 614045, Russian Federation

The article dwells on grounds for implementing population life quality assessment into social-hygienic
monitoring system; it also outlines some methodical approaches to such assessment. Certain techniques are now
applied both in Russia and worldwide but the authors propose to update them by application of approaches ori-
ented at life quality assessment as a combination of life quality potential (in a country, region, or a municipal
district) and risks of a decrease in this potential. The suggested approaches allow both to calculate integral in-
dexes and to fragment life quality potential and risks in order to solve managerial tasks. It is shown that social-
hygienic monitoring system is able to provide informational, methodical, and analytical base for life quality as-
sessment due to it being a state system that has long been accumulating medical-demographic, social-economic,
sanitary-hygienic, and other data on Russian regions functioning.

Implementation of life quality assessment into social-hygienic monitoring system will require to improve
and enhance interdepartmental interaction; to make each concerned party have greater interest in obtaining
relevant and correct indexes of population life quality and separate components of its potential and risks; to
include a substantial sociological component into systems of observations as it will help to assess people's satis-
faction with their living standard in general and with its specific components; to develop and implement method-
ical support, as well as hardware and software for assessment of life quality including its separate components
and to enlarge the information fund of social-hygienic monitoring; to develop skills of experts employed at
Rospotrabnadzor's bodies and organizations who are responsible for formation of regional and federal infor-
mation funds and for analytical data processing.

Key words: social-hygienic monitoring, life quality, living standard, potential, integral index, risk.

The tasks on improving life quality of
Russians are considered as priorities in the
Russian Federation strategy for national secu-
rity 1. At the same time, “life quality” is con-
sidered as an integral index of population sat-
isfaction with the material, social and spiritual

O Popova A.Yu., Zaitseva N.V., May I.V., 2018

aspects of life [1, 2]. The strategy for national
security assumes improvement of citizens life
quality by ensuring food safety, scaling-up
availability of comfortable housing, diversity
and safety of goods and services, achieving a
high level of education and healthcare, fare
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1 On the Russian Federation’s National Security Strategy: Presidential Decree No. 683 ddt. 31.12.2015. Con-
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On implementation of population life qulity assessment into social-hygienic monitoring system

wages and salaries, creating favorable living
conditions, a wide network of accessible so-
cial, engineering and transport infrastructures
for limited mobility people, etc.

In global practice, "life quality"” is be-
ing considered in different ways. This term
appeared in scientific literature in 1996, with
reference of organs transplantation in the per-
ception of patients. Inevitably, measures of
"life quality” for a long time have been com-
plied only with the purpose of analyzing medi-
cal care effectiveness [3, 4]. This practice still
goes on at present, allowing doctors and re-
searchers to evaluate effectiveness and efficien-
cy of therapy according to a system of personal
indices [5, 6]. At the same time, many authors
recognize the need to take into account a signif-
icantly wider range of parameters characteriz-
ing population life quality [7-9].

In 2011, experts of Organization for
Economic Cooperation and Development
(OECD), having summarized multidirectional
studies on life quality from economic, sociolog-
ical, environmental and other points, suggested
using the so-called "Better Life Index" [10].
The better life index includes 11 aspects: 1) in-
come and material security; 2) employment and
earnings; 3) housing; 4) state of health; 5) work
and rest balance; 6) education and skills; 7) so-
cialization; 8) involvement in public life and
quality of government control; 9) environmen-
tal quality; 10) personal security; 11) percep-
tions of satisfaction with life. The first three
aspects define material well-being, points 4-11:
life quality of an individual. All aspects are de-
scribed by one or two parameters, each, in turn,
being represented by one or two indexes. All
indexes become normal so that the best score
for all countries is “1”, and the worst is “0”.
After that, these indexes come to evaluation of
the characteristics as the arithmetic average of
their normalized values. Similarly, the levels of
characteristics are aggregated to obtain a final
score in each aspect. Russian Federation is also
evaluated in terms of Better life index among
other countries [11].

Not all national researchers consider
such approach as adequate to the real situation
in the Russian society [8]. However, despite

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163

the fact that the index chosen by OECD can be
discussed, criticized, viewed as insufficiently
correct for Russian Federation, it is necessary
to take into account the global focus on these
indexes, to evaluate parameters that lower
Russia's rating, and strive to improve them.

In this regard, it seems relevant to sys-
tematically calculate and monitor the life qual-
ity index for the country as a whole, its certain
regions and municipalities, as well as decom-
position of this index into indices actually
managed by the state and specifically by cer-
tain authorized executive bodies.

In recent years, various approaches to
assessing life quality have been proposed,
mainly for the rating tasks of Russian regions
and cities [7, 12, 13]. The latter is due to the
fact that the country as a whole and almost all
its territories are interested in the influx of
able-bodied population. In a complicated de-
mographic situation in the country, many re-
gions and cities declare an orientation towards
the formation of a “health-saving” environ-
ment, considering the population high life
quality as an important factor of competitive-
ness and attractiveness of any territory [14].
This trend is global, since population satisfac-
tion with a living standard ensures social sta-
bility of a society, and is one of the conditions
for the country's sustainable development [15].

In this regard, it appears that any as-
sessments of the population life quality should
not only be considered (and not so much) as
means of comparing territories, but should be
the tools for substantiating control actions,
identifying the most acute problems requiring
solutions and forming the most efficient and
effective measures. Such approach is wel-
comed by many researchers. At the same time,
life quality indexes are considered by some
authors as criteria in evaluating government
activities [16-18]

The Federal Service for Surveillance
over Consumer Rights Protection and Human
Well-Being ensures control over compliance
with the mandatory requirements for a signifi-
cant number of indexes that are components of
life quality: parameters of habitat, infectious
and non-infectious morbidity, working condi-

ISSN (Eng-online) 2542-2308 )



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

tions, educational process, etc. The Service
monitors these indexes level in all regions of
the country and performs an analysis of the
effectiveness and efficiency of actions to con-
trol these indexes.

Socio-hygienic monitoring (SGM), im-
plemented by Rospotrebnadzor, is a unique
interdepartmental state system for collecting
and analyzing various medical-demographic,
epidemiological, ecological-hygienic and so-
cio-economic data [19]. Currently, SGM Fed-
eral Information Fund has accumulated over
65 million units of information on the medical
and demographic indexes of the regions over a
long-term period, habitat parameters, socio-
economic characteristics, etc. Versatility of the
collected data, focus on ensuring health and
sanitary-epidemiological well-being of the
population, the state and interdepartmental na-
ture of the system give SGM an opportunity to
act as the basis for an integral assessment of
the population life quality. At the same time,
this system can be the basis for substantiating
decisions on managing certain components of
life quality, taking into account the functions
and powers of Rospotrebnadzor or other au-
thorities, business and civil society.

In general, the implementation of
methods for assessing life quality in SHM will
result in a significant expansion of the system
analytical capabilities and an increased de-
mand from the Government, civil society, oth-
er federal executive bodies, etc. At the same
time, it seems reasonable to develop approach-
es that reflect situation in Russian Federation
as closely as possible allowing for the global
method of calculating life quality index. The
latter will provide an opportunity to obtain the
forecast estimates of the Russian Federation
rank in global rating, and define measures to
improve the country's status at the internation-
al level.

In this context, it is important that so-
cio-hygienic monitoring system for many
years solves problems of identifying the priori-
ty risk factors, including the ones that com-
promise life quality. Identification, quantifica-
tion and structuring risk factors allows for bet-
ter controllability in many social processes,

forecasting trends in the indexes and taking
preventive measures [20, 21].

In this regard, it seemed relevant to
include risk assessment methods in the system
of estimated indexes of the population life
quality.

The purpose of implementing the
population life quality assessment in the sys-
tem of socio-hygienic monitoring is to pro-
vide public authorities, civil society, local
governments, other stakeholders with the in-
formation and analytical data on the potential
of population life quality and risks for deteri-
oration of this quality as a basis for making
management decisions at all levels.

The main principles of the system de-
velopment as related to introducing life quali-
ty assessment methods into it are:

1) scientific validity of methodological
approaches adapted to the realities in Russian
Federation on effective management of the
population life quality based on an assess-
ment of the potential and risks for deteriora-
tion of life quality;

2) transparency and systematic assess-
ments based on socio-hygienic monitoring
data and the associated state and departmental
statistics;

3) development of an analytical appa-
ratus that enhances integrated assessment and
evaluation of certain components of the po-
tential and risks to life quality at the level of
the country and its particular regions (munic-
ipalities);

4) transparency of the results for all
stakeholders.

Due to the fact that achieving an effec-
tive management of environmental quality pa-
rameters is eventual provided only a clear tar-
geting to the actions-focus object, the methodo-
logical basis for assessing life quality level can
be the calculations of life quality potential in-
dexes (in a country, region, city) parallel to the
assessment of risks to the citizens life quality.

The general algorithm for assessing life
quality level for management tasks and mini-
mizing risks within the framework of social and
hygienic monitoring system suggests:
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- estimating life quality integral index
potential in a territory (allowing for its decom-
position to the level required to manage it);

- estimating risks for decline in life
quality integral index (allowing for its decom-
position to the level required to manage it);

- estimating general life quality level as
a value that reflects both the potential and the
risks associated with the population life quality;

- trends’ analysis and comparative anal-
ysis of life quality index at the country, region-
al, municipal levels.

Monitoring the integral indexes and
their certain components, and comparing the
indexes periodically will allow for evaluation of
the changes dynamics in the potential or risks in
a territory, the effectiveness and efficiency of
control actions.

The life quality potential reflects a sys-
tem of indexes, the high level of which (the
maximum approximation to the most favorable
one, achieved in the country, or a target level,
the presence of a pronounced tendency to im-
provement, etc.) enhances the population life
quality. Potential is determined through the
integral index, approximated to the “better life
index”, by the calculation method. For com-
parison of various characteristics measured in
scales of different range and dimension, a rela-
tive non-dimensional indicator is determined,
reflecting the approximation degree of an ab-
solute index of a characteristic to the best (or
target) index (1):

fit

eio _—
ft - £ max '
it

-

Z|~
mOZ

1)

where f° is the integral index of the
population life quality at the t-th territory;
f." is the maximum value of the i-th index for
f. among all the territories; N is the number of
factors of a potential being taken into account

The value f° is considered as a po-
tential for life quality.

The potential for life quality can be
assessed as:

high, at f°>0,8,
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average, at 0,6< f'°<0,8,
low, at 0,4<. f'°<0,6,
extremely low, at f°<0,4.

Each object under assessment (country
as a whole, its separate region, city, any other
municipality) is characterized by each individ-
ual indicator (fit) and the integral index as a
whole.

The ratio fi; /fii™ characterizes the pro-
gress degree of the best (target) index in a terri-
tory; the ratio (fit /fi™) /f; ™ is the contribution
of a specific group of indexes to the overall life
quality index.

The list of indices that truly reflect the
population life quality potential should include:

1) material well-being level of a household
and/or an individual,

2) population employment and occupation-
al safety;

3) availability of high-quality housing;

4) medical and demographic indices of a
society;

5) work and rest balance;

6) level of education and leisure activities;

7) social binds;

8) involvement in public life and quality of
government control,

9) environmental quality;

10) personal security;

11) perceptions of satisfaction with life.

If there are data on significance of cer-
tain life quality components for the population,
the weighting factors can be established for
each group of indices.

To obtain correct comparative assess-
ments, all objects (countries, regions, munici-
palities) should be characterized by a single set
of indices.

Calculation of life quality potential
should include not only the static indices char-
acterizing the current (or averaged over a giv-
en period) state of an object, but also the indi-
ces characterizing index dynamics (increase,
decrease, rate of change, etc.)

Index decomposition allows you to
identify priority problems and determine vec-
tors of actions to improve population life qual-
ity. Within the framework of socio-hygienic
monitoring, a comparative and (or) dynamic
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analysis of life quality components can be per-
formed, which includes interests of certain
state (municipal) bodies authorized in a partic-
ular field of activity.

Risks that do not allow realize the po-
tential of a territory in terms of population
life quality are determined by the parameters
characterizing the negative phenomena of so-
cial life as regard to violations of individual
health, safety, living conditions, quality of
environmental objects, etc.

Using the classical definition of risk,
as the product of negative events probability
and their consequences, the basic formula (2)
for assessing risk of decrease in life quality is
proposed:

N
R= _apigu (2)

=1

L
N

where p, is the occurrence probability of

a negative event or its frequency over a certain
period of time (for example, a year); g, is the

severity of these events consequences in terms of
their impact on life quality; N — the number of
risk factors being considered.

The task to determine the severity of
negative events consequences is exploratory in
nature, and is aimed at formalizing causal rela-
tionships between the frequency of events and
the population life quality of the regions, as-
sessed by a special index or indexes system

3):

g, = f(p.Df™), ©)
where Df‘°is the change in life quality
index.
The resulting risk index for the rat-
ing scale is classified as
high at R > 0,6,
average at 0,3< <0,6,
low at 0,05< <0,3,
extremely low at <0,05.

The study of cause-effect relationships
involves using systems analysis methods that
allow determine main patterns for regional dis-
tribution of indexes that reflect life quality.

The source of information to assess
probability of negative events that determine
life quality is state statistical reporting, com-
piled by Federal State Statistics Service, the
Ministry of Health of Russian Federation, Min-
istry of Internal Affairs, Ministry of Natural
Resources and Ecology, Ministry of Education
and other federal executive bodies whose data
are accumulated in the hygienic monitoring.

The list of indexes that really reflect the
risks to population life quality is formed for the
same 11 groups, which determine the life quali-
ty potential. An example of the initial data that
allows for assessment of the potentials and risks
to life quality is given in Table 1.

Since the formula for calculating risk
of loss (decrease) in life quality implies a
summation of risks formed by different fac-
tors, the assessment of individual indexes or
indexes groups’ shares to the overall risk level
characterizes signification of factors and al-
lows for management priorities.

Cross-spectrum analysis of the poten-
tial and risk indexes allows us to draw conclu-
sions about the general life quality level of a
country's population, focusing on the objects
of management (Table 2). Regions (territories)
with high potential and low risks, i.e. the lead-
ing regions (cities), whose indexes should be
looked up to, and whose experience should be
adopted.

Regions (territories) with a high potential
that can be formed by a high level of employ-
ment and wages of the population, growth of
the domestic regional product and housing
provision at the same time can be featured
with high risks of medical and demographic
losses due to climatic peculiarities of the sub-
ject, population aging, adverse environmental
or sanitary epidemiological situation, etc. In
these cases, an analysis of life quality assess-
ment results should provide guidance for de-
veloping risk management activities.

Health Risk Analysis. 2018. No. 3



On implementation of population life qulity assessment into social-hygienic monitoring system

Table 1

Examples of indexes accumulated in SHM systems for assessing life quality potential and its
decrease risks

Life quality
potential index

Data source

Risk factor for life
quality

Data source

Life expectancy at
birth

Federal State Statistics Service
(Rosstat). Predictions by cal-

culations method for "Life ex-

pectancy at birth (years)" index

Total mortality

Rosstat. Form C51 “Distribution of
the deceased by sex, age groups and
causes of death in the specified
year”.

Share of economi-
cally active popu-
lation of a territory
in the total popula-
tion (country, re-
gion, etc.)

Rosstat Tables 1BCH-IT
"Population size by sex and
age, as of January, 1st of the

specified year"; FIF SHM,
Section 1. “Medical-
demographic indexes

Adult mortality ex-
cluding deaths of
retirement age people

Rosstat Form 1-V “Information on
the deceased”, Rosstat Tables
1BCH-II "Population size by sex
and age, as of January, 1st of the
specified year"; FIF SHM, Section
1. “Medical-demographic indexes”

Share of people
working in contact
with harmful and
adverse factors of
occupational envi-
ronment and labor
process

FIF SPM, Table 8.2 "Number of
people working in contact with
harmful and adverse factors of occu-
pational environment and labor pro-
cess by type of factors per economic
activity"

Share of popula-
tion provided with
drinking water

Federal State Statistics Service.

@-18 "Information on sanitary

condition of the subject of the
Russian Federation"

Percentage of drink-
ing water samples
studied that do not
meet sanitary and

epidemiological re-

quirements

Federal State Statistics Service. ®-
18 "Information on sanitary condi-
tion of the subject of the Russian
Federation"

Number of living
space per person
(m2/person)

FIF SHM. Section 3 "Infor-
mation on social and economic
status of a territory"

Share of dilapidated
and emergency hous-

ing

Federal State Statistics Service. Cal-
culations method for "Share of di-
lapidated and emergency housing in
the total amount of housing stock of
a constituent entity of the Russian
Federation" index

Matrix for determining population life quality

Table

2

Regions (territories) with low potential

level as a combination of potential and risks

parameters
. Risk
Potential Extremnel
index YI' Low |Moderate High
low
High High High | Moderate Low level
level level level
Moderate High |Moderate| Moderate Low level
level level level
Moderate [Moderate Extremely
Low Low level
level level low level
Extremely - Low |Extremely|Extremely
low Low leve level |low level | low level
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and high life quality risks require principal
programs of a complex development, etc.

Decomposition of both the indexes of po-
tential and risk makes it possible to identify
vectors of actions that, with the same integral
indexes, can be completely different in different
regions.

As of today, the data accumulated in the
federal information fund system, state and in-
dustry statistics allow for an in-depth analysis
of risks to life quality within the minimum pe-
riod of time. The most significant problems for
obtaining the objective assessments of life qual-
ity are the preparation and processing data from
sociological studies on citizens’ perceptions of
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life quality in the regions. However, the experi-
ence of such studies in the country is available,
including the experience gained by scientific
organizations of Rospotrebnadzor [22, 23].
Completing the social and hygienic monitoring
system with sociological research data will ex-
pand the scope of application of the methodol-
ogy for assessing and managing risks of a dif-
ferent nature, including risks to the population
life quality [24].

In general, the implementation of life
quality assessment in the system of social and
hygienic monitoring will require:

- strengthening and intensifying the inter-
departmental interaction, increasing the in-
volvement of each of the parties in obtaining
adequate and correct indexes of population life
quality and certain components of its potential
and risks;

- mainstreaming into the monitoring sys-
tem of an essential sociological component,
which makes it possible to assess the popula-
tion satisfaction with the living standard in
general and with its certain quality compo-
nents;

- development and implementation of
methodologies and hardware-software for as-

sessing life quality and its certain components,
and expansion of SHM federal information
fund;

- professional development of Rospo-
trebnadzor bodies and organizations’ experts,
staffing the regional and federal information
funds and performing analytical data pro-
cessing.

The development of SHM system in terms
of launching new functions is supposed to be
implemented, having worked out the ap-
proaches to assessing the potential and risks to
life quality on the example of several pilot re-
gions (municipalities) with identification of
effective mechanisms for applying results
when making management decisions. The final
step should be a systematic assessment of life
quality of the country as a whole and of sepa-
rate regions, informing the government, re-
gional and municipal authorities and civil so-
ciety on the results obtained.

Funding. Our research was not granted
any sponsors' support.

A conflict of interests. The authors state
there is no conflict of interests.

References

1. Zalevskiy G.V., Loguntsova O.l., Nepomnyashchaya V.A. Kachestvo zhizni kak kompleksnaya
kharakteristika zhiznedeyatel'nosti cheloveka [Quality of life as a complex characteristic of life activity].
Sibirskii psikhologicheskii zhurnal, 2002, no. 16-17, pp. 102-103 (in Russian).

2. Malikov N.S. K voprosu o soderzhanii ponyatiya “kachestvo zhizni” i ego izmereniyu [On con-
tent of "life quality” concept and its measuring]. Uroven' zhizni naseleniya regionov Rossii, 2002, no. 2,

pp. 17-23 (in Russian).

3. Libis R.A., Kots Ya.l., Ageev F.T., Mareev V.Yu. Kachestvo zhizni kak kriterii uspeshnoi terapii

bol'nykh khronicheskoi serdechnoi nedostatochnost'yu [Life quality as a criterion of successful therapy
for patients with chronic cardiac insufficiency]. Russkii meditsinskii zhurnal, 1999, vol. 7, no. 2, pp. 55—
59 (in Russian).

4. Ware J.E., Snow K.K., Kosinski M., Gandek B. Sf-36 Health Survey: Manual and Interpretation
Guide. Boston: The Health Institute, New England Medical Center, 1993, 316 p. Available at:
https://www.researchgate.net/profile/John_Ware/pub-
lica-
tion/247503121_SF36_Health_Survey Manual_and_Interpretation_Guide/links/56a0e80b08ae21a5642d
5ad3/SF36-Health-Survey-Manual-and-Interpretation-Guide.pdf (22.06.2018).

10 Health Risk Analysis. 2018. No. 3


https://www.researchgate.net/profile/John_Ware/pub

On implementation of population life qulity assessment into social-hygienic monitoring system

5. Akinyemiju T.F., Zhao X., Sakhuja S., Jolly P. Life-course socio-economic status and adult BMI in
Ghana; analysis of the WHO study on global ageing and adult health (SAGE). International Journal for
Equity in Health, 2018, vol. 15, no. 1, pp. 1-8.

6. Provotorov V.M., Kotochigova T.V. Kachestvo zhizni bol'nykh khronicheskoi obstruktivnoi
bolezn'yu legkikh s khronicheskoi serdechnoi nedostatochnost'yu [Quality of life of patients with chronic
obstructive pulmonary disease with chronic heart failure]. Vrach-aspirant, 2011, vol. 48, no. 5.1, pp.
237-240 (in Russian).

7. Makhmudova M.M., Koroleva A.M. Kachestvo zhizni naseleniya: sushchnost', metodiki
otsenki i sovremennoe sostoyanie v Ural'skom federal'nom okruge [The quality of life of the popula-
tion: essence, assessment methods and state-of-the-art in the Ural Federal District]. Vestnik Chelya-
binskogo gosudarstvennogo universiteta, 2014, vol. 353, no. 24, pp. 21-26 (in Russian).

8. Golovin A.A., Vlasova T.A., Koroleva N.M. Metodika otsenki kachestva zhizni naseleniya
[Meronuka omenku kavectBa »xu3HM Hacenenus]. Vestnik Belgorodskogo universiteta kooperatsii,
ekonomiki i prava, 2018, vol. 71, no. 4, pp. 115-122 (in Russian).

9. Pineo H., Glonti K., Rutter H., Zimmermann N., Wilkinson P., Davies M. Characteristics and
use of urban health indicator tools by municipal built environment policy and decision-makers: a sys-
tematic review protocol. Systematic Reviews, 2017, vol. 6, pp. 2. DOI: 10.1186/513643-017-0406-x

10. What’'s  the Better Life Index? Better Life Index.  Awvailable  at:
http://www.oecdbetterlifeindex.org/about/better-life-initiative/ (01.08.2018).

11. Russian Federation. Better Life Index. Available at:
http://www.oecdbetterlifeindex.org/countries/russian-federation/ (01.08.2018).

12. Volkov V.N. Reitingi gorodov Rossii po kachestvu zhizni naseleniya kak otrazhenie effek-
tivnosti obrazovatel'nykh sistem [Life quality ratings of the Russian cities as a reflection of the educa-
tional system efficiency]. Nepreryvnoe obrazovanie: XXI vek, 2016, vol. 13, no. 1, pp. 50-60 (in Rus-
sian).

13. Fomina E.S., Ivanova T.A. Opredelenie reitinga sub"ektov rf po urovnyu kachestva zhizni s
pomoshch'yu postroeniya integral’nogo indikatora [The rank determination of the federal subjects of rus-
sia based on qol (quality of life) level by building an integral indicator]. Prilozhenie matematiki v
ekonomicheskikh i tekhnicheskikh issledovaniyakh, 2014, vol. 4, no. 1, pp. 192-197 (in Russian).

14. Kemalov A.M. Metodika otsenki kachestva zhizni naseleniya gorodov-millionnikov [Procedure
of population life quality assessment in cities with over a million dwellers]. Alleya nauki, 2017, vol. 2,
no. 10, pp. 184-190 (in Russian).

15. Wu S., Li D., Wang X., Li S. Examining component-based city health by implementing a fuzzy
evaluation approach. Ecological Indicators, 2018, vol. 93, pp. 791-803.

16. Tkachev A.N., Lutsenko E.V. Kachestvo zhizni naseleniya kak integral'nyi kriterii otsenki
effektivnosti deyatel'nosti regional'noi administratsii [Population life quality as an integral criterion for
assessing efficiency of activities performed by regional administration]. Nauchnyi zhurnal Kubanskogo
gosudarstvennogo agrarnogo universiteta, 2004, vol. 4, no. 2, pp. 171-185 (in Russian).

17. Tatarkin A.l., Kuklin A.A., Vasil'eva E.V., Nikulina N.L. Kachestvo zhizni kak sistemnaya
dominanta povysheniya ekonomicheskoi bezopasnosti regiona [Quality of life as the main factor in in-
creasing the economic security of the region]. Vestnik Tyumenskogo gosudarstvennogo universiteta,
2012, no. 11, pp. 38-49 (in Russian).

18. Akhremenko A.S., Evtushenko S.A. Kachestvo zhizni regionov Rossii: politologicheskii aspekt,
metodologiya i metodika izmereniya [Quality of life in Russian regions: politological aspect, method and
methodology of measurement]. Vestnik Moskovskogo universiteta. Seriya 12: Politicheskie nauki, 2010,
no. 1, pp. 67-83 (in Russian).

19. Vereshchagin A.l., Fokin M.V., Kalinovskaya M.V. Formirovanie federal'nogo informatsion-
nogo fonda sotsial'no-gigienicheskogo monitoringa [Forming of federal infor mation fund of social-
hygienic monitoring]. Zdorov'e naseleniya i sreda obitaniya, 2006, vol. 163, no. 10, pp. 11-15 (in Rus-
sian).

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


http://www.oecdbetterlifeindex.org/about/better-life-initiative/
http://www.oecdbetterlifeindex.org/countries/russian-federation/

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

20. Onishhenko G.G., Zaitseva N.V., May L.V. [et al.]. Health risk analysis in the strategy of state
social and economical development. In: G.G. Onishhenko, N.V. Zaitseva eds. Perm', Publishing house of
the Perm National Research Polytechnic University, 2014, 738 p. (in Russian).

21. Korotenko G., Shevchenko K. Perspektivy primeneniya ontologicheskikh modelei dlya otsenki
znachimosti pokazatelei i indikatorov, primenyaemykh v sotsial'no-gigienicheskom monitoringe [Pro-
spects of ontological models application in assessing significance of parameters and indicators in social-
hygienic monitoring]. Sovremennyi nauchnyi vestnik, 2013, vol. 5, no. 2, pp. 84-90 (in Russian).

22. Barg A.O., Nesevrya N.A. Sotsial'nye faktory riska zdorov'yu: teoretiko-metodologicheskie
problemy analiza [Social health risk factors: theoretical and methodological issues in analysis]. Vestnik
Permskogo universiteta. Filosofiya. Psikhologiya. Sotsiologiya, 2010, vol. 1, no. 1, pp. 99-108 (in Rus-
sian).

23. Lebedeva-Nesevrya N.A., Barg A.O., Solov'ev S.S. Zdorov'e v sub"ektivnykh otsenkakh rabo-
tayushchego naseleniya Rossii [Self-Rated Health of the Working Population in Russia]. lzvestiya
Ural'skogo federal'nogo universiteta. Seriya 3: Obshchestvennye nauki, 2017, vol. 12, no. 3 (167), pp.
108-115 (in Russian).

24. Popova A.Yu., Gurvich V.B., Kuzmin S.V., Orlov M.S., Yarushin S.V., Mishina A.L.
Nauchnaya Kkontseptsiya razvitiya normativno-metodicheskoi osnhovy obespecheniya sanitarno-
epidemiologicheskogo blagopoluchiya naseleniya [The paradigm of the development of the regulatory
and methodological framework aimed to maintain sanitary and epidemiological welfare of the popula-
tion]. Gigiena i sanitariya, 2017, vol. 96, no. 12, pp. 1226-1230 (in Russian).

Popova A.Yu., Zaitseva N.V., May L.V. On implementation of population life qulity assessment into
social-hygienic monitoring system. Health Risk Analysis, 2018, no. 3, pp. 4-12. DOI:
10.21668/health.risk/2018.3.01.eng

Received: 20.08.2018
Accepted: 24.09.2018
Published: 30.09.2018

12 Health Risk Analysis. 2018. No. 3



Noise at a workplace: permissible noise levels, risk assessment and hearing loss prediction

UDC 613.644 Read FHE
DOI: 10.21668/health.risk/2018.3.02.eng online FrE
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AND HEARING LOSS PREDICTION
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Introduction. Noise is a major occupational risk factor that causes hearing loss, one of the most widely spread oc-
cupational diseases. Recently some new standards that regulate noise at workplace have been fixed and risk assessment
in the sphere has become necessary, so now it is vital to get better insights into the matter. The purpose of the work was
to analyze peculiarities of occupational risk assessment performed for workplaces where there was a lot of in-plant noise
taking into account international documents and national practices. Analysis of legal grounds for occupational risk as-
sessment revealed that the most important issue in it was to determine probability of a damage to a worker's health. Only
an employer can manage risks as it is him who has created them; hygienists, as per ILO Convention No. 161, are respon-
sible for informing and giving recommendations to workers and employers on prevention measures. Methodology of oc-
cupational risk assessment that is applied in occupational medicine is a scientific foundation in the process. Analysis of
risk assessment principles revealed it was necessary to determine tolerable risk, and not an acceptable one. Necessary
and sufficient condition of evidential risk assessment is a hazardous factor existing at a workplace that exceeds maximum
allowable concentrations or permissible exposure levels and prediction of a disease caused by this factor. According to
the Guide P 2.2.1766-03, occupational risk is considered to be proven when there are data on workers' health; but as per
data of working conditions assessment and criteria set forth by the Guide P 2.2.2006-5 it is thought to be only suspected.
So, data obtained via specific assessment of working conditions are not sufficient to assess actual occupational risks. In
2010 the ILO issued an important document on emerging risks and new prevention forms. EU Strategic Framework on
Health and Safety at Work 2014-2020 focuses on new and emerging risks as well as on probable new occupational dis-
eases and work-related diseases. Recently some scientific works have been published that dwell on predicting risks
caused by new technologies, physical, biological, psychosocial, and chemical factors. Directive 2003/10/EC issued in the
EU differentiates noise standards as per urgency of measures taken, and these standards allow for means of individual
protection applied to protect hearing organs; all the standards are also supplemented with practical guides. The Noise
Regulations issued in Great Britain in 2005 give the following definition for risk assessment: it is determination of expo-
sure to noise, account of risks borne by exposed groups of workers, assessment of combined effects produced by noise
and ototoxic substances, as well as by noise and vibration. The author provides data that validate effects of occupational
exposure to noise (the WHO, 2004) and notes that though an increase in permissible noise level from 80 to 85 dB is con-
sidered to be acceptable, the idea is rather controversial. The State Standard P 1SO 1999-2017 on prediction of hearing
loss caused by noise is well in line with the opinion expressed by the WHO experts that exposure to noise can cause disa-
bility. Conclusion. There is a logical chain for occupational risk assessment in case of noise: exposure assessment — de-
termination of working conditions category (hazard degree) — calculation of hearing loss probability as per State Stand-
ard P 1SO 1999-2017 — prevention measures — necessity to work out specific programs aimed at hearing preservation
recommended by the ILO. These programs can reduce risk and extra-aural noise effects; they should be drawn up as San-
itary rules or a State Standard and help to preserve health and provide safe and productive work.

Key words: noise, occupational medicine, working conditions, hearing loss, risk assessment, prediction, preven-
tion.

Noise is one of the most widely spread ad- with adverse and hazardous working conditions;
verse factors at a workplace. As per data provided 18.2% out of them were exposed to noise, ultra-
by the Federal State Statistics Service®, in 2016 and infrasound; that is, almost each 5" work-
38.5% workers were employed at work places place is hazardous as per acoustic factors. Pa-
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thologies caused by physical factors occupy the
first place in occupational morbidity structure;
their share increased in 2017 and reached
47.82%. Hearing loss caused by noise and diag-
nosed as sensorineural deafness prevails among
suzch pathologies as its share amounts to 58.84
%°.

The analysis performed for five basic eco-
nomic branches (mining; processing industries;
production and supply of electricity, water, and
gas; transportation and communication; con-
struction) has shown that hygienic standards are
not met at workplaces; each 10" noncompliance
was related to noise, and each 5" occupational
disease was caused by it [1].

As per data provided by the WHO, 360 mil-
lion people worldwide (5% of the world popula-
tion) live with disabling hearing loss. There are a
lot of unemployed among such people or they
frequently have very low-paid occupations.
Hearing loss among elderly people leads to so-
cial isolation, anxiety, depression, a decrease in
cognitive abilities, and dementia®.

As per data of the US National questioning
on healthcare, 23% out of workers exposed to
noise had hearing troubles, 5% suffered from
tinnitus, and 9% had both conditions; the same
parameters among those who had never been
exposed to noise amounted to 7%, 5%, and 2%
correspondingly (P<0.0001) [2].

Issues related to etiology, pathogenesis, di-
agnostics, and prevention of noise-induced hear-
ing loss have been studied [3, 4]. Validity of ex-
tra-aural noise effects is becoming higher. Earli-
er non-specific noise effects weren't always
considered to be proven [5]; but recent research
has revealed that exposure to noise significantly
correlates with cardiovascular diseases, notably,
arterial hypertension, although a correlation be-
tween noise and mortality caused by cardiovas-
cular diseases turned out to be weak [6].A great-

er attention is paid to traumatism as an occupa-
tional risk factor [7], especially for noisy occu-
pations [8], as well as to fitness for work respon-
sibilities fulfillment as per hearing or so called
"hearing fitness™ [9]. Hearing loss criterion in its
essence is not primarily oriented at health
preservation, but at providing safe and efficient
work, especially in case of occupations that in-
volve great neuro-emotional tension (public
transport drivers, civil aviation pilots etc.) [10,
11].

The question of risk assessment associated
with noise exposure at a workplace becomes tru-
ly vital in relation to approval on Sanitary-
Epidemiologic Rules and Norms SanPiN
2.2.4.3359-16* that set maximum permissible
noise levels at 80 and 85 dB(A) and require ob-
ligatory risk assessment in the last case, as well
as introduction of the State Standard GOST R
ISO 1999-2017°

The research goal was to analyze peculiar-
ities of occupational risks assessment for work-
ers exposed to noise at their workplaces taking
into account international documents and nation-
al practices.

Legal grounds for occupational risk as-
sessment. A concept of "risk" first appeared in
occupational health 50 years ago in a document
issued by the International Organization for
Standardization (ISO), namely ISO/R 1999:1971
recommendation® on how to assess occupational
exposure to noise in order to preserve a person's
hearing. There was a table in the document with
"Risk, %" column as hearing loss probability in
per cent that depended on a noise level in dB(A)
and duration of service in noisy conditions. The
International Labor Organization (ILO) fixed in
its Convention No. 148" ((ratified by the Russian
Federation), Clause 3, that "the term noise co-
vers all sound which can result in hearing im-
pairment or be harmful to health or otherwise

2 On sanitary-epidemiologic welfare of the population in the Russian Federation in 2017: State Report. Moscow, The Fed-
eral Service for Surveillance over Consumer Rights Protection and Human Well-being Publ., 2018, 268 p. (in Russian).

% Prevention of deafness and hearing loss: The Secretariat Report (A70/34 On May 04, 2017). World Health Organization.
Auvailable at: http://apps.who.int/gb/ebwha/pdf filess’WHAT70/A70_34-ru.pdf (access date: 14.07.2018) (in Russian).

4SanPiN 2.2.4.3359-16. Sanitary-Epidemiologic Rules and Norms for physical factors at workplaces. KODEKS: an elec-
tronic fund of legal and reference documentation. Awvailable at: http://docs.cntd.ru/document/420362948 (access date:

14.07.2018).

°State Standard R 1SO 1999-2017. Acoustics. Assessment of hearing loss caused by exposure to noise at workplaces.
KODEKS: an electronic fund of legal and reference documentation. Available at: http://docs.cntd.ru/document/1200157242

(access date: 14.07.2018).
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dangerous". The Convention introduced a con-
cept of occupational risk. Clause 4 states that
"measures be taken for the prevention and con-
trol of, and protection against, occupational haz-
ards in the working environment due to ... noise
and vibration™.

As per Clause 8 of the Convention, "The
competent authority shall establish criteria for
determining the hazards of exposure to air pollu-
tion, noise and vibration in the working environ-
ment and ... shall specify exposure limits on the
basis of these criteria. The criteria and exposure
limits shall be established, supplemented and re-
vised regularly in the light of current national and
international knowledge and data, taking into ac-
count as far as possible any increase in occupa-
tional hazards resulting from simultaneous expo-
sure to several harmful factors at the workplace."

The RF Labor Code® contains Clause 209
that defines an occupational risk as "a probability
of damage to health caused by exposure to ad-
verse and (or) hazardous occupational factors
when a worker fulfils his or her duties according
to a labor contract or in any other cases identified
by the present Code or other federal laws. A pro-
cedure for occupational risk assessment is to be
fixed by a federal executive body that is responsi-
ble for state policy development and legal regula-
tion in the sphere of labor taking into account
opinions expressed by the Russian tripartite
commission for regulation of social and labor re-
lations".

Occupational risks management is a set of
activities that are components in the system of
labor protection management; they include
measures aimed at detecting, assessing, and re-
ducing occupational risks.

Therefore, the primary task in occupational
risk assessment is to determine probability of
damage to health. A procedure for occupational

risk assessment is fixed by the RF Labor Ministry
taking into account opinions expressed by The
Tripartite Commission. Occupational risks man-
agement as a set of organizational and technical
activities is a part of the labor protection system
and it goes beyond responsibilities of hygienists.
Therefore, a risk is managed by those who create
it, in this case, by employers. Hygienists act with-
in their competence determined in the ILO Con-
vention No. 161 or "Occupational Health Services
Convention" (not ratified by the Russian Federa-
tion); they give advice to workers on risks at their
workplaces, protection and prevention measures;
and they give advice to employers on prevention
measures required to manage risks.

Methodology of occupational risks as-
sessment in occupational health is scientific
grounds for hygienic assessment and prevention.
Its foundations were set 25 years ago in research
supervised by Academician N.F. Izmerov [12];
they were then generalized in a reference guide
[13]; and its principles, methods and criteria
were systematized in further research® [14].
These domestic works (co-written with other sci-
entists) were given the Russian Federation Gov-
ernment Award in science and technology (2002)
and F.F. Erisman's Award in Hygiene granted by
the Presidium of the Russian Academy of Medi-
cal Sciences (2004).

The methodology spots out a priori hygien-
ic and a posteriori medical and biological occu-
pational risks assessment [13]. Its advantages are
the scales with quantitative assessment criteria:
a) a risk doubles per each harm category of
working conditions in the Guide R 2.2.2006-05
and b) an occupational disease index also dou-
bles per each harm category of working condi-
tions .

In particular, the Guide R 2.2.2006-05 im-
plies scales for vibration and acoustic factors

®1SO/R 1999:1971. Acoustics — Assessment of occupational noise exposure for hearing conservation purpos-
es. International Organization for Standardization. Available at: https://www.iso.org/ru/standard/56849.html (access

date: 14.07.2018) (in Russian).

"Working Environment (Air Pollution, Noise, and Vibration) Convention: Convention No. 148. KODEKS: an electronic
fund of legal and reference documentation. Available at: http://docs.cntd.ru/document/1900829 (access date: 14.07.2018) (in

Russian).

8 Labor Code of the Russian Federation. KODEKS: an electronic fund of legal and reference documentation. Available at:
http://docs.cntd.ru/document/901807664 (access date: 14.07.2018) (in Russian).

® Occupational risk: Electronic interactive reference catalogue. Edited and compiled by a member of Russian Academy of
Science, Academician N.F. lzmerov, Professor E.l. Denisov, Doctor of Biological Sciences I.V. Stepanyan. Available at:

http://medtrud.com/ (access date: 14.07.2018) (in Russian).
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that have steps for noise, whole-body and hand-
arm vibration equal to 10, 6 and 3 dB respective-
ly and it reflects their different biologic efficien-
cy (doubling of loudness, kinematic parameter,
and a dose accordingly).

A significant task in the methodology is to
determine a probability of occupational and
work-related diseases as well as to account their
categories of risk, severity of illness; and degree
of work-relatedness (causality) as it allows to
obtain single-number indexes that are very con-
venient for managing risks*.

Risk assessment principles: risk tolera-
bility or acceptability. There is a principle in
the world practice stating that a polluter has to
pay or "polluter pays principle™ (PPP); it was
introduced by a recommendation of the Organi-
zation for Economic Cooperation and Develop-
ment in 1972; it was accepted by the European
Union in 1987 and included as Principle No. 16
in Rio-de-Janeiro Declaration of 1992. There is
another principle, a precautionary principle, ap-
proved by the European Union® in 2000 and
UNESCO * in 2005. The principles allow to
manage probable risks in a case when there aren't
enough scientific data, for example, risks related
to nanotechnologies, genetically modified organ-
isms, etc.

There are three possible attitudes towards
risks, namely avoidance, acceptance, and regula-
tion; world practice mostly inclines towards regu-
lation, or risk management [as per 13], that was
earlier called prevention.

First works on risks were published in the

UK and the USA [15-17]. Foreign researchers in
their works on risk assessment procedures exam-
ined a number of criteria for risks ac-
ceptance/tolerance such as ALARA, ALARP,
FAPRA and others, that differed only in their le-
gal subtleties. ALARA principle (the abbreviation
for As Low As Reasonably Achievable) was for-
mulated in 1954 by the International Commission
on Radiological Protection. It was further devel-
oped in ALARP principle, or "As Low As Rea-
sonably Practicable".

In 1974 the "Health and Safety etc. at Work
Act" was issued in the UK * according to it,
people who control production premises or activ-
ities are to reduce risks as per SFARP criterion
(the abbreviation for So Far As is Reasonably
Practicable). The UK Health and Safety Execu-
tive issued a controversial document "Reducing
risks, protecting people™ [17] where it fixed cri-
teria for risks tolerance as per the following gra-
dations: unacceptable, tolerable, quite accepta-
ble, negligible, and we can see that the terms are
rather inconsistent. Since there is a principle in
occupational health and industrial ecology stat-
ing that "Acceptance of a priori hazard and harm
for health is incompatible with zero risk princi-
ple and implies there is a residual risk deter-
mined by deontology and prevention capabili-
ties" [as per 13], it is necessary to speak about
social tolerance of occupational risks [13, p.
100].

The Guide R 2.2.1766-0311 sets an associa-
tion between working conditions categories and
occupational risks categories: optimal 1 catego-

0R 2.2.2006-05. The Guide on hygienic assessment of factors related to working environment and labor process. KO-
DEKS: an electronic fund of legal and reference documentation. Available at: http://docs.cntd.ru/document/1200040973 (access

date: 10.07.2018) (in Russian).

R 2.2.1766-03. The Guide on assessment of occupational risks for workers' health. Organizational and me-
thodical grounds, principles, and assessment criteria. Guide. KODEKS: an electronic fund of legal and reference
documentation. Available at: http://docs.cntd.ru/document/9019020533 (access date: 10.07.2018) (in Russian).

12Risk management methodology in occupational medicine: hygienic assessment of working conditions, prediction and cau-
sation of occupational diseases related to work (harmonized collection of methodological materials) / approved by the Scientific
Council No. 45 "Medical and ecological issues related to workers' health" of the Russian Academy of Medical Sciences. Moscow,

NIl MT RAMS Publ., 2012, 23 p. (in Russian).

3 Communication from the Commission on the precautionary principle. Brussels, 2.2.2000, COM (2000) 1 fi-
nal. Available at: https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2000:0001:FIN:EN:PDF (access

date: 10.07.2018)

“UNESCO. The Precautionary Principle. World Commission on the Ethics of Scientific Knowledge and
Technology (COMES). Available at: http://unesdoc.unesco.org/images/0013/001395/139578e.pdf (access date:

10.07.2018) (in Russian).
BHealth and Safety at Work etc.
/ukpga/1974/37/contents (access date: 10.07.2018).
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ry— no risk; acceptable 2— negligible (tolerable)
risk; hazardous 3.1- small (moderate) risk; haz-
ardous 3.2— average (considerable) risk; hazard-
ous 3.3- high (intolerable) risk; dangerous (ex-
treme) 4- ultra high risk and risk for life that is
characteristic for this particular occupation. And
we can see that here a term "tolerance”, and not
"acceptance” is applied. Therefore, according to
risk management principle (Clause 209 of the
RF Labor Code) we should rely on a concept of
risk tolerance, and not risk acceptance.

OEL or risk assessment? For many years, a
paradigm based on OEL (MPC and MPL) was a
central one in occupational hygiene, its main
assumption being that conformity to them was
obligatory and possible at any workplace and it
could guarantee health preservation. Indeed,
MPC and MPL are true bases of safety but they
are far from being always adhered to.
Therefore, it became necessary to assess
consequences of their violation, to determine
prevention tactics and measures of social
protection for those who have to work under
adverse conditions. Finding solutions to these
tasks required new theories that include risk
assessment and management and that have been
developing rapidly over recent years. As social
and economic changes occurred in the country,
and it made a scientific paradigm in
occupational health shift from MPC/MPL to a
methodology of occupational risk assessment
[13].

As opposed to traditional hygienic assess-
ment of working conditions when all values
higher than hygienic standards were fixed with-
out taking into account an extent to which they
were higher or what possible consequences for
health it would mean, risk assessment pays
greater attention to quantitative estimation of
probable damage to health in order to choose
efficient risk management activities, i.e. preven-
tion [13].

MPC and MPL as bases of hygiene don't
give any information on probability or severity
of consequences, i.e. risk assessment. There is a
true paradox here: risk assessment is based on
MPC and MPL, however, MPC and MPL are
obligatory but not sufficient for risk assessment.
A "dose — effect” relationship is sufficient here
as it gives grounds for predicting probable health
disorders.

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163

The ILO in its "Technical and ethical guide-
lines for workers’ health surveillance" [18]. item
2.7, states that "surveillance programs should be
used for prevention purposes and in particular to
predict the occurrences of occupational injuries
and diseases”. And here (item 3.19) “priority
should be given to environmental (exposure)
limits over biological (biological exposure lim-
its) criteria”. That is, medical examinations with
an occupational disease prediction (given in ital-
ics by us — E.D.) are a basis of prevention activi-
ties with priority given to criteria of working en-
vironment assessment, i.e. MPC/MPL.

Consequently, evidence-based risk assess-
ment in full conformity with the letter and the
spirit of the requirements fixed by the RF Labor
Code (Clause 209 and others) and the ILO doc-
uments should include obligatory and sufficient
such components as assessment of a degree of
excess the MPC/MPL by harmful factor at a
workplace and prediction of probability of an
occupational disease caused by this factor.

Special assessment of working conditions
(SAWC) according to the Federal Law NO.
426, Clause 13 of the Law contains the fol-
lowing definition: Special assessment of work-
ing conditions is a unified set of activities
aimed at identifying adverse and (or) hazardous
factors related to working environment and
working process and assessing their effects on a
worker taking into account deviations in their
actual values from fixed standards (hygienic
standards) existing for these working conditions
and application of individual and collective pro-
tection means".

SAWC replaces a certification of workplaces
and state examination of working conditions and
takes into account actual impacts on a worker's
body exerted by adverse and (or) hazardous fac-
tors related to working environment and working
process. Categories (sub-categories) of working
conditions at specific workplaces are fixed as per
SAWC results; these categories are taken into
account when insurance fees are paid to pension
funds, compensations are given to workers, indi-
vidual protection means provided, medical exam-
inations organized, occupational risks assessed,
accidents and occupational diseases investigated,
etc.

SAWC is performed according to an es-
tablished procedure’, that includes: 1) identifi-
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cation of potentially adverse and (or) hazardous
occupational factors; 2) examinations (tests) and
measurements of such factors; 3) assignment of
working conditions into a specific category (sub-
category) according to a degree of their adverse
and (or) hazard health effects; 4) presentation of
results. In spite of several drawbacks [19],
SAWC is an acting system for occupational risk
assessment.

It should be noted that, according to the
Guide P R 2.2.1766-03", an occupational risk is
considered to be proven (category 1A) on the
basis of data on workers' health obtained via pe-
riodical medical examinations; while results of
working conditions hygienic assessment per-
formed as per criteria given in the Guide R
2.2.2006-05™ are to be considered only as a sus-
pected risk (category 2). So, if one wants to as-
sess an actual occupational risk, SAWC results
are not sufficient and they should be supple-
mented with data obtained via periodical medical
examinations.

The European Union strategy on health
and safety at work (2014-2020) and new
emerging risks. A framework strategy adopted
in the EU® highlighted problems small and mid-
dle-sized businesses had to face, new emerging
risks, and ageing of workforce. There are 7 stra-
tegic goals outlined in the document, and No. 5
goal directly focuses on ageing of workforce,
new and emerging risks (and new occupational
diseases) as well as prevention measures. The
purpose of the strategy is to promote better
working conditions and processes, higher labor
satisfaction, higher competitiveness of European
companies and lower expenses borne by social
insurance systems. A most significant part in the
EU strategy is recognition of new and emerging
risks and new occupational and work-related
diseases. There isn't any similar document issued
in our country.

We should mention a most significant doc-

ument issued by the ILO that dwells on emerg-
ing risks and new prevention techniques in a rap-
idly changing labor world [20]. It was followed
by works on prediction of new risks caused by
new technologies [21] as well as by physical
[22], biological [23], psychosocial [24], and
chemical [25] factors.

New and emerging physical risk factors are
linked with a role that physical loads play in de-
velopment of disorders in the musculoskeletal
system; such risks also include those caused by
noise, vibration, thermal factors, ionizing radia-
tion, machinery and equipment etc. Such risks
can also emerge from absence of physical activi-
ty, or combined effects produced by physical
loads and psychosocial risks; they can be related
to multiple factors or caused by a complex inter-
action within "a man — a machine™ system etc.
[22]. New biological risks are linked with the
global epidemiologic situation, impacts exerted
by antimicrobic-resistant pathogens in public
healthcare and food industry, as well as with en-
dotoxins, mold fungi at workplaces, solid wastes
etc. [23]. Works are being published on risk
analysis and prediction in relation to advanced
processing technologies [26].

It is obvious that all the above-mentioned
issues ought to be examined in depth bearing in
mind future prospects for research; there is a
wide range of them, starting from disorders in
the musculoskeletal system and to combined ef-
fects by physical and psychosocial loads, issues
related to "a man —a machine" interactions etc.

The EU Guide on occupational risks as-
sessment [27] consists of 4 parts: 1) introduction,
definitions, and procedures, 2) basics (data collec-
tion, detection of hazards, risk assessment, preven-
tion measures, documenting), 3) checklists (safety
rules, chemicals, noise, vibration, illumination,
stress at work), 4) detection of hazards and preven-
tion measures for specific activities (work in an
office, construction, food industry, wood pro-

%0n special assessment of working conditions: The RF Federal Law issued on December 28, 2013, No. 426. Konsultant
Plus. Available at: http://www.consultant.ru/document/cons_doc LAW_ 156555/ (access date: 09.07.2018) (in Russian).

Y7 0on Approval of Procedure for conducting a special assessment of working conditions, Classifier of adverse and (or)
hazardous production factors, reporting form on a specific assessment of working conditions and instructions how to fill it in:
The Order issued by the RF Ministry for labor and Social Protection on January 24, 2014 No. 33n. Garant. Available at:

http://base.garant.ru/70583958/ (access date: 09.07.2018).

8 Communication from the Commission to the European Parliament, the Council, the European economic and social
committee and the Committee of the regions on an EU strategic framework on health and safety at work 2014-2020 Available
at: http://ec.europa.eu/social/BlobServlet?docld=11828&Ilangld=en (access date: 09.07.2018).
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cessing, car repairing, agriculture, open-cut mines).
This Guide can be useful for both employers and
their employees as it explains basic issues related
to labor protection and occupational medicine in
such a way that they can be understood easily.
However, it doesn't contain any quantitative crite-
ria of occupational risks assessment or any litera-
ture reference and it makes its scientific value ra-
ther limited.

The EU Directive 2003/10/EC on noise®.
Item 7 in the preamble contains the following: "to
introduce measures protecting workers from the
risks arising from noise owing to its effects on the
health and safety of workers, in particular damage
to hearing”.. Clause 4 "Determination and as-
sessment of risks" states in item 6e that "...any
indirect effects on workers' health and safety re-
sulting from interactions between noise and warn-
ing signals or other sounds ... need to be observed
in order to reduce the risk of accidents". Thus the
Directive regulates limitation of noise required for
both hearing preservation and labor safety.

The document also fixes exposure limit val-
ues and exposure action values in respect of the
daily noise exposure levels and peak sound pres-
sure. The lower and upper exposure action values
require some measures to be taken, and the expo-
sure limit values suppose that personal protection
of hearing organs ought to be applied (Table).

Permissible noise levels as per the Directive

2003/10/EC
o dB(C) re.
Parameter Lexoen | Ppeak 2(§ “)pa
1 Exposure limit 87dB 200Pa | 140dB
values (A)
5 Up_per exposure 85dB 140Pa | 137dB
action values (A)
3 Lo\_/ver exposure 80dB 112Pa| 135dB
action values (A)

As one can see from the Table (the differ-
ence between lines 1 and 2-3), when hearing

protectors (earmuffs, earplugs, helmets etc.) are
applied, their expected efficiency is within 2-7
dB. It corresponds to a 1.15-1.6 times decrease
in noise loudness and this decrease can be sub-
jectively noticeable [13].

One should also mention "Non-binding
guide to good practice for the application of
Directive 2003/10/EC"?; this guide dwells on
issues related to measuring and assessing expo-
sure to noise as well as prevention measures.
Therefore, there are noise standards in the EU
that are differentiated as per urgency of
measures to be taken and that account for PPE
for hearing organs; these are supplemented with
a guide to good practice.

An experience of Great Britain on risk
assessment of noise at work. "Control of Noise
at Work Regulations™?! fix a procedure for risk
assessment in case of noise exposure at a work-
place. An employer is to assess a health risk for
workers caused by noise in order to determine
what measures should be taken to meet the re-
quirements set forth by the Regulations. And here
noise is to be estimated via observations over
working practices and taking into account data on
possible noise levels generated by used equip-
ment; when necessary, an employer should meas-
ure noise levels and compare them with the exist-
ing standards.

Risk assessment includes considering the
following: a) level, type, and duration of exposure
to noise, including exposure to a peak sound pres-
sure: b) impacts exerted by noise on workers
whose health is at specific risk of such exposure;
c) any consequences for workers' health and safe-
ty that result from interactions between noise and
ototoxic substances or between noise and vibra-
tion; d) any indirect consequences for workers'
health and safety that result from interactions be-
tween noise and acoustic alarms or any other
sounds that are to be heard to reduce risks at a
workplace.

So, risk assessment here involves determina-

19 On the minimum health and safety requirements regarding the exposure of workers to the risks arising from physical
agents (noise) (The 17th separate Directive in Clause 16(1) of Directive 89/391/EEU): Directive by the European Parliament and
the European Union Council 2003/10/EU issues on February 6, 2003. Auvailable at:
http://docs.pravo.ru/document/view/44436558/50529867/ (access date: 09.07.2018) (in Rissian).

2 Non-binding guide to good practice for the application of Directive 2003/10/EC. Luxembourg: Office for Official Publi-
cations of the European Communities, 2008, 169 p. DOI: 10.2767/61482

2 Control of Noise at Work Regulations 2005. Available at: http://wwwv.legislation.gov.uk/uksi/2005/1643/contents/made
(access date: 09.07.2018)
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tion of noise exposure, account of risks for vul-
nerable groups of workers, assessment of com-
bined effects produced by noise and ototoxic sub-
stances, as well as by noise and vibration.

New noise standards. New Sanitary-
Epidemiologic Rules and Norms SanPiN
2.2.4.3359-16* fix maximum permissible noise
levels for certain industries at 80 and 85 dBA pro-
vided that acceptability of risk for workers' health
is confirmed by occupational risks assessment and
results obtained during periodical medical exami-
nations of people who are exposed to noise higher
than 80 dBA. The document also requires prohibi-
tion of any works under noise levels higher than 80
dBA. These statements raise a number of issues.

Validity of OEL (MPL) for noise. The
WHO document that focuses on assessing bur-
den of diseases caused by work-related hearing
loss [28] contains Table 1 "Assessment of re-
ported responses to occupational noise exposure"
where evidence is considered to be limited for
performance, biochemical and immune effects,
and birth weight, and where it is considered to be
sufficient for the following:

- annoyance at noise being <55 dB(A) in
offices and <85 dB(A) in industry,

- hypertension at 55-116 dB(A),

- hearing loss (adults) at 75 dB(A) and
(unborn children) at < 85 dB(A).

In relation to that we can't agree with
some authors who state that it is quite acceptable
to increase MPL for noise from 80 to 85 dB(A):
"In-plant noise equal to 80 dB(A) is theoretical
minimum exposure that doesn't cause higher
risks of hearing loss. Compliance with the noise
standard equal to 85 dB(A) fully allows to reduce
prevalence of noise-induced hearing loss" [29].
This tirade contradicts arguments given by the
WHO.

After the State Standard GOST R ISO
1999-2017° has been introduced, it is advisable
to make some corrections into item 3.2.6 of the
SanPiN 2.2.4.3359-16 and fix that occupational
risk assessment is to be performed via calcula-

tion of hearing loss probability for workers and
audiometric testing during periodical medical
examinations when noise level is higher than 80
dB(A). These measures will reduce both risks of
hearing loss and extra-aural effects of noise.

A new standard for hearing loss predic-
tion, GOST R 1SO 1999-2017°. There is a spe-
cific risk assessment system that has developed in
relation to the issue of noise in world literature and
practices; this system differs from that applied
when chemical factors are assessed [30] and is
based on predicting probability of hearing loss as
an officially recognized occupational disease
caused by noise. It started as far back as in 1971
when the Recommendation ISO/R 1999:1971 was
first published; it then became the Standard 1SO
1999:1975, which was then revised as ISO
1999:1990 and finally as 1ISO 1999:2013, and then
introduced in Russia as the State Standard GOST
R 1SO 1999-2017. As opposed to the first edition,
the Standard doesn't contain any definite formula
for risk assessment, but it determines techniques
that can be applied within national systems to pre-
dict hearing loss.

The Standard introduces a number of no-
tions that are very important for occupational
health %%

- hearing loss — deviation or a change for
the worse of the threshold of hearing from nor-
mal;

- hearing disability — effect of hearing loss
on activities in daily living (Note 1 to entry: This
is sometimes called “activity limitation” (WHO);

- risk of hearing disability — percentage of a
population sustaining hearing disability;

- risk of hearing disability due to noise —
risk of hearing disability in a noise-exposed
population minus the risk of hearing disability in
a population not exposed to noise but otherwise
equivalent to the noise-exposed population.

These terms enrich the methodology of oc-
cupational risks assessment. It is also important
that the Standard adheres to the WHO position
on disability that can be a consequence of expo-

22 Original text to be found in 1SO 1999:2013 Acoustics — Estimation of noise-induced hearing loss. Online
Browsing Platform. Available at: https://www.iso.org/obp/ui/#iso:std:is0:1999:ed-3:vl:en (access date:
09.07.2018).

2 State Standard R 1SO /IEC 31010-2011. Risk management. Risk assessment techniques. Moscow,
Standartinform Publ., 2012, 74 p. (in Russian).
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sure to noise [28].

Conclusion. Fundamentals of risk man-
agement have been developed in great detail and
documented in standards® and guides, starting
from pragmatic [31, 32] to academic ones with
economic and psychosocial estimates [33] and
taking into account occupational and non-
occupational exposures [34].

There is Guidance on risk assessment at
work [35] and a standard on risk assessment
techniques [36] adopted in the EU; Health and
Safety Executive (HSE) in the UK has devel-
oped "Risk Assessment Tool and Guidance (in-
cluding Application Guidance)" [37].

But the issue of noise at a workplace has
its peculiarities because it is related not only to
health but also safety [10, 11], and involves not
only risk assessment but also prediction of pos-
sible effects. Starting from early works with
predictions as per Monte Carlo method [38], the
methodology of occupational risks assessment
is so well grounded by scientific works, devel-
opments, and state standards, that it makes the
noise issue truly international. We can compare
it to a project by the US National Institute for
Occupational Safety and Health (NIOSH) dedi-
cated to assessment of new risk factors (includ-
ing nano-materials) suggested for general dis-
cussions [39].

A logic chain for noise is as follows: expo-
sure assessment — determination of working
conditions category (degree of harm) — calcula-
tion of hearing loss probability as per GOST R
ISO — a set of prevention measures (PPE, rest
rooms, vitamin prophylaxis etc.); all these re-
quire development of Hearing Conservation
Programs recommended by the ILO and docu-
mented as sanitary rules or a state standard.

Thus, in relation to State Standard
GOST R ISO 1999-20175 introduction it is ad-
visable to make changes into item 3.2.6 of the
Sanitary-Epidemiologic Rules and Norms4 and
state that occupational risk assessment is to be
performed via calculation of hearing loss prob-
ability for workers and their audiometric testing
during periodical medical examinations when

noise level is higher than 80 dB(A). These
measures will reduce both risks of hearing loss
and extra-aural noise effects. In a very distant
future, “deserted work” in the noisy conditions
will be performed by the so-called cyber-
physical systems (robots and autonomous devic-
es based on artificial intelligence), which is en-
visaged by the course of digitalization of the
Russian economy.
Conclusions:

1. From the standpoint of evidence-based
medicine, an adequate assessment of occupa-
tional risk under exposure to noise should in-
clude both an assessment of the excess of the
maximum permissible level and a prediction of
the probability of hearing loss with audiometric
control during a periodic medical examinations.

2. Occupational risk assessment under ex-
posure to noise in world practice includes detec-
tion of hazard sources, exposure assessment, de-
termination of vulnerable workers' groups (teen-
agers, pregnant and recently delivered women,
breast-feeding mothers, workers with chronic
diseases, migrants, and others) and selection of
prevention measures.

3. Noise exposure monitoring, a prediction
of hearing loss probability, audiometric control
during periodical medical examinations, and
prevention activities are to be fixed as a set of
measures in programs for hearing preservation
documented as a state standard, a system of la-
bor safety standards, or sanitary-epidemiologic
requirements.
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VULNERABILITY AS A SPECIFIC CATEGORY OF CONSUMER RISK
L.N. Osaulenko

Eurasian Economic Commission, Bldg. 1/2 Letnikovskaya Str., Moscow, 115114, Russian Federation

Regulation of legal relationships involving consumers which is adopted in the Eurasian Economic Union coun-
tries doesn't highlight peculiarities related to providing consumer rights of specific population groups; people who
belong to such groups can't evaluate a situation correctly when they act as consumers due to various reasons, such as
their age, physical peculiarities, or some other circumstances.

The author performed this research on the following object: legal relationships which exist between subjects acting on
a consumer market, one party here being a consumer who is more vulnerable than others around due to his or her age or
disability.

The research goal was to give a definition for "vulnerability” as a specific category of consumer risk which de-
termines basic mechanisms of consumer rights protection.

To achieve this, the author analyzed and assessed consumer risks which occur in such situations when consum-
ers are under a certain age, elderly people, or disabled people. The paper also dwells on some peculiarities of deals
which are made by people from the above-mentioned population groups.

The performed research allowed to characterize a consumer "vulnerability” as an increased risk that a deal
made by a consumer can have negative consequences due to his or her social or behavioral peculiarities. These pecu-
liarities are shown to influence a person's ability to obtain or understand information; to make a free choice on a
product or service; to perceive certain marketing practices adequately (perception of aggressive advertising); being
financially capable to make deals. It was proved that specific population groups (young or elderly people, disabled
people) are especially prone to consumer risks due to their age or physiologic peculiarities. People from such groups
are too gullible and usually unable to adequately estimate all the consequences of a deal they have just made; they can
also have limited physical abilities to fulfill their right to cancel a deal they made in due time.

Having performed this research, the author came to a conclusion that it is advisory to spot out specific groups
of "vulnerable" consumers in order to protect their rights in a more proper way; it is necessary to supplement legis-
lation on consumer rights protection with specific norms which can help to protect their rights and legitimate inter-
ests. As all the EEU countries are now trying to integrate their development processes, common grounds and ap-
proaches to national legislation development should be found in international legal acts adopted by the Eurasian
Economic Union (EEU).

Key words: consumer, consumer behavioral risks, consumer protection, disabled people, elderly people, under-
age people, consumer risks, risk assessment, vulnerability, the Eurasian Economic Union legislation.

Consumer risk is given little attention as
an issue to be examined; but simultaneously it is
a rather complicated category that includes phys-
ical, economic, social, legal, and behavioral as-
pects. There are several types of consumer risks
described in scientific works; they are physical
(physiological), property, and economic ones [1—
3]. If we consider a consumer risk to be a specif-
ic barrier that prevents a consumer from com-
plete fulfillment of his or her rights, it is advisa-
ble to start examining the issue from a physical
(physiological) aspect of consumer vulnerability.

Such definitions as "vulnerability" and

O Osaulenko L.N., 2018

"vulnerable groups” are used in many spheres
associated with social relations and their essence
tends to vary depending on a particular sphere.
As regards consumer rights protection, experts
on consumer risks are of the opinion that a level
of risk directly depends on factors that influence
consumer behavior: conditions of a deal not be-
ing well-defined; amount of knowledge and in-
formation a consumer has on the matter; occur-
rence of hazards, and adequate estimation of a
situation and possible damage by consumers
themselves [4].

Given all the above said, consumer vul-
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nerability can be defined as an increased risk that
a deal made by a consumer can have negative
consequences due to his or her social or behav-
ioral peculiarities. These peculiarities influence a
possibility to get free access to information, to
make a free choice on a product or a service, to
adequately perceive specific marketing infor-
mation (susceptibility to aggressive advertising),
a financial capability to make a deal (susceptibil-
ity to unfair practices when loan commitments
are imposed on a consumer who is not able to
pay for a product or a service with available fi-
nancial resources).

This characteristics allows to examine a
situational essence of risks and consumer vul-
nerability, and it means that 1) consumer "vul-
nerability" directly depends on a specific situa-
tion which a consumer is in; 2) certain consumer
groups can be exposed to greater risks in com-
parison with others.

This research considers the following
consumer groups to be "vulnerable™: elderly
people, disabled people, and young people. This
differentiation is determined by objective factors
that make these consumer groups "vulnerable”.
Among such factors there are specific needs that
are to be satisfied for complete fulfillment of
consumer rights (a consumer is not always able
to adequately estimate conditions of a deal or
quality of a product he or she buys due to his or
her physical and mental abilities, or age) and
peculiarities related to protecting rights of such
consumer groups (they are not able to defend
their rights themselves, and they don't under-
stand basic principles of protection applied in
situations when their rights are violated). The
above-mentioned circumstances predetermine
higher risks for such consumers concerning vio-
lations of their consumer rights and legal inter-
ests.

As a rule, consumers who belong to the
above mentioned groups don't focus their atten-
tion on safety as a primary factor influencing
their choice of a product or a service. Unfortu-
nately, safety becomes the most significant in
such situations when a consumer has to face
consequences of a deal when he or she bought a
hazardous product or a service. Thus, specific
risks are caused for children, elderly people, and
disabled people because they, due to their physi-
ological peculiarities, most strongly react to neg-
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ative impacts caused by nutrition-related factors.
Nutrition-related diseases lead to such serious
outcomes as renal and hepatic failure, disorders
in the brain and nervous system functioning, re-
active arthritis, cancer, and death. As per the
WHO estimation, diseases caused by low quality
food and water annually result in 2.2 million
deaths, most of the deceased being children [5].

Electronic commerce (or e-commerce for
short) is another sphere where specific consumer
risks can occur. Each 7th online purchase involv-
ing cross-border transaction entails impossibility
to detect a person responsible for consumer rights
observance. As services are rendered by a number
of providers working together, it is sometimes
hard to determine who is responsible — a seller, an
Internet provider, a device itself, or a channel. As
for electronic sales, there are also several partici-
pants in the process, starting from payment ser-
vices providers to a national mail service, and it is
too difficult to determine who is responsible for a
quality of a product or a service.

And finally, direct deals between con-
sumers are becoming more and more popular, and
it makes the issue even more complicated as here
we actually can't find a particular company that
renders a service. This international labyrinth of
transactions and purchases makes a determination
of people responsible for sales of low quality
products next to impossible. Thus, the repost is-
sued by the Organization for Economic Coopera-
tion and Development (OECD) stated that 68 %
goods sold via the Internet and detected by in-
spections were forbidden for sales in offline retail
outlets [6].

All the above mentioned means it is hard
for consumers to protect their rights, and it is
practically next to impossible for people with age
or physical peculiarities.

As practice shows, legislation adopted in
the Eurasian Economic Union countries (EAEU)
that regulates relations in the sphere of consumer
rights protection is quite generalized and covers
all the consumers without any vulnerable con-
sumer categories being singled out. But at the
same time contemporary development of social
relations implies that certain differentiation in the
sphere of consumer right protection is necessary.

According to a definition adopted by the
WHO, disabled people are people with limited
capabilities who face functional difficulties due to
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a disease, deviations, or development malfor-
mations, health state, or appearance; their capabil-
ities can also be limited because the environment
is not adapted to their specific needs or due to
prejudices that a society has in relation to disabled
people [7]. As per statistic data collected by the
WHO, more than 1 billion people all over the
world have this or that disability. It is rather
frightening that disability figures are growing rap-
idly due to population aging and global increase
in chronic diseases. It accounts for approximately
15% of the world population (from 110 to 190
million adult people) [8].

In order to reduce impacts exerted by
these limitations, the EAEU member-states de-
velop systems of state guarantees on social pro-
tection of disabled people that include a) creation
of equal possibilities for such people to fulfill
their economic, social, cultural, personal, and po-
litical rights; b) elimination of limitations on their
life activity in order to recover their social status
and to help them achieve material independence.

But still, consumer risks for disabled peo-
ple are often related to limited physical possibility
to buy a product due to absence of available infra-
structure in retail outlets or due to absence of in-
formation about a product which is provided in a
way convenient for understanding by people with
sensory functions disorders.

We should also mention absence of in-
formation about peculiarities related to use of a
product by disabled people among consumer risks
for them.

Besides, as practice shows, people with
limited capabilities often become victims of dis-
crimination, especially by transport companies (it
is especially widely spread in case of airlines),
when they are refused transportation.

In many EAEU countries it is impossible
to acknowledge a disabled person to be a con-
sumer in situations when deals in favor of disa-
bled people are made at the expense of insurance
companies or social protection authorities. The
issues requires consideration and solving at the
legislative level.

Earlier, issues related to protection of el-
derly consumers rights were not given any special
attention. Meanwhile, as per data provided by the
WHO, a number of people aged 60 and older will
grow from 900 million in 2015 to 2 billion in
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2050 (from 12% to 22% of the overall world
population).

Population aging is becoming faster and
faster. Thus, for example, it took France more
than 150 years to adapt to a growth in a share be-
longing to elderly people in the overall population
from 10% to 20%; it will take such countries as
Brazil, India, or China just a bit longer than 20
years to adapt to the same changes [9].

A drastic increase in a share of elderly
people in the overall world population calls for
reconsideration of attitudes towards protection of
their rights to consume products or services that
are suitable for use taking into account individual
peculiarities of such people.

Elderly people, due to their physical and
mental age-related peculiarities, can often become
victims of circumstances. While still being legally
capable at the moment a deal is made, they often
don't fully understand the meaning of their actions
or they are unable to manage them properly. In
this case a deal can be acknowledged as being
invalid by court in accordance with the civil legis-
lation.

Mental disorders are widely spread among
people older than 60. As per the WHO data, more
than 20% people aged 60 and older suffer from
mental or neurologic disorders ( excluding disor-
ders related to headache), and 6.6% disabilities
among people older than 60 are caused by neuro-
logic and mental disorders. Dementia and depres-
sion are the most widely spread neuropsychiatric
disorders among people belonging to this age
group [10].

According to experts research performed in
the Russian Federation *, disputed deals made by
elderly people most frequently included the fol-
lowing: sales contracts (22.12%) and deeds of
gift (22.12%), last wills (38.46%), renunciation
of inheritance (2.88%), giving a power of attor-
ney to dispose of property (3.85%), order to
withdraw a last will (0.96%), a contract on a rent
with life-long residence (7.69%), a contract on
non-repayable transfer of a share in a LLC au-
thorized capital (0.96%), and a contract on hand-
ing over a living space into ownership (0.96%)*.

Besides, people belonging to this group of
vulnerable consumers face another serious prob-
lem, or so called "discrimination™ when elderly
people are not treated by financial organizations
as a priority target group and consequently they
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become the most financially excluded population
group.

Thus, as per data of research performed in
Russia in 2016, payments for communal services
were the most popular financial service among
elderly citizens. It was detected that 40% elderly
people didn't use plastic cards, 70% didn't have a
bank account except one for pension payments,
91% didn't bought insurance services, and 93%
never bought products or services in the Internet
[11].

Apart from some objective barriers (low in-
comes, limited access to digital products, low
consumer and digital literacy, physical inacces-
sibility for people with limited abilities) there are
also subjective ones (psychological barriers as
understanding of one's’ incompetence, a fear to
make a mistake or to become a victim of a fraud,
unwillingness to master new technologies etc.).

Children with their specific habits and pref-
erences are another specific consumer group.
And it is important to note that their habits and
preferences are often formed not by their parents
but by commercials, TV, or the Internet. More
and more children aged 3-12 have their own TV
set and their own gadget and are active users of
social Internet networks. Children buy products
themselves and can act both as direct consumers
(even at such an early age as 3-5) and as major
and active mediators in the process of buying.
Children's habits and preferences influence con-
sumer behavior of their parents thus creating a
consumer basket of a family. Adult people often
choose an internet-content depending on their
children's preferences.

Basic consumer risk here is that children
most frequently become victims of unfair mar-
keting in online games, mobile applications, and
social media-sites. As practice shows, most
online games downloaded via popular applica-
tions contain built-in or context advertising (re-
gardless of whether a game is free or it was paid
for). Consumers of such game content frequently
have to pay additional fees to get rid of advertis-
ing. Most games also include offers a consumer
has to pay for (to buy a game continuation, or
bonuses necessary to continue a game). There-
fore, a child (being partially capable) is involved

into making a deal which is not always approved
by his parents.

These are only several aspects that call for
necessity to develop specific regulation related
to protection of specific "vulnerable" consumers.

Another risk existing for children-
consumers in the Internet is related to so called
"free" content that is often given in exchange for
personal data; parents' control over purchase of
such content is practically impossible in spite of
the fact that they are actual buyers here. That is,
a child can download "free" content (which can
be hazardous for a child's psyche) without any
preliminary check by parents who would like to
make sure that this content is appropriate in
terms of a child's age, development, culture, etc.

Lack of attention paid to vulnerable cus-
tomer groups has become obvious recently, es-
pecially under globalization and constantly in-
creasing necessity to develop comparable inter-
national legal regulation and  specific
mechanisms for consumer rights protection con-
cerning various groups of population.

Despite a lot of works on examining risks
related to consumption and behavioral peculiari-
ties of consumers [2, 3, 12], an issue of protect-
ing consumer rights of disabled people and so-
cially vulnerable population groups was first
raised on the international level only in the re-
vised "UN Guidelines for Consumer Protection”
approved by the UN General Assembly in 2015
[13].

National strategies developed in the EAEU
countries also include the issue into priority lists;
in particular, "The strategy for the state policy in
the sphere of consumer rights protection in the
Russian Federation for the period up to 2030"2,

In 2018, when the Russian Federation has
taken presidency over the EAEU, issues related to
development of human potential, cooperation in
social and humanitarian sphere and protection of
public interests have been declared as the most
significant trends in the further development of
the Eurasian integration®.

Development of harmonized EAEU policy
in the sphere of consumer rights protection is
based on national legislation harmonization tak-
ing into account legal acts adopted by the Eura-

! Tyul'kina O.Yu. Forensic-psychiatric expertise of organic mental disorders in elderly people who made property deals:
abstract of a thesis for ... Candidate of Medical Sciences. Moscow, 2013, pp. 6.(in Russian).
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sian Economic Commission. Recommendations
given by the Commission to the EAEU member
states are a "soft" administrative mechanism that
will allow to implement unified regulation of the
consumer rights protection on the whole EAEU
territory.

Development of common approaches to pro-
tecting rights of vulnerable consumer groups is a
new line in the EAEU countries cooperation; it is
of great interest both for population (people are
sure they purchase a qualitative product or ser-
vice) and for business (companies can attract
more consumers, products manufactures in the
EAEU are popularized, imports are replaced).

Finding solutions to problems of disabled
people and other socially vulnerable consumers
are an unconditional priority and uniqueness of a
document that determines unified approaches to
protecting rights of specific consumer groups
adopted in the EAEU countries.

There are not many examples of specific
protection given to such people in world practice;
development of a system approach to improve-
ment of their situation can be considered ad-
vanced and unique experience.

Nowadays there are no unified (standard) so-
lutions to problems in the sphere of protecting
rights of vulnerable consumers in the EAEU
countries. Therefore, development of common
measures aimed at greater consumer safety in the
EAEU countries should take into account aspects
of protecting rights of vulnerable consumers in
specific spheres of legal relations associated with
considerable consumer risks. Such aspects
include:

— issues related to provision of information
about application and storage of a product (if it
is unsafe for a consumer) when a product (ser-
vice) is sold;

— advertising; notably, elimination of unfair
communicative influences (aggressive advertis-
ing or advertising that influences specific con-
sumer groups such as children or people who
can't adequately estimate and understand their
actions and their outcomes) that can cause a

damage to consumers; ban on advertising of spe-
cific products (tobacco and alcohol in sensitive
spheres or in contents oriented at children, teen-
agers, elderly or disabled people); creations of
standards for advertising in the financial sphere;

— the financial sphere concerning availabil-
ity of bank operations (comprehension of finan-
cial risks, restructuring of accounts payable for
specific population groups);

— issues related to protection of young con-
sumers when they use communicative technolo-
gies (smartphones, pads, or computers);

— updating of electronic commerce and
greater digital literacy;

— a prohibition to discriminate vulnerable
consumers (no one can be refused to make a deal
with on the basis of his or her "vulnerability™);

— development of transportation and tour-
ism.

Besides, specific requirements to protec-

tion of vulnerable consumers should be intro-
duced at all the stages in a product (service) life
cycle:

— manufacturing: specific marking should
be made on a product that helps people with lim-
ited abilities perceive information about it or that
contains additional information if it is required
by legislation of those countries where this
product will be sold;

— pre-sale stage: a consumer should be giv-
en information about peculiarities related to safe
use of a consumer product, about a product be-
ing appropriate for consumers of a certain age
(age limitation), about possible suffocation,
about noise levels, a product composition or any
other possible hazards; a consumer should be
given clear instructions on how to operate a
product so that he or she can determine obvious
possible hazards before he or she starts using it;

— operation: a consumer should be given a
clear and easily comprehended instruction (tak-
ing into account requirements existing for specif-

20n Approval of the strategy for the RF state policy in the sphere of consumer rights protection for the period
up to 2030: The RF Governmental Order issued on August 28, 2017 No. 1837-r. Official internet-portal of legal
information. Available at: http://www.pravo.gov.ru (access date: 08.06. 2018) (in Russian).

3The Message by the RF President to the heads of the Eurasian Economic Union member states. The RF Pres-
ident: official internet-portal. Available at: http://kremlin.ru/events/president/news/56663 (access date: 08.06. 2018) (in

Russian).
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ic consumer groups, for example, Braille, a voice
message, etc.) on how to assemble a product and
use it safely, information on safe maintenance,
storage, lifetime, and utilization of a consumer
product, and any other necessary service infor-
mation.

Development of public interests protection at
the overall EAEU level should be based on
stronger legal grounds that include transparent
requirements for doing business and greater mar-
ket integration. And a priority task here is to in-
volve businesses into development of specific
regulation that takes into account needs of certain
consumer groups; efficiency of specific mecha-
nisms for protection of "vulnerable” customers
depends on whether a solution to this task is
found.

A consumer exposed to increased risks can
never actively participate in economic relations
associated with production development. As N.I.
Golub notes in his research, "the greater con-
sumption is, the more demanding people are to
conditions of labor, life, and work™ [1]. For ex-
ample, when assessing people's life and health (on
the basis of expenses spent on providing proper
life conditions and health), American experts es-
timated "a price of life" as being equal to 1.5 - 3.0
million US dollars; German experts, 0.5 — 1.0
million US dollars; experts from the Moscow In-
stitution for Issues of Nuclear Energy Develop-
ment of the Russian Academy of Science, 0.09-
0.19 million US dollars [14].

Marketing research on consumer behavior
tends to focus on an individual consumer. Peculi-
arities and needs of an individual consumer are
examined in order to get commercial benefits.
Such examinations should be aimed at providing
"vulnerable™ consumers with a possibility to make
safe deals without any high consumer risks; deals
that can bring additional revenues to businesses.

For example, as D.G. Alekseeva rightly
points out, there are spheres where a risk to lose
business reputation is especially high. Nowadays
there are risks caused by new hazards for lending
organizations credibility in relation to changes in
the essence and conditions of bank operations;
these risks can lead to a loss of business reputa-
tion. It makes financial organizations take addi-
tional measures aimed at providing safety of such
consumer deals’ [15]. Expenses on providing
safety are incomparable with profits brought by
concluding safe deals.

Variability of consumer risks determines
multiple approaches to managing such risks that
should include social, legal, and economic as-
pects. On the unified EAEU market, management
of such risks can be optimized only provided that
all the countries, businesses, and communities
take active part in the process. Efficiency of a
risk-based approach to providing consumer rights
is recognized and validated on the international
level [16]. The common goal of protecting vul-
nerable consumer groups should be a possibility
for each representative of such groups to com-
pletely fulfill his or her consumer rights. This
goal can be achieved in the EAEU only if encour-
agement and protection of vulnerable consumers'
rights becomes subject to specific legal regulation
on the interstate level.

This approach will make for implementation
of protection for socially vulnerable consumer
groups and will become one of the most signifi-
cant components in common work done by the
EAEU member states on creation of as comforta-
ble and safe consumer environment for socially
vulnerable population groups as only possible.
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THE RF FEDERAL LAW “ON CHEMICAL SAFETY” AS A TOOL
FOR MINIMIZING POPULATION HEALTH RISKS CAUSED BY DEALING
WITH HAZARDOUS CHEMICAL WASTES
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The article contains information on hazardous chemical wastes, reasons that cause their occurrence and ac-
cumulation in the environment as well as issues related to accumulation of persistent organic pollutants (POPs) in
the environmental objects. The authors outline specific features of POPs and their possible influence on the envi-
ronment and a human body; they also dwell on priority activities accomplished in the RF in relation to POPs after
Stockholm Convention on Persistent Organic Pollution was ratified. Provisions of international law in the sphere of
providing chemical safety are being consolidated now and operating bodies of Basel, Rotterdam, and Stockholm
Conventions interact with each other in order to fix concentrations for chemicals which are persistent organic pol-
lutants and to determine their low contents in wastes. The European Union countries and Canada have submitted
their proposals on concentrations of 21 various chemicals in wastes for consideration by all the concerned parties.
Scientific validity of the proposed concentrations has been analyzed; the analysis results are given in the article.
Given the hazards caused by chemicals wastes that contain POPs for people and the environment, the authors sup-
pose that additional research should be performed on substantiation of POPs safe concentrations in wastes. Taking
into account national security and common provisions of international laws related to solving global, national, and
regional tasks, the authors note that it is necessary to update legislation on state regulation in the sphere of provid-
ing chemical safety; they also give grounds and outline conceptual approaches to creation of the Federal Law "On
chemical safety". The article gives a basic idea of this law; its purpose; an object of its regulation; people or eco-
nomic entities whose activities are subject to its force; a place this law, when passed, is going to have in the RF
federal legislation and a system of international agreements that are ratified by the RF. It should be noted that
when the Federal Law "On chemical safety” is adopted, it will allow to reduce negative effects produced by haz-
ardous chemical wastes on population and the environment and will have both medical and social-economic out-
comes.

Key words: chemical wastes, persistent organic pollutants, stability, bioaccumulation, cross-border transfer,
toxicity, chemical safety, international conventions, federal laws.
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Occurrence and long-term storage of
hazardous chemical wastes, both industrial and
consumer ones, is a burning issue all over the
world and in the Russian Federation as well;
chemicals from such wastes can penetrate the
environment and harm human health and envi-
ronmental objects. The overall volume of indus-
trial and consumer wastes accumulated and ac-
counted in the country amounted to approxi-
mately 40.7 billion tons by the end of 2016*. But
the actual amount can be even greater due to
wastes accounting being a rather complicated
procedure as some wastes were generated many
years ago and they have been stored ever since
on non-organized (“spontaneous™) dumps that
are detected annually. Besides, previously accu-
mulated wastes decay, become diluted, they are
exposed to weathering and wash-out, they be-
come covered with dust or hidden by plants that
grow on dumps, and experts face serious prob-
lems when they try to objectively describe con-
sequences of these processes. Approximately 2%
out of the overall wastes mass (about 800 million
tons) are hazardous wastes. Over 2006-2016 ap-
proximately 140-98 million tons of wastes be-
longing to the I-1V danger categories were annu-
ally generated in Russia.

Dumps where solid household and com-
munal wastes are stored pollute the atmospheric
air, soils, underground and surface waters with
heavy metals [1-4], polycyclic aromatic hydro-
carbons and other persistent organic pollutants
[5-8]. Hazardous pollutants penetrate natural
water objects including those which drinking
water is taken from to be supplied to population
[9, 10]. Some authors note that impacts exerted
by such dumps cause unacceptable population
health risks [11-13]. Experts detect hazardous
chemical admixtures in plants tissues [14] and in
biological media of animals [15, 16] in zones
influenced by dumps where wastes are stored.
Experimental and epidemiologic research con-
firms that hazardous chemicals typical for

household and industrial wastes dumps exert
negative impacts on population health, including
cellular level [16-18]. Medical and demographic
losses, in their turn, cause substantial economic
losses, both at a regional and a country level [19,
20].

There are the following basic reasons that
cause generation and accumulation of hazardous
chemical wastes:

— wide application of chemicals with high
toxic, mutagenic, and carcinogenic properties in
industry, agriculture, and households;

— synthesis and implementation of principal-
ly new industrial chemicals that later occur in
wastes but their impacts on human health and the
environment are not studied sufficiently yet;

— accumulation of persistent organic pollu-
tants (POPs) in the environment due to past-time
activities;

— absence of efficient technical solutions
concerning processing and recycling of hazardous
chemical industrial and communal wastes, as well
as absence of efficient techniques for polluted
soils recultivation;

— insufficient legislative and regulatory
grounds for a system of hazardous wastes
treatment in the Russian Federation [21, 22].

World practice shows that legal regulations
are widely used to minimize chemical risks
caused by industrial and communal wastes.
Thus, the Stockholm Convention? ratified by 152
countries was adopted in order to limit or even
terminate manufacturing and application of all
intentionally produced persistent organic com-
pounds (POPs); and gradually reduce and, if pos-
sible, completely terminate introduction of unin-
tentionally produced POPs, such as dioxins and
furans, into the environment. Implementation of
the best available technologies is a basic way that
should be applied when treating hazardous
wastes.

Activities aimed at identification of diox-
ins and furans sources and development of emis-

1 On the situation and protection of the environment in the Russian Federation in 2016: State Report. Moscow,
the RF Ministry of Natural Resources and The Environment; NIA-Priroda Publ., 2017, 760 p. (in Russian).

2Stockholm Convention on

Persistent

Organic Pollutants. Available at:

http://chm.pops.int/Portals/0/sc10/files/a/stockholm_convention_text r.pdf (access date: 15.08.2018) (in Russian).

®Basel Convention on the control of transboundary movements of hazardous wastes and their disposal. — URL:
http://www.basel.int/Portals/4/Basel%20Convention/docs/text/BaselConventionText-r.pdf (access date: 15.08.2018) (in Rus-

sian).
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sion surveys were accomplished within the
frameworks of cooperation with the Basel Con-
vention® secretariat. Besides, within the Basel
convention framework, experts control trans-
boundary movement of hazardous wastes and try
to prevent transportation of hazardous wastes for
their consequent disposal in countries where
there are no relevant enterprises dealing with
safe processing of wastes. Annually as many as
8.5 million tons of hazardous wastes are moved
across state borders. The convention covers a
wide range of wastes that are considered "haz-
ardous" depending on their origin and composi-
tion.

There are more than 20 legislative acts
adopted in the European Union (EU) that regu-
late wastes treatment. We can mention the EU
Council Directive 96/61/ec dated September 24,
1996 on integrated pollution prevention and con-
trol; the EU Council Directive 2000/76/eu on
incineration of wastes dated December 4, 2000;
the EU Council Directive 99/31/eu on landfill of
wastes dated July 16, 1999, and others. These
documents envisage there should be a decrease
in wastes volumes aimed for elimination, and a
step-by-step transfer to their application as recy-
cled resources. There were certain instruments
applied to achieve it, in particular, new taxation
on wastes sources, development of processing
strategies, updating of existing schemes for
quantitative and qualitative wastes parameters.

The Russian Federation is actively develop-
ing legal grounds for regulation of wastes treat-
ment. The country ratified the Stockholm Con-
vention in the Federal Law issued on June 27,
2011 No. 164-FL* with an initial list containing
12 POPs. Each new chemical included into lists
fixed by the Convention is to be ratified sepa-
rately as per obligations accepted by the Russian
Federation. When ratifying the Stockholm Con-
vention, The Russian Federation determined the
following priority activities: a ban on manufac-
turing and application of certain pesticides; a ban
on manufacturing and application of polychlo-

rinated biphenyls (PCBs) by 2025 and complete
elimination of PCB-containing equipment by
2028; minimization and, if possible, elimination
of unintentionally occurring POPs; control over
recycling of POP-containing wastes. Polychlo-
rinated biphenyls are industrial products that are
being applied at the moment and that are to be
eliminated. It is forbidden to produce them in
Russia, however at present there are at least 30
thousand tons of them kept in warehouses or in
technical appliances (transformers, condensers,
etc.) But at the same time, the second hazardous
industrial product, hexachlorobenzene, is used in
pyrotechnic compounds and is still produced in
the country.

The Federal Law "On industrial and con-
sumer wastes"™. issued on June 24, 1998 No. 89-
FL is constantly updated. More than 80 tech-
nical, essential, and organizational corrections
have been made into it since it was issued [23].

But at the same time, some issues remain
vital; it is especially true for the sphere of
providing chemical safety for the population [11,
24, 25]. Several authors note that legal regula-
tion of public relations existing in the sphere can
be described as disjoint; it doesn't have a unified
legal ground; it can solve only some specific
tasks related to providing chemical safety in dif-
ferent legislation spheres [26, 27].

Given all the above mentioned, lawmakers
and experts have developed a draft of a basic
federal law that will be entitled "*On chemical
safety"".

A basic idea of this law, "On chemical
safety", is to systematize separate legal standards
concerning chemical safety issues and contained
in legal acts issued in different legislative
spheres; to exclude duplications and existing
contradictions between such acts as regards re-
quirements to and necessary activities aimed at
providing chemical safety; to fix a set of activi-
ties necessary to ensure implementation of state
policy for providing chemical safety.

The goal of the law is to create a legal

*On ratification of the Stockholm Convention on persistent organic pollutants: Federal law issued on June 27,
2011 No. 164-FL. President of Russia: the official web-site. Available at: http://kremlin.ru/acts/bank/ (access date:

17.08.2018) (in Russian).

°0n industrial and consumer wastes: The Federal Law issued on June 24, 1998 No. 89-FL (last edited on De-
cember 31, 2017). KonsultantPlus Available at: http://www.consultant.ru/document/cons_doc LAW_19109/ (ac-

cess date: 17.08.2018) (in Russian).
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framework for implementing activities aimed at
gradual reduction of risks caused by negative
impacts exerted by hazardous chemical factors
on population and the environment until such
risks become acceptable.

The law will cover activities performed
by state authorities, local authorities, juridical
persons, private entrepreneurs, and citizens who
participate in chemical safety provision. It is
necessary to separate spheres of responsibility
between state and local authorities, and it is also
quite important to clarify and to enhance rules
and responsibilities of citizens, private entrepre-
neurs, and juridical persons in the sphere of
chemical safety.

This law is primarily aimed at implemen-
tation of Clauses 41 and 42 of the RF Constitu-
tion; these Clauses state that any citizen has the
right for protection of his or her health and for
the favorable environment; they also state that
the Russian Federation is to fulfill its interna-
tional legal obligations in the sphere of chemical
safety.

The draft law contains a set of activities that
are necessary to implement the state policy for
providing chemical safety; it includes basic
measures and activities performed within the
frameworks of the existing Federal Laws, such
as "On the basics of citizens' health protection in
the Russian Federation, " On sanitary-
epidemiologic welfare of the population” , "On
environmental protection” , "On industrial and
consumer wastes" , "On safe handling of pesti-
cides and agrochemicals™ , "On industrial safety

of hazardous industrial objects" , "On technical
regulation"®, as well as more than 30 other fed-
eral laws dealing with some specific matters in
the chemical safety sphere.

A true innovation of the law is a definition
given in it to chemical safety; it is defined as "...a
situation in which population and the environ-
ment are protected from hazardous chemical fac-
tors; in which acceptable levels of chemical risks
are secured" (Clause 1). And here chemical risk
is determined as per its classical definition, and it
is "...a probability of damage done (taking its se-
verity into account) to human health and (or)
damage done (taking its severity into account) to
the environment by hazardous chemical factors".

The law contains a definition of chemical
carcinogens; they are substances that "cause on-
cologic diseases or greater risks of their occur-
rence".

It is extremely important that there is an
attempt to determine acceptable risk in the law
(Clause 1, Item 27): "an acceptable chemical
risk is a level of chemical risk detected via com-
parison with a risk that exists in everyday life,
and probable negative outcomes of which are so
negligible that this risk can be considered ac-
ceptable by the society and by the state as bene-
fits gained from a chemical factor related to the
risk are worth it". At present it is the only legis-
lative document in the RF that gives at least
some criteria for assessing human health risks.

The law also envisages additional activi-
ties aimed at reducing threats, hazards, and risks
for the environment and human health; they in-

®On the basics of citizens' health protection in the Russian Federation: the Federal Law issued on November

21, 2011 No. 323-FL (last edited on

December

29, 2017). KonsultantPlus. Available at:

http://www.consultant.ru/document/cons_doc LAW_ 121895/ (access date: 29.07.2018) (in Russian); On sanitary-
epidemiologic welfare of the population: the Federal Law issued on March 30, 1999 No. 52-FL (edited on July 29, 2017).
KonsultantPlus. Available at: http://www.consultant.ru/document/cons_doc_LAW_22481/ (access date: 05.02.2018) (in
Russian); On environmental protection: the Federal Law issued on January 10, 2002 No.7-FL (edited on December
31, 2017). KonsultantPlus. Available at: http://www.consultant.ru/document/cons_doc LAW 34823/ (access date:
05.02.2018) (in Russian); On industrial and consumer wastes: the Federal Law issued on June 24, 1998 No0.89-FL
(edited on December 31, 2017). KonsultantPlus. Available at:
http://www.consultant.ru/document/cons_doc LAW 19109/ (access date: 05.02.2018) (in Russian); On safe han-
dling of pesticides and agrochemicals: the Federal Law issued on July 19, 1997 No. 109-FL (edited on April 17,
2017). KonsultantPlus. Available at: http://www.consultant.ru/document/cons_doc LAW_ 15221/ (access date:
05.02.2018) (in Russian); On industrial safety of hazardous industrial objects: the Federal Law issued on July 21, 1997 No.
116-FL (edited on March 07, 2017). KonsultantPlus. Available at:
http://www.consultant.ru/document/cons_doc LAW 15234/ (access date: 05.02.2018) (in Russian); On technical regula-
tion: the Federal Law issued on December 27, 2002 No.184-FL (edited on July 29, 2017). KonsultantPlus. Availa-
ble at: http://www.consultant.ru/document/cons_doc_LAW_40241/ (access date: 05.02.2018) (in Russian).
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clude development of efficient technical solu-
tions as regards processing and recycling of
chemically hazardous industrial and consumer
wastes, recultivation of polluted soils; imple-
mentation of best available environmentally
friendly technologies for treatment of chemically
hazardous wastes; elimination of stocks contain-
ing plant protectors and agrochemicals that are
no longer fit for use and persistent organic pollu-
tants in conformity with international agree-
ments which the Russian Federation joined.

Clause 6 enlists powers that belong to the
RF federal public authorities in the economic
safety sphere; among them it fixes monitoring of
chemical risks with assessing efficiency of per-
formed activities that are aimed at step-by-step
risks reduction until they become acceptable.

The legal act highlights the significance
of prophylaxis measures that are aimed at neu-
tralizing chemical threats, preventing and reduc-
ing chemical risks. Basic measures here are pro-
vision of safe operations at chemically hazardous
industrial objects; greater chemical safety of
products; handling of pesticides strictly accord-
ing to the standards, including their active sub-
stances and agrochemicals.

The law also fixes the significance of ac-
tivities aimed at prevention and reduction of
chemical risks occurring in situations when high-
ly toxic chemicals and hazardous persistent
chemical compounds are applied.

The law also envisages some measures
for preventing and reducing chemical risks
caused by sources of chemical hazards. Such
measures include:

— preventing emergencies and (or) sabo-
tage at potentially hazardous chemical objects;

— eliminating idle sources of chemical
hazards or their processing; development and
implementation of up-to-date technologies for
chemical safety provision;

— working out efficient technical solu-
tions for processing (recycling) of chemically
hazardous industrial and consumer wastes as
well as recultivation of polluted territories in-
cluding:

— ranking and classifying potentially
hazardous chemical objects and polluted territo-
ries taking into account chemicals properties,
and population mortality and morbidity that de-
pend on the environment;
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— conducting inspections at potentially
hazardous chemical objects and polluted territo-
ries, including inventories of enterprises that
used to produce hazardous chemicals but don't
function any more as well as inventories of terri-
tories polluted due to economic activities previ-
ously performed on them;

— preparing medical and sanitary profiles
for territories where potentially hazardous chem-
ical objects are located and working out
measures for their elimination (processing) and
(or) chemical risks reduction;

— creating regional databases on how
properly and reliably potentially hazardous
chemical objects are operated and regional maps
showing where chemically hazardous wastes are
stored in the RF regions etc.

Another substantial component of the
law that helps to protect population from chemi-
cal hazards is related to measures fixed in it
(Clause 15) and aimed at preventing occurrence
and prevalence of health disorders caused by
hazardous chemical factors; such measures in-
clude technologies applied for diagnostics, cor-
rection and prevention of health disorders asso-
ciated with chemicals factors, control over
threats and hazards, and a system for wider
spread of information on health risks among
population.

Chemical risks are gradually reduced to
acceptable levels due to enhancement and devel-
opment of the national system for chemical safe-
ty in the Russian Federation. This national sys-
tem for chemical safety includes the following
basic elements: state authorities, local authori-
ties, juridical persons, private entrepreneurs, and
citizens taking part in providing chemical safety
in accordance with the RF legislation.

The national system for chemical safety
has the following functions:

- monitoring of chemical risks;

- updating of legal regulation and public admin-
istration taking into account newly detected
chemical risks;

- providing resources for functional elements of
the national system for chemical safety;

- developing and implementing activities aimed
at neutralization of chemical hazards, chemical
risks prevention and reduction, providing greater
security of population and territories from haz-
ardous chemical factors as well as assessing how
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efficient all the implemented measures are.

When the Federal Law "On chemical
safety" is issued, it will allow to reduce negative
impacts exerted by hazardous chemical factors
on population and the environment and will have
both medical and socioeconomic outcomes. In
particular, the law will provide additional condi-
tions for health preservation, reduction in popu-
lation mortality and morbidity, preservation of
the country gene fund and keeping it at a level
necessary for proper development of the society;
it will help to ease social tension caused by oc-
currence or probability of damaging chemical
factors that exert negative impacts on the coun-
try population; it will allow to decrease losses
due to breaks in economic activities performed
by workable population in the RF, burdens on
the public healthcare system in the country, and
economic damage caused by emergencies and
disasters at hazardous chemical objects.

The law will become even more signifi-
cant for the legal system in the RF after some
provisions for implementation of international
legal obligations accepted by the Russian Feder-
ation in the chemical safety sphere are included
into it. It will determine political outcomes that
will become obvious through greater interna-
tional prestige enjoyed by the Russian Federa-
tion as well as through greater development of
regional and international relations in the chemi-
cal safety sphere.

But at the same time, when the law is is-
sued, it will require development of domestic
sub-legislative scientific and methodical base as
regards:

- working out up-to-date techniques for indica-
tion of the most significant hazardous chemicals
in environmental objects and human biological
media;

- working out up-to-date selective and sensitive
identification techniques for new chemicals and
mixtures for their consequent classification and
marking;

- hygienic regulation for new chemicals and
mixtures;

- substantiation of limitation imposed on distri-
bution of chemicals causing the highest risks for
population health and environmental objects;

- creation of state standard samples and a data-
bank of hazardous persistent chemicals including
persistent organic pollutants;
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- development and implementation of up-to-date
techniques, means and technologies for protec-
tion of population and the environment from
hazardous chemical factors;

- development and application of means and
technologies for diagnostics, treatment and pre-
vention of health disorders caused by hazardous
chemical factors;

- substantiation and implementation of medical
and prevention activities for people exposed to
chemical risks at potentially hazardous chemical
objects as well as in zones influenced by such
objects;

- creation of an efficient system for risk commu-
nications in order to improve overall culture of
the RF population in the sphere related to
providing chemical safety.

It will also be necessary to train and de-
velop staff required for providing chemical safe-
ty and to improve a system of training for ex-
perts in the field including creating better condi-
tions for:

- eliminating shortage of experts in the sphere of
toxicology and occupational medicine via opti-
mization of their training as well as making these
occupations more attractive and prestigious;

- improving skills of staff, including servicing
personnel, necessary for providing chemical
safety when potentially hazardous chemicals ob-
jects are being operated, as well as for solving
issues related to anti-terrorist and anti-sabotage
protection of such objects;

- development of educational centers created in
federal state scientific and educational estab-
lishments in the RF regions;

- development and implementation of education-
al programs and programs for subject updating
on issues related to chemical risks analysis and
application of chemical risks management tech-
nologies;

- performing drills on organization of interde-
partmental interaction including elimination of
emergency situations consequences at potentially
hazardous chemical objects.
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The paper dwells on the assessment of potential health risk (R") that can occur in the sphere of water collection
and purification. It was shown that activities related to water collection and purification held the leading place
(6.10 - 10°) as per R'average in the priority group "Activities in the sphere of public healthcare, provision of communal, social, and
private services" (30.9 %). A share of juridical persons and private entrepreneurs whose activities were ranked as having the 1st
and 2nd hazard degree as per health risks amounted to 36 % of all the economic entities who provide water collection and purifica-
tion for drinking water supply system in the RF regions. Our research object was a typical juridical person that provided a large
settlement (more than 19 000 thousand people living there) with drinking water taken from a surface source. Water chlorination is a
necessary stage in the technological process of water treatment. Chlorinated organic admixtures are detected in drinking water in
concentrations which reach up to 1.3 MPC. The object is ranked as having the 1st hazard degree as per health risk (R' = 2.98 - 10°
%). We quantitatively assessed damage to children's health caused by activities performed by the examined economic entity.
We found out that oral introduction of chlorinated organic compounds and their additive effects caused increased non-
carcinogenic risk that had the following hazard indexes: functional disorders in the liver HI =1.74: in the kidneys,
HI =1.72; in the neuroendocrine system (HI =1.56); in the central nervous system, HI = 1.55; the circulatory system,
HI = 1.48. Chloroform makes the greatest contribution into the hazard index value (up to 99.75 %). In-depth research
proved there was damage to health of 33 % of the examined children. Damage was estimated as mild in 84 % cases, and as
moderate, in 16% cases. Given the gravity of negative outcomes for health, risk realization amounted to approximately
6.5 % of the calculated value of potential risk R' for children. It means more than 5,400 additional morbidity cases occur
annually at the population level; they are digestive organs diseases, nervous, endocrine, and urinary system diseases. Eco-
nomic losses amounted to more than 100 million rubles. The authors applied a system of parameterized models that describe
cause-and-effect relationships for children population to determine reference chloroform concentrations; they amounted to
0.0031 mg/dm?in blood; 0.07 mg/dm?, in drinking water; reference dose load amounted to 0.0095 mg/(kg - day).

Key words: sanitary-epidemiologic well-being, economic entity, control and surveillance activity, drinking wa-
ter, exposure, chlorinated organic compounds, population health, potential health risk, evidences, actual damage to
health.

Basic regulatory public documents issued in a primary factor that determines social and econom-
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cant individual and public resource. These docu-
ments fix the necessity to preserve and to improve
health of the country population; it is stressed in
them that to achieve this goal it is necessary to pro-
vide high standards of sanitary and epidemiologic
welfare. And quality of the environment is a signifi-
cant determinant of health [1-4].

As per data obtained during domestic epidemio-
logic research, over the last five years on average
approximately 5.5 — 10 million additional morbidity
cases and 26 — 28 thousand additional deaths in the
RF were related to adverse impacts exerted by envi-
ronmental factors; such factors arose from environ-
men;[al quality that didn't conform to hygienic stand-
ards”.

Nowadays more than 60% of the RF popula-
tion live in such conditions where environmental
quality is unsatisfactory as it has been revealed by
Rospotrebnadzor bodies. In 2015-2017 approxi-
mately 9-12% of the RF population weren't provid-
ed with good quality water and conditionally good
quality water. In 2017 the greatest number of drink-
ing water samples that deviated from the standards
as per sanitary and chemical parameters were de-
tected for water taken from centralized water supply
systems (13.5%); a number of water samples deviat-
ing from the standards as per microbiological and
parasitological parameters amounted to 2.9 % and
0.07 % correspondingly [5].

Given all that, it is still vital to get better in-
sight into issues related to possible negative effects
that are produced by economic entities and their
activities on population health in cases when sani-
tary legislation is violated [5-7].

A special attention is paid not only to control
and surveillance over compliance with the abligatory
requirements fixed in the RF legislation on providing

sanitary-epidemiologic welfare of the population but
also to detection of correlations between population
health and impacts exerted on it by environmental fac-
tors the quality of which was determined mostly by
specific economic entities and their activities [5-9].
Examination of impacts exerted by environmental fac-
tors on population health is a complicated process as
responses from a body can have multiple causation,
they can be reversible and distributed over time, bodies
of exposed people can have their peculiarities, some-
times there are no direct cause-and-effect relations etc.
[10-21].

A necessity to enrich and deepen knowledge in
the sphere is confirmed by issues that arise during
practical activities performed by Rospotrebnadzor ex-
perts, in the course of control and surveillance activi-
ties, sanitary-epidemiologic examinations, assess-
ments, and inspections [5, 7].

Our research goal was to assess structural
and spatial distribution of potential health risks
caused by economic activities in the "Water collec-
tion and purification" sphere and actual damage
done by them to exposed population's health (the
value of risk realization).

Data and methods. We analyzed quantitative
characteristics of the results obtained by Rospo-
trebnadzor during surveillance and control activi-
ties over 2017; we took all the necessary data from
"Information on state control (surveillance) and
municipal control" 1-control form for federal sta-
tistic observation. The structure of the Register that
comprised economic entities (juridical persons and
private entrepreneurs) whose activities were sub-
ject to state sanitary-epidemiologic control (sur-
veillance) was analyzed as per its state on the May
15, 2017.

Potential population health risk (R') caused by

! The Constitution of the Russian Federation. Available at: http://constitution.kremlin.ru/ (access date: 04.06.2018) (in

Russian). On fundamentals of citizens' health protection in the RF: The Federal law passed on November 21, 2011 No. 323-
FL. KonsultantPlus. Available at: http://www.consultant.ru/document/cons_doc LAW 121895/ (access date: 04.06.2018) (in
Russian). On sanitary and epidemiologic welfare of the population: The Federal Law passed on March 30, 1999 No. 52-FL.
KonsultantPlus. Available at: http://www.consultant.ru/document/cons_doc_LAW_22481/ (access date: 04.06.2018) (in Rus-
sian).The Message by the RF President to the Federal Assembly on March 01, 2018. The Official Web-site of the RF President.
Available at: http://kremlin.ru/events/president/news/56957 (access date: 04.06.2018) (in Russian).

2 On sanitary-epidemiologic welfare of the in the Russian Federation in 2013: The State Report. Moscow, The Federal
Service for Surveillance over Consumer Rights Protection and Human Well-being, 2014, 191 p. On sanitary-epidemiologic
welfare of the in the Russian Federation in 2014: The State Report. Moscow, The Federal Service for Surveillance over
Consumer Rights Protection and Human Well-being, 2015, 206 p. On sanitary-epidemiologic welfare of the in the Russian
Federation in 2015: The State Report. Moscow, The Federal Service for Surveillance over Consumer Rights Protection and
Human Well-being, 2016, 200 p. On sanitary-epidemiologic welfare of the in the Russian Federation in 2016: The State
Report. Moscow, The Federal Service for Surveillance over Consumer Rights Protection and Human Well-being, 2017, 220
p. On sanitary-epidemiologic welfare of the in the Russian Federation in 2017: The State Report. Moscow, The Federal Ser-
vice for Surveillance over Consumer Rights Protection and Human Well-being, 2018, 268 p.
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an economic entity of I-th type was determined as
a product of how probable a violation of legislation
was, gravity of consequences for health (relative
damage to health) when legislation was violated,
and a scale of impacts exerted on population by an
ecgnomic entity in accordance with MG 5.1.0116-
17,

To assess actual realization of a potential
health risk, we performed selective profound medi-
cal-biological examinations; as a result, we man-
aged to detect morbidity cases that were proven to
be associated with impacts exerted by examined risk
factors. Any fact of damage to health related to neg-
ative impacts exerted by an economic entity's activi-
ty was detected in conformity with the MG
2.1.10.3165-14%. Our evidence was based on the
following chain of cause-and-effect relations: "An
activity performed by an economic entity in the
sphere of water collection and purification — Envi-
ronmental factors — Markers of exposure — Indica-
tors of a response — Health disorders™; the chain
was epidemiologically and biologically substanti-
ated.

A value of proven damage done to each indi-
vidual (realized individual risk) was determined as per

the following formulax Rv=1-P(1-g,d;),
J

where d; was a binary parameter characterizing that a
damage as a j-th disease was proven (d;= 0, if damage
wasn't proven, and d; = 1, if damage was proven); g;
was gravity of a disease. Realized individual risk Rv
was classified as per the following criteria: Rv < 0.05
meant a damage was low (mild as per risk realization);
0.05 < Rv < 0.35 meant average damage (moderate,
average as per its realization); 0.35 < Rv < 0.6 meant
high damage (grave, high as per its realization); Rv >
0.06 meant damage was extremely high (extremely
grave, extremely high as per its realization).

Aggregate realized risk as per a sampling
was determined as per the following formu-

6l 2 i .
la: Rv*** =  RV' , and was recalculated into popu-
i

lation one as per the following formula:

N, .
Rv"" = Ry** FlO ® where N was a number of

people in an examined population; n was a sampling
volume. We calculated an arithmetic fraction Rv™"

from R} to assess realization of a potential health

risk R; for a j contingent caused by an i type activity

performed by an economic entity.

Hyagienic assessments of conditions under which
damage to health occurred was done by the example of
a zone influenced by a representative economic entity;
it was located in Perm region, belonged to thelst risk
category, dealt with water collection and purification,
and applied chlorination as a basic water disinfection
technology. Drinking water quality was hygienically
assessed as per five chlorinated organic compounds
(chloroform, carbon tetrachloride, 1,2-dichloroethane,
dichlorobrommethane, and dibromchloromethane);
the assessment was performed as per data collected
over 2013-2016 and provided by the Perm Region
Center for Hygiene and Epidemiology and Federal
Management Center for Medical and Preventive
Health Risk Management Technologies, the primary
target was to check compliance with the SER
2.1.4.1074-01 and HS 2.1.5.1315-03°. To determine
any other sources of chlorinated organic com-
pounds, we analyzed emissions with contaminants
from stationary sources on the examined territory
and revealed there weren't any chlorinated organ-
ic compounds in the structure of such emissions.
Therefore, the subsequent risk analysis was fo-
cused on drinking water only. Health risk was
assessed in conformity with the Guide P
2.1.10.1920-04°.

Epidemiologic assessment and statistical
analysis of population health were performed as
per data provided by the Territorial Fund for Ob-

®MR 5.1.0116-17. Risk-oriented model for control and surveillance activities in the sphere of providing sanitary-
epidemiologic welfare. Classification of economic entities, types of activities, and objects under surveillance as per potential
health risk applied for organization of scheduled control and surveillance activities: Methodical recommendations. Moscow, The
Federal Service for Surveillance over Consumer Rights Protection and Human Well-being, 2017, 31 p. (in Russian).

4MG 2.1.10.3165-14. A procedure for application of results obtained via medical and biological examinations aimed at
proving damage done to population health by negative impacts exerted by chemical environmental factors: Methodical guide-
lines. Moscow, Federal Center for Hygiene and Epidemiology of Rospotrebnadzor, 2014, 66 p. (in Russian).

% SER 2.1.4.1074-01. Drinking water. Hygienic requirements to quality of water from centralized water supply systems.
Quality control. Hygienic requirements to provision of hot water supply systems safety. KODEKS: an electronic fund of legal
and reference documentation. Available at: http://docs.cntd.ru/document/901798042 (access date 04.06.2018) (in Russian).

HS2.1.5.1315-03. Maximum permissible concentrations (MPC) of chemicals in water taken from water objects used for commu-
nal and drinking water supply. KODEKS: an electronic fund of legal and reference documentation. Available at:
http://docs.cntd.ru/document/901862249 (access date: 04.06. 2018) (in Russian).
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ligatory Medical Insurance and official statistic
data collected in 2011-2016; to perform them we
applied spatial-dynamic analysis and calculated
odds ratio and risk difference.

Our profound medical and biological exami-
nations comprised 93 children aged 4-7 who lived
on the examined territory and 46 children of the
same age who lived on a reference territory where
quality of the environmental objects conformed to
all the hygienic standards. An accomplished ques-
tioning and examinations revealed that the refer-
ence group was similar to the examined one in
terms of age and sex structure, and social and
economic living conditions, but children from the
reference group weren't exposed to adverse im-
pacts exerted by factors related to drinking water.
An individual environmental exposure, body bur-
den, and health risk parameters were calculated
for each examined child. Medical and biological
examinations were relevant to an environmental
risk profile. Overall, we performed more than
3,600 detection of analyzed chemical elements in
blood, examined more than 120 clinical and la-
boratory parameters with unified clinical, bio-
chemical, immune-enzyme, and immunologic re-
search techniques.

To reveal any clinical peculiarities of chil-
dren, we accomplished a medical and social ques-
tioning, had all the children examined by a pedia-
trician, gastroenterologist, and neurologist, as-
sessed their somatic state and physical
development, determined their health groups, ana-
lyzed their development history cards (112/u
form), assessed their psychoemotional strain; all
the children had electrocardiography, heart rate
measuring, and electroencephalography; each
child had the thyroid gland, gall bladder, pancre-
as, liver, spleen, adrenals, and kidneys examined
with ultra-sound. We performed a sociological
guestioning with our own toolset in order to re-

veal any other initiating factors that could cause
health disorders similar to an examined factor.
We detected cause-and-effect relations with-
in "Concentration (dose) of a factor in (from) an
environmental object — concentration in blood -
response" system with linear and non-linear re-
gression analysis. Our calculation of reference
(threshold) level of exposure markers and markers
of adverse effects was based on creation of re-
gression models that reflected an influence exert-
ed by exposure on odds ratio (OR) as a parameter
characterizing how strong a correlation existed
between exposure and a response to it. OR > 1
was considered a criterion showing that a correla-
tion existed. We applied Fischer's test (F) to
check statistical hypotheses. Discrepancies were
assumed to be statistically significant at p <0.5.
Economic component of losses was calculat-
ed in accordance with MG 5.1.0095-14 and MG
"A procedure for calculating economic losses
caused by mortality, morbidity, and disability
among employed population of the country™’.
Results and discussion. As per data taken
from departmental statistical reports ® the overall
number of economic entities in the RF with their
activities being subject to state sanitary and epide-
miologic control (surveillance) amounts to more
than 1,005 thousand. We analyzed the structure of
the Register that enlisted economic entities taking
into account their activities and revealed that such
activities as "Healthcare, communal, social and per-
sonal services" (30.93%) and "Food stuffs produc-
tion, catering and food stuffs trade" (35.28%) pre-
vailed in the RF. "Healthcare, communal, social and
personal services" activity was also among the top
three priority activity types as per an average poten-
tial health risk per one economic entity (Rlcp=
7.92*10-4).
A more detailed analysis of "Healthcare,
communal, social and personal services" activity

® P 2.1.10.1920-04. Guidelines on assessment of population health risk under exposure to chemicals which pollute envi-
ronment. Moscow, The Federal Center for State Sanitary and Epidemiologic Surveillance, Public Health Ministry of the Russian

Federation, 2004, 143 p. (in Russian).

" MG 5.1.0095-14. Calculation of economic losses caused by population mortality, morbidity, and disability associated
with negative impacts exerted by environmental factors, actual ones and prevented by control and surveillance. KODEKS: an
electronic fund of legal and reference documentation. Available at: http://docs.cntd.ru/document/1200129398 (acces date
04.06.2018) (in Russian). A procedure for calculating economic losses caused by mortality, morbidity, and disability among
employed population of the country / Approved by the Order of the RF Ministry for Economic Development, the RF Ministry
for Public Health Care and Social Development, The Ministry for Finance, The Federal Statistics Service on April 10, 2012 r.
No. 192/323n/45n/113 Available at: http://docplayer.ru/30329370-Metodologiya-rascheta-ekonomicheskih-poter-ot-smertnosti-

zabolevaemosti-i-invalidizacii-naseleniya.html (acces date 04.06.2018) (in Russian).
8 Information on state control (surveillance) and municipal control” 1-control form for federal statistic observation with

data collected in 2017.
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structure revealed that R'Cp reached its maximum
values in such spheres as "Water collection and
purification" (R'cp = 6.10*10%), "Water distribu-
tion" (R',, = 5.08*10°%), "Sewage disposal”" (R, =
1.73*10™) (Figure 1).

As per data taken from the Federal Register of
economic entities that are subject to sanitary and
epidemiologic surveillance (hereinafter the Regis-

Healthcare
Social services
Retail trade in medicines
Water collection and purification
Water distribution
Sewage disposal
Wastes disposal and similar activities
Hotels and others part-time residence places
Rest and entertainment facilities, cultural and sport facilities
Personal services
Higher educational establishments and educational establishmentts for adults
Other activities

ter), 36.0% of economic entities that deal with wa-
ter collection and purification belong to the ex-
tremely high (1st) risk category and high (the 2nd)
risk category as per possible health damage;
27.1%, to the 3rd category (considerable risk);
15.5%, to the 4th category (average risk); 7.79%,
to the 5th category (moderate risk); and 21.5%, to
the 6th category (low risk).
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Figure 1. Average potential health risk per one economic entity as per activities performed in
the sphere of "Healthcare, communal, social, and personal services"

There are also parameters that characterize
average weighted frequency of violations per one
inspections (we here speak about probable viola-
tions of obligatory requirements, p(l)) and parame-
ters that show potential health risks caused by pos-
sible non-compliance with obligatory requirements
(u(D)); they were measured for activities performed
in the sphere of water collection and purification
for all the economic entities that operated in it, and
the obtained values were 4.14 and 0.0367 corre-
spondingly (MG 5.1.0116-17°%). Discrepancies de-
termining the final value of a potential health risk
(RY) related to "Water collection and purification"”
activity for each separate economic entity arose
from differences in a parameter that characterized
a number of population influenced by a i-th eco-
nomic entity (Mi, population under exposure, mil-
lion people). And here the calculated parameter
value u(1)=0,0367 for this activity has potential
health risk in its structure that can be caused by
possible non-compliance with the obligatory re-
quirements fixed in Clause 19 of the Federal Law
passed on the March 30, 1999 No. 52-FL'; these
potential risks can occur in relation to such health
disorders as "Genitourinary system diseases"
(u'=0.02614), "Endocrine, nutritional, and meta-
bolic diseases" (u'=0.00668), "Diseases of the
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nervous system" (u'=0.00457), "Diseases of the
blood and blood-forming organs and certain disor-
ders involving the immune mechanism"
(u'=0.00418), "Diseases of the digestive system"
(u'=0.00195), "Neoplasms" (u'=0.00818).

Consumers of services are a basic population
contingent that is influenced by activities per-
formed in the sphere of water collection and purifi-
cation. And as per the data taken from the Register,
population under exposure (Mi) to activities per-
formed by economic entities that deal with water
collection and purification and belong to the ex-
tremely high and high risk categories as per poten-
tial health risk is within the following ranges:
0.0066 — 0.84 and 0.00066 — 0.0064 million people
correspondingly, and potential health risk (R1) for
economic entities form these categories amounts to
1.00*10-3-1.28*10-1 and 1.04*10-4-9.78*10-4
correspondingly.

We analyzed a distribution of economic enti-
ties that dealt with this activity as per potential
health risk categories in the context of the RF re-
gions (Figure 2); the analysis revealed that eco-
nomic entities with the 1st and the 2nd categories
(extremely high and high health risk) were water
supplying organizations located in all the RF re-
gions in large and middle-sized settlements where
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Figure 2. Distribution of economic entities (juridical persons and private entrepreneurs), who deal with
water collection and purification (41.00.1), as per health risk categories in all the RF regions
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Economic activities performed by econom-
ic entities in the sphere of water collection and pu-
rification determine quality of water that is taken
from centralized water supply systems and used for
drinking and domestic consumption. According to
data taken from the State Reports "On sanitary and
epidemiologic welfare of the population in the RF
in 2015 (2016-2017)"* approximately 16-19 thou-
sand additional death cases and 1.5 — 2.0 million
additional morbidity cases annually are related to
drinking water quality. Poor sanitary situation with
water sources and secondary water contamination
that occurs when water is treated and disinfected
are basic reasons for unsatisfactory quality of
drinking water. Chlorination as a water disinfec-
tion technique is widely spread in the RF; it is one
of the cheapest ways to do it and one of the most
efficient at the same time. Chlorine disinfection
results in formation of toxic compounds, such as
chloroform, carbon tetrachloride, dibromchloro-
methane, dichlorobrommethane, 1,2-
dichloroethane and others; these compounds can
cause damage to health of population that consume
drinking water containing them.

We accomplished a sanitary-epidemiologic
examination in order to study influence exerted by
economic activities performed by an economic en-
tity that dealt with water collection and purification
and violated sanitary legislation in the process; our
primary purpose here was to assess impacts on
health of exposed children who consumed drinking
water with substances formed as a result of hyper-
chlorination. Our examination revealed that the
economic entity took water from a surface water
object to supply it to a city population; this surface
water object was a pond and it belonged to the 1st
risk category. Activities performed by this eco-
nomic entity belonged to the 1st risk category (ex-
tremely high risk), or R'=2.98*10° (more than
19,000 people under exposure to adverse drinking
water contamination).

In 2013 water taken from a surface source
for centralized drinking and domestic water supply
didn't conform to requirements fixed in sanitary
rules and regulations as per sanitary and chemical
parameters (iron contents), and microbiological
parameters (common and thermal-tolerant coliform
bacteria, and coliphages). A share of samples that
deviated from standards tended to grow in dynam-
ics and in 2013 amounted to 50% as per sani-
taryOchemical parameters and to 9% as per micro-
biological ones.

The stage of hazard identification involves
detection of priority chemical compounds that
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cause the highest population health risks under
combined exposure to chemical factors related to
drinking water supplied by the examined economic
entity dealing with water collection and purifica-
tion. At this stage we detected the following chem-
icals that were priority ones in assessing popula-
tion health risks: chloroform, carbon tetrachloride,
1,2-dichloroethane, dichlorobrommethane, di-
bromchloromethane, cadmium, manganese, and
arsenic. Combined oral introduction of the said
chemicals with drinking water (under chronic ex-
posure) can cause health disorders in the kidneys
(chloroform,  carbon  tetrachloride,  dichloro-
brommethane, and cadmium); liver (chloroform, car-
bon tetrachloride, dichlorobrommethane, and di-
bromchloromethane), CNS (chloroform, manganese,
and arsenic), neuroendocrine system (chloroform,
cadmium, and arsenic), circulatory system (chloro-
form and manganese), pancreas (carbon tetrachlo-
ride). Besides, chloroform, carbon tetrachloride, di-
chlorobrommethane, dibromchloromethane, cad-
mium, and arsenic are potential chemical
carcinogens as per IARC and(or) U.S.EPA classi-
fication.

At the exposure assessment stage, the next
one in our examination, we revealed that in 2013-
2014 drinking water quality didn't conform to the
requirements fixed in SER 2.1.4.1074-01 and HS
2.1.5.1315-03° as per chloroform (up to 12.3
MPC), and dichlorobrommethane (up to 4.3 MPC),
a share of drinking water samples that deviated
from the standards as per contents of these chemi-
cals amounted to 78.6-100.0 %.

At the risk characteristics stage we detect-
ed that when chemicals were introduced orally
with drinking water, the total individual carcino-
genic risk (TCR) for children amounted to
3.89x10™ on the examined territory and it corre-
sponded to the maximum permissible risk. Main
contribution into the TCR value was made by di-
chlorobrommethane (58.1%), chloroform (19.8%),
and dibromchloromethane (10.4%).

We assessed non-carcinogenic health risks
for children on the examined territory and ex-
pressed it in relevant coefficients and hazard in-
dexes; the assessment revealed that hazard index
for chloroform was higher than a permissible level
and amounted to 1.47. Additive impacts by ana-
lyzed chemicals caused increased hazard indexes
(HI) for health disorders in the liver, HI 1.74; kid-
neys, 1.72, neuroendocrine system, 1.56; CNS,
1.55; circulatory system, 1.48. Main contribution
into HI value was made by chloroform, including
94.6% in HI for disorders in the neuroendocrine
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system; 94.7%, in the CNS; 99.7%, in the circula-
tory system; 84.6%, in the liver; 85.7%, in the kid-
neys.

Drinking water quality on the reference
territory corresponded to hygienic standards, and
carcinogenic and non-carcinogenic health risk pa-
rameters related to oral introduction of chemicals
in detected concentrations didn't exceed permissi-
ble levels.

Therefore, results of environmental risks
assessment go in line with the results which were
obtained in the course of assessing potential health
risks caused by activities performed by an econom-
ic entity in the sphere of water collection and puri-
fication.

We performed hygienic assessment of con-
ditions that caused damage to health as a result of
economic activities performed by an economic enti-
ty in the sphere of water collection and purification
as these activities led to occurrence of hyper-
chlorination products in drinking water taken from
centralized water supply systems. We also formed
an evidence base applying a step-by-step algorithm
and accomplishing medical and biological examina-
tions of population health on the examined and ref-
erence territories. The assessment and examinations
results revealed that morbidity among children (as
per data provided by the Territorial Fund for Obliga-
tory Medical Insurance) taken in dynamics over the
analyzed period was authentically (py0.05) 1.4-5.4
times higher on the examined territory than on the
reference one as per classes and nosologies detected
at the stages when potential health risks and envi-
ronmental risks were assessed; these nosologies in-
cluded diseases of the nervous system (G00-G99 as
per ICD-10, including CNS diseases, G10-G47,
G90-G99), genitourinary system (N00-N99, includ-
ing diseases of the urinary excretion system, NOO-
N39), endocrine system (E00-E99), diseases of
blood and blood forming organs (D50-D89), diseas-
es of the digestive system (K71-K77, K20-K31,
K55-K63, K80-K83), and congenital malformations
(Q00-Q99).

Results of epidemiologic research that was
based on the data provided by the Territorial Fund
for Obligatory Medical Insurance showed there was
an authentic cause-and-effect relationship between
the detected risk factors and occurrence of diseases in
the nervous system (OR=5.22; DI=4.3-6.4), genito-
urinary system (OR=2.03; DI=1.6-2.6), endocrine
system (OR=1.47; DI=1.1-2.0), blood and blood
forming organs (OR=4.08; D1=2.4-7.0), congenital
malformations (OR=1.51; DI=1.2-1.9) and others.
As per risk ratio, risk of nervous system diseases
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was 3.0 times higher for children who lived on the
examined territory than for those who lived on the
reference one; risk of genitourinary system diseas-
es, 1.83 times higher; risk of endocrine system dis-
eases, 1.41 times higher; risk of blood diseases, 3.8
times higher; risk of congenital malformations,
1.39 times higher, etc.

Results of chemical and analytical research
showed that dibromchloromethane, chloroform,
and carbon tetrachloride were detected in all the
examined blood samples taken from children from
the examined group; their concentration was au-
thentically up to 5 times higher than in children
from the reference group (p y 0.05). A share of
biological blood samples with concentrations of
chlorinated organic compounds being higher than
in the reference group varied from 5.1% to 90.9%,
including those with increased dibromchloro-
methane (15,9 % samples), chloroform (47.7 %
samples), and carbon tetrachloride concentrations
(90.9 % samples).

We detected a linear relationship "chloro-
form concentration in water — chloroform concentra-
tion in blood" which was expressed with the follow-
ing equation: »=0.00188+0.01782x (F=5.356,
p=0.035, R?=0.26), which proves there was a direct
correlation between changes in concentration in this
substance in blood and changes in its concentration in
drinking water; it also explains how chlorinated or-
ganic compounds occur in exposed population's
blood and a source of this occurrence.

We performed a profound examination of
children who lived on the examined territory and
detected a set of laboratory parameters deviations
in which proved that adverse effects occurred un-
der exposure to drinking water containing products
of hyper-chlorination.

Thus, results of biochemical, hematologic,
and immune-enzyme research revealed that chil-
dren from the examined group had the following
deviations in their body parameters: imbalance be-
tween oxidation and anti-oxidant reactions in a
body (an increase in lipid hydroperoxides contents
in  Dblood serum, increased 8-hydroxi-2-
deoxiguanosine concentration in urine, increased
glutathione peroxidase (GIPO), decreased glutathi-
one-S-transferase (GIST) and superoxide dis-
mutase (SOD) in blood serum); imbalance of neu-
romediators that regulate excitation and inhibition
processes in the CNS (increased glutamate concen-
tration and deceased gamma-aminobutyric acid (y-
ABA) in blood serum); filtration functions of kid-
neys tended to fail (there was an increase in glo-
merular filtration rate); cytolysis processes was
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activated and it was combined with an inflammato-
ry reaction (increased aspartate aminotransferase
(ASAT) in blood serum); cytogenetic disorders
with increased frequency of cytogenetic abnor-
malities together with greater destructive changes
in cells population on the DNA level. The discrep-
ancies in the said parameters between the exam-
ined and the reference groups amounted to 1.2-5
times (p=0.000-0.039).

We detected an authentic cause-and-effect
relationship between the following parameters: in-
creased 8-hydroxi-2-deoxiguanosine concentration
in urine, increased lipid hydroperoxides in blood
serum and increased chloroform and carbon tetra-
chloride concentrations in blood (R?=0.51-0.89,
72.1<F<520.8, p=0.000); increased chloroform and
carbon tetrachloride concentrations in blood and
probable increase in GIPO, decrease in GIST and
SOD (R*=0.16-0.88, 11.45<F<438.9, p=0.000-
0.003); increased chloroform concentration in blood
and decreased y-ABA in blood serum (R®=0.91,
F=725.5, p=0.000); increased chloroform concentra-
tion in blood and increased ASAT in blood serum
(R?=0.38, F=48.4, p=0.000); increased chloroform
concentration in blood and an increase in glomeru-
lar filtration rate in the kidneys (R®=0.62-0.76
121.85<F<241.72, p=0.000); increased carbon tetra-
chloride concentration in blood and cytogenetic and
destructive disorders in buccal epithelium cells
(R*=0.38-0.52, 153.4<F<364.9, p=0.000).

Immunologic research performed on chil-
dren from the examined group allowed to detect
disorders in the cellular section of the immunity
(inhibited phagocytic activity and T-cells receptors
CD4+, CD25+, CD95+), in the humoral section of
the immunity (mostly inhibited IgG contends),
specific sensitivity to components of factor burden
(increased contents of antibodies to chloroform as
per 1gG criterion), hormonal and mediator regula-
tion (increased free T4 and serotonin contents); all
these parameters authentically deviated from the
reference level and the same parameters detected
in the reference group (p<0.05, the difference was
1.2-2.8 times). Chloroform and carbon tetrachlo-
ride were components of factor burden that authen-
tically changed immunity parameters.

We detected an authentic cause-and-effect
relationship between the following parameters: an
increase in relative and absolute phagocytosis and
increased carbon tetrachloride concentration
(R?=0.31-0.70, p<0.05), and increased chloroform
concentration (R?=0.67, p<0.05) in blood; a de-
crease in IgM concentration under increased chlo-
roform concentration in blood (R?=0.27, p<0.05), a
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decrease in IgG concentration under increased car-
bon tetrachloride concentration in blood (R*=0.71,
p<0.05); a decrease in CD4+, CD25+, CD95+ un-
der increased chloroform concentration (R?=0.68-
0.87, p<0.05); increased serotonin concentration in
blood under increased chloroform concentration
(R?=0.43, p<0.05); increased concentration of IgG
to chloroform under increased carbon tetrachloride
concentration in blood (R*=0.50, p<0.05).

The results of electrocardiography, heart
rate assessment, and clinorthostatic test revealed
there was a strain in regulatory-compensatory
mechanisms of vegetative regulation as vagotony
was the prevailing initial vegetative tone among
children from the examined group; it was main-
tained due to activation of the parasympathetic
vegetative nervous system and stronger humoral
influences; hypersympathicotonic vegetative reac-
tivity prevailed.

Data obtained via electroencephalography
allowed to detect that 2/3 of children from the ex-
amined group had functional changes in the brain
biorhythms; 90% had signs of dysfunctions in sub-
cortical vegetative brain structures; paroxysmal ac-
tivity signs (of functional nature) were registered in
20% (discrepancies from the reference group
amounted to 3.7-5 times, p<0.05).

Ultrasound research results revealed there
was an increase in linear dimensions of the liver and
the spleen, reactive changes in the liver and the pan-
creas parenchyma, disorders in the gall-bladder mo-
tility as per hyperkinetic and hypokinetic types; a
decrease in the thyroid gland volume, changes in its
echostructure (cystic-dilated follicles and diffuse
changes), a decrease in peripheral resistance of the
vessels; changes in the kidneys structure (hydrocaly-
cosis, cyst, and abnormal development of a kidney),
lower renal blood flow rates, increased artery re-
sistance index (frequency of occurrence was up to 3
times higher than in the reference group, p<0.05).

We performed a complex assessment of the
somatic state and its results revealed that 36% chil-
dren from the examined group had drastically dis-
harmonic physical development (boys were exces-
sively high (32.1%), had excessive body weight
(18.8%), girls had macrosomia (41.0%), excessive
body weight (20.5%), and increased chest circum-
ference (25.7%)), that occurred 1.4 times more fre-
quently than in the reference group (p=0.03-0.046).
Only 11.8% children from the examined group had
the 1st health group (were practically healthy) that
was 2.6 times lower than in the reference group,
30.4% (p=0.00). More than 70% children who lived
on the territory where drinking water quality deviat-
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ed from standards as per hyper-chlorination prod-
ucts content suffered from functional disorders in
their organs and systems (and it was 1.2 time more
frequently than on the reference territory); more
than 17% children suffered from chronic patholo-
gies with various degree of manifestation (a number
of children with the same problems in the reference
group was 1.6 times lower).

We analyzed the structure of detected pa-
thology and revealed that the examined children from
the both groups most frequently suffered from the
digestive organs diseases (38.7% in the examined
group, 38.8% in the reference group), nervous system
diseases (23.9% and 9.2%, p=0.00), endocrine sys-
tem diseases (13.2% and 3.1%, p=0.00), and genitou-
rinary system diseases (4.5% and 3,1%, p=0.00).
Functional dyspepsia prevailed among the children
from the examined group in the digestive organs dis-
eases category (45.4%, that was 3.0 times more fre-
quently than in the reference group, p=0.00); other
widely spread disorders were damage to the hepatic-
biliary sphere (42.1%, that was 2.2 more frequently
than in the reference group, p=0.00). Pathology of
hard dental tissues (caries) prevailed in children from
the reference group as it was detected in 41.2% cases
(28.1% in the examined group, p=0.12).

Pathologies of the nervous system diseases
in children from the examined group were repre-
sented by astheno-neurotic syndrome (35.6%), veg-
etative dystonia (17.3%), and neurosis-like syn-
drome (8.64%), that was 4.0 — 16.4 times more fre-
quently than in the reference group (p=0.00-0.04).

Pathologies in the endocrine system were
detected 4.3 times more frequently in the examined
group than in the reference one (p=0,00); they were
mostly changes in height (being abnormally tall)
and nutritional disorders; there were no such pathol-
ogies diagnosed on the reference territory (p=0.03-
0.04).

Pathologies in the genitourinary systems
were mostly represented by neurogenic urinary
bladder dysfunction (N31.2, 85.5% of the owverall
number of diseases in this nosologic category) and it
was detected in 13.0% children from the examined
group that was 6 times more frequently than in the ref-
erence group (p=0.04). Besides, such pathologies as
chronic pyelonephritis and congenital pathology in kid-
neys were detected only in children from the examined
group (2.16%, p=0.48); we didn't detect these patholo-
gies in children from the reference group. Diseases in
other organs and systems were detected in the examined
children from both groups less frequently, and the fre-
quency of their detection didn't have any authentic dis-
crepancies between the two groups.
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We detected authentic cause-and-effects rela-
tionships between the following: probable occurrence of
gastrointestinal tract diseases (functional dyspepsia) un-
der increased chloroform and carbon tetrachloride con-
tents in blood (R?=0.403-0.61; 51.27<F>115.45; p=0.00),
and biliary dysfunction under increased carbon tetrachlo-
ride concentration in blood (R?=0.92; F=720.83;
p=0.00); probable diseases of the nervous system (neuro-
sis-like and astheno-neurotic syndromes) under increased
chloroform and carbon tetrachloride concentration in
blood (R*=0.19-0.73; 17.70<F>136.25; p=0.00); proba-
ble endocrine system diseases (excessive nutrition) under
increased chloroform concentration in blood (R*=0.59;
F=48.98; p=0.00) etc.

Analysis of morbidity among children who
lived on the territory where drinking water quality
was unsatisfactory as per sanitary-chemical parame-
ters revealed a wide range of combined pathologies,
and on average each child suffered from 3.3 various
nosologies that was 1.6 times higher than in the ref-
erence group.

Our hygienic assessment of conditions that
caused damage to health of children who consumed
drinking water with hyper-chlorination products was
based on the correct choice and analysis of exposure
markers and markers of an effect. These markers
linked potential damage factors related to activities
performed by an economic entity in the sphere of
water collection and purification to health disorders.
This assessment allowed us to create evidence base
and to prove there was damage to children health
(for 33% of the examined children) on individual
and population levels:

— we showed that activities performed by
the analyzed economic entity belonged to the ex-
tremely high risk category (R'=2.98*10%) and
caused potential health risks as per the following
nosologies: "Genitourinary system diseases"”, "En-
docrine, nutritional, and metabolic diseases"”, "Dis-
eases of the nervous system", "Diseases of the
blood and blood-forming organs and certain disor-
ders involving the immune mechanism”, "Diseases
of the digestive system", "Neoplasms";

— we detected that chlorinated organic
compounds occurred in drinking water due to chlo-
rination of water taken from a drinking water sup-
ply source;

— we determined risk factors, chlorinated
organic admixtures such as chloroform, carbon
tetrachloride, dibromchloromethane, dichloro-
brommethane, and 1,2-dichloroethane;

— we revealed that environmental health risks
calculated on the basis of average instrumental data
collected over a long period of time were 1.5-1.7
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times higher than levels that were considered to be
permissible (acceptable). Major contributions into
health risks were made by chloroform (85-100%).
The liver, kidneys, CNS, endocrine system, and
blood system were critical damaged organs and sys-
tems;

— the exposure was proven by chemical
admixtures detected in blood of exposed children
who permanently consumed the examined drinking
water; the admixtures were characteristic for oral
introduction. The frequency of admixtures detec-
tion was high in the examined group (up to 91%);
admixtures concentrations were authentically
(p<0.05) higher than in the reference group that
was not being exposed to the examined substances;

— we revealed that admixtures occurrence
in blood authentically changed the system of ho-
meostasis laboratory parameters; "contaminant in
blood — a laboratory parameter" correlations de-
tected with mathematical statistics techniques were
biologically plausible, relevant to available scien-
tific data, and stable;

— we proved that exposed children suffered
from increased morbidity associated with risk fac-
tors and substantiated taking into account clinical,
laboratory, and functional parameters that had au-
thentic and biologically substantiated correlations
with exposure (markers of exposure);

— the data taken from case histories and
guestioning results didn't reveal any other authen-
tic factors that could cause detected health disor-
ders.

We formed a personified evidence base for
damage to health caused by activities performed by
the examined economic entity in the sphere of wa-
ter collection and purification as these activities
made quality of drinking water supplied to popula-
tion unsatisfactory as per chlorinated organic com-
pounds. This base was created for each examined
child and it allowed us to prove a correlation be-
tween damage to health and drinking water quality
that deviated from standards as per chlorinated or-
ganic compounds contents for 31 out of 93 exam-
ined children. These 31 children suffered from 3.6
diagnosed diseases (35 diseases diagnosed in "Dis-
eases of the nervous system" nosologic group
(G00-G99); 41, "Endocrine, nutritional, and meta-
bolic diseases" (E00-E90); 59, "Diseases of the
digestive system" (K00-K93); 2 morbidity cases in
"Genitourinary system diseases" nosologic group
(NOO-N39)).

31 children from the examined group had
damage to their health proven but this proven dam-
age differed as per its gravity; thus, in accordance
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with the scoring scale for proved damage gravity
(realized individual risk), damage was estimated as
mild (Rv was lower than 0.05 or low R) for 26 chil-
dren; moderate (average gravity), for 5 children (Rv
was within 0.05-0.35, moderate or average R).

At the population level, damage related to
impacts exerted by excessive chlorinated organic
compounds concentrations probably caused ap-
proximately 5,476 additional morbidity cases
among children living on the examined territory as
per above mentioned health disorders.

A system of parameterized models that de-
scribed cause-and-effects relationships allowed us
to detect a reference level for chloroform contents
in blood; it was equal to 0.0031 mg/dm?®; reference
level of this chemical contents in drinking water -
its reference concentration amounted to 0.07
mg/dm?; reference body burden amounted to
0.0095 mg/(kg*day). The obtained data coincide
with safety criteria for chloroform contents in
drinking water fixed in the RF (0.06 and 0.2 mg/l)
and a reference dose under oral introduction, 0.01
mg/(kg*day).

The analysis of obtained results on proven
individual and population health damage allowed
us to detect total population damage taking into
account gravity of consequences (in this case re-
duced to the gravest ones, or death) and it amount-
ed to 3.88*10, that accounted for 6.5% of the calcu-
lated value of potential damage risk concerning chil-
dren population.

We calculated economic losses caused by
additional 5,476 morbidity cases among children that
were associated with detected environmental factors
and resulted from activities performed by only 1 eco-
nomic entity in the sphere of water collection and
purification with violation of Clause 19 of the Federal
law No. 52. Our calculation revealed that only treat-
ment of these cases would require 10.4 million ru-
bles; 18.5 million rubles would be spent by social
insurance funds on obligatory payments according to
sick-leaves certificates; tax losses due to temporary
disability of people who didn't go to work (including
parents of sick children) would amount to 1.9 million
rubles; economic losses that occurred due to products
not being manufactured (GDP losses) would amount
to 72.5 million rubles.

Certain activities were performed on a water
supply source in order to clean it; after it average
annual calculated number of additional morbidity
cases among children associated with hyper-
chlorination products went down to 1.404 (but still,
as per social and hygienic monitoring data, in 2016
chloroform concentration in a distribution network
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amounted to 3.8 MPC; average annual concentra-
tion amounted to 1.2 MPC). As a result, total popu-
lation health damage amounted to 9.8*10°, that
corresponded to 1.67% of potential health damage
risk calculated for a water supplying organization.
Decreased contamination of drinking water with
chlorinated organic compounds in a distribution
network allowed to move the examined economic
entity from the 3rd risk category (considerable
health damage, R,=3.88*10) to the 4th risk cate-
gory (average health damage R,=9.8*10°) as per
realized health damage according to calculated da-
ta.

Conclusions.

1. Activities in the sphere of water collection
and purification take a leading place as per relative
average potential health risk per one economic entity
(6.10*10°%) among priority activities performed in the
RF in the sphere of healthcare, communal, social, and
personal services (30.9%). 36% of economic entities
that deal with water collection and purification
(41.00.1) belong to the 1st risk category (extremely
high risk) and the 2nd risk category (high risk).

2. When obligatory requirements fixed in
Clause 19 of the Federal Law No. 52 passed on
March 30, 1999 "On sanitary-epidemiologic welfare
of the population” are violated in the sphere of water
collection and purification, it causes a potential
health risk in relation to such health disorders as
"Genitourinary system diseases", "Endocrine, nu-
tritional, and metabolic diseases”, "Diseases of the
nervous system", "Diseases of the blood and
blood-forming organs and certain disorders involv-
ing the immune mechanism™ , "Diseases of the di-
gestive system", and "Neoplasms". People who
consume services are a basic population contingent
influenced by activities performed in the sphere of
water collection and purification. As per data taken
from the Register, a number of population under
exposure caused by economic entities in the sphere
with the extremely high and high risk categories as
per potential health risks is within 0.0066 — 0.84
and 0.00066 — 0.0064 million people corresponding-
ly.

3. Economic entities that deal with water col-
lection and purification and belong to the categories
with extremely high and high risks are large water
supplying organizations located in all the RF re-
gions in settlements where a number of population
consuming their services amounts to more than 6.5
thousand and 660 people correspondingly. The
greatest quantity of economic entities with the 1st
and 2nd risk categories as per potential health dam-
age was detected in Privolzhskiy Federal District,
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Central Federal District, and Sibirskiy Federal Dis-
trict.

4. Quality of drinking water supplied to popula-
tion as a result of activities in the sphere of water col-
lection and purification doesnt conform to hygienic
standards as per chemical, microbiological, and para-
sitic parameters in 13.5%, 2.9% and 0.07% cases cor-
respondingly (2017), and as per data collected in 2015-
2017 it annually causes approximately 16-19 thousand
additional death cases and 1.5-2.0 million additional
morbidity cases among population.

5. The examined economic entity (a repre-
sentative one for the sphere) with the 1st risk cate-
gory (R'=2.98*10"%) deals with water collection and
purification and provides water with such a quality
that doesn't conform to the requirements fixed in
SER 2.1.4.1074-01 and HS 2.1.5.1315-03 as per
chloroform contents (up to 12.3 MPC), and dichlo-
robrommethane contents (up to 4.3 MPC), a share
of samples deviating from the standards as per con-
centrations of these chemicals amounted to 78.6-
100.0%.

6. Results of the environmental risks assess-
ment validate calculated data on potential health
risk. Oral introduction of chlorinated organic com-
pounds and their additive effects cause increased
non-carcinogenic risk described with hazard indexes
for possible disorders in the liver (HI 1.74), kidneys
(HI 1.72), neuroendocrine system (HI 1.56), CNS
(HI 1.55), and circulatory system (HI 1.48). A major
contribution into hazard indexes values is made by
chloroform (up to 99.75%).

7. We assessed conditions under which health
could be damaged and created an evidence base
with a set of medical and biological examinations; it
allowed us to prove there was an individual health
risk (for 33% of examined children) and population
health risk (more than 5,400 additional morbidity
cases) that was realized as diseases of the digestive
organs, nervous, endocrine, and urinary excretion
systems. Individual damage to health was assessed
as mild in 84% cases and as moderate in 16% cases.

8. Damage to health was realized at a level of
6.5% of the calculated value of potential health
damage risk R' for children.

9. There were more than 100 million rubles of
economic losses caused by additional 5,476 morbidity
cases among children that were associated with detect-
ed drinking water quality and resulted from activities
performed by only 1 economic entity that violated
Clause 19 of the Federal law No. 52

10. Basing on the system of parameterized
models describing cause-and-effect relationships, we
fixed the following reference levels of chloroform con-
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tents for children: in blood, 0.0031 mg/dm?®; in drink-
ing water, 0.07 mg/dm® reference body burden,
0.0095 mg/(kg*day).

11. The existing situation requires development
and implementation of operational and scheduled ac-
tivities; these activities should be of sanitary-hygienic,

legal, technological, organizational, and medical and
preventive nature.
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TO COMPONENTS DETECTED IN DRINKING WATER WITHIN NATURAL
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Our research goal was to assess health risks for population who consumed drinking water with specific
chemical structure systematically and for a long time. Drinking water quality is determined by conditions exist-
ing in hydrogeochemical provinces where rocks and soils contain increased concentrations of such hazardous
metals as chromium, nickel, lead, manganese, and iron. We showed that low frequency or even absence of non-
conformity to hygienic standards for admixtures in drinking water doesn't fully guarantee its safety in compli-
cated hydrogeochemical conditions.

When certain carcinogenic admixtures (cadmium, chromium, nickel, arsenic, and lead) occur together in
drinking water even in low concentrations, it can cause unacceptable population health risks. Drinking water
taken in examined geochemical provinces in Perm region causes individual lifelong carcinogenic risk which is
(under the worst exposure scenarios) equal to 4 - 107, It can be ranked as De manifestis Risk and requires im-
mediate measures to be taken by those responsible to reduce it. Unacceptable non-carcinogenic risks are caused
by joint concentrations of arsenic, strontium, and some other compounds in drinking water. The highest risks
existing on the examined territories were detected in relation to gastrointestinal tract diseases (HI up to 10.9,
basic risk factor is chromium and its compounds), musculoskeletal system diseases (HI up to 11.8, strontium as a
basic factor), and central nervous system diseases (HI up to 11.8, basic factors are arsenic, manganese, and
lead). Contributions made by various elements into overall risks were different in different provinces.

In some cases, when a certain element occurs in the crust in hazardous concentrations, its contents in drinking
water are not observed. We recommend organizations that deal with water supply and sanitary surveillance bodies to
take into account peculiarities of a geochemical province and to include admixtures that are contained in the envi-
ronment in high quantities into monitoring programs and laboratory research.

Key words: geochemical province, drinking water, chemical structure, safety, health risk.

The supreme governmental bodies in our quality of water which is supplied to consumers
country rank provision of population with qualita- depends on multiple factors, such as natural com-
tive and, consequently, safe drinking water among posure of water taken from this or that water
top priorities of the state. The task is not simple as  source, anthropogenic influence (primarily, vol-
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Factors and population health risks under exposure to components detected in drinking water within natural ...

umes and composure of sewage water discharged
into surface water sources or pumped into under-
ground water horizons), water treatment technolo-
gies and reactants applied in the process, state of
infrastructure etc. [1-3]. Anthropogenic pollution,
technical and technological equipment of water
treatment systems are manageable factors, while it
is practically impossible to change natural chemi-
cal structure of a water objects by means that are
contemporarily available to us. The situation be-
comes even more complicated in such cases when
a water source that doesn't fully correspond to hy-
gienic requirements has no alternatives or all the
water objects located on a specific territory are
very similar in their chemical structure due to its
natural geochemical peculiarities. The latter is
quite typical of hydrogeochemical provinces and it
is quite often a very complicated task to supply
qualitative and safe drinking water to people who
live there. For example, experts detected natural
arsenous anomalies in such countries as Argentina,
Nepal, Cambodia, Ghana, China, Bangladesh, and
Iran; these anomalies exerted substantial impacts
on quality of natural and drinking water [4, 5].
One-shot examinations allowed to obtain data on
As concentrations in water reaching 2,500 mg/I
and it means such water was unsafe for people's
health [6].

Experts from Turkey mention problems relat-
ed to natural increased concentrations of Pb in
drinking water sources [7]. Hazardous concentra-
tions of U, As, and Se in underground waters con-
sumed by population were described in works by
Mongolian experts [8]. High concentrations of flu-
orides cause unacceptable health risks for people
living in Mastung, Mangochar, and Pringabad re-
gions of Baluchistan province in Pakistan [9, 10]
etc.

As per data provided by some experts, there are
large regions in Russia where underground drinking
water contains increased concentrations of toxic ele-
ments and causes health disorders among population
[11]. Thus, quality of underground water in the Re-
public of Dagestan was studied, and, given the basic
geochemical preconditions, it allowed to reveal that
natural processes that occurred in the north part of the
Republic caused formation of a regional hydrogeo-
chemical province where underground water con-
tained increased As concentration, up to 20 MPC
[12]. Voteiko highlights functional disorders in the
kidneys that occur in Zabaikalsaya biogeochemical
province with increased Se concentrations [13]. As
per data by A.V. Abramkin, a hyper-fluoric biogeo-
chemical province that formed in the Republic of
Mordovia causes endemic fluorosis in people who

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163

live there [14]. There are territories with increased
natural Rn concentrations that cause risks of radiation
exposure for population [15].

Overall, there are several basic factors that de-
termine a possibility of high toxic elements concen-
tration in surface and underground water taken from
drinking water supply sources within boundaries of
specific hydrogeochemical provinces. They are:

— rocks with relatively high concentrations of
such substances;

— high leaching capability of water-containing
rocks;

— variability of states in which elements occur in
rocks, including easily soluble compounds;

— favorable hydrogeological and hydrochemical
conditions determined by high speed of water ex-
change and chemical types of water;

— intense exploitation of underground water
which is used for communal and household water
supply; it makes for active interaction between dif-
ferent water-bearing horizons, makes water exchange
faster, and enhances intensity of physical and chemi-
cal interactions within "water—rock™ systems.

Perm region is a territory with a complicated
geological structure and diverse chemical composure
of its soil and subsoil. There are 14 geochemical
provinces in the region and each of them has in-
creased concentrations of specific non-organic com-
pounds (Figure). Accordingly, peculiarities of under-
lying rocks and soils within these provinces exert
their influence on chemical composure of water
sources which are used to supply drinking water to
population [16, 17]. And there are elements and
compounds registered in the provinces and specific
for this or that one with proven negative influence on
population health even in insignificant concentra-
tions. These elements and compounds are Pb, Cd, Ni,
Cr, Mn, V and others (Table 1).

Our research goal was to assess risks of health
disorders occurrence among people who permanently
and for a long time consumed drinking water with
chemical structure characteristic for some geochemi-
cal provinces in Perm region.

Data and methods. Boundaries of geochemical
provinces were fixed as per data taken from the atlas
drawn up by Geokarta-Perm Geological Party as vec-
tor layers of GIS ArcView format and scaled
1:1000000. Places were water intake points were lo-
cated were determined as per data provided by the
Perm Regional Office of the Federal Service for Sur-
veillance over Consumer Rights Protection and Hu-
man Well-being. We connected water sources and
spatial intersection of water intake points and geo-
chemical provinces in GIS ArcView 3.2 (ESRI, the
USA).
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Figure. Geochemical provinces in Perm region [2]

Table 1

Environmental components in geochemical provinces located in Perm region:

peculiarities of chemical structure

. . Chemical structure and its peculiarities
Geochemical province
Avreal prevalence Spotted prevalence

Kolvinskaya Mn, Ni B, Br, Ba, Be, Pb, Cr, Sr, Zn
Verkhnevisherskaya Pb, Mn, Ba P, Sb
Srednevisherskaya Mn Ba Br, Be B, Pb, Cr, Co, Ni, Zn
Yay'vinskaya B, Br, Mn Cd, Ti, Pb, F, Ba, Ni, Sr, V
Kosinskaya Br, Ba Mn, V
Koyvinskaya Cd, Mn, Ti P, Be, Ba, Ni, Pb, B, Br
Chusovskaya Ti Ba, Sr, Mn, Cr
Sylvenskaya Mn, B, Br Ti, Ba, Be, Sr, Pb
Tulvinskaya B, Br, Ba, Mn Sb, Pb, Ti, Sr, V
Srednekamskaya Br, Cd. Mn, Cr, Be, Ba, Sr, F, Ni, V
Obvinskaya Br, B, Ba Sh, Cd, Mn, Be, Pb, V, Cr, Sr
In'vinskaya Br, Ba Cd, Mn, Ni, Be, Pb
Kos'vinskaya Mn Be, Cd, Ni, Cr, Pb
Severokamskaya Br, B, Ba Mn, F, Ni, Be
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To assess risks, we chose 3 geochemical prov-
inces where large water intakes were located; they
were used to supply water into centralized drinking
water supply systems.

Sylvenskaya geochemical province. It is lo-
cated on the south-east of Perm region and in-
cludes central and southern parts of Suksunskiy
district and the north of Kishertskiy region. This
province is characterized with increased concentra-
tions of B, Ba, Sr (clarke? is about 3.1), Pb (clarke
is 1.3), Mn (clarke is 15.5). There are water intakes
located in the province on Sylva river near Suksun
settlement; they supply water to more than 8.3
thousand people.

Koyvinskaya geochemical province. It is lo-
cated in the east of the region and includes the
central part of Gornozavodskiy district, the east
of Chusovskoy district and the north of Lys'ven-
skiy district. This province is characterized with
increased concentrations of Cd, Mn, Pb, and Ni,
Cd clarke reaches 25 and Mn, 15.4, and it is sub-
stantially higher than in other parts of the region.
There are large water intake in the province lo-
cated on Pashiyka river (Pashya settlement, 4.1
thousand people) in the central part of Gornoza-
vodskiy district, and on Chusovaya river near
Voronovka settlement (about 2.000 people) in
the south of Gornozavodskiy district.

Chusovskaya geochemical province. It is lo-
cated in the central part of Perm region and in-
cludes the central part of Chusovskoy district, a
small part of Dobryanskiy district in the east, Gre-
myachnskiy district in the south, and Lys'venskiy
district in the north-west. It has the most variable
chemical structure as per various metals that can be
found there; there are increased concentrations of
Mn (clarke is 23.0), Cu (clarke is 3.0), Fe (clarke is
10.0), and Mo (clarke is 11.0). There are some
large water intakes located in this province, includ-
ing those on Chusovaya river in Chusovoy town
(48,521 people), on Lys'va river in Kalino settle-
ment (2,425 people), Komarikhinskiy settlement,
and some others. The province is characterized
with increased concentrations of Mn, Cr. Fe, and
Ni.

We assessed quality of drinking water taken
from centralized drinking water supply systems as
per data provided by the Center for Hygiene and
Epidemiology in Perm region; the data were ob-
tained during control and surveillance activities
and social and hygienic monitoring; some data
were submitted by laboratories of water supplying
organizations (results of industrial control per-
formed with conventional techniques). When ana-
lyzing quality of drinking and natural water, we
examined results of profound chemical and sani-
tary analysis obtained for an observation period
from 2011 to 2016. Heavy metals were examined
with atomic absorption analysis that allowed to
indentify smallest concentrations, up to 0.0001
mg/sample. We analyzed more than 12,000 results
of tests performed on water intakes in Gornoza-
vodskiy district (Pahiyka river, Chusovaya river),
Chusovskoy district (Chusovaya river, Lys'va riv-
er), Kungurskiy district (Kama river, Yug river),
and Suksunskiy district (Sylva river) and others.

Risk assessment methodology was chosen as
an efficient instrument for preliminary analysis of
the situation; this analysis didn't require substantial
financial and organizational costs and simultane-
ously allowed us to obtain information for further
managerial actions [18]. We assessed risks in con-
formity with the "Guidelines on assessment of
population health risks..."*, and considered ad-
verse effects on health described in the docu-
ment (Table 2). Lifelong carcinogenic risk equal
to 1*10-4 was considered to be acceptable.
Hazard index value equal to 1.0 was considered
to be acceptable non-carcinogenic risk.

We preset the following exposure scenario:
daily water consumption for 350 days per year,
with water quality being the same as it was deter-
mined at the moment of the research; the period for
calculation of carcinogenic risks was equal to 30
years, and non-carcinogenic risks, 70 years. Bear-
ing the precautionary principle in mind, we exam-
ined concentrations of admixtures in drinking wa-
ter at 95% percentile level over the whole observa-
tion period.

We took standard parameters of drinking

2Clarke value (or clarkes of elements, more often, just clarke) are values that describe average concentration
of chemical elements in earth crust, hydrosphere, the Earth, cosmic bodies, geochemical or cosmochemical sys-
tems etc., against the overall mass of this system. they are usually given in % or g/kg.

#P 2.1.10.1920-04. Guidelines on assessment of population health risks under exposure to chemicals that pol-
lute environment. Moscow, Federal Center for state sanitary and epidemiologic surveillance of the RF Public

Healthcare Ministry, 2004, 143 p.
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Table 2

Parameters applied in assessing health risks under exposure to chemical admixtures consumed
with drinking water

Element | RfD, mg/kg-day Critical organs and systems SFo*
Ba 0,07 Kidneys, cardiovascular system -
B 0,2 Reproductive system, gastrointestinal tract -
Fe 0,30 Mucous tunics, skin, blood, immune system -
Cd 0,0005 Kidneys, endocrine system 0,38
Mn 0,14 Central nervous system, blood -
Cu 0,019 Gastrointestinal tract -
Mo 0,005 Kidneys -
As Skin, central nervous system, cardiovascular immune, and endocrine

0,0003 . . 15

systems, gastrointestinal tract
Ni 0,02 Liver, cardiovascular system, gastrointestinal tract, blood, body weight 1,7
Pb 00035 Central nervous system, peripheral nervous system, blood, development, 0047
' reproductive system, endocrine system '

Sr 0,6 Kidneys, cardiovascular system -
Ti 4,00 Reproductive system, gastrointestinal tract -
Cr 0,005 Mucous tunics, skin, blood, immune system 0,42

Note: * — Carcinogenic potential factor for carcinogens

water consumption and body weight to calculate
daily doses [2].

Basic results. Results collected over a long
period of time, including those obtained via
comprehensive sanitary analysis of examined
drinking water, revealed that research structure
was similar for different water supply sources.
Control programs (both industrial and state one)
pay little attention to hydrogeochemical peculi-
arities of territories. B and Br are admixtures
that are characteristic for some geochemical
provinces and it is well proven that they produce
adverse effects under oral exposure. However,

these admixtures are not controlled either by wa-
ter supplying organizations or sanitary surveil-
lance bodies. Sanitary analysis of drinking water
from water intakes located in Chusovskaya prov-
ince didn't include Sr concentrations although
the element is specific for geological rocks that
form natural waters there.

Metals, including heavy and amphoteric
ones, cause the most serious population health
risks as a results of long-term consumption of
drinking water in the examined geochemical
provinces. Such metals were registered in water
practically everywhere (Table 3).

Table 3

Average long-term daily concentrations of priority chemical admixtures in drinking water
supplied to population, M+m, mg/dm?®

Chemical element Geoch.emical province

Sylvenskaya Koyvinskaya Chusovskaya
Mn 0,005 + 0,0008 0,05 + 0,0075 0,01 + 0,0015
Cd 0,0002 + 0,0001 0,0002 + 0,0001 Not measured
Fe 0,0500 £ 0,0075 0,31+0,05 1,1+£0,13
Pb 0,0012 +0,0003 0,0001 + 0,0001 Not measured
Ni 0,0065 + 0,0012 0,0071 £ 0,015 0,0075 £ 0,015
Cr 0,010 £ 0,006 0,012 £ 0,007 0,018 £ 0,003
Mo Not measured 0,003 + 0,0004 0,003 + 0,0001
Cu 0,005 + 0,001 0,004 £ 0,001 0,02 + 0,003
Ba Ltdl* Ltdl Not measured
As 0,0025 + 0,0005 0,001 + 0,0003 0,0005 + 0,0001
Sr 7,30+1,22 Not measured Not measured

Note: * — means lower than detection limit
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Hygienic standards for specific admixtures
contents were violated extremely rarely (less than
1% of the overall number of examined samples).
Assessment of lifelong carcinogenic risk revealed
that the overall situation with drinking water
safety was rather alarming. Levels of lifelong
carcinogenic risk calculated as per maximum
contamination varied from 2.99*10-4 to 4.01*10°°
and were considered unacceptable (Table 4).

Recalculation of carcinogenic risk per
average lifelong va'ue allowed to assess risks as
substantially less significant however they still
were above the upper permissible limit of
acceptable risk (1.9*10-4 in Sylvenskaya province;
2.3*10™ in Koyvinskaya province, and 2.99*10 in

Chusovskaya province). Basic contribution into
carcinogenic health risks for population was made
by Ni in all three provinces. Concentration of this
component in natural water sources is to be
analyzed more profoundly. It is necessary to
estimate a determination procedure in terms of
validity and precision of its results. It also seems
vital to examine seasonal fluctuations in
admixtures contained in drinking water and to
detect primary sources of Ni introduction into it.

Unacceptable non-carcinogenic health risks
for population who permanently consume drinking
water with quality outlined above occur as regards
a number of organs and systems (Table 5).

Table 4

Average long-term concentration of certain chemical elements in drinking water from water intakes
located within geochemical provinces

Average long-term concentration, Factor
Element 95% percentile, Dose, mg/kg-day Carcinogenic risk contribution into
mg/dm3 risk, %
Sylvvenskaya province
Cd 0,00025 6,85E-06 2,60E-06 0,5
Pb 0,0015 4,11E-05 1,93E-06 0,4
Ni 0,0075 2,05E-04 3,49E-04 71,7
Cr 0,0180 2,44E-05 8.89E-05 18,3
As 0,0030 2.94E-05 4,40E-05 9,0
Overall carcinogenic risk 3,98E-04 (unacceptable)
Koyvinskaya province
Cd 0,00057 2,00E-05 5,93E-06 0,10
Pb 0,0001 1,00E-06 1,29E-07 0,0
Ni 0,0080 2,19E-03 3,73E-03 93,1
Cr 0,0200 5,50E-04 2,30E-04 5,75
As 0,0010 3,00E-05 4,11E-05 1,03
Overall carcinogenic risk 4,01E-03 (unacceptable)
Chusovskaya province
Ni 0,0082 9,63E-05 1,64E-04 54,7
Cr 0,0250 2,94E-04 1,23E-04 41,2
As 0,0007 8,22E-06 1,25E-05 4,12
Overall carcinogenic risk 2,99-04 (unacceptable)
Table 5
Admixtures with carcinogenic effects — Cd, Pb, and Ni compounds
Target organs (systems) HI |Priority risk factors| HI Priority risk factors HI Prg(:grgs'(
Sylvenskaya province Koyvinskaya province Chusovskaya province
Kidneys 1,4 |Cr 3,4 |Cr, Mo 42 |Cr
Gastrointestinal tract 10,9 |Cr, As 6,3 |Cr, As 6,7 |Cr, As, Cu
Central nervous system 11,8 |As, Pb 3,7 |As, Mn 1,7 |As
Cardiovascular system 8,7 |As 3,7 |As 2,0 |As
Blood 4,0 |Pb 1,8 |Mn, Fe, Pb 4,1 |Ni, Fe
Immune system 8,5 |As 4,3 |As 54 |As
Bones 11.8 |Sr — — — —
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High risks of functional damage (HI>5.0%) are
predicted as regards digestive organs, the central
nervous system, and the immune system for people
living in all the examined geochemical provinces.
There were moderate risks (3.0<HI<5.0) of dam-
age to the immune system and Kkidneys (for
Koyvinskaya and Chusovskaya provinces), and
blood (for Sylvenskaya and Chusovskaya provinc-
es) [19].

High risks of damage to bones are character-
istic for Sylvenskaya province due to high natural
Sr concentrations in drinking water.

We didn't set a task to compare risk levels
with actual population morbidity in this work. But
still, research performed by some experts is well in
line with our results. Thus, O. Yu. Ustinova et al.
performed profound clinical and laboratory re-
search and confirmed adverse effects produced by
Mn contained in drinking water on children's
health; these effects became obvious through neu-
ro-vegetative dysfunctions [20]. There are data on
increased Sr concentration registered in blood of
people who consumed water with high Sr concen-
tration. Biological aged of exposed people didn't
correspond to proper one and musculoskeletal sys-
tem pathology (posture disorders, deformation of
the spinal column and feet) were registered among
such people 2.5-10 times more frequently than in
the reference group [21].

Conclusion. Our research revealed that geo-
chemical provinces are characterized with different
concentrations of such hazardous metals as Cr, Ni,
Pb. Mn, Fe, and others, in rocks and soils; it can
exert substantial influence on quality of drinking
water supplied to population who live within these
geochemical provinces.

Absence or rare violations of hygienic stand-
ards don't guarantee complete safety of drinking
water when its structure is formed under compli-
cated hydrogeochemical conditions.

When some carcinogenic admixtures (Cd, Cr,
Ni, As, and Pb) jointly occur in natural and drink-
ing water, it can cause unacceptable population
health risks. Carcinogenic risk in the examined
provinces of Perm region amounts to 4*10-3(in the
worst exposure scenario) which is ranked as De

4 Criteria are given as per authors' expert opinion
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manifestis Risk. Such risk level requires immediate
actions aimed at its reduction from decision mak-
ers. Unacceptable non-carcinogenic risks are
caused by joint occurrence of As, Mn, Sr, and
some other compounds in drinking water. The
highest risks occurred on the examined territories
in relation to gastrointestinal tract diseases (HI is
up to 10.9; basic risk factors are Cr and its com-
pounds); musculoskeletal system diseases (HI is up
to 11.8; basic factor is Sr in water ), and central
nervous system diseases (HI is up to 11.8, basic
factors are as, Mn, and Pb; contributions made by
the elements into the overall risk were different in
different provinces). Obviously, it is necessary to
work out and implement a system of activities
aimed at reducing health risks and at informing all
the concerned parties about these risks, including
water supplying organizations, population, and
local authorities.

We didn't reveal any authentic relationships
between average concentrations of elements in the
earth crust in a geochemical province and concen-
trations of admixtures in drinking water in our re-
search. But still, the highest Cd and Pb concentra-
tions were detected exactly in drinking water in
those provinces where their concentrations in rocks
and soils were the highest. In some cases, when a
hazardous element is contained in the earth crust in
high concentrations, its content is not measured in
drinking water. In relation to that we recommend
water supplying organizations and sanitary surveil-
lance bodies to take into account specific features
of a geochemical province and include admixtures
that occur in high concentrations in the environ-
ment into monitoring and laboratory research pro-
grams.

As reference concentrations of metals are
very low, it seems advisable to improve procedures
for quantitative determination of elements in drink-
ing water.

Funding. Our research was not granted any
sponsors' support.

A conflict of interests. The authors state
there is no conflict of interests.

Health Risk Analysis. 2018. No. 3



CDaKTOpLI 1 YPOBHU PUCKA 3A0POBbIO HACCIICHUS TPU BOBHCﬁCTBHH KOMITOHCHTOB ITMTBCBBIX BOJI. ..

References

1. Ivleva LA, Alekseev L.S., Boldin A.V. Bar'ernye funktsii tekhnologii podgotovki podzemnykh
vod dlya khozyaistvenno-pit'evykh tselei [Barrier Functions of Ground Water Treatment Technologies
for Domestic Purposes]. Vodosnabzhenie i sanitarnaya tekhnika, 2007, no. 9-2, pp. 33-40 (in Russian).

2. Chudnovskii S.M., Likhacheva O.l., Odintsov V.V. Optimizatsiya protsessov upravleniya
traditsionnymi tekhnologiyami podgotovki pit'evoi vody [Conventional technologies of drinking water
treatment: managerial processes optimization]. Evraziiskii soyuz uchenykh, 2015, vol. 14, no. 5-3, pp.
14-16 (in Russian).

3. Chernikov V.A., Yunusov Kh.B. Otsenka ekologicheskogo sostoyaniya presnykh vod i sov-
remennye effektivnye metody ee ochistki ot zagryaznenii [Assessment of ecological situation with fresh
water and up-to-date efficient techniques for its purification from admixtures]. AgroEkolnfo, 2017, vol.
27,no. 1, pp. 7 (in Russian).

4. Nordstrom D.K. Worldwide occurrences of arsenic in ground water. Public health. Science,
2002, vol. 296, no. 5576, pp. 2143-2145.

5. Khorasanipour M., Esmaeilzadeh E. Geo-genic arsenic contamination in the Kerman Cenozoic
Magmatic Arc, Kerman, Iran: Implications for the source identification and regional analysis. Applied
Geochemistry, 2015, vol. 63, pp. 610-622.

6. Mukherjee A., Bhattacharya P., Savage K., Foster A., Bundschuh J. Distribution of geogenic ar-
senic in hydrologic systems: controls and challenges. Journal of Contaminant Hydrology, 2008, vol. 99,
no. 1-4, pp. 1-7.

7. Duz M.Z., Sagirdag M., Celik K.S., Hasan M.A., Kiling E. Geochemical multi-element ICP-OES
analysis of borehole waters from SE Anatolia. Atomic Spectroscopy, 2016, vol. 37, no. 2, pp. 43-49.

8. S Ariunbileg., Gaskova O., Vladimirov A., Battushig A., Moroz E. Spatial distribution of uranium
and metalloids in groundwater near sandstone-type uranium deposits, Southern Mongolia. Geochemical
Journal, 2016, vol. 50, no. 5, pp. 393-401.

9. Chandio T.A., Khan M.N., Sarwar A. Fluoride estimation and its correlation with other physico-
chemical parameters in drinking water of some areas of Balochistan, Pakistan. Environmental Monitoring
and Assessment, 2015, vol. 187, no. 8, pp. 531.

10. Zakutin V.P., Golitsin M.S., Shvets V.M. Aktual'ny problemy izucheniya i otsenki kachestva pod-
zemnykh pit'evykh vod [Current issues in the study and quality assessment of drinking groundwater]. Vodnye
resursy, 2012, vol. 39, no. 5, pp. 485495 (in Russian).

11. Krainov S.R., Ryzhenko B.N., Shvets V.M. Geokhimiya podzemnykh vod. Teoreticheskie,
prakticheskie i ekologicheskie aspekty [Geochemistry of underground waters. Theoretical, practical, and
ecological aspects]. Moscow, TsentrLitNefteGekh Publ., 2012, 672 p. (in Russian).

12. Abdulmutalimova T.0O., Kurbanova L.M., Guseinova A.Sh., Ramazanov O.M., Mammaev B.O.
Otsenka vliyaniya prirodnykh gidrogeokhimicheskikh provintsii na kachestvo pit'evykh vod i zdorov'e na-
seleniya (na primere Respubliki Dagestan) [Assessment of influence exerted by hydrogeochemical prov-
inces on drinking water quality and population health (on the example of Dagestan)]. Trudy Instituta ge-
ologii Dagestanskogo nauchnogo tsentra RAN, 2016, no. 66, pp. 231-235 (in Russian).

13. Voteiko L.G. Selenovyi status i narusheniya funktsii pochek v usloviyakh Zabaikal'skoi bioge-
okhimicheskoi provintsii [Selenium status and kidney function disorders in conditions of Zabaikalje bio-
geochemical provinces]. Ekologiya cheloveka, 2007, no. 1, pp. 12-15 (in Russian).

14. Abramkin A.V. K voprosu o biogeokhimicheskikh provintsiyakh i gigienicheskoi otsenke
kachestva pit'evoi vody [The question of biogeochemical provinces and hygienic drinking water quality
assessment]. Sciences of Europe, 2016, vol. 8, no. 8-1, pp. 18-22 (in Russian).

15. Chaslavsky M., Danikhelka P., Krzhizh L., Pashkovskii I.S., Sukhankova Ya. Radon v pod-
zemnykh vodakh kak istochnik riska dlya zdorov'ya naseleniya [Radon in ground water as a factor of risk
for human health]. Geoekologiya, inzhenernaya geologiya, gidrogeologiya, geokriologiya, 2010, no. 3,
pp. 270-275 (in Russian).

16. Atlas Permskogo kraya [Perm region atlas]. In: A.M. Tartakovskii, ed. Perm’, Perm. gos. nats.
issled. un-t Publ., 2012, 124 p. (in Russian).

17. Shiryaeva |.A., Popova E.V. Tyazhelye metally v pit'evykh vodakh razlichnykh prirodnykh
geokhimicheskikh provintsii Permskogo kraya kak faktory kantserogennogo riska dlya zdorov'ya naseleni-
ya [Heavy metals in drinking water on geochemical provinces in the Perm region as factors of carcinogenic
risk to protect public health]. Vestnik Permskogo universiteta. Seriya: Biologiya, 2014, no. 4, pp. 89-96 (in
Russian).

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163 ISSN (Eng-online) 2542-2308 61



A.H. ®omenko, B.A. Apuctos, O.A. MaknakoBa, B.A. Xopomasun

18. Zaitseva N.V., Popova A.Yu., Onishchenko G.G., May |.V. Aktual'nye problemy pravovoi i nauchno-
metodicheskoi podderzhki obespecheniya sanitarno-epidemiologicheskogo blagopoluchiya naseleniya Rossiis-
koi Federatsii kak strategicheskoi gosudarstvennoi zadachi [Current problems of regulatory and scientific-
medical support for the assurance of the sanitary and epidemiological welfare of population in the Russian Fed-
eration as the strategic government task]. Gigiena i sanitariya, 2016, vol. 95, no. 1, pp. 5-9 (in Russian).

19. Shvets V.M., Krainov S.R. Regional'nye gidrogeokhimicheskie provintsii normiruemykh kompo-
nentov presnykh pitevykh podzemnykh vod [Regional hydrogeochemical provinces of the normalized
components of the fresh drinking groundwater]. Izvestiya vysshikh uchebnykh zavedenii. Geologiya i
razvedka, 2014, no. 5, pp. 33-37 (in Russian).

20. O Maklakova.A., Ustinova O.Yu., Luzhetskii K.P., Baidina A.S., Mazunina D.L., Permyakov
I.A., Osheva L.V. Neirovegetativnye disfunktsii u detei, prozhivayushchikh na territorii s povyshennym
urovnem margantsa v pit'evoi vode [Neurovegetative dysfunctions at children, living in the territory with
the raised level of manganese in drinking water]. Izvestiya Samarskogo nauchnogo tsentra Rossiiskoi
akademii nauk, 2013, vol. 15, no. 3-6, pp. 1845-1849 (in Russian).

21. Vandysheva A.Yu., Luzhetsky K.P., Ustinova O.Yu., Shcherbakov A.A. Tempy biolog-
icheskogo sozrevaniya i osobennosti narushenii kostno-myshechnoi sistemy u detei v usloviyakh pero-
ral'noi ekspozitsii strontsiya s pit'evoi vodoi [Rates of the biological maturation and particularities of vio-
lation of the locomotor system in children under conditions of oral exposure to strontium in drinking wa-
ter]. Zdorov'e naseleniya i sreda obitaniya, 2015, vol. 273, no. 12, pp. 45-47 (in Russian).

Fomenko A.N., Aristov V.A., Maklakova O.A., Khoroshavin V.A. Factors and population health
risks under exposure to components detected in drinking water within natural hydrogeochemical prov-
inces in  Perm region. Health Risk Analysis, 2018, no. 3, pp. 54-62. DOI:
10.21668/health.risk/2018.3.06.eng

Received: 16.08.2018
Accepted: 21.09.2018
Published: 30.09.2018

62 Health Risk Analysis. 2018. No. 3



Application of baby walkers in Russia: epidemiological aspects
e

APPLICATION OF BABY WALKERS IN RUSSIA: EPIDEMIOLOGICAL ASPECTS

Read
online

UDC 612.084: 685.3
DOI: 10.21668/health.risk/2018.3.07.eng

A.N. Sharov!, A.V. Krivova®, S.S. Rodionova?

Tver State Medical University, 4 Sovetskaya Str., Tver, 170100, Russian Federation
’N.N. Priorov's National Medical Research Center for Traumatology and Orthopedics, 10 Priorova Str., 127299,
Moscow, Russian Federation

As per various research data, from 42 to 90 % families all over the world use baby walkers. There are some data implying
that baby walkers prevent motor skills from their natural development and are to a certain extent dangerous for infants' health.
Prevalence of damages associated with baby walkers varies from 7 to 50 % according to different estimations. Our research goals
were to determine reasons for application of baby walkers in Russia and their prevalence in Russian families; to assess levels and
structure of children injuries caused by baby walkers and their influence on motor development and on walking pattern formation.

We performed three cohort pieces of research with pseudo-retrospective design. The overall sampling included 749
children; "baby-walker" groups consisted of 363 infants. We also performed an anamnestic questioning of parents with spe-
cially designed anonymous questionnaires. The research was accomplished on typical Russian territories (Rzhev and Rzhev
district in Tver' region, population amounts to approximately 60.3 thousand people).

We detected that frequency with which baby walkers were applied among children on the examined territories was
similar to average frequency detected worldwide and amounted to 62.11 + 18.5 %. Parents think that basic advantages and
reasons for application of baby walkers are as follows: they make a child to develop faster; they keep a baby busy and help
to keep it safe; they entertain a baby; it is a tradition. The detected level of injuries caused by baby walkers was relatively
low (15.4 %). There were no injuries that require medical aid. Our research didn't reveal any statistically authentic influ-
ence exerted by baby walkers on formation of acquired static deformations in infancy. There is also no statistically authentic
discrepancy between children from "baby walkers" group and "without baby walkers" group in the examined sampling when
they reach the following stages in their development: "standing with a support" and "moving with a support". But on aver-
age, children who grew with baby walkers started to walk on their own with a 13-day delay. We detected a statistically au-
thentic strong correlation (p<0.01) between application of baby walkers and risk of tiptoe walking (RR=3.56; Cl 2.56-4.99
for 95 % provision). A longer period of tiptoe walking in "baby walkers" group confirms that baby walkers exert long-term
negative influence on walking pattern structure. We detected the following additional (attributable) population risk (PAR):
absence of walking on one's own, PAR=4.45-5.3 %,; tiptoe walking, PAR=19.6-23.4 %. Application of baby walkers in fami-
lies from the examined population decreased from 52.03 to 43.66 % and it means that active informative campaigns aimed at
explaining baby walkers dangers to parents and guardians were quite efficient. It is advisable to perform further research on
the matter.

Key words: baby walkers, children injuries, stages in motor development, delay in onset of walking, tiptoe walking, id-
iopathic toe-walking.

Any parents want their baby to develop as fast
and actively as possible and they are ready to do
anything to help in the process. It's an integral part
of our biological program, an instinct that makes
us take care of our offspring. Baby walkers were
initially invented as a toll for providing this help;

but they turned out to be a rather controversial
device. As per data obtained in various research

O Sharov A.N., Krivova A.V., Rodionova S.S., 2018

[1-8], including domestic one [9,10], baby
walkers prevent motor skills from their natural
development and even cause a certain threat for
health, primarily related to additional traumatism.

Examinations of baby walkers' as a
phenomenon that influences health have been
accomplished in various research all over the
world since late 80ties last century. These
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! Baby walkers is a technical device. It has a base made of hard plastic sitting on top of wheels with additional appliances

that help to keep a baby in a vertical position.
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examinations can be divided into three basic
groups epidemiological ones, examinations of
injuries associated with baby walkers, and
assessment of their effects on motor skills
development.

Epidemiological  aspects  related to
application of baby walkers have been examined
since early 90ties last century. The first
examination on the issue was performed in
Denia (Spain) in 1992-1993. S.L. Santos et al.
conducted a questioning that lasted from
November 1, 1992 to January 31, 1993 and
included parents of 207 children aged from 3 to
24 months [11]

The authors revealed that 42% children aged
from 4.3 to 13.4 months were at least once put into
baby walkers, and parents of 46.7% out of this
number applied them every day. They also
revealed a statistically significant inverse
correlation (r>-0,6) between frequency and
duration with which baby walkers were applied
and a mother's education. It was shown that parents
reported on the following presumable advantages
of baby walkers: 34.2% stated it was comfortable
for parents; 10.9% said baby walkers entertained
their babies; 12.9% believed baby walkers helped
their children to develop[; 46.3% respondents
didn't mention any advantages.

Also parents stated there were some hazards
caused by application of baby walkers; thus, 33.5%
mentioned deformation of lower extremities;
43.0%, accidents, including 33.5% mentioning
injuries, and 12%, falling off the stairs; 27.2% said
there were no any hazards. As per data collected by
the authors, 24.9% children who spent some time
in baby walkers were injured (76.2% fell; 14.3%
had ambulatory injuries, and 4.8% were taken to
hospitals to be treated after an injury). Injuries
much more frequently occurred among boys.

The next research was performed in
Baltimore in 1993 by Doctor A. Trinkoff and
Doctor P.L. Parks [12].
They questioned parents who had children aged 3-
12 months and revealed that baby walkers were
used quite frequently, in 66% cases (n=77). It is
remarkable that this frequency was even higher
among low-educated parents. Parents mentioned
the following reasons for application of baby
walkers: to entertain a baby, to limit its
movements, to help it to develop locomotor skills.

Data were collected via individual
guestioning performed among parents; the total
number of participants were 158 people, and 55%
respondents stated they applied baby walkers. The
basic reasons for that were the following: baby
walkers brought positive emotions to babies;
application of such devices started with the eldest
child in a family (a tradition). No respondents in a
"baby walkers" group thought that safety issues
could make them abandon baby walkers; 48%
respondents in a "without baby walkers" group
stated that thinking about safety would persuade
them to stop using the device. 12.5% children who
spent some time in baby walkers had at least one
injury during this period.

In 1998 American scientists conducted
standard interviews among 254 people (parents or
guardians) who applied for medical aid to a clinic
within a month in which the research took place
[14]. Parents of 77% (n-119) firstborns and 85% of
the second and consequent child applied baby
walkers. The researchers didn't reveal any
statistically authentic discrepancies between
children from "baby walkers" and "without baby
walkers™ groups as regards a child's sex, being the
eldest or not in a family, parents' race or education,
or a type of guardianship. There were also no
discrepancies between the groups related to
information given by a pediatrician as regards
hazards caused by baby walkers application. 97%
parents in a "baby walkers" group heard about such
devices prior to a childbirth but 65% didn't start
using them after a child was born. 61% of those
who applied the device stated there was no external
influence that made them buy it; 75% bought the
device on their own. These decisions didn't
correlate with parents' education or seniority of a
child in a family. Finally, 78% parents thought
baby walkers were useful, and 72% parents stated
the device fastened the development of an
independent walking skill®,

The research conducted by two British
scientists D. Kendrick and P. Marsh in 1998
contains data obtained via questioning of parents
with children aged 3-12 months; the parents were
registered in each of 36 ambulances for primary
reception in Nottingham, Great Britain (n=2,152)
[15]. The number of answers amounted to 74%.
50% families applied baby walkers.

2 Independent walking is walking on two feet on one's own, without any support, making more than 5 steps, with

further progress.
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It was detected that application of baby
walkers wasn't authentically correlated with either
living on hardship allowance (OR=1,42; 95%
Cl =1,02-1,99), or renting a housing (OR = 1,46;
95 % CIl =1,04-2,04), dwelling in a poor district
(OR=1,42; 95% CI =1,06-1,91), parents being
unemployed (OR=0,64; 95% CI=0,41-0,99).
Families that applied baby walkers installed
smaller number of gates that lock the staircases (x>
= 4,36, 1DF, p = 0,037) and fire control systems
(x* = 6,80, 1DF, p = 0,009). in their houses. There
were a lot of probable home hazards in their
houses (Mann-Whitney test U, Z =-290,
p =0,004). However, there were no differences
detected between risks of injuries and risks related
to home hazards when such risks were assessed for
a group of parents who bought and applied baby
walkers.

In 1999 D. DiLillo, A. Damashek, and L.
Peterson performed a retrospect phone questioning
that comprised 329 mothers; they gave information
on application of baby walkers and stationary
playpens for their 463 children born in Columbia,
Missouri, from January 1994 to April 1999 [16]. It
was revealed that a share of families who applied
baby walkers dropped steadily from 1994 to 1999
while application of playpens grew over the same
period. 48.9% out of 329 questioned mothers
stated they put at least one baby in their family into
baby walkers. Frequency of application was
distributed as follows: 14.1% applied the device
only once or twice; 16.5%, "from time to time";
15.5%, "several times a month"; 5.3%, every week;
48.5%, every day. Overall, 88% mothers were
aware of risks related to injuries and it was the
most frequent reason for abandoning baby walkers.
But still, 38% of respondents applied the device.

Parents mentioned various reasons that made
them buy baby walkers, including "to entertain a
baby", "to make it develop faster", the device was
easy to buy and quite affordable; some parents
mentioned also that stationary playpens were safer.

In 2003 in Singapore N.C.Tan and his
colleagues selected parents of 445 children who
were brought to clinics when they were 4-6 months
old for scheduled immunization [17] These parents
were guestioned, and standardized questionnaires
were applied in the process. The research revealed
that 71.2% (311 out of 437 parents) applied baby
walkers when their child was 9 months old. 66.7%
parents didn't know about injuries related to baby
walkers and only 37.5% were aware of some
alternative devices. Besides, 48.3% respondents
believed baby walkers helped their children to
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develop, although even at that time (2003, author's
note) there were assumptions that the device
actually postponed independent walking. In
addition, it was detected that 20.1% parents took
safety precautions when applying such devices.
The researchers determined factors that statistically
authentically increased application of baby walkers
in families. They were parents' education; overall
incomes of a family; housing; availability of baby
walkers; an opinion that baby walkers made for
early independent walking. Such factors as
awareness of hazards, alternative devices, and total
number of children in a family, didn't have any
statistically authentic influence on decisions made
by parents on the issue.

The research also revealed 24 "baby walkers-
related" injuries and it accounted for 7% out of all
the respondents (n=311). Prevailing injuries were
falls on plane surface (5.5%), and falling off the
stairs(14.9%).

In 2007-2008 in lIran Doctors F. Shiva, F.
Ghotbi, and S.F. Yavari examined families who
visited medical clinics in Teheran with their
children aged from 6 months to 2 years [18]. They
applied a standard questionnaire to conduct
guestioning among parents. The results were
assessed via comparing between two groups, "baby
walkers™ one and "without baby walkers" one. 414
(54.5%) children (216 girls and 198 boys) spent
some time in baby walkers. Baby walkers were
much more frequently applied in families with just
one child (p-value is 0.009) and in families where
parents were better educated (p-value<0.001).

76.8% parents of children from "baby
walkers™ group thought the device promoted early
walking (against 8.2% parents of children from
"without baby walkers" group). 44.7% parents who
applied baby walkers and 22.3% who didn't do it
knew about hazards related to the device. 136
parents (60.17%) stated they applied baby walkers
"to teach a child to walk earlier"; 57 (25.2%)
wanted "to entertain a baby"; 23 (10.17%) said "it
was a tradition"; 10 (4.4%) stated it was "just their
wish" or there was "no reason at all".

The research didn't reveal any serious injuries
among babies put into baby walkers, but still
14.1% babies had insignificant injuries of soft
tissues while being in baby walkers.

As per data obtained by D.G. Dogan et al.
[19] parents of 495 children aged from 2 months
to 5 years who visited consultative clinics for child
care at Fatih University Hospital in Ankara
(Turkey) applied baby walkers in 75.4% cases.
Female sex (OR 1.82, 95% CI 1.19-2.78) and
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lower education of a mother (OR 0.37, 95% CI
1.18-0.74) were parameters that statistically
authentically increased application of such devices.
Injuries were rare (7.8%). Only 18.6% (n=92)
families received relevant consultations from their
pediatricians.

In 2015 in the UAE Doctor M. Grivna et al.
[20] questioned 696 female 12th grade students
who attended four state schools, 55% (n=385) out
of them being the UAE citizens. Girls from three
"scientific" classes and three "art" classes gave
their answers to questions and stated that 90% (n =
619) families used to apply or still applied baby
walkers. As for reasons for application of the
device, 92% respondents mentioned safety of baby
walkers, 11% thinking the device was completely
safe, and 74%, that it was moderately safe. Only
16% noted that application of baby walkers could
cause injuries.

Overall, a share of children who grew in
families where baby walkers were applied varies
from 42% to 90% in various populations (Figure

Average ( total N=5105)

UAE2015{n=617)

Turkey 2009({n=495)
Iran 2008{n=414)
45)
USA 1999(n=463)

Singapore 2003(n

Great Britain 1998{n=2152}
USA 1998(n=154)

Ireland 1995{n=158)

Spain 1993(n=207)

20%

30%

1), average value being 62.11 %=18.5=
43.61;80.61(CI=99%).
Parents mention the following basic

advantages and reasons for application of baby
walkers: faster development of a baby (8 out of
10 examinations); babies being occupied with
something and being safe (8 out of 10
examinations); entertainment for babies (3 out of
10 examinations); traditions or absence of reasons
(3 out of 9 examinations).

Data on additional factors that influence
baby walkers application in samplings are rather
controversial: parents' education was detected to
exert statistically authentic influence in 4
examinations [4, 8, 11, 12], but the correlation
was inverse in 3 of them [4, 8, 12], and direct in
the remaining one [11], and there was an
unreliable correlation detected in one more
examination [6]. Income level was detected to be
significant in one examination [8], and
insignificant in another [14]. Therefore, it is
difficult to authentically spot out an additional
risk group in relation to the examined problem.

62,11%
90%
75,40%
54,50
= 71,20%

48,90%

50%
= 77%

x 50%

' A42%
40% 50% 60% 70% 80% 90%  100%

Figure 1. A share of children who were put in baby walkers in various samplings.
As per data taken from foreign research [11, 13-20].

Various injuries, as well as gravity of
traumas, up to deaths [21] are naturally considered
by world scientists to be the basic problem related
to baby walkers. As per results obtained in the
examinations described above, as well as some
other research, prevalence of injuries related to
baby walkers various from 7% (Singapore, 2003)
[17] to 50% (Italy, 1981) [22]; as per the biggest
sampling, n-57500 (the USA 1987), injuries
accounted for 35% [23]. The structure of
traumatism is most profoundly described in a work
that occupies the core place in studies on "baby
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walkers" traumatism; the work was published by
scientists from Ohio (the USA) who analyzed
197,200 (sic!) injuries related to baby walkers that
occurred over a period from 1990 to 2001. The
following distribution of injuries as per various
groups was detected among infants younger than
15 months [24]: surface soft tissue traumas
(53,0%); closed craniocerebral injuries (25.1%);
lacerations and bruises (10.1%); damages to bones
and joints, fractures/dislocations (5.2%); burns
(2.2%); other injuries (4.4%).

Health Risk Analysis. 2018. No. 3
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As per data taken from some research, falling
off the stairs causes the gravest "baby walkers"-
related injuries [24-27]. Such falls are
authentically related to skull fracture risks:
RR=3.28 (95% CI 1.35-7.98) [27] and OR 3.74
(p<0,01; 95% CI 3.42-4.09) [24]. Injuries that are
not caused by falling off the stairs are
predominantly ambulatory, or they don't even
require any medical aid [24-31].

There has been a lot of research performed in
various countries in different years on assessing
influence exerted by baby walkers on motor skills
[1-3,5,6,8], and the results are rather controversial.
For example, reviews by M.C. Mancini et al.
contain the following conclusion: "from a critical
point of view, we can't make any precise judgment
on actual effects produced by baby walkers when
motor skills develop typically due to insufficient
evidence base" [32]. Patricia Burrows and Peter
Griffiths (2002) came to a conclusions that "results
of two examinations considered in the review
didn't reveal any significant influence exerted by
baby walkers on a start of independent walking.
Cohort research revealed that application of baby
walkers delayed it, as generalized analysis of four
cohort examinations revealed delays within an
interval from 11 to 26 days" [33].

Tiptoe walking ® occurs from the very
beginning of independent walking, as per data by
foreign authors [34-39]. This walking pattern is
thought to be a pathologic one at 2-3 years, but
prior to this age it is considered to be a part of a
normal walking formation [40]. As regards
influence exerted by baby walkers on motor skills,
there is an assumption that the device can possibly
change locomotor pattern and lead to tiptoe
walking (Martin-Casas P et al.) [41]). Our
empirical observations also allow us to make
similar assumptions.

Data and methods. Data for the work were
obtained via three cohort examinations which were
pseudo-retrospective; the examinations were
performed in a children clinic at Rzhevskaya
Central District Hospital, and four pre-school
children facilities in Rzhev, Tver' region. The
overall number of children in sampling was equal
to 749; 363 children were in "baby walkers" group.

The first examination (No. 1) entitled
"Epidemiologic aspects related to application of
baby walkers and correlation with talipes valgus"
was performed in February — September 2016
among children born from January — September

2015 In Rzhev, Tver' region. We excluded patients
whose parents couldn't give exact necessary data,
as well as patients with grave congenital
pathologies (16 children totally). The sampling
included 268 babies aged 11-18 months. We
performed our research via anamnestic questioning
among parents with a standardized, specially
designed, and anonymous questionnaire; we also
conducted an objective assessment of heel bone
angle. The results were then collected in Table 1

Table 1
Examination results registration

No. 1 (2 |... |10

Period of application

Daily application

Age

Sex

Reasons for application

Talipes valgus, other pathologies

We initially grouped the data regarding
application of baby walkers; additional grouping
was made as per sex, reasons for application of
such devices, "baby-walkers"-related injuries, and
talipes valgus. We calculated and analyzed relative
values (extensive parameters) for separate groups
and then designed a fourfold table to assess
influence exerted by application of baby walkers
on occurrence of acquired statistical talipes valgus.
We also calculated Chi-square criterion.

The second examination (No. 2) entitled
"Influence exerted by baby walkers on motor skills
development in infants" was conducted from
September 2014 to September 2015. The sampling
included all infants who were healthy at the
moment of prophylaxis inspection by a
traumatologist-orthopedist; all of them were born
in period from September 2013 to September 2014
in Rzhev, Tver' region. We excluded patients with
delays in motor development caused by diseases in
the locomotor or nervous system, with congenital
or acquired hypotrophy, as well as children whose
parents couldn't provide us with all necessary data.
Children weren't divided as per sex. The sampling
included 11-15 month old infants. Totally 514
children were born in the period, and we
questioned parents of 408 children (79.3%), and
only 358 (69.6%) babies were included into
research sampling. We performed our research via
anamnestic questioning among parents with a
standardized, specially designed, and anonymous

® Tiptoe walking is a manner in which a baby moves on two feet without stepping on its heels, making more than 5 conse-
quent steps, and repeats it for at least a week when starting to walk independently. Periods when a baby was lifted on tiptoes

without moving were not taken into account.
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guestionnaire. The data were then collected in
Table 2 by a medical expert (Table 2).

Table 2
Examination results registration

Parameter 1 2 ... |10

Age (months)

Diagnosis at 1-3- months.

Standing with support® from
...(months)

Walking with support
from...(months)

Independent walking
from...(months)

Tiptoe walking (yes/no)

Application of baby walkers
(yes/no)

Minutes per day (in baby walkers)

Total number of days (in baby
walkers)

We performed an interval (as per baby-
walkers/day index)® grouping of children who
walked on tiptoes.

We initially grouped our sampling taking into
account a stage and a factor for application of baby
walkers as well as period of their application (Fig-
ure 2).

Data obtained for specific groups were statis-
tically processed and extensive values were calcu-
lated for each group. We designed weighted lev-
eled-off series for development stages. Leveling-
off was accomplished via upsizing an interval. We
determined series variations and analyzed average
values. Mean weighted value of the general sam-
pling was calculated as per Student's technique
(taking into account t-distribution of the sam-
plings) for 99% confidence intervals. Obtained
general average stages were compared with data
taken from the WHO Motor Development Study
[42], via calculating pair Student's t-test (p-value
<0.01 and <0.05).

A discrete series for baby-walkers/day index
was divided into intervals and variation series were

drawn up for bay-walkers/day intervals <1 bw/d
and >1 bw/d; mean values were calculated and
compared with previously obtained data. These
intervals were selected as the most representative
ones for assessing discrepancies.

At the next stage we assessed significance of
discrepancies in mean group values for different
ages that corresponded to various stages in a
child's development. To detect the most representa-
tive statistical technique, we calculated normalcy
of distribution; asymmetry of distribution; Fisch-
er's test (F) for assessing equality of general dis-
persions; and two-sample Kolmogorov-Smirnov
test for assessing identity of distribution laws in
pair groups. bearing all these calculations in mind,
we chose Student's pair t-test and Mann-Whitney
U-test. We calculated significance of discrepancies
between mean group values (including those for
specific bw/s intervals); discrepancies at p-value
<0.01 and <0.05 were considered to be authentic.
In addition, we drew up a box diagram and a sum-
mary table containing general mean values for all
groups and stages allowing for 99% confidence
interval.

At the next stage we tried to reveal a correla-
tion between a period of time spent in baby-
walkers a day (both for the whole series of values
and for specific intervals) and age of various stages
in development of locomotion. We applied correla-
tion analysis to calculate the following coeffi-
cients: parametric Pierson's test and non-
parametric p-Spearman test, t(c)-Kendall test, and
t(b)-Kendall test. A statistic hypothesis was con-
sidered to be authentic at p<0,05. Within specific
elements of one-factor regression analysis we built
scattering diagrams, a regression straight as per the
least square method with 95% confidence inter-
vals, and calculated coefficients of determination
(R2) for similar stages and intervals.

Then we examined a group of children who
didn't walk on their own at the moment of our ex-
amination (n-61). Primarily we accomplished an

4 Standing with support is a vertical position of a baby when it stands on two feet for more than 5 minutes on its own but

supporting itself with some objects or an adult's hand.

®Baby walkers/day index (bw/d) is equal to a Lhour spent by a baby in baby walkers a day during 1 month. Example: 30
minutes per day during 1 months is 0.5 bw/d; 2 hours per day during 3 months is 6 bw/d; 6 hours per day during 5 months is 30

bw/d.
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Standing with

Moving with
support

support

without baby-walkers without baby-walkers
(n-176) {n-176)

All children
{n-358)

in bahy-walkers

{n-182)

in baby-walkers
n-182)

No walking on

Walking on one's one's own

without baby-walkers

i / 4
(n-41)

haby-walkers/day
intervals

0.16-0.75 bw/d
{n-45)

without baby-walkers

{n-135})

1-21 bwrd
(n-76)

in haby-walkers

(n-121)

0.05-0.75 bw/d

(n-24)

1-30 bwd |
(n-37)

in baby-walkers

{n-61)

Figure 2. Research sampling grouping — influence exerted by baby
walkers on motor skills development in children

interval grouping as regards bw/day index, and <1
bw/d and >1 bw/d intervals were selected as the
most representative for assessing discrepancies. To
assess this group, we applied correlation and
regression analysis to reveal influence exerted by
baby-walkers on this phenomenon similar to the
previous stage in calculations. We calculated r-
Pearson test, p-Spearman test, t(c)-Kendall test,
and t(b)-Kendall test. A statistical hypothesis was
considered to be authentic at p<0.05. Then we
drew up scattering diagrams and regression
straights as per least square method and calculated
coefficients of determination (R2).

To assess influence exerted by baby-walkers
as a factor that prevents a baby from walking and a
factor that makes a baby walk on tiptoes, we
analyzed fourfold tables, determined Chi-square
criterion and Pearson's contingency coefficient. A
statistical hypothesis was considered to be
authentic at p<0.05. We also calculated relative
risk (RR) and population attributive risk (PAR)
with 95% confidence interval.

In addition, we accomplished interval (as per
baby-walkers/day index) grouping of children who
walked on tiptoes and calculated chi-square and
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Pearson's test for each interval. A statistical
hypothesis was considered to be authentic at
p<0.01. We again calculated relative risk (RR) and
population attributive risk (PAR) at C1=95%.

Our third examination (No.3) was entitled
"Baby walkers and tiptoe walking". Data were
collected from April 2016 to July 2016 in four pre-
school children facilities in Rhzev, Tver' region.
We performed our research with an anamnestic
guestioning among parents with a standardized,
specially designed and anonymous questionnaire.
The results were then filled in the table by medical
experts (Table 3).

We questioned 180 parents. If parents
couldn't provide all the necessary data, their
children were excluded from the examination.
Precise data were given by 123 respondents; 64
infants (52.03%) were put into baby-walkers at
least once; 59 (47.97%) were never put into the
device. Our sampling had the following structure
in terms of sex: 69 girls (54.31%) and 54 boys
(45.69%). As for age, children were 18-41 months
old.
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Table 3
Questioning results

No 1(2|..]10

Date of birth and sex of a child

A diagnosis by a surgeon (orthope-
dist), if any

Tiptoe walking (yes/no)

If yes, than till what age

Applied baby-walkers (yes/no)

Additionally:

Any anomalies related to walking
and lower extremities mentioned by
parents (for example, club-foot,
"crossed legs" etc.) (if any)

First, we divided our sampling into groups as
per baby-walkers application and tiptoe walking.
Then we calculated and analyzed relative values
(extensive parameters) for groups in the sampling.
We drew up a fourfold table to assess influence
exerted by baby-walkers as a factor promoting a
specific walking pattern, tiptoe walking. We
analyzed this fourfold table and calculated Chi-
square, ¢ criterion, Cramer's V test, Chuprov's
coefficient, Pearson's contingency coefficient (C)
(for p-value<0.05). Then we calculated risks of a
child walking on its own but no toes with 95%
confidence interval.

At the next stage, we calculated average
values for an age at which babies stopped walking
on tiptoes in "baby-walkers" group and "without
baby-walkers" group with 95% CI and assessed
how appropriate it was to further apply Student's
pair t-test; to do it, we calculated normalcy and
asymmetry of distribution; Fischer's test (F) (at
p=0.01); two-sample Kolmogorov-Smirnov test.
To estimate discrepancies between various ages at
which babies from "baby-walkers" group and
"without baby-walkers" group stopped tiptoe
walking, we calculated Student's pair t-test
(p<0.05) and Mann — Whitney U-test (p<0.01).

Then we again calculated additional
population risk caused by baby-walkers as a
pathological factor that promoted a higher tonus in
extensor muscles of lower extremities taking into
account all the results obtained in the 2nd and 3rd
examination.

And finally, we assessed application of baby-
walkers in samplings involved in all three
examinations.

We performed all the calculations in all three

examinations with the following software:
Microsoft Excel®, IBM® SPSS® Statistics and
online  calculators at  http://app.statca.com,
70

http://medstatistic.ru and http://www.semestr.ru on
a compatible IBM with installed Microsoft
Windows 10°.

Two systematic errors were detected in all
three examinations. The first one is a population
bias as samplings include children belonging to
Caucasian race but their exact ethnic structure is
not defined (provisionally it was taken as similar to
that of the Central Federal District in Russia). The
second one is a recall bias and it is closely related
to a structure of examinations, or, to be more exact,
anamnestic questionings being their basic tool.

All parents or guardians gave their written

informative consent to take part in the
examinations.
Results of our own examinations. We

started to assess our results with determining a
volume and a structure of the phenomenon. The 1st
examination chronologically was the last one; here
we revealed the following distribution of baby-
walkers application by parents in Rzhev: the
overall sampling included 268 children; "baby-
walkers" group was made up of 117 children
(43.6%), "without baby-walkers" group was made
up of 151 children (56.4%). As regards sex, the
groups had the following structure: 70 girls
(46.4%) and 81 boys (53.6%) in "without baby-
walkers" group, totally 151; 63 girls (53.9%) and
54 boys (46.1%) in "baby-walkers" group, totally
117. A distribution peculiarity was a bit higher
number of girls in "baby-walkers" group.

Parents in Rzhev mentioned similar reasons
that made them apply baby-walkers as their foreign
counterparts. A priority motive was parents' desire
to teach their baby to walk (40.17%) and/or
entertain it thus finding some free time for their
own (57.26%). Family traditions as a reason were
mentioned by a very small number of respondents
(2.56%). However, while making a baby develop
faster was chosen as a primary reason for
application of baby-walkers as per data obtained in
foreign research, more than a half parents in Russia
(57.26%) apply baby-walkers not to teach (help) a
child to walk, but see it as a safe mean to limit a
baby's freedom of movement; when a baby is in
baby-walkers, parents can "stop looking after it
and do something else".

We detected relative low number of damages
among baby-walkers users in Russia (15.35%).
Falling on a plane surface or overturning was a
prevailing cause of injuries, 17 out of 18 cases, and
one child fell down due to hooking over a
threshold. We didn't detect any falling off the
stairs. All injuries were solely superficial, to be
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more exact, they were surface soft tissue traumas
(bruises, sprains, and graze wounds). There were
no applications for medical aid. Three respondents
recalled having two or three injuries. In our
opinion, children had such mild traumas due to
their families living in one-floor flats and houses
without any stairs inside. And injuries made
parents abandon baby-walkers only in 5 cases.

Our attempt to reveal any possible early
pathological outcomes of baby-walkers, such as
acquired static deformations in infant age, was not
successful in this research. We didn't detect any
statistically authentic correlation between baby-
walkers and talipes valgus (Chi-square 3.743,
p>0.05).

In our 2nd examination, we didn't detect any
statistically authentic discrepancies in age at which
various development stages began in comparison
with data obtained in WHO Motor Development
Study [42] (Table 4).

Table 4
Average weighted age at which development

stages began in "without baby-walkers" groups in
comparison with average world ones

We detected a delay in walking on one's own
among "baby-walkers" children and it is well in
line with data obtained in foreign research [4, 5],
especially the work by Doctors Garrett M. et al.
which was very close to ours as per its design and
sampling structure (Northern Ireland, 2002) [6].

Table 5

Assessment of development stages age:
standing with support and moving with
support in "baby-walkers" and "without baby-
walkers" group

Stage Test Discrepancies (p-
value)
Student's t=0.67 |No discrepancies
Standing with (p=0.01)
support Mann-Whitney |No discrepancies
U=15425  |(p=0.5316)
Student's t=0.63 |No discrepancies
Moving with (p <0.01)
support Mann-Whitney |No discrepancies
U=16868 (p=0.4797)

Weighted mean (M) of the general sam-

Stage !
pling
7.33+0.17; 7.16-7.5months (99% Cl),
Standing Rzhev
with support |7.6£1.4; 6.2 — 9.0 months (95% CI)

worldwide

8.99+0.16; 8.83-9.15 months (99% ClI),
Moving with |Rzhev

support®  [9.2+1.5; 7.7- 10.7 months (95% CI)
worldwide
10.57+0.26; 10.31-10.83 months (99%

Walking on |Cl),* Rzhev

one'sown |12.1+1.8; 10.3 — 13.8 months (95% CI) *
worldwide

Note : * — confidence interval of the data obtained
in WHO Motor Development Study overlaps values ob-
tained in our research; it is confirmed by comparing
average values with  Student's pair  t-test
t=1.65(p>0.05), therefore, discrepancies are not statis-
tically significant. The detected discrepancy is a sys-
tematic error of selection (selection bias).

Similarly, there is no statistically authentic
age discrepancy between "baby-walkers" and
"without baby-walkers" groups as regards their age
at which they start sanding with support and mov-
ing with support (Table 5).

Overall delay in walking on one's own for all
the children in families where baby-walkers were
applied and with "baby-walkers/day" indexes being
>1 bw/d amounted to:

—10.57 months (M without baby-walkers) -
10.9 months (M with baby-walkers, all children) =
- 0.33 months (10.04 days);

—months (M without baby-walkers) -11
months (M in baby-walkers >1 bw/d) = - 0.43
months (13.08 days).

We confirmed co-variation of bw/d index (for
>1 bw/d with authenticity p=0.035) and delays in
walking on one's own; we also revealed a trend of
increasing influence at high values of "baby-
walkers/day" index.

We detected that more children in "baby-
walkers" group didn't walk on their own than in
"without baby-walkers" one.

This point is confirmed by our analysis of the
fourfold table and calculation of risks. We revealed
a statistically authentic (p<0.05) weak correlation
and relative risk (RR)=1.439. The latter is the evi-
dence there is a delay in motor development.

The 2nd and the 3rd examinations confirmed
there was a correlation between baby-walkers and

® Moving with support is when a baby moves on two feet, on its own, and supports itself with objects or a parent's hand,

making more than 5 steps, with a progress.
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tiptoe walking. The results are given in Table 6.

Table 6

Parameters of correlation between baby-walkers
and a child walking on tiptoes

Parameter Examination Examination

No. 2 No. 3*

Correlation Relatively strong, average,

strength, p-value p<0,01 p<0,01

. . 3,56 (2,54 -4,99; | 2,77 (1,18 - 6,49;

Risk ratio (RR) CI 95 %) CI 95 %)

Risk discrepancy

(RD) 0,45 0,18

Note : * The sampling is less representative (wider
Cl, smaller sampling n-123, anamnestic data are less pre-
cise)

In our third examination we revealed a long-
er period of tiptoe walking in "baby-walkers"

group. General mean values amounted to 14.58 +
3.49 months (95% CI=11.09-18.07 months) in

"baby-walkers' group; 13.00 £ 2.1 months (95%
Cl 10.09-15.1 months) in "without baby-walkers"
group. Discrepancies were statistically authentic
(t= 2.61; p<0.05; U= 58 p<0.01).

As for the 2nd examination, when we calcu-
lated chi-square and Pearson's contingency coeffi-
cient for specific intervals of bw/d index, we natu-
rally revealed a greater influence exerted on pat-
terns of walking under longer periods of baby-
walkers applications.

Nowadays some examinations are being per-
formed in order to get better insights into possible
influence exerted by baby-walkers on development
on idiopathic tiptoe walking [10, 41] and on static
deformations occurrence [43].

We revealed a relatively high additional
population risk of tiptoe walking and absence of
walking on one's own in all the samplings in all
three examinations (Table 7).

Table 7

Assessment of population attributable risk, PAR, in the examinations

Examination No. 1 baby-walkers Examination No. 2 Examination No. 3
Indicator group amounted to 117 children | walkers group amounted to |walkers group amounted to 64
(43.66%) 182 children (50.84%) children (52.03%)
Absence of walking PAR = 4,45 PAR =5,18 PAR =5,3
Tiptoe walking _ _ _
RD 0.425*, % PAR = 19,647 PAR = 22,878 PAR = 23,4135
Tiptoe walking _ _ _
RD 0.18*, % PAR = 7,86 PAR =9,15 PAR = 9,36

Note: *The 2nd and the 3rd examination respectively, see Table 6.

When assessing discrepancies in risks, it is
advisable to rely on the results obtain in the second
examination as the third sampling is less repre-
sentative, and, consequently, all the data are less
precise.

When we compared all the data on the phe-
nomenon obtained in all three examinations de-
scribed above, we revealed a decrease in applica-
tion of baby-walkers over from 52.03% in 2013 to
43.66% in 2015.

In our opinion, it has happened due to sub-
stantial educational work performed over recent
years by pediatricians and their efforts aimed at
raising awareness among parents and guardians
about threats caused by such devices.

Basically, all the obtained results allowed to
come to several conclusions:

1. Frequency of baby-walkers application
among children in Rzhev and Rzhev district as a
representative Russian region is close to average
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world frequency 62.11%+18.5=43.61-
80.61(CI=99%), but still a bit lower: 43.66%;
50.84% and 52.03% in all three samplings.

2. Parents in Rzhev gave the same reasons for
application of baby-walkers as their foreign coun-
terparts:

““to entertain a baby/to give a baby some-
thing to do (57.26%);

""to teach a baby to walk/to develop a baby
(40.17%);

" family tradition (2.56%)

3. Damages and traumas caused by baby-
walkers are relatively rare in Russian families
(15.35%, n-18). We didn't register any injuries
that required medical aid in our examinations; all
the injuries were insignificant;

4. We didn't reveal any statistically authen-
tic influence exerted by baby-walkers on for-
mation of acquired static deformations in infant
age. Such negative consequences possibly occur

Health Risk Analysis. 2018. No. 3



Application of baby walkers in Russia: epidemiological aspects

at an older age; however, this assumptions re-
quires further investigation.

Naturally there is no statistically authentic
discrepancy in ages at which various develop-
ment stages begin in "without baby-walkers"
groups in comparison with average data obtained
worldwide in WHO Motor Development Study
[Onis M., 2004].

5. There is no statistically authentic dis-
crepancy between "baby-walkers" group and
"without baby-walkers" one as regards an age at
which such development stages as "standing
with support" and "moving with support™ begin;
therefore, it confirms an assumption that there is
no influence exerted by baby-walkers on chil-
dren development at these stages.

6. A delay in walking on one's one among
children who were put into baby-walkers is con-
firmed; it amounts to 10-13 days depending on
frequency and time spent in baby-walkers a day.

7. We revealed a statistically authentic rela-
tively strong correlation between application of
baby-walkers and relative risk of tiptoe walking
(RR= 3.6 (2.5-5.0 for 95% CI) in the most repre-
sentative sampling. A longer period of tiptoe
walking in "baby-walkers" group proves that
baby-walkers exert negative influence on walk-

ing patterns. Population attributable risk, or
PAR, amounted to PAR=4.45% - PAR=5.3% for
the absence of walking on one's own; and
PAR=19.647% - 23.4135% for tiptoe walking.

8. Application of baby-walkers among chil-
dren on the examined territories decreased from
52.03% to 43.66% and we think it proves that
active campaigns and informing parents and
guardians about threats cause by baby-walkers
are truly effective.

Given all the above stated, we can be sure
that baby-walkers are a real influence factor for
the population. However, structure and signifi-
cance of this influence require further investiga-
tion; therefore, we hope that our examinations
will continue.

As we join the world scientific society deal-
ing with issues related to baby-walkers applica-
tion, we urge every expert in the field to cover
negative outcomes of their application as pro-
foundly as its only possible.
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The authors comparatively assessed N-Nitrosodimethylamine (N-NDMA) contents in blood samples taken from
children who consumed drinking water with increased nitrates and N-NDMA concentrations and in blood samples
taken from children who consumed drinking water which fully corresponded to the existing hygienic standards; the
article dwells on the results of this comparative assessment. We detected authentic discrepancies (p<0.005) in N-
NDMA contents between blood samples taken from children from the focus group (0.0045 + 0.0009 mg/dm®) and the
reference one (0.003 + 0.0006 mg/dm®). We revealed that free-radical oxidation mechanisms were activated in chil-
dren from the focus group who were exposed to N-NDMA. Lipids hydroperoxidation content in blood serum was
proved to be 1.6 times higher in children from the focus group than in those from the reference one. When N-NDMA
was detected in blood of children from the focus group, they ran 1.73 times higher risks of damages to their cells
membranes.

Our assessment of antioxidant protection revealed that glutathione-S-transferase became less active, B12 vita-
min content went down, and glutathione peroxidase increased in children from the focus group against those from the
reference group; all these parameters were 1.2-1.7 times different between the groups (p = 0.000-0.030). The chil-
dren from the focus group also ran 2.91 times higher risks of an increase in glutathione peroxidase content.

We detected an authentic cause-and effect relation between an increase in 1gG to N-NDMA and growing N-
NDMA concentrations in blood (R® = 0.958, at p = 0.001). Risk of changes occurring in this parameter of humoral
immunity was 1.3 times higher in the focus group.

The results of the experimental research allowed us to reveal an increase in fetal proteins (S-CEA and CA
199) contents detected in blood serum of children from the focus group against those from the reference one; the
contents were 2.7 and 3.9 times higher correspondingly (p = 0.010-0.023). This increase could be a sign of on-
going processes which characterized tissue proliferation; it could also become a mechanism of uncontrolled cel-
lular proliferation.

The performed research allowed us to substantiate and fix the following biological markers of the effects: an in-
crease in 1gG to N-NDMA and in glutathione peroxidase, ASAT activity, and total bilirubin level which can be applied
in risk assessment and in giving grounds for permissible concentrations of these toxic compounds in blood.

Key words: nitrates, N-nitrosodimethylamine, drinking water, exposure indicator, indicator of an effect, odds ra-
tio, specific sensitization.
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Indicators which are applied when assessing effects on a body exerted by nitrates and N-nitrosodimethylamine...

Non-organic compounds are a significant
chemical factor that causes population health risks
in the RF due to contamination of drinking water
supply sources. Thus, consumption of drinking
water with high nitrates concentrations that con-
stantly tend to increase® [1], is hazardous because
when they penetrate a body, endogenous synthesis
makes them turn into highly toxic N-
nitrosoamines® [2]. N-nitrosoamines are widely
used in industry; their synthesis in natural reser-
voirs as well as in a human body is quite possi-
ble. They are stable, dissolve easily, and can
penetrate drinking water in multiple ways; all the
above said means drinking water is one of the
main sources of N-nitrosoamines introduction
into a human body?®.

A vital aspect in any hygienic assessment is
to reveal a relationship between effects produced
by drinking water contamination and the
consequent biological effects [3-5]. To detect
hazardous effects produced on human health by
chemical factors related to drinking water, experts
apply epidemiologic, instrumental (laboratory),
and clinical techniques that allow to assess
exposure to chemical factors.

Biomarkers of effect and their determination
is one of basic instruments applied to detect
persistent cause-and-effect relationships between
health disorders and exposure to environmental
chemical factors [6]. Pathogenetic mechanisms
related to negative effects produced by nitrogen-
containing substances (nitrates and nitrosoamines)
consumed with drinking water still remain an
unsolved task of contemporary hygiene and human
ecology.

Our research goal was to substantiate indica-
tors of negative effects in children under chronic
exposure to nitrates and N-nitrosodimethylamine

(N-NDMA) consumed with drinking water. The
substantiation was based on modeling and assess-
ment of "exposure indicator — indicator of an ef-
fect” relationship.

Data and methods. To achieve our goals, we
applied a set of sanitary-hygienic, epidemiologic,
and statistical techniques. Hygienic assessment of
drinking water quality on examined territories was
performed on the basis of monitoring data obtained
from "Center for Hygiene and Epidemiology" of
Perm Center for Hydrometeorology and Environ-
mental Monitoring and data provided by the Federal
Scientific Center for Medical and Preventive Health
Risk Management Technologies.

Water samples were examined in respect of ni-
trates content’ and N-NDMA content® on the exam-
ined territory and the reference one; the results were
assessed with regard to maximum permissible con-
centrations according to the hygienic standard
2.1.5.1315-03°.

To substantiate indicators of effects, we per-
formed an in-depth examination of two groups of
children who lived in the same region with the
same social-economic and geochemical features.
The focus group was made up of children exposed
to nitrates and N-NDMA consumed with drinking
water; the reference group included children who
weren't exposed to these chemicals. Children were
examined in full conformity with the obligatory
compliance with the ethical standards fixed in Hel-
sinki Declaration adopted in 1975 and supplement-
ed in 1983.

Examinations of biological media taken
from children included determination of N-NDMA
in blood and nitrates in urine. Parameters detected
in the reference group were applied as assessment
criteria for nitrates content in urine and N-NDMA
content in blood. We examined 153 children aged

! Loginova E.V., Lopukh P.S. Hydroecology: course of lectures. Minsk, Belarus State University Publ., 2011, 300 p. (in

Russian).

2Drinking water quality guidelines. The

World Health Organization,

2004, Vol. 1. Available at:

http://www.who.int/water _sanitation_health/dwag/gdwqg3rev/ru/ (access date 01.06.2018).
3 Arustamov E.A., Barkalova N.V., Levakova 1.V. Ecological grounds for use of natural resources. The 5th edition., revised

and complemented. Moscow, 2008, 320 p. (in Russian).
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4-10 who attended schools and pre-school children
facilities (53% were girls and 47% boys) and lived
on territories with increased nitrates concentrations
in drinking water (up to 1.2 MPC, 66.9£12.92
mg/dm?, the focus group). To perform a compara-
tive analysis, we examined 100 children of the
same age (the reference group) who consumed
drinking water without any excessive nitrates con-
tents, their average concentration being 0.2 MPC
(10.9£2.7 mg/dm?).

Blood samples were analyzed with capillary
gas chromatography technique on a gas chroma-
tographer with N-nitrosoamines specific thermion-
ic detector and analytical column of DB-624-
30m*0,32mm*1,8um series [7]. To prepare blood
samples, we applied an automated solid phase ex-
traction system (SPE) to concentrate and extract an
analyte (N-NDMA) out of a biological medium
matrix [8, 9]. Urine samples with respect of ni-
trates concentration were examined with capillary
electrophoresis’.

Chronic introduction of nitrates and N-
NDMA with drinking water results in an increased
N-NDMA concentration in blood. To perform cri-
terial assessment of effects, we profoundly exam-
ined and assessed body reactions, namely devia-
tions in biochemical and immunological parame-
ters. Laboratory examinations of biological media
taken from children included the following:

1. Biochemical research ((lipids hydroperox-
ides, superoxide dismutase (SOD), nitrogen oxide in
blood serum; 8-hydroxi-2-deoxyguanosin in blood
and urine, alanine aminotransferase (ALAT), aspar-
tate aminotransferase (ASAT), albumin, cholester-
ol, conjugated bilirubin, crude bilirubin, malonic
dialdehyde (MDA), AOA (anti-oxidant activity) in
blood plasma, crude protein, dextrose, creatinine,
urea, alkaline phosphatase, gamma-glutamyl trans-
ferase (GGT), calcium, phosphor, iron, ratio of
apolipoprotein Al to B100 (Apo Al/Apo B100);
methemoglobin in whole blood; B12).

2. General clinical research ((erythrocytes,
hemoglobin, thrombocytes, leucocytes, lympho-
cytes, reticulocytes, eosinophils, neutrophils, and
color index).

3. Immunologic research (IgG to nitrosoam-
ines, cancer antigen 199 (CA 199) and carcinoem-
bryonic antigen (S-CEA) in blood serum).

Immunologic and biochemical parameters
were examined with unified procedures in Immune
Biological Techniques Department (headed by
O.V. Dolgikh, Doctor of Medical Sciences) and in
Biochemical and Cytogenetic Techniques Depart-
ment (headed by the M.A. Zemlyanova, Doctor of
Medical Sciences) of the Federal Scientific Center
for Medical and Preventive Health Risk Manage-
ment Technologies® ° [10-12].

Laboratory research was performed with an
automated hematologic analyzer, biochemical au-
tomated analyzer, immunoassay analyzer, photoe-
lectric photometer, and flow cytofluorimeter.

Indicators of effects were substantiated as per
odds ratio (OR) calculation; this parameter charac-
terized a correlation between N-NDMA concentra-
tion in blood and biochemical parameters of a re-
sponse. OR>1 condition was considered to be a
criterion showing the correlation existed [13].

We determined parameters of OR dependence
on N-NDMA concentration in blood with building
up a regression model in a form of an exponential
function OR=ea0-alx, where OR is odds ratio; X is
N-NDMA concentration in blood, mg/dm3; a0, al
are parameters of a model determined with regres-
sion analysis.

We assessed validity of an obtained model on
the basis of one-factor dispersion analysis as per
Fischer test (F>3.63). Discrepancies in the results
were considered to be statistically significant at
p<0.05.

We processed data obtained during the re-
search and assessed parameters of the models with
Statistica 6.0 applied software and specific soft-
ware products [14].

Results and discussion. Results of our re-
search on determining nitrates and N-NDMA con-
centrations in water on the examined territories
allowed us to reveal that nitrates concentration was
4.7 times higher, and N-NDMA concentration, 2.5
times higher, than in water consumed by children
from the reference group (Table 1).

"Organizational Standard M 26-2017. A procedure for measuring mass concentrations of nitrate-ions in urine
with capillary electrophoresis / A certificate of accreditation given to a measuring procedure No. 88-16207-030-

RA.RU.310657-2018

Kamyishnikov V.S. A reference book on clinical-biochemical research and laboratory diagnostics. Mos-

cow, MEDPress-inform Publ., 2004, 920 p. (in Russian).

® Tkachuk V.A, Clinical biochemistry. Edited by academician V.A. Tkachuk, — the 3rd edition, amended
and supplemented. Moscow, GEOTAR-Media Publ., 2008, 462 p. (in Russian).
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Table 1

Nitrates concentration in water and urine, N-NDMA concentration in blood
of children from the focus and the reference group

Drinking water, mg/dm?, (p < 0.005)

Nitrates concentration

N-NDMA concentration

Reference group Focus group

Reference group Focus group

109+27 669+129

0,0065 +0,0013 0,016 + 0,003

Biological media, mg/dm®

Nitrates concentration in urine

N-NDMA concentration in blood

Reference group Focus group

Reference group Focus group (n =153)

(n=100) (n = 153) (n = 100)
43,7+ 8,74 78,3 + 15,66 0,003 = 0,0006 0,0045 + 0,0009
Table 2
Comparative analysis of biochemical and immunological parameters (p<0.05)
Focus group Reference group
Frequency of sam- Frequency of samples| Discrepancies
Parameter ples deviating from deviating from the between
MEm the physiological MEm physiological stand- | groups as per
standards, % ards, % averages (p)
higher | lower higher lower
Lipid hydroperoxides, 2508+513| 688 | 62 |1638+391| 00 73,7 0,010
pmol/dm

B12, pmol/dm3 1166 +124| 8,3 75,7 |139,0x125| 38,6 12,6 0,030
%'mth'O“G'S'”a”Sferase’ 1037+225| 00 | 87 |1707+288| 810 95 0,000
Glutathione peroxidase,ng/ml 434+38 | 50,0 25,7 402+24 0,0 46,7 0,010
ASAT, E/dm® 299+15 | 509 35,7 27,3+0,87 23,1 57,5 0,002
Alkaline phosphatase, E/dm® [4470+414] 50,0 250 |3825%+232| 10,7 57,3 0,010
Crude bilirubin, pmol/dm 3 114+£12 | 411 47,3 9,7+£0,7 22,4 60,8 0,005
IgG to N-NDMA, g/dm® 0,29+0,09| 51,7 414 0,16 + 0,03 12,1 67,3 0,010
S-CEA, ng/ cm® 12+05 11,0 32,0 0,5%0,04 0,0 30,2 0,010
CA-199, units/ml 153+£52 | 389 33,3 8,2+35 3,0 85,1 0,023

Our research revealed that long-term expo-
sure to nitrates and N-NDMA consumed with
drinking water caused increased N-NDMA con-
centration (1.5 times higher) in blood of children
from the focus group against children from the ref-
erence group (p<0.005). Performed chemical and
analytical research allowed us to reveal increased
nitrates concentrations in urine of children from
the focus group (1.5 times higher against the refer-
ence group).

Increased N-NDMA concentration in blood
substantiates indicators of negative effects in a
body. Comparative analysis of biochemical and
immunological parameters in children from the
focus group and the reference group was the next
stage in our research on cause-and-effect relation-
ship. The results are given in Table 2.

Increased lipids hydroperoxides concentra-
tion in blood plasma is known to be a signal that
oxidation processes are activated at cellular mem-
branes level. The performed research revealed

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163

ISSN (Eng-online) 2542-2308

that lipids hydroperoxides level in blood serum of
children from the focus group
(259.8+51.3 pmol/dm®) was authentically 1.6
times higher than the same parameter in children
from the reference group (p=0.01). Increased li-
pids peroxides concentration was detected in
68.8% of samples taken in the focus group. There
were no similar samples in the reference group
(p=0.01).

We assessed antioxidant protection in chil-
dren from the focus group and revealed a 1.2
times decrease in glutathione-S-transferase con-
centration and a 1.7 times lower vitamin B12 lev-
el than in the reference group (p=0.000-0.030).
We also detected that decreased levels of gluta-
thione-S-transferase and vitamin B12 were regis-
tered in 75% and 85% of samples; as for the ref-
erence group, the share of such samples amounted
to 12.6% and 9.5% correspondingly. Children
from the focus group had 1.2 times higher gluta-
thione peroxidase concentration than children
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from the reference group. Increased glutathione
peroxidase concentration was registered in 50%
of samples taken in the focus group but there
were no such samples in the reference group
(p=0.01).

An increase in free radical oxidation pro-
cesses leads to disorders in penetrability and func-
tional properties of cellular membranes, in partic-
ular, hepatocytes [6]. It is also proved by an in-
crease in ASAT and alkaline phosphatase activity
in blood serum of children from the focus group
(the parameter was up to 1.2 times higher than in
the reference group, p=0.002-0.01). A number of
samples with increased activity of these enzymes
amounted to 51% and it was 2.21 times higher
than in the reference group (23 %) (p=0.002—
0.01).

We assessed excretory function of the bile-
excreting tracts and detected a 1.2 times increase
in crude bilirubin level in blood serum of children
from the focus group against the same parameter
in the reference group (p=0.005).

We examined immune regulation parameters
and detected an authentic 1.8 times increase in
level of IgG specific to N-NDMA against the
same parameter in the reference group (p=0.01).
Increased 1gG to N-NDMA level was detected in

51% of samples taken in the focus group and it
was 4.2 times higher than in the reference group
(12 %, p=0.01).

Increased S-CEA concentration was detected
in blood serum of 11% children from the focus
group. We detected authentic deviations in fetal
proteins concentrations from the same parameter
in the reference group: S-CEA level was 2.4 times
higher (p=0.01); CA-199, 1.9 times higher
(p=0.023).

Detected cause-and-effect relationships with-
in "N-NDMA concentration in blood — immuno-
logic and biochemical parameters” system al-
lowed us to determine regularities related to
changes in immunologic and biochemical parame-
ters of blood; these regularities confirmed that the
toxicant exerted specific and non-specific impacts
on the immune and digestive system [15]. Models
and parameters that describe "N-NDMA concen-
tration in blood — IgG to N-NDMA concentration
in blood" are given in Table 3.

Assessment of a correlation between specific
sensitization to N-NDMA as per 1gG criterion re-
vealed that increased N-NDMA concentration in
blood of children from the focus group led to in-
creased level of IgG to N-NDMA and was a linear
relationship (Figure 1).

Table 3

Parameters and criteria of the model for "N-NDMA concentration in blood — 1gG
to N-NDMA concentration in blood" relationship

Model parameters
bo b,

Model equation

Fischer test, F

Determination coef-

Validity of model, p ficient. R?

y = 0,0094+10,76x 0,00944 10,76

1202,19 0,001 0,958

Igls to N-nitrosodimethylamine, g/dm3

N-nitrosodimethylamine concentration in blood, mg/dm3

Figure 1. Model of linear "N-NDMA concentration
in blood — IgG to N-NDMA concentration in blood"
relationship

As we detected an increase in average group
N-NDMA concentration in blood of the examined

80

children from the focus group, we also detected an
authentic (p=0.001) increase in concentration of
IgG specific to N-NDMA that was confirmed by
the obtained model of linear "N-NDMA concentra-
tion in blood — IgG to N-NDMA concentration in
blood" relationship described with the following
equation: y=0.0094+10.76x (Table 3, Figure 1).

Concentration of IgG specific to N-NDMA
deviated from average values; a share of explained
dispersion of these deviations was related to a fac-
tor parameter of N-NDMA concentration and
amounted to 96%.

Models and parameters that described "N-
NDMA concentration in blood — CA-199 concen-
tration” relationship and "N-NDMA concentration
in blood — S-CEA concentration" relationship are
given in Table 4.
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Table 4

Parameters and criteria of the model for "N-NDMA concentration in blood — CA-199, S-CEA
concentration in blood" relationship

Model equation Model parameters Fischer test, F Validity of model, Detef_m_'”a“og
by b; p coefficient, R
y = 1,072+34,92x 0,611 3,090 12,170 0,0008 0,135
y =0,611+3,09x 1,072 34,915 21,137 0,0001 0,203

Mathematical modeling allowed us to
obtain authentic relationships for "N-NDMA
concentration in blood CA-199, S-CEA
concentration in blood" that were described with
the following equations: y=0.611+3.09x and
y=1.072+34.92x accordingly (p=0.0001-0.0008).
The detected linear relationships showed that an
increase in average group concentrations of fetal
proteins (CA-199 an S-CEA) in blood of the
examined children from the focus group was
related to N-NDMA concentration in blood.
These linear relationships are shown on Figures 2
and 3.

12 1

i R*2=0,135; p=0,0008

y=0,61129+ 3,08052x

S5-CEA concentration, ngcm A3

o a0 .02 003 Lt 0,05

N-nitrosodimethylamine concentration in blood, mg/dma
Figure 2. Model of linear "N-NDMA concentration
in blood — S-CEA concentration in blood"
relationship

RA2=0,203; p=0,

CA-199 concentration, units'cm *3

N-nitrosodimethylamine eoncentration in blood, mg/dm3

Figure 3. Model of linear "N-NDMA concentration
in blood — CA-199 concentration in blood"
relationship
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Concentrations of CA-199 and S-CEA in
blood deviated from average values; shares of ex-
plained dispersion of these deviations related to N-
NDMA factor parameter amounted to 14% and
20% correspondingly, the determination coeffi-
cient being authentic.

Basing on the obtained regularities, we de-
tected that if N-NDMA concentration in blood in-
creased by 1 mg, CA-199 and S-CEA concentra-
tion increased on average by 0.2 units/ml and
0.002 units/ml correspondingly. This correlation
can be considered a signal parameter showing a
proliferation process occurs under such level of
exposure to nitrates and N-NDMA in drinking wa-
ter. When concentrations of nitrates and N-NDMA
in drinking water increase, fetal proteins concen-
trations in blood will go up too.

Indicators of an effect and parameters of
models that describe dependences of deviations in
biochemical blood parameters on N-NDMA con-
centration in blood and characterize occurrence of
negative effects in children are given in Table 5.

Assessment of parameters that characterize
oxidation processes activity reveals that free radi-
cal damage to cellular membranes is intensified.
An authentic correlation between increased lipids
hydroperoxides concentration in blood serum and
N-NDMA content (R?*=0.73; F=27.97; p=0.000)
was an evidence that free-radical oxidation pro-
cesses became more active.

Our research revealed that if N-NDMA
concentration in children's blood increased, gluta-
thione peroxidase, an intra-cellular enzyme, au-
thentically  (p=0.000) became more active
(R?=0.93; F=39.99).

Statistically authentic cause-and-effect re-
lationships between a decrease in glutathione-S-
transferase (R?=0.49; F=88.99; p=0.000) and in-
creased N-NDMA concentration in blood also
proves there was strain in a body antioxidant pro-
tection as a response to more active free-radical
processes. Liver enzymes, ASAT and alkaline
phosphatase, probably became more active due to
Iytic impacts exerted by highly toxic N-NDMA on
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Table 5

Parameters and criteria of models for "N-NDMA concentration in blood — biochemical blood
parameters" relationship

Indicator of an effect A chta;ggg ina Mogil param;;cers Fischer test (F) (\;ilcl)d(')g C%iﬁ?;g?t('g%
Lipid hydroperoxides Increase -1,80 |8089,90 27,96 0,000 0,73
Glutathione-S-transferase Decrease 0,28 |4138,70 88,99 0,000 0,49
Glutathione peroxidase Increase -1,21 | 7927,64 39,99 0,000 0,93
ASAT Increase -0,38 81,89 85,66 0,000 0,81
Alkaline phosphatase Increase -1,39 |1610,25 28,98 0,000 0,58
Crude bilirubin Increase -0,15 | 136,649 38,433 0,000 0,84
IgG to N-NDMA Increase -0,832 | -24,497 85,465 0 0,95

Table 6

Results of research on cause-and-effect relationships between increased N-NDMA concentration in
blood and biochemical blood parameters

Response to Number of children Risk
Indicator P Risk factors |Absence of risk| OR | 95 % DI OR
an impact (R
occurrence factors
More active glutathione yes 18 13 3,28-
peroxidase no 9 58 8,92 24,25 0.49 2,91
More active ASAT yes 70 13 467 |267-8,19| 050 | 178
no 30 86
e yes 93 58 5,52-
Increased crude bilirubin o 10 7 11,55 2416 0,59 1,65
Increased yes 44 12 2,38-
IgG to N-NDMA o 26 38 536 | 505 | 063 | 130

hepatocytes membranes and it could cause a risk of
cytolysis syndrome. It was also proved by a
detected statistically authentic dependence of an
increase in activity of ASAT and alkaline
phosphatase in blood serum on increased N-
NDMA concentration in blood (R*=0.58-
0.81; 28.98<F<85.66; p=0.000).

We assessed excretory function of the bile-
excreting tracts and proved that increased crude
bilirubin level authentically depended on increased
N-NDMA concentration in blood (R?=0.84;
F=38.43, p=0.000).

Results of our research on cause-and-effect
relationships as per odds ratio (OR)™ parameter are
given in Table 6.

We verified a relationship between N-NDMA
concentration in blood and glutathione peroxidase
concentration (OR=8.92, DI=3.28-4.25) and it
causes 2.91 times higher risk of greater strain in

functional state of a body antioxidant protection
system.

We also proved there was a correlation
between increased penetrability of liver cells
membranes (more active ASAT in blood serum)
and increased N-NDMA concentration in blood
(OR=4.67, Dl is from 2.67 to 10.97). Accordingly,
risk of increased liver enzymes levels is 1.78 times
higher.

We assessed excretory-concentration function
of the bile-excreting tracts and detected an
authentic cause-and-effect correlation between
increased crude bilirubin in blood serum and
increased N-NDMA concentration in  blood
(OR=11.55, DI is from 5.52 to 24.16) (Table 6).
Risk of a decrease in excretory function of the liver
is 1.65 times higher.

We proved that concentration of IgG to N-
NDMA depended on N-NDMA concentration in

10 Chetyirkin E.M. Statistical forecasting techniques. Moscow, Statistices Publ., 1977, 356 p.

(in Russian).
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blood (OR=5.36, DI is from 2.38 to 12.05). Risk of
changes in humoral immunity is 1.3 times higher.
Therefore, hygienic indication and criterial
assessment of effects produced by chronic
exposure to nitrates and N-NDMA consumed with
drinking water allowed us to prove that changes in
some biological regulation parameters
(biochemical and immunologic ones) depended on
increased N-NDMA concentration in blood. We
substantiated indicators of effects produced by
nitrates and N-NDMA consumed with drinking
water on the basis of OR calculation and
determination of cause-and-effect relationships

indicators of effects are increased activity of
glutathione peroxidase, increased ASAT activity,
and higher levels of 1gG to N-NDMA and crude
bilirubin. These indicators of effects can be applied
to assess risks of impacts on human health exerted
by non-organic nitrogen-containing compounds
consumed with drinking water; they can also be
quite useful for prevention activities development.

Funding. Our research was not granted any
sponsors' support.

A conflict of interests. The authors state
there is no conflict of interests.

between N-NDMA concentration in blood and
indicators of responses. The substantiated
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ON DETERMINATION OF REFERENCE CHLOROFORM CONTENT
IN CHILDREN'S BLOOD

K.V. Chetverkina

Federal Scientific Center for Medical and Preventive Health Risk Management Technologies, 82 Monastyrskaya Str.,
Perm, 614045, Russian Federation

The author showed that consumption of chlorinated drinking water from centralized water supply systems with
chloroform concentration being equal to 0.49 mg/l caused unacceptable non-carcinogenic risk (HI being up to 3.13) of
functional disorders in the liver, kidneys, central nervous system, hormonal system, as well as the circulatory system.
Assessment of carcinogenic health risk born by children revealed that individual carcinogenic risk was equal to 1.64 - 10
® under such concentration; this value corresponds to the upper limit of acceptable risk. Morbidity analysis revealed that
children who consumed chlorinated drinking water from water supply systems suffered from pathologies in the nervous
system, digestive organs, urogenital and endocrine systems authentically more frequently. The results coincided with
those obtained in non-carcinogenic health risk assessment. Epidemiologic assessment of children morbidity revealed an
authentic cause-and-effect relationship between oral exposure to chloroform introduced with drinking water and diseases
in critical organs and systems (according to Guide P. 2.1.10.1920-04). The calculations showed that if population con-
sumed drinking water with chloroform, morbidity among then could possibly grow by 10.41 times against population who
didn't consume chlorinated water. The author performed in-depth research on population health via examining changes
in clinical and laboratory markers that described functional disorders in critical organs and systems caused by oral in-
troduction of chloroform. Basing on the obtained data, the author modeled 34 mathematical relationships "chloroform
contents in blood — clinical and laboratory marker of a response” and chose 3 most relevant models that reflected chang-
es in clinical and laboratory markers in accordance with chloroform contents in blood. They were an increase in alanine
aminotransferase and aspartate aminotransferase which meant there were functional disorders in the liver, and a de-
crease in hemoglobin contents that was a sign of circulatory system disorders. Reference chloroform content in blood was
fixed as per limiting hazard index principle and was equal to 0.0004 mg/dm? that corresponded to aspartate aminotrans-
ferase marker and confirmed that the liver was a critical organ under oral introduction of chloroform.

Key words: chloroform, concentration, blood, drinking water, communal drinking water supply, children, refer-
ence level, critical organs, marker of exposure.

Quality of drinking water consumed by peo-
ple every day is a significant factor that deter-
mines health and life quality of any person.
Drinking water is to conform to safety require-
ments as per its sanitary-chemical, microbiologi-
cal, and parasitological parameters. But when
safety is provided as per a certain parameter, it
can lead to greater contamination as per another
one; thus, to provide population with drinking
water which conforms to all the microbiological
safety parameters, it is necessary to apply disin-
fection [1]. Application of chlorine and chlorine-
containing compounds (CCCs) as disinfectants is
the most efficient and widely spread technique for
water disinfection [2-4]. However, the technique
has a serious drawback as it results in synthesis of
highly toxic chlorinated organic compounds

O Chetverkina K.V., 2018

(COCs) due to a chemical reaction between chlo-
rine ions and organic compounds that occur in
initial water [1,5,6]. The most widely spread
COCs are chloroform, tetrachloromethane
(TCM), dibromchloromethane (DBCM), bromdi-
chloromethane (BDCM) and others [7-9].

C.F. Tumasonis et al. (1987) [10], L.W.
Condie et al. (1983) [11], De Salva et al. (1975)
[12], F.J.C. Roe et al. (1979) [13], and A.E.
Munsonetal. (1982) [14] detected in their research
that chlorinated organic compounds (chloroform,
tetrachloromethane, BDCM, and others) exert
adverse impacts on the digestive organs, urinary
excretion organs, the circulatory, nervous, and
hormonal systems under oral exposure. Some
COCs are carcinogenic [15-19]. When entering a
body, chlorinated organic compounds are ab-

Kristina V. Chetverkina — junior researcher at Laboratory for Environmental Risks Analysis (e-mail: romanenko@fcrisk.ru;

tel.: +7 (342) 238-33-37).

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163

ISSN (Eng-online) 2542-2308 85


mailto:romanenko@fcrisk.ru;

K.V. Chetverkina

sorbed in the gastrointestinal tract, then penetrate
blood and are distributed all over a body with it
(primarily damaging the parenchymal organs);
they are also partially deposited in adipose tissue
[20,21].

Damaging effects produced by chlorinated
organic compounds are mostly determined by
their metabolic transformations; as a result, highly
toxic compounds occur and they can activate lipid
peroxidation. It causes damage to cellular mem-
branes and induces cells death. As a result, dys-
trophic and necrotic changes occur in the paren-
chymal organs; hemolytic disorders develop in
blood cells, the nervous system suffers as neurons
cellular membranes are damaged and, conse-
quently, disorders in neural transmission occur. It
confirms that impacts exerted by chlorinated or-
ganic compounds on human health are significant
and it is vital to explore the subject more pro-
foundly. Taking into account that COCs contents
in water are by 70-90% determined by chloro-
form, its concentration in water is considered to
be an indicator of chlorination products contents
[22]. At the same time, M.A. Zemlyanova (2015)
and D.M.Desiderio et al. (2010) state in their
works that chloroform content in blood is a mark-
er of exposure to chloroform consumed with
drinking water [23,24].

Given all the above mentioned, the author
chose the following research goal: to detect im-
pacts exerted by chloroform in drinking water
taken from centralized water supply systems
(CWSS) on health of children in order to deter-
mine a reference level of chloroform content in
their blood.

Data and methods. We performed hygienic
assessment of water quality on territories in
Perm region where drinking water was distribut-
ed and supplied to consumers via centralized
water supply systems. Test and control groups

were made up as per a criterion of specific chlo-
rination techniques applied at water treatment
stations prior to it being supplied to population.
We examined data collected during monitoring
research performed by the Center for Hygiene
and Epidemiology in Perm region.

Quality of water taken from centralized wa-
ter supply systems was analyzed over a period of
2012-2016. Water samples were taken at 5 dif-
ferent points in a water supply network: a reser-
voir with purified water, a pumping station of
the 2nd hoist, a station for additional pumping, a
stand-pipe, and a water tap. There were no au-
thentic discrepancies in chloroform contents in
water taken at all the examined points in a water
supplying network (p>0.05). 345 samples of
drinking water taken from centralized water sup-
ply systems were analyzed for the test group
over 2012-2016; 387 ones, for the control group.
Chloroform concentration in drinking water was
determined in accordance with State Standard
(GOST) 31951-2012". Analysis of drinking water
contamination included calculation of average pa-
rameters (upper 95% confidence limit) and their
conformity with the maximum permissible concen-
trations fixed in Sanitary-Epidemiologic Require-
ments 2.1.4.1074-01°.

We assessed population health risks that oc-
curred under chronic oral exposure in accordance
with the Guide 2.1.10.1920-04%. At exposure as-
sessment stage, we calculated average daily doses
of chloroform consumed with drinking water,
hazard quotients (HQ), and individual carcinogen-
ic risk (CR). To analyze carcinogenic properties,
we generalized both domestic and foreign data on
validity of carcinogenic effects. We took data on
carcinogenic properties of chloroform primarily
from the SER 1.2.2353-08°, materials by the
U.S.EPA, and databases of the IARC (Table 1).

! State Standard 31951-2012. Drinking water. Determination of volatile halogen-organic compounds contents with gas

liquid chromatography. KODEKS: an

electronic fund of

legal and reference documentation. Available at:

http://docs.cntd.ru/document/1200097813 (access date 11.09.2018) (in Russian).

2SER 2.1.4.1074-01. Drinking water. Hygienic requirements to quality of water from centralized drinking water supply
systems. Quality control. Hygienic requirements to providing safety of hot water supply systems. KODEKS: an electronic fund
of legal and reference documentation. Available at: http://docs.cntd.ru/document/901798042 (access date 11.09.2018) (in Rus-

sian).

3G 2.2.1.10.1920-04. Guide for assessing population health risks under exposure to chemicals that pollute environment.
Moscow, The Federal Center for State Sanitary and Epidemiologic Surveillance of the RF Public Healthcare Ministry Publ.,

2004, 143 p. (in Russian).

“SER 1.2.2353-08. Carcinogenic factors and basic requirements to prevention of carcinogenic hazards. KODEKS: an elec-
tronic fund of legal and reference documentation. Available at: http://docs.cntd.ru/document/902101545 (access date

11.09.2018) (in Russian).
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Table 1

Data on hazards of carcinogenic and non-carcinogenic effects under oral exposure to chloroform

Chemical CAS Carcinogenic effects Non-carcinogenic effects
U.S.EPA| IARC Russia SFo RfD, pg/kg Critical organs and systems
Chloroform | 67-66-3 | B2 2B - | o001 | o001 | Liver kidneys, CNS, hormonal
system, blood

We analyzed morbidity among children ap-
plying data taken from the Report Form 12 "Data
on a number of morbid events registered in patients
living on a territory served by a medical organiza-
tion" issued in 2016 as per nosologic categories
(according to ICD-10) which corresponded to criti-
cal organs and systems mentioned in the Guide
2.1.10.1920-04 for oral exposure to chloroform.

We compared maximum morbidity levels de-
tected on various territories. We analyzed health of
children aged 3-12 profoundly; the analysis exam-
ining biochemical blood parameters that reflected
impacts exerted by chloroform on state and func-
tions of critical organs and systems:

" liver and bile-excreting system (activity of
alanine aminotransferase (ALAT), aspartate ami-
notransferase (ASAT), and alkaline phosphatase;
content of highly sensitive C-reactive protein
(CRP), total protein, albumin, total and direct bili-
rubin);

"~ kidneys (creatinine and by-microglobulin
content);

" central nervous system (contents of gluta-
mate, y-aminobutyric acid (GABA), serotonin, and
hydrocortisone);

““ blood (contents of erythrocytes, thrombo-
cytes, and hemoglobin in whole blood, mean cor-
puscular hemoglobin concentration (MCHC), ratio
of erythrocytes to blood plasma volume, anisocy-
tosis erythrocytes);

" oxidation processes (lipid hydroperoxides,
malonic dialdehyde (MDA) in blood serum), anti-
oxidation processes (activity of glutathione peroxi-
dase (GPO), Cu/Zn-superoxide dismutase (Cu/Zn-
SOD), glutathione-S-transferase (GST), glutathi-
one peroxidase and antioxidant activity), cytolytic,
inflammatory, and dysmetabolic processes (con-

tents of leucocytes, dextrose, eosinophils, plasma
cells, and erythrocytes sedimentation rate in whole
blood); cellular immunity (lymphocytes and mon-
ocytes contents in whole blood).

We detected chloroform concentration in
children’s blood taking into account State Standard
GOST R 8.563-96° via analyzing equilibrium va-
por phase on "Kristall-5000" gas chromatographer
with DB-624 capillary column and selective elec-
tron-capture detector (ECD) in accordance with
Methodical Guidelines 4.1.2115-06°. All the exam-
inations were performed in full conformity with
Helsinki Declaration issued in 1975 and supple-
mented in 1983 and the RF National Standard
GOST R 52379-2005 "Good Clinical Practice"
(ICH E6 GCP).

We performed epidemiologic assessment
of population morbidity via calculating odds ratio
(OR) and 95% confidence interval (CI). If there
was a correlation (OR>1), we considered it to be
authentic in case the bottom limit of the confidence
interval was higher than 1. We calculated risk pa-
rameters (R) for those nosologies for which we
detected a statistically authentic relationship [25].

B kauectBe MOJCIN UCCICA0OBAHNUA HUCIIOJIb-
30BaHa 3aBUCUMOCTH COJIEpKaHHs XJopodhopma
B KPOBU OT KOHIIGHTpAIUH XJopodopmMa B MUTh-
eBoit Bome Y =0,00188 + 0,01782X (R2 =0,263
p < 0,05) [22].

We applied a dependence of chloroform con-
tent in blood on chloroform concentration in drink-
ing water y=0.00188+0.01782X (R"2=0.263
p<0.05) as our research model [22].

The obtained results were statistically pro-
cessed with Statistica 6.0 software and Microsoft
Excel applied packages.

® State Standard GOST R 8.563-96. Amendment No. 2 to GOST R 8.563-96. State System for Ensuring the Uniformity
of Measurements. Procedures of Measurements. KODEKS: an electronic fund of legal and reference documentation. Availa-
ble at: http://docs.cntd.ru/document/1200030346 (access date 11.09.2018) (in Russian).

6 Methodical Guidelines 4.1.2115-06. Determination of mass concentrations of chloroform, 1,2-dichloroethane, and tetra-
chloromethane in biological media (blood) via gas chromatographic analysis of equilibrium vapor. KODEKS: an electronic fund
of legal and reference documentation. Available at: http://docs.cntd.ru/document/1200065247 (access date 11.09.2018) (in

Russian).

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163

ISSN (Eng-online) 2542-2308

87



http://docs.cntd.ru/document/1200030346
http://docs.cntd.ru/document/1200065247

K.V. Chetverkina

If distribution of values was normal, we de-
termined mean value (M) and a standard error of
the mean (m) and assessed validity of discrepancy
between them with Student's test (t). In case there
was no normal distribution law, we applied Mann-
Whitney test (U). Discrepancies were considered
to be authentic at p<0.05.

Results and discussion. We detected that
there were authentic discrepancies in chloroform
concentrations in drinking waters between territo-
ries where chlorination was applied to treat water
and territories where chlorine-containing com-
pounds (CCCs) were not used as disinfectants (Ta-
ble 2).

We detected that average annual chloroform
concentrations in drinking water amounted up to
1.15 MPC on territories where drinking water was
chlorinated.

Morbidity as per all the nosologies, excluding
diseases of the blood, was authentically higher in

children who consumed chlorinated drinking water
(Table 3).

Epidemiologic assessment of morbidity
among children confirmed the validity of discrep-
ancies between the test and control groups, includ-
ing diseases of the blood (Table 4).

Consumption of drinking water that contains
chloroform leads to 10.41 times higher risk of the
diseases of the blood; 2.94 times higher risks of
diseases in the kidneys; 2.67 times higher risk of
the nervous system diseases; 1.49 times higher risk
of the digestive organs diseases; 1.25 times higher
risk of the hormonal system diseases against peo-
ple who consume non-chlorinated drinking water.

We determined unacceptable non-
carcinogenic risk (HQ>1) under exposure to drink-
ing water contaminated with chloroform; it was up
to 3.13 HQ in the test group (Table 5).

Table 2

Average annual concentrations and values of 95-th quantile of chloroform drinking water samples (on
territories with and without chlorination), 2012-2016

Average annual chloroform concentration in water, mg/I
_ Control group (drink- Validity of dis-
Year
Test group (drinking 95% quantile ing water is not chlo- | 95% quantile crepancy (p)
water is chlorinated) .
rinated)
2012 0,013 £ 0,02 0,38 0,0158 + 0,0020 0,030 <0,05
2013 0,20 £ 0,03 0,41 0,0113 +0,0018 0,024 <0,05
2014 0,23+0,03 0,49 0,0091 + 0,0020 0,019 <0,05
2015 0,20 £ 0,03 0,38 0,0043 + 0,0015 0,020 <0,05
2016 0,087 £ 0,01 0,17 0,0031 +0,0012 0,010 <0,05
2012-2016 0,172+0,01 0,39 0,0068 + 0,0007 0,024 <0,05
Table 3

Morbidity among children who live on territories where drinking water is chlorinated (test group) and
where it is not chlorinated (control group) in 2016 (per 1,000 people)

Code as per group Validity of dis-
Nosology as per ICD-10
ICD-10 yeasp Test Control crepancy (p)
D50-D89 Dlseqses_of the bl_ood ar_1d bIoog—formmg organs and 35.13 33.26 0,19
certain disorders involving the immune mechanism

E00-E90 |Endocrine, nutritional, and metabolic diseases 41,0 13,75 <0,05
G00-G99 |Diseases of the nervous system 64,82 23,76 <0,05
K00-K93 |Diseases of the digestive organs 111,36 73,43 <0,05
NO0O-N99 |Diseases of the genitourinary system 36,0 28,70 <0,05
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Table 4

Epidemiologic assessment of morbidity among children who live on territories where drinking water is
chlorinated (test group) and where it is not chlorinated (control group) in 2016

Nosology as per ICD-10 Response to expo-
Code Group sure OR 95% CI | Risk ratio
yes no

Diseases of the blood and blood- test 6520 | 179089
forming organs and certain disor- 8.45-

D50-D89 g:e;rsnmvolvmg the immune mecha- control 59 17 708 10,93 1413 10,41
Diseases of the genitourinary test 7610 | 177 999 2 34—

NO0O0-N99 |system control 53 3801 3,07 4.02 2,94
Diseases of the nervous system test 943 13 605 2,48-

G00-G99 control | 276 | 11339 | 2% 3,26 2,67
Diseases of the digestive organs test 20669 | 164 940 1,40-

K00-KS3 control | 283 3571 158 1,79 149
Endocrine, nutritional, and meta- test 6682 | 178 927 1,15-

EO0-E90 11, 51ic diseases control 510 17257 | 28 1,38 1,25

Table 5

Assessment of non-carcinogenic risk for children's health under oral exposure to chloroform consumed
with drinking water

Year Concﬁq”gt;ft'on’ HQ 95-th quantile HQ RfD, mg/kg C”“C:‘:/;;gnigs and
Test group (consume chlorinated drinking water)
2012 0,013 £ 0,02 0,08 0,38 2,43
2013 0,20 £ 0,03 1,28 0,41 2,62 . .
2014 0,23%0,03 147 0,49 3,13 001 L'r:’(fr%'g'r?;eg’;s'tgnﬁ's'
2015 0,20 £ 0,03 1,28 0,38 2,43 ' blood '
2016 0,087 £ 0,01 0,56 0,17 1,09
2012-16 0,172 £0,01 1,10 0,39 2,49
Control group (consume drinking water that is not chlorinated)

2012 0,0158 + 0,0020 0,1 0,030 0,19
2013 0,0113 +0,0018 0,07 0,024 0,15 Liver. kid CNS
2014 [0,0091£0,0020] 0,06 0,019 012 001 'r:’(frrr}]o'n;eg’;s'tem '
2015 0,0043 + 0,0015 0,03 0,020 0,13 ' blood '
2016 0,0031 +0,0012 0,02 0,010 0,06

2012-2016 | 0,0068 + 0,0007 0,04 0,024 0,15

When chloroform concentration in drinking
water is equal to 0.49 mg/l, carcinogenic risk
amounts to 1.64 x 107, and it is the upper limit
of acceptable risk so no activities aimed at its
reduction are required.

We analyzed blood samples taken from
children and detected chloroform in blood of 342
children, its concentrations varying from 0 to
0.02 mg/dm® (Table 6). Chloroform contents
were authentically higher in children from the
test group than in those from the control one.

We applied mathematical modeling to de-
scribe a relationship between changes in laboratory
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parameters of health and chloroform concentration
in blood and obtained 8 biologically plausible
mathematical models (Table 7).

The obtain results correlate well with scientific
research data taken from various literature sources;
according to them, chronic oral exposure to chloro-
form leads to disorders in enzymatic activity of the
liver and blood system disorders. Basing on the de-
signed models, we determined reference levels for
chloroform contents in blood; the lowest one was
detected at an increase in aspartate aminotransferase
contents in blood (Figure).
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Table 6
Average concentrations and values of 95-th quantile of
chloroform contents in children's blood (test group)
Average chloroform concentration in blood, mg/dm’
Year Test group (consume Control group (con- Validity of dis-
chlorinated drinking 95% quantile sume drinking water | 95% quantile crepancies (p)
water) that is not chlorinated)
2013 0,0035 + 0,0009 0,009 - -
2014 0,0007 + 0,00008 0,002 0,00039 + 0,0001 0,00019 <0,05
2015 0,0009 + 0,0002 0,004 0,00020 + 0,0001 0,0007 <0,05
2013-2015| 0,0011 +0,0001 0,004 0,00027 + 0,0002 0,0007 <0,05
Table 7

Parameters of models that describe a relationship between changes in clinical-laboratory indexes and
chloroform concentration in blood

o _ _ Reference level of Validity of dis- Coeffic_ien'g of
Direction of Index in blood Laboratory index | chloroform contents ; determination
change in blood, mg/dm® | C'ePanctes. p (R2)
Higher Chloroform in blood ALAT 0,00465 <0,05 0,02
Higher Chloroform in blood ASAT 0,00042 <0,05 0,90
Lower Chloroform in blood Hemoglobin 0,00075 <0,05 0,35
Higher Chloroform in blood Dextrose 0,00101 <0,05 0,39
Higher Chloroform in blood Glutath_lone pe- 0,00134 <0,05 0,51
roxidase
Lower Chloroform in blood Total protein 0,07782 <0,05 0,07
Higher Chloroform in blood Lymphocytes 0,1355 <0,05 0,13
Higher Chloroform in blood Leukocytes 0,0834 <0,05 0,08
Chloroform (blood) — ASAT
85 I
[ ®
75 3 ,
65
6
55
545 gk $
4 &
35 .
3 #
254, b
2 G 4
T I A -_?:::{_._._-:_':5“.
1 Fﬂ,{{%’f
05 '
0.0m 0,002 0,003 0,004 0,005 0,008 0,007
Chloroform (blood), ug/cm?

Figure 1. A model showing a dependence of odds ratio (OR) for an increase in aspartate
aminotransferase contents on chloroform concentration in blood

90 Health Risk Analysis. 2018. No. 3




On determination of reference chloroform content in children's blood

Therefore, taking into account application of
limiting hazard parameter, we can suggest to con-
sider 0.0004 mg/dm® to be a reference level of
chloroform contents in blood. This value corre-
sponds to ASAT index that characterizes func-
tioning of the liver and it confirms that the liver is
a critical organ under oral exposure to chloro-
form.

Conclusion.

We detected an authentic discrepancy related
to contamination of drinking water taken from
centralized water supply systems; water was con-
taminated with chloroform on territories where it
was disinfected with chlorine-containing com-
pounds but there was no or insignificant chloro-
form contamination on territories where chlorina-
tion was not applied.

Morbidity among children assessed as per
data on patients who applied for medical health
due to diseases of the genitourinary system, nerv-
ous system, endocrine system, and the digestive
organs was authentically higher on territories
where population consumed chlorinated drinking
water. Epidemiologic data are well in line with
assessment of health risks among children (HQ

being up to 3.13). Average long-term contamina-
tion of drinking water with chloroform that is
equal to 0.172 mg/l causes unacceptable risk of
diseases in the liver, kidneys, nervous system,
endocrine system, and blood; it can result in high-
er morbidity on territories where drinking water is
chlorinated. It can grow by 1.25 to 10.41 times.

We found out that contamination of drinking
water taken from centralized water supply sys-
tems with chloroform that doesn't exceed 0.49
mg/l doesn't cause unacceptable carcinogenic
risks (CR is not higher than 1.64 x 107).

We determined a reference level of chloro-
form contents in blood (0.0004 mg/dm®) as per an
increase in aspartate aminotransferase contents in
blood; it confirms that the liver is a critical organ
under chronic oral exposure to chloroform. In fu-
ture this parameter can be applied in solving tasks
on fixing standards for safe chloroform concentra-
tions in drinking water.
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Deep mining is widely spread in Russia; therefore, preservation of labor resources employed in the sphere is a vital task.
Workers who are employed at deep chrome mines are exposed to combined effects exerted by adverse occupational factors.
These factors can either be common for deep mining, or they can be related to specific natural resources. Adverse risk factors
cause higher risks that not only occupational, but also production-related diseases can emerge in miners. The authors per-
formed a complex hygienic assessment of working conditions which exist in deep chrome mines. We detected that working con-
ditions in mines could be characterized as "hazardous" and they belonged to 3-4 hazard category due to combined negative
effects exerted by physical and chemical factors of the labor process. We also performed clinical and functional examination of
135 workers employed at a chrome mine. Our focus group was made up of 88 miners; the reference group included 47 workers
employed at this mine who weren't exposed to adverse factors related to chrome ores mining. All the examined workers were
males, aged 3049, with their working experience ranging from 10 to 25 years. We revealed a failure in functional activity of the
endothelium in half of miners whose working experience was shorter than 10 years; and relative risk of such failure was almost
8 times higher than for workers who didn't deal with deep chrome mining. 10 % miners who had been working at the mine for
more than 10 years had a substantial decrease in functional reserves of their cardio-respiratory system. Relative risk of athero-
sclerotic changes in vascular walls, morphological changes in the cardiac muscle and the valve apparatus was from 3.5 to 12
times higher for miners than for workers who didn't deal with deep chrome mining. We detected a direct correlation between a
decrease in functional activity of the endothelium and adaptation reserves of the cardio-respiratory system and increased
chrome contents in miners' blood. Periodical medical examinations of workers should include functional and morphologic re-
search performed on the cardiovascular system as it will help to reduce morbidity with cardiovascular-pathology among miners
employed at deep chrome mines and to properly implement an overall set of preventive measures.

Key words: risk assessment, chrome mining, production-related diseases, morphofunctional changes in the ves-
sels, the cardiac muscle and the valve apparatus of the heart.

Working population in the Russian Federation Development. Given that, public healthcare faces
will go down by 3 million people by 2020 as per an urgent task to develop a set of activities aimed
forecasts made by the RF Ministry for Economic at preserving health and long occupational life of
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Assessment of cardiovascular pathology risk in miners employed at deep chrome mines

employable people [1, 2, 3]. But at the same time,
data obtained in multi-focus research prove that
more than 40% cases of temporary disability are
caused by diseases related to unsatisfactory
working conditions [1, 4-8].

Mining industry is one of the most
successful industrial branches in the RF and
preservation of labor resources there plays a most
significant role in providing high labor
productivity, competitiveness, and financial
stability of enterprises [9—-11]. Chrome ores mining
is a key activity in the branch [3, 4, 12, 13].
Chrome ores are a scarce raw material in Russia
and they are usually mined underground via
pinpoint explosions [12,13]. Adverse/hazardous
working conditions which are characteristic for
mining industry cause significant health risks for
workers [1, 4, 5, 14]. Workers employed at deep
chrome mines are exposed to combined effects
produced by adverse occupational factors when
they perform their work tasks. These adverse
factors are both common for any mining (neuro-
psychic stress, excessive muscular load, forced
body posture, increased dustiness at a workplace,
unfavorable microclimate, increased radioactive
background and electromagnetic radiation, in-plant
noise, vibration, etc.) and related to composition of
ores that are mined [1,12-15]. As per data taken
from literature, combined effects produced by
occupational factors, including chemical ones,
have the following negative outcomes: miners
suffer from angiodystonia and microcirculation
disorders together with hypercoagulation, changes
occur in adhesive-aggregative properties of their
thrombocytes, rheological properties and oxygen-
transporting function of their blood deteriorate,
circulatory hypoxia occurs, lipid peroxidation is
activated, and antioxidant protection is depleted
[1,9,12-14]. It was detected that long-term
aerogenic exposure to chrome compounds leads to
disorders in vascular tonus regulation and cardiac
activity, occurrence of pathomorphologic and
histochemical changes in vascular walls,
dystrophy, and energetic imbalance of cardiac
hystiocytes [6, 9, 12-14]. Results obtained via
epidemiologic and clinical research prove that
cardiovascular pathology occurs in miners at an

earlier age than in population in general, and life-
threatening situations and disability related to this
pathology are detected among miners more
frequently [9, 14]. Targeted programs for early
diagnostics and prevention of these diseases are to
be based on risk assessment and determination of
morpho-functional ~ pathogenetic  peculiarities
related to cardiovascular pathology development in
miners employed at deep chrome mines.
Implementation of such programs will allow to
stabilize working teams and increase economic
efficiency of the branch.

Our research goal was to assess risks and to
determine morpho-functional peculiarities
associated  with  cardiovascular  pathology
development in miners employed at deep chrome
mines.

Data and methods. We performed sanitary-
hygienic assessment of working conditions and
clinical and functional examination of 135 workers
employed at a deep chrome mine. Our focus group
was made up of 88 miners (miners, drifters,
drilling machine operators, timber-men, scraper
winch operators, spur drillers, and mining
foremen) who were exposed to synergetic
influence exerted by adverse occupational factors
during their work shift. The reference group
included 47 workers employed at the same mine
but they worked on the surface and didn't have any
direct contact with adverse factors associated with
chrome ore mining. All the examined workers
were male. Average age of workers from the focus
group was 43.7£8.5 (38.9+8.4 in the reference
group, p>0,05), cpennuuit crax padorsr — 19,646,1
ner (B rpynme cpaBHenus —17,3+4,7, p>0.05). The
groups were comparable as per socioeconomic
status and basic lifestyle factors, such as nutrition,
smoking, alcohol intake, and physical activity
(p>0.05). The examination was prospective (2015-
2017).

Sanitary-hygienic assessment of working
conditions was based on the analysis of reports
drawn as per results of special assessment of
working conditions (SAWC) and data obtained via
field observations over working area air in
accordance with valid regulatory documents®.

To determine fractional structure, we took

'R 2.2.2006-05. Guide on hygienic assessment of working area and labor process factors. Criteria and classi-
fication of working conditions / approved by the RF Chief Sanitary Inspector on July 29, 2005. KODEKS: an elec-

tronic fund of legal

and reference documentation.

Available at: http://docs. cntd.ru/document/1200040973 (access date 26.06.2018)
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dust samples on AFA-VP-20-2 filters. Suspended
substances were determined with gravimetric
technique’.  To  measure mass chrome
concentration in working area air (WAA), we took
samples on AFA-HP-20 filters.

Samples were prepared for analysis via "dry"
mineralization in a muffle furnace; ash that had
formed there was then dissolved in nitric acid.
Chrome concentration in samples was detected
with atomic absorption spectrometry (Aanalyst-
400 spectrophotometer, PerkinElmer, the USA) in
"acetylene-air" flame as per a conventional
procedure®. Chrome concentration in blood was
detected with inductively coupled plasma mass
spectrometry  (ICP-MS)*.  Chemical elements
contents were measured with Agilent 7500cx mass
spectrometer (“Agilent Technologies Inc.”, the
USA).

A priori occupational health risk for workers
dealing with deep chrome mining was assessed on
the basis of sanitary-hygienic assessment of work-
ing conditions in accordance with R 2.2.1766-03°,

Our in-depth clinical examination included re-
search on occupational routes, data taken from case
histories with assessment of lifestyle factors (he-
redity, tobacco smoking, and physical activity),
functional examination of workers from the focus
and the reference group. Volumes of clinical and
functional research were determined in conformity
with the RF State Standard GOST-R 52379-2005
"Good Clinical Practice"®, as well as valid docu-
ments and standards.

We performed comparative analysis of basic
diseases prevalence among workers in two groups;

the analysis was based on the results obtained dur-
ing periodical medical examinations and in-depth
clinical and functional examination. Cardiovascu-
lar pathology was among these basic diseases.

We calculated Skibinslaya Index (SI) as per the
following formula:

S1=0.01*VCL*BH/HR,

where VCL is vital capacity of lungs (in ml), de-
termined with "Schiller SP-10" spirograph; BH is
breath-holding (in minutes) during a test; HR is
heart rate (per minute) determined with "Schiller
AT-10 plus" electrocardiograph.

We assessed vasomotor function of the bra-
chial artery endothelium in endothelium-dependent
vasodilatation test as per a modified procedure de-
veloped by D.S. Celermajer et al. (1992); we as-
sessed the state of extracranial sections in brachio-
cephalic arteries as per a conventional procedure
developed by J.H. Stein et al (2008). Both tests
were performed with an expert ultrasound scanner
"Vivid g" with a linear sensor (4.0-13.0 MHz) [6,
16]. Doppler cardiography was performed with an
expert ultrasound scanner "Vivid q" with a sector
phase sensor (1.5-3.5 MHz). Structural and Dop-
pler parameters of the heart were measured as per a
conventional procedure [17, 18].

The program of sanitary-hygienic and clini-
cal-functional research was approved by the Eth-
ics Committee of the Federal Scientific Center for
Medical and Preventive Health Risk Management
Technologies (minutes No. 2, 2015). Medical and

2Guidelines 4.1.2468-09 Measurement of mass concentrations of dust in working are air at mining and non-
metallic enterprises 2005. KODEKS: an electronic fund of legal and reference documentation. Available at:
http://docs.cntd.ru/document/898911988 (access date 26.06.2018) (in Russian).

*M-01V/2011. The procedure for measuring mass concentrations of metals in pollutants emissions into the
atmosphere and in working area air at industrial enterprises. MEGANORM: information system. Available at:
http://meganorm.ru/Data2/1/4293754/4293754051.htm (access date 26.06.2018) (in Russian).

*Determination of chemical compounds and elements in biological media: A collection of methodical guide-

lines MG 4.1.3056-13, 4.1.3057-13 MG 4.1.3158-4.1.3161-14 MG 4.1.3230-4.1.3233-14. The Federal Service for
Surveillance  over  Consumer  Rights  Protection and Human  Well-being.  Available at:
http://www.rospotrebnadzor.ru/documents/details.php?ELEMENT _1D=5616 (access date 26.06.2018) (in Russian).

MG 4.1.3230-14. How to measure mass concentrations of chemical elements in biological media (blood and
urine) with inductively coupled plasma mass spectrometry. MEGANORM: information system MEGANORM: in-
formation system. Available at: http://meganorm.ru/Index2/1/4293757/4293757318.htm (access date 26.06.2018)
(in Russian).

°R 2.2.1766-03. The Guide on Assessment of occupational risks for workers' health. Organizational and me-
thodical grounds, principles, and assessment criteria. Labor protection in Russia: information portal. Available at:
https://ohranatruda.ru/ot_biblio/norma/246225/ (access date 26.06.2018) (in Russian).

GOST R 52379-2005. Good Clinical Practice: The RF national Standard. KODEKS: an electronic fund of le-
gal and reference documentation. Available at: http://docs.cntd.ru/document/1200041147 (access date 26.06.2018)
(in Russian).
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biological research was conducted in full con-
formity with ethical principles fixed in Helsinki
Declaration (1983). All the examined patients
gave their voluntary informative consent to take
part in sociological, clinical-functional, and la-
boratory research.

Information was analyzed with Statistica 6
software program and specific software compati-
ble with MS-Office applications. Normalcy of
measured variables distribution was checked on
the basis of Kolmogorov-Smirnov test. We ap-
plied mean value (M) and error of the mean (m)
to obtain quantitative characteristics of the exam-
ined parameters. Validity of discrepancies in the
examined parameters between groups under com-
parison (Mn £ mn against Mk * mk) was deter-
mined as per Student test (t>2.0; p<0.05) [19,
20].

Results and discussion. Analysis of SAWC
data for the focus group revealed that equivalent
noise at miners' workplaces varied from 65.3-70.9
dB(A) (miners and mining foremen, the 2nd hazard
class of working conditions) to 108.2-114.9 dB(A)
(drifters, spur drillers, and drilling machine opera-
tors, 3.4 hazard class of working conditions). Local
vibration existing at workplaces of drifters and
spur drillers was higher than the MPL (126 dB)
and reached 135 dB while overall vibration was
equal to 127 dB (with MPL set at 115 dB, 3.3 haz-
ard class). Local vibration at workplaces of scraper
winch operators amounted to 127 dB, and overall
vibration was equal to 116 dB (3.1 hazard class).
Low air temperature (9°C, 3.3 hazard class) was
detected at workplaces of all the miners. Region-
al/overall physical load and frequent forced (un-
comfortable) body posture made for working con-

drifters, spur drillers, and scraper winch operators;
as having 3.2 hazard class, for miners, timber-men,
and drilling machine operators; as having 3.1 haz-
ard class, for mining foremen. Overall, working
conditions at workplaces for all major mining oc-
cupations were considered "adverse" and were
ranked as having 3.3 and 3.4 hazard class (Table
1).

Field observations results revealed that sus-
pended substances (dust) contents in working area
air for drifters, spur drillers, drilling machine op-
erators, and scraper winch operators corresponded
to 3.1 hazard class while dustiness existing at
workplaces of miners, timber-men, and mining
foremen didn't exceed 2 hazard class (Table 2).

At the same time, chrome concentration at
workplaces of workers from the focus group didn't
exceed 0.002-0.012 mg/m® (average shift concen-
tration was lower than 0.5 mg/m®; MPL is fixed at
1.0 mg/m®), and it also corresponded to 2 hazard
class (Tables 2, 3).

Chrome concentration in blood of workers from
the focus group reached 0.0061+0.0022 ug/cm?,
while it was substantially lower in the reference
group and didn't exceed 0.0003+0.0001 pg/cm®
(p=0.006). We should note that chrome concentration
in blood detected in the focus group was substantially
higher than the reference level (0.0001 pg/cm?,
p<0.001), which can be related to cumulative effect
of chrome which is typical of most metals [12].

We examined contributions made by various
adverse occupational factors existing at workplaces
of miners in conformity with valid regulatory doc-
uments’, the examination revealed that a leading
role belonged to physical factors of labor process
(in-plant noise, vibration together with low air

ditions to be ranked as having 3.3 hazard class for temperature and labor process hardness).

Table 1
Overall assessment of working conditions for workers with basic occupations
in deep chrome mining
Working conditions class as per its hazard and (or) danger
Occupations Chemical Noise | Vibration| Vibration | Microclim| Labor Labor Overall
factor (Lequiv.) | (overall) | (local) ate Hardness | Intensity |estimation

miners 2 2 - - 3,3 3,2 1 3.3

drifters 2 3.4 3,2 3,3 3,3 3,3 1 3.4

timber-men 2 3.2 - 2 3,3 3,2 1 3.3

spur drillers 2 34 3,2 3,3 3,3 3,3 1 34

mining foremen - 2 - - 3,3 31 2 3.3

scraper winch

operators 2 33 31 31 33 33 1 3.4

drilling machine

operator 2 3,4 2 2 33 3,2 1 3.4
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Table 2

Filed observation results showing contents of suspended substances and chrome in working are air at
workplaces of workers with basic occupations in deep chrome mining

Suspended Comments
Sampling point substances, |[Chrome, mg/m
mg/m*
Workplaces of sour drillers, drifters, Measurements were performed after basic
scraper winch operators, and drilling | 4,007 +0,962 <0,0015 |work operations had been completed (drilling,
machine operators drifting, and scraping)
Miners' workplaces 201640484 | 0,012 +0,003 Measurements were performed after trucks
had been loaded
Timber-men's workplaces 0.704+0,169 |0,0034 % 00008 Measuremeljts were performed during basic
work operations
Mining foremen's workplaces 0.443+0,106 | 0,0020 £ 0.0005 Measuremeljts were performed during basic
work operations

Table 3

Assessment of working conditions class as per hazard and (or) danger related to chemical factors

for workers with basic occupations in deep chrome mining
Average shift chrome Overall assessment of working conditions
Occupations concentrations at MPL | class as per hazard and(or) danger related
workplaces (mg/m?®) to chemical factors
miners Lower than 0.5 1,0 2
drifters Lower than 0.5 1,0 2
timber-men Lower than 0.5 1,0 2
spur drillers Lower than 0.5 1,0 2
mining foremen - 1,0 1
scraper winch operators Lower than 0.5 1,0 2
drilling machine operator Lower than 0.5 1,0 2

Exposure to dust combined with chrome
compounds is an additional adverse factor of labor
process that exists at workplaces of drifters, spur
drillers, drilling machine and scraper winch
operators; exposure to dust and chrome compounds
leads to summation of negative effects in target
organs.

Working class conditions at all the
workplaces in the reference group were admissible
and corresponded to 2 hazard class.

We performed dynamic analysis of morbidi-
ty among workers from the examined groups and
revealed that miners ran 2.8-5 times higher relative
risks of nervous system diseases (ICD10: GOO-
G99), diseases in hearing organs (ICD10: H60-
H95), upper respiratory tract diseases (J30-J84),
and endocrine pathology (ICD10: E00-EQ7) than
workers from the reference group (p<0.001-0,02),
and diagnosed diseases were often (53-72%) or
even mostly (>80%) occupational (Table 4).

Diseases of the circulatory system (ICD10:
100-199) diagnosed in 2015-2017 in 66 workers
from the focus group had a special place in mor-
bidity structure among miners; these diseases
made for their further employment strictly on the
surface. They were replaced in underground oper-

98

ations by young workers with minimal working
experience and it led to a decrease in newly de-
tected morbid events related to the circulatory
system diseases, from 28.7% in 2015 to 18.9% in
2017 (p=0.05). At the same time, in 2015-2016
miners with basic occupations ran 2 times higher
relative risks of circulatory system diseases than
workers from the reference group (p<0.001), and
diagnosed diseases were occupational ones in 48-
49% cases (average causality) (Table 4).

We analyzed the results of functional exam-
ination performed on workers from the compared
groups in order to get an insight into peculiarities
of cardiovascular pathology development in miners
dealing with deep chrome mining. Skabinskaya
Index calculation revealed that only 86.5% work-
ers from the focus group had functional state of
their cardiovascular and respiratory system at
physiological level (the integral parameter was
equal to 30-60 arb. units and higher) while the
same level was detected in 100% of workers from
the reference group (p=0.01); this parameter didn't
exceed 21.8+2.6 arb. units in 13.5% miners
(p=0.03 against the physiological standard), and it
proved there was a significant decrease in func-
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tional reserves of the cardiovascular and respirato-
ry system.

We compared Skibinskaya Index in miners
with different work experience and revealed that
workers who had been employed at deep chrome
mines for less than 10 years had its value lower
than the physiological standard (26.3+2.8 arb.
units; p=0.05) in quite insignificant number of cas-

es (2.4%); while miners with longer work experi-
ence had this value lower than the physiological
standard in each tenth case (11.1%), and the value
didn't exceed 17.3+3.1 arb. units (p=0.02 against
the group with working experience less than 10
years). We detected that a decrease in Skibinskaya
Index value depended on chrome concentration in
blood (b0=-1.89, b1=1,402.55; R*=0.55; p<0.001).

Table 4
Analysis of basic nosologies prevalence among workers from the compared groups
Group A An extent to whicha | Validity of dis-
. Focus Relative risk pathology detected in | crepancy in fre-
Categories of b of pathology kers f f ;
diseases O serva- |group Reference for workers cl workers from focus quency of pa-
tion period| (%) |group group is occupational | thology in the
(ICD10) (%) from focus Qualitative |compared groups
0
group(p=0,05) EF % estimation (p<0,05)
Diseases of thg 2015 19,5 10,6 1,84 0,61-5,52 45 Average
Nervous sys- 2016 28,7 10,6 2,70 1,11-6,60 62 High
tem (GOO- Extremely
G99) 2017 54,0 14,8 3,63 1,99-6,60 72 high <0,001
341+ 59,2 + -
2015-2017 44 120£6,00 2,72+222 |291-7,14 339
Diseases of 2015 28,7 14,8 1,93 0,85-4,36 48 Average
the circulato- 2016 37,9 19,1 1,98 1,03-3,82 49 Average
ry system 2017 18,9 13,6 0,72 0,26-1,95 47 Average <0,001
100-1
(100-199) 12515 2017 22’? 158+72| 154+071 |120-218|480+25| AVerase
Diseases of 2015 13,7 10,6 1,30 0,17-9,8 22 Insignificant
the musculo- 2016 16,0 10,4 1,51 0,40-5,79 33 Average
skeletal sys- 2017 19,5 10,5 1,84 0,61-5,52 45 Average 0,18
tem (MOO- 16,4 + 333+ -
M99) 2015-2017| “75" 1105£03| 1554068 |095-251) "
Diseases 2015 13,7 6,3 2,16 0,49-9,62 53 High
of the Almost
hearing 2016 12,6 2,1 5,94 0,78-45,43 83 complete
organs 2017 | 161 | 21 756 (121-4744) 86 Almost 0015
(H90) complete
2015-2017| “P1* | 3524 | 5224277 |188-853| ol ]
Endocrine 2015 13,6 4.4 2,97 0,55-6,22 66 High
diseases Extremely
(E00-E07) 2016 149 4,2 3,51 0,74-16,53 71 high
2017 | 134 | 41 311 |068-1518] 69 Exﬁfgmhe'y 0,020
2015-2017 1‘;’%1 42+04 | 3204070 |144-921|687+63 Exﬂfgmhe'y
Upper 2015 8,0 6,3 1,27 0,34-4,62 62 High
respirato- Almost
ry organs 2016 12,6 2,1 5,94 0,79-44,62 83 com-
diseases plete
0,024
(130-384) 2017 | 68 | 21 324 |040-2613| 69 Enggmhe'y
713+ -
2015-2017|19,1+£3,1| 35+24 | 348+235 |1,11-6,60 26.6
ISSN (Print) 2308-1155 ISSN (Online) 2308-1163  ISSN (Eng-online) 2542-2308 99




0.Yu. Ustinova, E.M. Vlasova, A.E. Nosov, V.G. Kostarev, T.M. Lebedeva

Table 5
Examination of endothelium-dependent vasodilatation in workers from the compared groups
. . Group Validity of dis-
Brachial artery reaction Focus group Reference group |crepancy (p<0,05)
Growth in diameter >10% 4524 89,47 <0,001
Growth in diameter <10% 54,76 10,53 0,001
Relative growth in brachial artery diameter, % 99+17 13,7+1,3 0,001
Coefficient of brachial artery sensitivity, arb. units 0,08 £0,02 0,20 £ 0,06 <0,001
Table 6

Examination of endothelium-dependent vasodilatation in workers from the compared groups with
different working experience

Less than 10 years

Validity of dis- |__More than 10 years | /ajigity of dis-
Brachial artery reaction Group crepancy be- Group crepancy be-
Focus arou Reference | tween groups Focus arou Reference | tween groups
group group (p<0.05) groupt - group (p<0.05)

Growth in diameter >10% 51,7 91,3 0,002 30,8 86,7 0,003
Growth in diameter <10% 48,3 8,7 0,002 69,2 13,3 0,003
Relative growth in brachial
artery diameter, % 10,7+20 | 149+17 0,002 82+32 [119+18 0,04
Coefficient of brachial ar-
tery sensitivity, arb. units 0,10+0,02 | 0,20 £0,07 0,01 0,06 £0,04 |0,22£0,10 0,004

We applied ultrasound to examine functional
state of the vessels endothelium and revealed that a
number of miners with low vasodilatation of the
peripheral arteries was 5 times higher in the focus
group than in the reference one (54.8% against
10.5%, p<0.001), and an average group growth in
the brachial artery diameter was 25% lower
(9.9+£1.7% against 13.7+£1.3%, p=0.001), and the
coefficient of arteries sensitivity was 2.5 times
lower (0.08+£0.02 arb. units and 0.20+0.06 arb.
units respectively, p<0.001) (Table 5).

As we compared assessment results for
functional state of the endothelium in miners with
different working experience, we revealed similar
trends; in particular, a number of people with un-
satisfactory test results was higher in the focus
group for any working experience (48.3% and
69.2% against 8.7% and 13.3%; p=0.002-0.003),
and functional failure of the endothelium was
higher (p=0.004-0.01) (Table 6). Besides, it was
interesting to note that a number of people with
unsatisfactory vasodilatation increased by more
than 20% as their working experience grew (48.3%
among those with working experience shorter than
10 years, and 69.2% among those with longer
working experience, p=0.02); but it increased only
by less than 5% in the reference group (8.7%
among those with working experience shorter than
10 years, and 13.3% among those with longer
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working experience, p=0.22). On the whole, rela-
tive risk of functional failure in the endothelium
among workers with working experience shorter
than 10 years was more than 8 times higher in the
focus group than in the reference one (OR=8.6;
DI=4.69-11.32; p=0.02); but as underground
working experience grew longer than 10 years, this
risks practically doubled (OR=14.7; DI=8.13-
21.71; p=0.04). We detected that a decrease in
functional activity of the endothelium depended on
chrome concentration in blood (b0=2.67-4.16;
b1=894.33-1129.87; R*=0.47-0.53; p<0.001).

The research results prove that a decrease
in endothelium-dependent mechanisms of the vas-
cular tone regulation is more apparent in %5 miners
after just 10 years of work and gives ground for
unfavorable forecast for early remodeling of the
vascular wall and the consequent cardiovascular
pathology development [16, 21].

We performed ultrasound examination of
extracranial brachiocephalic arteries and revealed
that atherosclerotic changes in vascular walls were
registered 2 times more frequently in workers from
the focus group than from the reference one
(46.5% against 23.7%, p=0.03), and intima-media
complex thickness was authentically greater
(0.74£0.05 mm against 0.63£0.05 mm, p=0.003)
(Table 7).
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Table 7

Ultrasound examination of extracranial brachiocephalic arteries in workers from the compared groups

State of extracranial brachiocephalic arter-

Group

Validity of discrepancy

ies Focus group Reference group (p<0,05)
No signs of atherosclerosis (%) 53,5 76,3 0,03
Signs of atherosclerosis (%) 46,5 23,7 0,03
Intima-media complex thickness (mm) 0,74 + 0,05 0,63 + 0,05 0,003
Table 8

Ultrasound examination of extracranial brachiocephalic arteries in workers
with different working experience

Less than 10 years Validity of dis-|  More than 10 years | Validity of discrep
State of extracranial Group crepancy betweer Group ancy between
brachiocephalic arteries Focus arou Reference groups Focus arou Reference groups
group group (p<0,05) group group (p<0,05)
No signs of atheroscle- 54,8 82,6 0,004 48,8 76,7 0,04
rosis (%)
(Sol/((;g)ns of atherosclerosis 45,2 17.4 0,02 51,2 233 0,04
Intima-media complex
thickness (mm) 0,75+0,06 {0,59 £ 0,04 <0,001 0,79+£0,09 (0,61 £0,09 0,01
Table 9

Doppler cardiography performed on workers form the compared groups

Group Validity of discrepanc
Test data Focus group Re;:a(;ﬁzce betweenygroups (pzo-og)
No US-signs of pathology (%) 12,0 61,1 <0,001
US-signs of pathologic changes in the heart detected (%) 88,0 38,9 <0,001
Thicker cusps of the aortic and mitral valves (%) 60,0 27,8 <0,001
Interventricular septum hypertrophy (%) 54,0 22,2 <0,001
Eccentric hypertrophy of the left ventricle (%) 40,0 16,7 0,01
Muscle mass of the left ventricle, (g) 227,1+ 15,3 |189,7 + 23,6 0,01
Mass index of the left ventricle cardiac muscle, (g/m?) 113,7+7,2 |100,1+£9,9 0,03

We should note that miners from the focus
group, even with different working experience, ran
3.5-3.8 higher relative risk of atherosclerotic
changes in vascular walls than their colleagues
from the reference group (OR=3.5-3.8; DI=1.44—
9.89; p=0.002-0.03) (Table 8).

We analyzed Doppler cardiography results
and revealed that pathologic changes in the cardiac
muscle and the valve apparatus were registered 2.3
times more frequently in miners from the focus
group than from the reference one (88.0% against
38.9%; p<0.001); they were thicker cusps of the
aortic and mitral valves (60.0% against 27.8%;
p<0.001), interventricular septum hypertrophy
(54.0% against 22.2%; p<0.001), and eccentric
hypertrophy of the left ventricle (40.0% against
16.7%; p=0.01) (Table 9). Overall, workers from
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the focus group ran almost 12 times higher risk of
morphological restructuring in the cardiac muscle
and the valve apparatus than workers from the ref-
erence group (OR=11.7; DI=5.39-18.72; p=0.02).
We should note that average age of miners who
had these detected changes in the cardiac muscle
and the valve apparatus amounted to 40.6£2.7 in
the focus group, while it was substantially greater
in the reference group and amounted to 48.9+1.4
(p<0.001).

Results obtained via Doppler cardiography
prove that miners involved in deep chrome mining
and exposed to combined effects produced by ad-
verse physical and chemical occupational factors
have morphologic changes in the cardiac muscle
and valve apparatus authentically more frequently.
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These changes determine an unfavorable forecast
of early cardiovascular pathology development.

Conclusions:

1. Existing approaches to assessing working
conditions for miners involved in deep chrome
mining are predominantly based on examining
physical factors of labor processes and pay little
attention to chemical ones.

2. 50% miners with their working experi-
ence at chrome mines being less than 10 years
have early failure of the endothelium functional
activity, and it is a leading promoter of cardiovas-
cular pathology; they run 8 times higher relative
risks of such pathologies against workers em-
ployed on the surface. 10% miners involved in
deep chrome mining with their work experience
being longer than 10 years suffer from a substantial
decrease in functional reserves of the cardi-
orespiratory system.

3. We detected a direct correlation between
a decrease in functional activity of the endothelium
and adaptation reserves of the cardiorespiratory

system and increased chrome concentration in
blood.

4. Miners involved in deep chrome mining
run 3.5-12 times higher relative risks of atheroscle-
rotic changes in vascular walls, morphologic
changes in the cardiac muscle and valve apparatus
than workers employed on the surface.

5. In order to decrease morbidity with cardi-
ovascular pathologies among miners at chrome
mines and to implement prevention activities in
due time, it is necessary to revise programs for pe-
riodical medical examinations and to include the
following tests into them: assessment of the vaso-
motor function of the brachial artery endothelium
and Skibinskaya Index calculation for miners with
working experience longer than 5 years; Doppler
ultrasonography of the brachiocephalic arteries and
Doppler cardiography for miners with working
experience longer than 10 years.
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FOR RISK ASSESSMENT IN HYGIENE AND EPIDEMIOLOGY
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TEST-MODEL AND QUANTITATIVE Rpps CRITERION INDEX WHICH ARE
APPLIED TO ESTIMATE ANTIMICROBIC POTENTIAL OF NANOMATERIALS
USED FOR WATER PURIFICATION AND TREATMENT: SUBSTANTIATION
AND METROLOGIC ASSESSMENT

N.V. Dudchik, E.V. Drozdova, S.I. Sychik
Scientific-practical Hygiene Center, 8 Akademicheskaya Str., Minsk, 220012, Republic of Belarus

To reduce population health risks which occur when people consume drinking water from centralized water
supply systems is a vital medical-biologic and technical problem. It can be sold, among other things, via develop-
ment and application of new materials for water purification and treatment. Some natural and artificial nano-
materials have antimicrobic properties as they can eliminate microorganisms of various taxonomy (bacteria, yeast-
like and mold fungi) and bacterial biofilms. However, certain results which were obtained when antimicrobic po-
tential of nanomaterials was estimated are controversial; they are frequently only qualitative or semi-quantitative
due to absence of a standard test protocol and well-grounded criterial assessment apparatus. So, the goal of this
paper was to give methodological grounds and to create a unified and standardized test-model; to optimize param-
eters of a procedure and to substantiate a system of criteria applied for quantitative assessment of antimicrobic
activity which is characteristic for nanomaterials applied for water purification and treatment.

The research was performed on the following objects: samples of nanomaterials based on titanium dioxide
which were applied for water purification and treatment. The authors have substantiated a test-model, suggested
a criterion index Rpps, made up a standard test protocol for quantitative assessment of antimicrobic potential
possessed by nanomaterials.

The developed technology has been tested on samples of nanomaterials based on titanium dioxide. We have
calculated and assessed metrological parameters of the procedure (repeatability standard deviation and repeata-
bility limit) which conform to the requirements existing for similar procedures when confidence probability is as-
sumed to be equal to 95 %; such requirements are fixed by the 1SO (International Standardization Organization)
and correspond to the GLP (Good Laboratory Practice) principles. The relevance of the test-model was validated;
this relevance provides an objective quantitative assessment of antimicrobic potential which is possessed by mate-
rials applied for disinfection of water objects contaminated with microbiota of various taxonomy, as well as for
control and prevention of bacterial infections which can be communicated with water.

Key words: nanomaterials, test-model, antimicrobic potential, quantitative criterion index Rpps, metrological
assessment.

Reduction of population health risks related to
drinking water consumption from centralized water
supply systems is a vital medical, biological, and
technical tasks. It can be solved, among other
things, by developing and implementing new mate-
rials for water treatment and purification [1-5].

O Dudchik N.V., Drozdova E.V., Sychik S.1., 2018

Some natural and artificial nano-materials based on
TiO, [6-8], ZnO [9], silver [10-13] and more
complicated compounds [7,14-18], have antimi-
crobic properties and can eliminate microorgan-
isms of various taxonomy (bacteria, yeast-like and
mold fungi) as well as bacterial biofilms [19-22].
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Therefore, application of nanomaterials is of great
interest for those who deal with disinfection of
drinking water from centralized water supply sys-
tems [23-28].

However, experimental data on antimicrobic
properties of nanomaterials are controversial and
they are frequently only qualitative or semi-
quantitative. Methodical procedures applied for
modeling in the sphere are diverse, there are no
standard test reports which could be implemented
into routine practices at certified laboratories. But
above all, there is no substantiated criterial appa-
ratus for quantitative assessment of antimicrobic
effects produced by nanomaterials and it prevents
experts from analyzing experimental data arrays in
conformity with the requirements set forth by the
GLP (Good Laboratory Practice) as its standards
call for strict observation of a test procedure with
optimized conditions and parameters that help to
obtain comparable and authentic data [19, 29-32].

Our research goal was to give procedural
substantiation and to develop a unified and stand-
ardized test-model; to optimize parameters of the
developed procedure and to substantiate a criterial
apparatus for quantitative assessment of antimicro-
bic effects produced by nanomaterials applied for
water treatment and purification; to test all the de-
velopment on innovative nanomaterials.

Data, materials and methods. We took
Escherichia coli ATCC 8739 and Staphylococcus
aureus ATCC 25923 strains provided by the Rus-
sian collection of industrial microorganisms. Mu-
seum microorganisms strains had typical morpho-
logical, cultural, and physiological-biochemical
features that were characteristic for corresponding
taxonomic bacterial groups; they also possessed
good growth properties.

To obtain standardized test-models, we cul-
tivated them in 50-ml vials containing 10 ml of a
medium at 35-37°C for 18-24 hours until a sta-
tionary growth phase was reached for an optimized
medium with the following structure: 500 ml of
beef-extract broth; 10.0 grams of dextrose; 1.0
gram of CaCQg; 0.2 grams of MgSO,; 0.02 grams
of CaCly; 0.02 grams of FeCls; 0.01 ml of a 10%
solution of microelements per 1,000.0 ml, pH be-
ing 7.2-7.4. Suspension of a test-culture was dilut-
ed as per McFarland standard test until we ob-
tained operating concentration of cells Log 2
CFU/ml in saline.

To test the developed procedure, we applied
samples based on nano-structured titanium dioxide
TiO, that was deposited on various substrates via
different techniques. The samples were kindly giv-
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en to us by Professor V.E. Borisenko, the scientific
supervisor of the Center for Nanoelectronics and
Innovative Materials at the Belarus State Universi-
ty for Informatics and Electronics, Minsk.

Description of a modeling experiment pro-
cedure. We examined antimicrobic potential of
nanomaterials based on TiO, making their samples
enter a direct contact with a standardized suspen-
sion of test-cultures. Samples of nanomaterials
sized 3.5x3.5 cm® were put into a sterile glass cup
that contained 50 ml of a standardized test-culture.
The samples were exposed to it for 30 minutes
with simultaneous activation that was stimulated
with a visual light lamp, its model being
01200100011(EL-PL10PW, 50 Hz, 10 wt, G23D
type, pure white color. Microorganisms population
after the exposure was assessed via inoculation of
0.1-1 ml of suspension on surfaces of differential-
diagnostic nutrient media, Endo for E. coli and
yolk-salt agar for S. aureus. Inoculations were cul-
tivated at optimal temperature equal to 35-37°C
for 18-36 hours.

Measurement results processing. To perform
guantitative assessment after incubation, we calcu-
lated typical formed colonies on three parallel Petri
dishes that contained not less than 250 colonies.
The quantity of microorganisms, CFU/ml, was cal-

culated as per the following formula (1):

X=1,
v,

1
where

N- is the quantity of typical colonies on a dish;
V; — is the volume of an inoculated sample (0,1-1,0
ml).

An arithmetic mean of the results obtained
in 5 parallel measurements was assumed to be the
final measuring result.

We checked eligibility of two single measur-
ing results obtained under repeatability conditions
via calculating an absolute discrepancy between
common logarithms of single measuring results;
the value of this discrepancy was than compared
with the value of repeatability limit r.

If the condition (2) was true for the value of
the absolute discrepancy between common loga-
rithms of two single measuring results

lg.Xx, -lgX,|<r, )
than both single measuring results were considered
to be eligible.
We checked homogeneity of dispersions, sta-
tistical struggling and overshoots as per Cochran's
Q test.
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We calculated a standards deviation in re-
peatability as per the following formula (3):

2
é(yu;yiz) ) (3)
i=1 p
The value of repeatability limit r was calculated as
per the following formula (4)

r =2,88Sr. ()]
To quantitatively assess antimicrobic effects,
we introduced a term "antimicrobic potential™ and
substantiated index Rpps calculated as per the fol-
lowing formula (5):

Sr=

LgoL' Lgso , (5)
%

where Lg, is a common logarithm of population
level before exposure;

Lgsp is a common logarithm of population level
after 30-minute exposure.

To perform metrological assessment of the
procedure, we calculated a standard deviation in
repeatability and repeatability limit according to
the requirements set forth by legal metrology*. We
excluded results with a number of colonies being
greater than 250 CFU/dish from our calculations.

Results and discussion. Statistical data for as-
sessing metrological characteristics of the proce-
dure were obtained as per results of analysis per-
formed on 5 measuring series that were accom-
plished at various time moments but under
repeatability conditions (Table). Antimicrobic po-
tential that innovative nanomaterial had was calcu-
lated as per the developed standard procedure and
on the basis of RDDS criterion (Table). We devel-
oped and applied the following criterial scale for
assessing antimicrobic potential of a material:

1,0>RDDS > 0,7 means antimicrobic poten-
tial is apparent;

0,7 > RDDS > 0,5 means antimicrobic poten-
tial is average;

0,5>RDDS > 0,1 means antimicrobic poten-
tial is insignificant;

RDDS <0,1 means a material doesn't have
any antimicrobic potential.

Thus, although various specimen of water mi-
crobiota have different resistance to influence exert-
ed by nano-structured materials as it has been men-
tioned in works by some authors [8, 18, 32-35], we
were the first to quantitatively assess antimicrobic

RDDS

potential as per RDDS criterion [36-38].

We detected that, according to a criterial
scale suggested by us, antimicrobic effects were
more apparent in relation to gram-negative micro-
flora, than in relation to gram-positive one. We
also revealed that exposure to nanomaterials led to
changes in phenotypic properties that were charac-
teristic for test-cultures. There were changes in
tinctorial properties of Escherichia coli ATCC 8739
test culture and it led to Gram staining variability,
typical shapes of vegetative cells also changed and
they became smaller in size.

The developed procedure for quantitative as-
sessment of antimicrobic potential possessed by
nanomaterials has its operating characteristics, and
we accomplished the first metrological assessment
of them. We calculated a standard deviation in re-
peatability Sr and repeatability limit r taking into
account eligibility of single measuring results
which were obtained under repeatability condi-
tions; we also checked dispersions in terms of their
homogeneity, statistical struggling and overshoots
as per Cochran's Q test.

Conclusion. As we developed the procedure
how to quantitatively assess antimicrobic potential
of nanomaterials, we managed to substantiate the
following standard conditions that are necessary to
perform any research and to develop a standard test
report:

1. To model real-life parameters of water
treatment, testing should be made only with nano-
materials entering a direct contact with a suspen-
sion of microorganisms in saline. As opposed to
application of agar-based plates, such a technique
allows to provide homogenous distribution of ac-
tive components in water masses and to avoid dis-
tortion of test results via eliminating effects of test-
cultures shielding with organic components of nu-
trient media and ability of nanomaterials to diffuse
into dense media.

2. An important stage in the assessment is
exposure of a test-culture and a nanomaterial sam-
ple to visible light for 30 minutes under photo-
activation. The suggested conditions are quite suf-
ficient for antimicrobic properties of nanomaterials
to reveal themselves even in such cases when an-
timicrobic potential of a nanomaterial is average or
weak (insignificant). In order to assess dynamics in

!State Standard 1SO 5725-6-2002. Accuracy (validity and precision) of measuring techniques and results.

Part 6. How to apply precision values in

practice:

The RF State Standard. Available at:

http://docs.cntd.ru/document/1200029980 (date of visit June 16, 2018).
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Table
Antimicrobic potential RDDS of nanomaterials samples: test results *
Sam- Escherichia coli ATCC 8739 Staphylococcus aureus ATCC 25923
ple X, +Sr X, xSr X, +Sr X, xSr
Ldo P r_ Ldso i ; Rops Lg0 P r_ Lgso i F Robs
239 0 232 0,30
2,34 0 236 0,30
2% 1235+0,058 040,00 1,00 - ' ' 018+016 | 092-
Lol 244 | o162 0 000 | apparent | 229 | 232*00291 030 | o8 | apparent
231 0 233 0,00
2.30 0 230 0,00
239 2,08 232 2,04
235 | 547100331220 090067 . 227 229 | 53050024 |29 151540008 . 207~
2 241 0,092 2,00 0.188 insignifi- 227 0,067 2,25 0.274 insignifi-
232 218 cant 230 2.23 cant
236 212 233 218
2,38 1,70 2,35 1,79
240 | 53645006 |- 183 116540134 ; 20~ | 236 | oa5.00p | L8 | 4754005 | 025-
3 234 | o168 | 153 | ga7s | Insignifi- [ 533 0,056 173 0018 | Hesmaan
2.28 1,68 cant 238 1,74 TeILHETH
2.36 151 233 1,68
2,34 1 2,29 1,18
. 234 193440061279 log2+0,117 065- 227 | 926+0049 2% 11014011 | 055-
244 | 0171 | 085 | 0328 | average | 230 0,138 0,95 0,308 average
227 048 2.26 0,95
2.32 0,90 218 0,90
238 2,39 221 222
; 238 | 938+001 22 12374005 0003- | 223 2'23 3?0%'11 224 | 5974012 | -0,002-
2,38 0,028 244 0,14 none 2,12 ‘ 211 0,336 none
237 231 237 237
2.36 2.36 238 239

Note: the data are given as an arithmetic mean of 5 measurements; Sr is a standard deviation in re-

peatability; r is repeatability limit.

antimicrobic effects, other exposure schemes can
be chosen.

3. Epidemically significant museum strains
Escherichia coli ATCC 8739 and Staphylococcus
aureus ATCC 25923 are biologic test models;
Escherichia coli is a rod-shaped gram-negative
bacteria, and Staphylococcus aureus is a coccal
gram-positive microflora specimen. The suggested
strains are widely applied in routine practices of
certified microbiologic laboratories as they are
standard ones used in assessing efficiency of disin-
fectants and antiseptics, in determining growth
properties of nutrient media, including test per-
formed in conformity with international standards.

4. It is necessary to ensure that museum test-
cultures are prepared for any experiment in full
conformity with standardized procedures as only
such preparation can provide representative and
reproducible results; it is a non-standardized test-
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culture that usually makes the greatest contribution
into uncertainties detected in the process of testing.

5. Target concentration of test-cultures
should be chosen in such a way that allows to
model an actual microbe load in drinking water
that is equal to 2 Ig CFU/ml.

6. Working surface of samples should
amount to 3.5x3.5 cm? that is an optimal value for
revealing antimicrobic potential.

7. To quantitatively assess antimicrobic ef-
fects, we introduced a term "antimicrobic poten-
tial" and substantiated Rpps index calculated as per
the formula (6):

I—go B Lgso )

Lg,
where Lg, is a common logarithm of population
level before exposure;

Lgs, is @ common logarithm of population
level after 30-minute exposure.

Rops =
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8. We suggested a criterial assessment scale
that can be applied in every day practices:

1>Rpps>0.7 means antimicrobic potential is
apparent;

0.7>Rpps>0.5 means antimicrobic potential
is average;

0.5>Rpps>0.1 means antimicrobic potential
is insignificant;

Rpps <0.1 means a material doesn't have any
antimicrobic potential.

When Rpps=1, tested nanomaterials obvious-
ly have the maximum possible antimicrobic poten-
tial; when Rpps =0, it means a material doesn't
have any antimicrobic potential; when Rpps < -
0.3, it means that influence exerted by a nano-
materials stimulates activity of microorganisms.

The suggested approaches and criterial scale
can be widely implemented into practice when it is

necessary to assess antimicrobic properties of new
materials applied for water purification and treat-
ment.
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TOXICITY OF YESSOTOXIN IN EXPERIMENT IN VIVO

0.V. Bagryantseva®™?, 1.V. Gmoshinskii', A.D. Evstratova’, E.N. Trushina’,
0.K. Mustafina', Kh.S. Soto*, V.A. Shipelin', A.A. Shumakova®, A.D. Panova?,
S.A. Khotimchenko*?

'Federal Research Center for Nutrition, Biotechnology and Food Safety, 2/14 Ust'inskiy lane, Moscow,
109240, Russian Federation

2|.M. Sechenov First Moscow State Medical University, Build. 2, 8 Trubetskaya Str., Moscow, 119991,
Russian Federation

Yessotoxin (YTX) is a polyether. There are more than 90 known derivatives of yessotoxin. YTX was excluded
from diarrhea toxins group as it, unlike okadaic acid, doesn't cause diarrhea. YTX chemical structure is similar to
that of brevetoxins and ciguatoxins that influence functioning of calcium-sodium pump and trans-membrane ion
channels. So, YTX can exert influence on functioning of all the organs and systems in a body. YTX is known to pro-
mote apoptosis in the cerebral tissues. Average lethal dose LDs, for YTX and its analogues varied from 100 pg/kg
to 500-750 pg/kg; the figures were obtained in various experiments performed on mice. Safe YTX level for acute
impact (acute reference dose) amounts to 25 xM/kg of body weight.

Nowadays toxicity parameters for YTX and some of its analogues are determined; its basic action mecha-
nisms and a role it plays in promoting apoptosis are well-known. In spite of more and more data on biological
effects produced by YTX on a warm-blooded organism, experts are still unable to describe its action mechanisms
precisely. Our research goal was to examine YTX toxicity in experiments in vivo in doses that were lower than
the detected acute reference dose.

The experiment was performed on 72 male Wistar rats with initial body weight being equal to 100 + 10 2.
Animals were given dry balanced feedstuff produced by "Laboratortakorm” LLC (Russia) and had free access to
it. We used YTX preparation produced by "National Research Council Canada" (Canada) in our experiment; the
preparation was a methanol solution (YTX content was equal to 4.3 pumol). We determined mass of internal or-
gans, biochemical and hematological blood parameters, apoptosis of brain cells, malonic dialdehyde level in the
brain and reduced glutathione in the liver.

We showed that YTX doses (2, 8 and 12 uM/kg) lower than ARfD =2 uM/kg can exert toxic impacts on a warm-
blooded organism. The obtain data prove it is necessary to additionally assess risks of an increase in maximum permissi-
ble YTX contents in shellfish from 1 mg/kg to 3.75 mg/kg.

Key words: yessotoxin, action mechanisms, in vivo, biological markers, toxicity, risk assessment, permissible
level.
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Toxicity of yessotoxin in experiment in vivo

Yessotoxin (YTX) is a polyether; it consists
of 11 adjacent ether rings, unsaturated side chain
and two sulfate ethers. There are more than 90 de-
rivatives of yessotoxin. It was first extracted in
1986 in  Japan out of scallops Pati-
nopectenyessoensis. YTX is produced by algae,
namely dinoflagellates Protoceratiumreticulatum
and Gonyaulaxspinifera. YTX was excluded out of
diarrhea toxins group (okadaic acid and its ana-
logues, "DSP toxins") as it, unlike okadaic acid,
doesn't cause diarrhea. However YTX and its ana-
logues are often extracted together with diarrhea
toxins and give positive results in biological tests
aimed at detecting diarrhea poisons in shellfish [1].

YTX chemical structure is similar to those of
brevetoxins and siguatoxins that exert their impacts
on functioning of calcium-sodium pump and trans-
membrane ion channels. Mechanism that activates
phosphodiesterase with yessotoxin includes an ini-
tial increase in calcium contained in cell cytosol
and available to calcium-dependent | type
phoisphodiesterase; then intracellular concentra-
tion of cyclic adenosine monophosphate goes
down [2, 3].

YTX makes for an increase in activity of
caspase 3 and 7 in HelLa cells. It stimulates greater
mitochondrial membranes penetrability in livers of
rats and causes disorders in cytoskeleton of cere-
bellum neurons cells and their consequent apopto-
sis; it makes for disorders in intercellular adhesion
and it, in its turn, can be a possible reason for Alz-
heimer disease occurrence [4-7]; it influences the
immune system as it makes for higher cytokines
quantity due to greater expressions of genes that
code them [8]. YTX induces a mitotic disaster and
genetic changes that can be interesting for studying
ways of control over tumor processes development
[9].

Average lethal dose LDs, of YTX and its ana-
logues was determined in various experiments on
mice and varied from 100 pg/kg to 500-750 pg/kg
[6]. In our opinion, these different toxicity values
for various yessotoxins depend on peculiarities of
their chemical structure. A safe dose under acute
exposure to YTX (Acute Reference Dose) amounts

to 25 uM/kg of a body weight. There are practical-
ly no data on YTX toxicity for other animals [3, 6,
10]. In 2004 the Order by the European Union No.
853/2004 fixed a safe concentration of yessotoxins
in shellfish; it amounted to 1 mg/kg [11]. But still,
analysis of yessotoxins content in shellfish meat
revealed that yessotoxins contents didn't exceed
3.75 mg of yessotoxins equivalents / kg of shellfish
meat in any of examined samples [6]. Results of
this analysis gave grounds for a new maximum
permissible concentration of yessotoxins in shell-
fish, 3.75 mg/kg [12].

Therefore, nowadays there are toxicity pa-
rameters set for YTX and some of its analogues;
specific molecules that are primary targets for its
effects are determined as well as its role as a pro-
moter of apoptosis; maximum permissible concen-
tration of yessotoxin in shellfish is fixed. However,
in spite of more and more data on biological effects
produced by YTX on a warm-blooded organism, its
exact action mechanism hasn't been determined yet.

Our research goal was to examine YTX tox-
icity in experiments in vivo in doses lower than the
fixed acute reference dose.

Data and methods. Our experiment was per-
formed on 72 male Wistar rats with initial body
weight being equal to 100£10 g. The animals were
provided by the "Russian Scientific Center for Bi-
omedical Technologies", "Stolbovaya" subsidiary.
The animals were given dry balanced feedstuff
produced by "Laboratorkorm” LLC (Russia) and
had free access to it. The rats were kept in cages
made of polycarbonate, 2-3 animals in each, their
lighting regime being 12/12 hours, and the temper-
ature being 21+10C. All the rats were randomly
divided into 12 groups, 6 animals in each; initial
body weight in groups was the same (p>0.1 ANO-
VA). All the experimental work with animals was
performed in compliance with the requirements to
good laboratory practice fixed in Russia’.

We used a preparation of YTX produced
by "National Research Council Canada" (Canada)
in our experiment; the preparation was a methanol
solution (YTX content was equal to 4.3 pmol).
Directly before the experiment methanol was

1 On approval of rules for good laboratory practice: the Order by the RF Public Healthcare Ministry No. 193
dated April 01, 2016. Pharmakopea.rf. Available at: http://pharmacopoeia.ru/wp-content/uploads/2016/08/Prikaz-

Minzdrava-199n-0t-01.04.2016-Ob-utverzhdenii-Pravil-nadlezhashhej-Laboratornoj-praktiki.pdf (date of visit

April 16, 2018)

2 State Standard 5962-2013. Ethanol rectified out of food raw materials. technical conditions. KODEKS: an
electronic fund of legal and reference documentation. Available at: http://docs.cntd.ru/document/1200103298 (date

of visit: April 16, 2018)
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removed out of the preparation via vacuum
evaporation under a temperature that didn't exceed
+200C; the process was not to last longer than 4
hours. A dry residue was then dissolved again in
96% ethanol solution according to the State
Standard 5962-2013°. To obtain working dilutions
of the toxin, we diluted aliquots of YTX ethanol
solution with a sterile apyrogenic solution of 0.15
M NacCl; the obtained solutions had the following
concentrations: 2 uM/kg (groups 2, 6, and 10); 8
uM/kg (groups 3, 7, and 11); and 12 uM/kg
(groups 4, 8, and 12): 1 mol of YTX=1187.32 g.
All the experimental doses were lower than the
fixed acute reference dose (ARfD) of YTX that
was equal to 25 uM/kg of body weight.

YTX-containing solutions were introduced
into rats from the above-mentioned test groups;
there was a single intraperitoneal introduction in a
dose equal to 1 ml/kg of a body weight. Animals
from the reference groups (1, 5 and 9) were given
saline in the same manner and quantity.

Animals were taken out of the experiment
6 hours (groups 1-4), 24 hours (groups 5-8), and
168 hours (groups 9-12) after the preparation had
been introduced; they were taken out of the exper-
iment via decapitation under ether anesthesia.
Blood was collected with anticoagulant (tripotassi-
um EDTA); samples of brains tissues were taken to
determine apoptosis and malonic dialdehyde con-
centration; samples of liver tissues were taken to
determine glutathione contents. Masses of internal
organs (liver, kidneys, spleen, lungs, heart, thymus,
adrenals, gonads, and brains) were determined with
an electronic balance with inaccuracy being equal
to £0.01 g.

We determined biochemical parameters of
blood serum with "Konelab 20i" biochemical ana-
lyzer (Finland). Malonic dialdehyde contents in the
brain were detected via an optical technique with
2-thiobarbituric acid and chromogen level measur-
ing with maximum absorption in red visible spec-
trum with wavelength being equal to 532 nm [13].
We determined reduced glutathione contents in
rats' livers with spectrophotometry as per [14].

Hematologic parameters were determined
in whole blood according to conventional tech-
nigues with a "Coulter AC TTM 5 diff OV" hema-
tologic analyzer ("Beckman Coulter”, the USA)
with a regents kit ("Beckman Coulter", France).
We examined brain cells apoptosis with "FC 500"
flow cytofluorimeter ("Beckman Coulter Interna-
tional S.A.", Austria) with a painting procedure
applied for brain neurons; they were painted in a
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suspension with the following fluorescent reagents:
FITC-annexin V and 7-aminoactinomycin (7-
AAD) [15].

We processed the results statistically via
determining sample average, standards error, a
possibility of a zero hypothesis on a coincidence of
compared samplings distributions as per Student
test, Mann-Whitney test, and ANOVA. Discrepan-
cies were considered to be authentic at significance
level p<0.05.

Results and discussion. YTX introduc-
tion in all the above-mentioned doses didn't result
in any signs of diseases in all the test groups. We
didn't detect any authentic changes in body masses
of animals or in masses of their gonads, adrenals,
or brains. However, we detected an authentic de-
crease (p<0.05) in masses of spleen, lungs, and
thymus (in % of a body weight) during the whole
experiment. Masses of heart, kidneys, and liver
also tended to go down (Figure 1).

Determination of hematologic parameters
168 hours after YTX had been introduced revealed
a decrease in lymphocytes contents (p<0.05) and a
trend for an increase in neutrophils quantity in
blood serum of the experimental animals. We re-
vealed that when the toxin was introduced in all
the experimental doses, it caused an increase in
leucocytes contents during the whole experiment;
it was proved by discrepancies in the values ob-
tained in most experimental groups against the ref-
erence one (p<0.05) (Table 1).

Despite all changes in blood composition
parameters didn't have any apparent dose-
depending nature, the obtained data are an evi-
dence that YTX can possibly exert negative im-
pacts when it is introduced intraperitoneally in
doses that, according to available data, are not sup-
posed to be toxic for experimental animals.

Urea contents in blood serum went down
non-monotonously after introduction of all the ex-
perimental doses in comparison with the reference
groups during the whole experiment. We detected
an increased creatinine content 6 hours after the
toxin introduction; the parameter decreased 168
hours after the introduction. We revealed a trend
for a decrease in crude protein contents in all the
test groups and a decrease in alanine aminotrans-
ferase (ALAT) in blood plasma 6 and 24 hours
after the toxin introduction. The obtained data in-
dicate that YTX influences protein metabolism and
that catabolic processes induced by the toxin pre-
vail in bodies of warm-blooded animals (Table 2).
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Table 1
Hematologic parameters (erythrocytes and leukocytes), M+m of rats 6, 24 and 168 hours
after YTX introduction (6 animals in each group)

Group| YTX | Period after | Average content| Average Hb |Leucocytes| Nuetro- | Lympho- |Monocytes

S dose, the toxin |of Hb in erythro-| concentration in ’ phils, % | cytes, % , %
pa/kg introduc- cyte, pg erythrocyte, g/l
(mM/kg) tion, h 10° |

1 reference 20,2+0,4 326,5+1,3 89+10 | 241+23 | 618+28 | 126+16
2 2 6 204 +£1.3 326,3+1,8 14,0+ 3,2 258+3 63,730 | 9,208
3 8 21,005 3220+34 100+26 | 199+28 | 658+34 | 119+0,6
4 12 195+0,4* 3216+28 107+15*| 252+18 | 626+25 |109+0,8*
5 reference 19,7+0,3 3253+24 112+15 | 235+30 | 608+26 | 126+1.3
6 2 24 20,7+0,3 324,2+3,6 139+36*| 268+4,6 | 604+6,1 | 11717
7 8 20,8 £0,7 3238+3,1 133+2,7*| 263+4,6 | 616+45 | 11,6 +0,7
8 12 20,3+0,3 326,0+3,7 105+1,1 | 239+30 | 626+3,2 | 120+£1,3
9 reference 195+0,2 330,5+3,6 84+08 | 272+23 |576+2,3**| 130+19
10 2 168 19,7+0,3 331,8+2,0 103+1,3*|356+£26*|50,7+24** 119+172
11 8 20,1+£0,3 328,8 2,7 13,7+19*%| 293+4,7 |592+4,9**| 100+14
12 12 194+0,3 329,822 64+08 | 294+21 |548+10**| 138+19

Note: * means authentic discrepancies from the reference group for this time period, p<0.05, Student T-
test and/or Mann-Whitney test

** means a discrepancy between groups (6 and 168 hours after YTX introduction) is authentic for this
criterion, p<0.05, Student T-test and/or Mann-Whitney test

Table 2
Biochemical parameters of rats' blood plasma, M+m, 6, 24 and 168 hours
after YTX introduction (6 animals in each group)

Groups| YTX |Period after (Cholesterol,[Triglycerides,| ALT, AST, | Crude [(Creatinine,| Urea, Uric
dose, | thetoxin mmol/I mmol/I uints/ml | units/ml | protein, | umol/l | mmol/l | acid,
pg/kg |introduction, g/l pmol/I

(mM/kg) h
1 freference 1202020 | 101021 | 1520% | 1L 65042031 3615085 [993x087 Z30*
2 . 14642+ | 11364+ . 628+ | 22270+
2 . 2,29+0,07 1,08+0,10 1496+ 4135 [PB5B0994401£128% 2137
8 N 15335+ | 152,75+ | 56,87+ .| 566+ | 24348+
3 2,22+0,08 0,87+0,10 1500+ 59.19 1ape |B20%355% o 2497
12
4 196+025% | 074z0ire | M0%0% | 100%0% logsrsganoso7se 20T | DA
101,29+ | 182,80+ 1010+ | 19511+
5 |reference 1414016 | 1,01+025 904 3641 (0225378 3766+095| o 2761
2 " . | 13797+ | 30023+ | 5753z 582+ | 10847+
6 9 2,08+0,15* | 0,76+0,08 1601 3072 100e | 36360601 oo 1151
8 R 10411+ | 240,16+ | 5497+ 773+ | 17184+
7 1,99+0,11 0,89+0,08 705 36.03 154 | 37760261 (o 286
12 . 14654+ | 20370+ X 779 | 19154+
8 2,00£0,17 0,81£0,07 19,2+ o7 [PBOLELIGA065 144 ol 36,40
10656+ | 280,39+ 183,68+
9 |reference 194+019 | 079+013 1233 1610 [6372%3924235+1721966+051) g
2 20667+ | 5538+ L 769+ | 17408+
10 - 183£009 | 071+005 (0149858 )00 oo [HAA0ELI9 oo 2771
8 R 11687+ | 187,33+ L 726+ | 167,79+
1 2,30+0,14 0,82+004 1446 806 [PODEI04B/BIE205 oo 5390
12 110,77+ | 8657+ 19833+
12 1214004 | 1244004 821 2944 [PO76+L793676+071%981£062) “o e

Note : * means authentic discrepancies from the reference group for this time period, p<0.05, Student T-
test and/or Mann-Whitney test
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Triglycerides contents tended to decrease
and there was an authentic increase in cholesterol
content in blood serum 6 and 24 hours after YTX
introduction (Table 2). This dynamics is an
evidence that YTX exerts its influence on lipid
metabolism and that there is a possible induction of
an inflammatory process caused by the toxin
impacts; all the above-mentioned goes well in line
with the available data on YTX action mechanism
[5, 6].

We were the first to detect an authentic
(p<0.05) dose-dependent increase in malonic dial-
dehyde (MDA) content in brain tissues 168 hours
after YTX introduction (Figure 2) and a trend for
an increase in reduced glutathione content in liver
tissues (Figure 3). Besides, we revealed an authen-
tic (p<0.1) dose-dependent increase in the quantity
of brain neurons with early apoptosis (2.3% of
cells when a dose equal to 2 mM/kg was intro-
duced; 3.02 % of cells when a dose equal to 12
mM/kg was introduced; 1,78% of overall cells
number in reference groups) and a decrease in late
apoptosis activity (from 0.367% under a dose equal
to 2 mM/kg to 0.180 % under a dose equal to 12
mM/kg; 0.45% of the overall cells number in ref-
erence groups) that was observed during the whole
experiment (Figure 4).

The obtained data supplement those al-
ready available in literature; all the data prove that
YTX induces catabolic processes. These processes
become apparent via activation of free radical oxi-
dation and brain cells apoptosis [3,6,10]. We were
the first to show that YTX doses equal to 2 uM/kg,
8 uM/kg, and 12 puM/kg could produce toxic ef-
fects on a warm-blooded organism.

34,27

35 S o 130
30 2“37” 26553 2840 penogy 26448735
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Figure 2. MDA contents in brain tissues X

axis shows YTX doses; Y axis shows MDA

concentration in the brain, nmol/g of tissue.
There were 6 animals in each group
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Figure 4. Parameters of apoptosis in brain tissues
(in % of overall number of neurons in a visual
field) after YTX introduction. The obtained values
of cells quantities for "early" and "late™ apoptosis
are authentic and dose-dependent changes in them
go in opposite directions (p<0.1)

All the tested doses were lower than the
fixed acute reference dose for YTX (ARfD = 25
um/kg of a body weight). A dose equal to 2 uM/kg
corresponds to the permissible toxin contents in
shellfish, or 2.37 mg/kg. The obtained data, as well
as data published in scientific works on possible
toxic effects produced by YTX in doses lower than
ARITD, prove that an increase in maximum permis-
sible concentration of yessotoxins in shellfish from
1 mg/kg to 3.75 mg/kg was not well grounded.

Conclusion. Our research revealed that
yessotoxin produced toxic effects when introduced
intraperitoneally during the whole experiment and
in all the tested doses, 2 uM/kg, 8 uM/kg, and 12
uM/kg. All the tested doses were lower than the
fixed acute reference dose for YTX (ARfD), equal
to 25 uM/kg of body weight. The toxic effects be-
came apparent via:

- an authentic decrease in masses of spleen,
lungs, and thymus (in % of a body weight) during

117



0.V. Bagryantseva, 1.V. Gmoshinskii, A.D. Evstratova, E.N. Trushina, O.K. Mustafina, Kh.S. Soto...

the whole experiment and trends for a decrease in
masses of heart, kidneys, and liver;

- in more intense protein catabolism (a de-
crease in protein contends, higher creatinine, uric
acid, and ALT concentration in blood plasma), and
lipid catabolism (a trend for a decrease in triglycer-
ides contents and an authentic increase in choles-
terol contents in blood plasma) in all the experi-
mental groups;

- in more intense free radical oxidation in
the brain that became apparent via a dose-
dependent growth in malonic dialdehyde contents
168 hours after the toxin introduction;

- in more intense processes of early apop-
tosis and a decrease in late apoptosis in brain tis-
sues.

The obtained data indicate it is necessary
to perform additional assessments of a risk related
to an increase in maximum permissible concentra-
tion of yessotoxins in shellfish from 1 mg/kg to
3.75 mg/kg.
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INFLUENCE EXERTED BY HELICOBACTER PYLORI ON CONCENTRATIONS
OF ANTI-INFLAMMATORY T-CELL CYTOKINES AND SUNPOPULATIONS
THAT PRODUCE THEM

M.1. Tsyganova', M.V. Talaeva®, V.Yu. Talaev', N.V. Neumoina', K.M. Perfilova',
E.V. Mokhonova ! V.A. Lapin'? D.A. Melent'ev*?

Nizhniy Novgorod Research Institute of Epidemiology and Microbiology named after Academician I.N. Blokhina,
71 Malaya Yamskaya Str., Nizhniy Novgorod, 603950, Russian Federation

“Nizhniy Novgorod National Research State University named after N.I. Lobachevskiy, 23 Gagarina avenue,
Nizhniy Novgorod, 603022, Russian Federation

Helicobacter pylori is a widely spread pathogenic microorganism. It penetrates the mucous tunic of the
stomach and the duodenum and causes diseases in the gastrointestinal tract, including oncologic ones. This
agent is able to be chronically persistent in a body and frequently there are no apparent symptoms of it; there-
fore, it is difficult to detect this pathogen in due time. Risk analysis related to occurrence and development of
various pathologies associated with Helicobacter pylori, revealed that their clinical course was to a great extent
determined by an immune response that emerged after infection. There are data that Helicobacter pylori is able
to influence protective immune reactions making their balance to move to an increase in immune-suppressive
components, for example, increased concentrations of T-regulatory cells and cytokines produced by them. How-
ever, some data can be found on Helicobacter pylori ability to induce anti-inflammatory responses which include
those associated with T-helpers of the 1st and 17th types. Our research goal was to reveal peculiarities of effects
produced by this pathogen on y-interferon as one of basic products by 1st type T-helpers and on contents of the
17th type T-helpers determined as cells belonging to CD4"CD161" and CD4*IL17" phenotypes under direct
contacts between bacteria and lymphocytes. Our research objects were clinical isolates of Helicobacter pylori
and blood samples taken from people without helicobacter infection in their case history. We extracted lympho-
cytes with immunomagnetic separation out of mononuclear blood cells obtained via functioning in density gradi-
ent. Their concentrations were assessed with cytofluorometry; cytokines products, with enzyme-linked immuno-
sorbent assay. We showed that CD4"CD161" and CD4*1L17" cells content didn't change when they were culti-
vated together for 18 hours under influence exerted by Helicobacter pylori, while products of p-interferon
increased considerably. It can probably be related to activation of the 1st type T-helpers under effects produced
by direct contact with bacteria. However, we didn't detect any activation of the 17th type T-helpers. Therefore,
we can assume that effects produced by Helicobacter pylori on T-helpers under direct contact cause a response
in a form of the 1st type T-helpers activation.

Key words: Helicobacter pylori, lymphocytes, T-helpers, differentiation, co-stimulation, aumumena, flow
cytofluorometry, cell cultures.
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Influence exerted by Helicobacter Pylori on concentrations of anti-inflammatory t-cell cytokines ...

Contemporary healthcare faces variable
vital tasks, and one of them is to analyze risk
factors that cause occurrence and development
of diseases in the gastrointestinal tract. All the
age groups are susceptible to risks of damage to
the digestive organs, including employable
population, elderly people, children, and teenag-
ers. High costs related to necessary treatment
and rehabilitation of patients which can be rather
expensive make prevention and anti- recurrent
treatment of such pathologies not only medical,
but also a social problem.

Helicobacter pylori (H. pylori) is a wide-
ly spread pathogenic microorganism associated
with gastrointestinal tract diseases. H. pylori is
well proven to selectively colonize the mucous
tunic of the stomach and duodenum and is con-
sidered to be an etiological agent that causes
acute and chronic gastritis, ulcer, and other dis-
eases in the gastrointestinal tract [1, 2]. H. pylori
has a distinctive peculiarity which is its ability to
persist in a body for a long time, and this persis-
tence quite often has no symptoms thus making
the detection and eradication of the pathogen
rather complicated. Such an effect is produced
via impacts exerted by the pathogen on the im-
mune system of its host that result in activation
of its immune-suppressing component [3, 4].
This hypothesis is confirmed by data found in
literature that in some cases helicobacter infec-
tion makes for less apparent clinical course of
autoimmune and allergic diseases [5, 6].

Besides, H. pylori was proven to pro-
mote an authentic increase in contents of FoxP3-
positive T-regulatory cells (T-reg) and cytokines
produced by them; such results were obtained
during laboratory tests on model animals [7, 8].
There is also a discussion in the literature on H.
pylori ability to influence immune cells directly
in the stomach thus stimulating changes both in
their activity and in levels of cytokines produced
by them [9-11]. H. pylori ability to stimulate T-
reg generation under a direct contact between
bacteria and human responder lymphocytes in
vitro was described in our previous paper [12].
But at the same time, when attempts were made
to reproduce the effect both in vivo and in vitro,
there was an increase in anti-inflammatory cyto-
kines such as gamma-interferon INF-y (INF-y)
and interleukin-17A (IL-17A), and also, apart
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from T-reg, there was an induction of the 1st and
17th type T-helpers (Thl u Th17) [13-15].

INF-y and IL-17A play quite a variable
role in development of gastroenterological pa-
thologies. They participate in eliminating infec-
tious agents by neutrophils and macrophages. It
is a violent response by the immune system, that
is considered to be the most probable cause for
development of acute pathologies in the gastro-
intestinal tract in case of infections with H. py-
lori [16, 17]. However, apart from it, at present
IL-17 and Th17 that produce them are viewed as
the most probable basic mediators of H. pylori-
associated autoimmune gastritis [18]. Data on
participation of Thl and cytokines produced by
them in autoimmune gastritis development are
rarely found but the role they play in develop-
ment of other autoimmune pathologies has been
studied and outlined quite profoundly [19, 20].
So, induction of INF-y and IL-17A and subpop-
ulations that produce them detected under inter-
action with H. pylori can lead to occurrence of
both inflammatory pathologies in the stomach
and duodenum and a wide range of extra-
gastroduodenal diseases that is confirmed by da-
ta taken from literature [21].

Given all the above said, there is a vital
scientific and practical task to assess anti-
inflammatory effects by H. pylori and mecha-
nisms that determine proneness of the agent to
both regulatory and anti-inflammatory action.
Besides, a preliminarily revealed ability of H.
pylori directly, without any participating anti-
gen-presenting cells (APC), influence at least
some human T-cells subpopulations is also of
great interest.

Our research goal was to assess H. py-
lori ability to stimulate occurrence of INF-y, IL-
17A and Th17 under direct contact between bac-
teria and T-cells, without APC participation.

Data and methods. Our research objects
were samples of whole peripheral blood taken
from people without H. pylori-infection in their
case history, its absence confirmed by data ob-
tained via objective research techniques, (n=8),
and H. pylori isolates taken during diagnostic
EGD from people suffering from chronic gastri-
tis (n=6). Blood was only once taken in volume
equal to 8-9 ml into vacuum tubes with sodium
heparin  (Vacuette, Germany). Samples were
treated not later than 2 hours after they had been
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taken. Mononuclear cells of peripheral blood
(MCPB) were extracted out of blood samples via
centrifuging ( for 45 minutes at 1,500 turns per
minute) at "Diakoll-1077" density gradient ("Di-
aM" Russia). After it, we extracted only CD4"
cells out of obtained MCPB via immune-
magnetic separation with Human naive CD4+ T-
cell enrichment Kit (Stemcell technologies, the
USA). H. pylori was extracted out of biopsy ma-
terials taken during diagnostic EGD out of the
antral section and body of the stomach; biopsy
materials were taken from people with positive
CLO-test. The materials were ground mechani-
cally and then sowed on Columbian agar (Bec-
ton Dickinson, the USA) with added 10-% defib-
rinated donor blood as well as with antibiotics
for suppressing growth of extraneous microflora
and fungi (10 pg/l of Vancomycin, 5 mg/l of
Trimethoprim, and 2 mg/l of Nystatin. all pro-
duced by Teva, lIsrael). Cultivating was per-
formed for 7 days under microaerophilic condi-
tions, the temperature being 37 °C. H. pylori was
identified on the basis of cultural and morpho-
logical features.

To assess influence exerted by H. pylori
on lymphocytes differentiation, we performed
joint cultivation of lymphocytes with various
concentrations of bacteria (we applied the fol-
lowing ratios of lymphocytes to H. pylori one by
one: 1:10, 1:20, 1:50) for 18 hours under the fol-
lowing conditions 5% CO2, 37 °C, RPMI-1640
medium (Gibco, the USA) with added 10%-fetal
bovine serum and 0.3 g/l of L-glutamine
("Paneko", Russia). A part of lymphocytes was
cultivated with bacteria when additional stimula-
tors were present; these stimulators were mono-
clonal antibodies to CD3 molecule (1 pg/ml,
eBioscience, the USA) that imitated influence on
T-cell receptor, or a mixture of antibodies to
CD3 and CD28 (1 pg/ml, eBioscience, the USA,
and 3 pg/ml, Beckman Coulter, France), that
imitated influence exerted by APC on T-cells.
We had the following cultures in our experi-
ment: lymphocytes with added H. pylori, but
without any stimulating antibodies; lymphocytes
with added antibodies to CD3 and without bacte-
ria; lymphocytes with added antibodies to CD3
and with H. pylori; lymphocytes with added an-
tibodies to CD3 and CD28, and without H. pylo-
ri; and lymphocytes with added antibodies to
CD3 and CD28 and with H. pylori. The last cul-
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ture was included into the experiment in order to
assess influence exerted by direct presence of the
agent on the nature of stimulation. Experiments
for all the ratios of lymphocytes and bacteria
were performed separately. Lymphocytes with-
out H. pylori and stimulating antibodies were
negative controls for all the cultures.

After 18 hours 18 we applied cytofluo-
rometry to estimate Thl7 as cells of
CD4'CD161" u CD4'IL-17A" phenotype in all
the cultures. To paint the above mentioned
markers, we applied antibodies to CD4 tagged
with FITC; antibodies to CD161 tagged with PE;
antibodies to IL-17A tagged with PE; all pro-
duced by eBioscience, the USA. We performed
permeabilization of membranes necessary to tag
IL-17A with Fix/Perm Concentrate reagents Kit
and Perm Buffer reagents kit (eBioscience, the
USA) according to manufacturer's instructions.
Analysis was conducted with FacsCalibur cyto-
fluorimeter (Beckton Dickinson, the USA). Thl
activity was determined by measuring INF-y
concentrations in supernatants of the cultures
with ELISA technique (Vector-Best, Russia). we
applied Newman-Keuls test to statistically pro-
cess the obtained data.

Results and discussion. An increase in
INF-y level is a significant part in immune re-
sponse realization. This cytokine is a macro-
phages activator and it is involved into a direct
response to infection attacks; besides, it enhanc-
es effects produced by o and B interferon, pro-
motes an immune response as per Thl type, and
is able to stimulate activities of antigen-
representing cells [22].

As we can see from Figure 1, when H. pylo-
ri was added to a suspension of extracted lym-
phocytes, both without additional stimulators
and together with antibodies to CD3 or
CD3/CD28, it led to statistically authentic in-
crease in INF-y production.

This production in the control culture
was equal to only 10+4.08 pg/ml; when bacteria
were added in a ratio 1:10, it went up to
835+351.4 pg/ml; in a ratio 1:20, 745+164.1
pg/ml; in a ratio 1:50, 135£121.8 pg/ml. INF-y
production in cultures which were additionally
stimulated with antibodies had no statistical dis-
crepancies from a variant with only bacterial
stimulations; thus, INF-y concentration in a cul-
ture consisting of T-lymphocytes with H. pylori
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Figure 1. Influence exerted by H. pylori on INF-y production. Variants of stimulation are given be-
low the graph. Control is a culture with lymphocytes only, without added bacteria or antibodies, *
means there are authentic discrepancies from the control (p<0.05).

and added antibodies to CD3 amounted to
610+081.3 pg/ml at a ratio being 1:10;
637.5+£189.7 pg/ml at a ratio being 1:20; and
192.54£21.3 pg/ml at a ration being 1:50. INF-y
concentration in samples with T-lymphocytes
with added H. pylori and additional stimulation
with an admixture of antibodies to CD3 and
CD28 amounted to 897.5+300.1 pg/ml at a ra-
tion being 1:20; 987.5+249.1 pg/ml at a ratio
being 1:20; 502.5+180.01 pg/ml at a ratio being
1:50. All the obtained results coincide with data
taken from literature on clinical course of H. py-
lori-associated gastritis accompanied with Thl
accumulation and increased INF-y in the stom-
ach mucous tunic [13].

Figures 2 and 3 show data on influence
exerted by H. pylori on differentiation of lym-
phocytes towards Thl7 and them acquiring
CD4*CD161" phenotype and without any den-
dritic cells in the cultures.

As we can see, joint cultivation of H. pylori
and T-cells for 18 hours didn't lead to an in-
crease in CD4"CD161" cells number. Their aver-
age number in cultures without bacterial stimula-
tion amounted to 20.065+0.72% from all the
CD4" cells; when H. pylori was added to re-
sponder lymphocytes in a ratio 10:1, it amounted
to 22.15+£1.49 %. And concentrations of such
cells in cultures with ratios 1:20 and 1:50 also
had practically no differences from control con-
centrations of non-stimulated lymphocytes (the
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number amounted to 24.2+3.41% for a ratio
1:20, and to 23.15+2.73% for a ratio 1:50).

To test significance of co-stimulation,
we performed additional experiments adding
stimulating antibodies to CD3 and CD3+CD28
molecules; these antibodies sent a signal to T-
cells which was similar to that sent by antigen-
presenting cells in the process of stimulation.
CD4'CD161" cells concentration amounted to
23.745£7.3% in a culture of T-lymphocytes
without H. pylori but with added antibodies to
CDa3. But at the same time, when both H. pylori
and antibodies to CD3 were added
to a culture, CD4°CD161" cells concentration
amounted to 23.83+3.30% for a ratio 1:10;
25.4+2.42% for a ratio 1:20; and 25.4+1.75% for
a ratio 1:50.

CD161 molecule under its co-expression
with CD4 molecule is widely used in world sci-
entific practice as a Th1l7 population marker.
However, occurrence of membrane phenotypic
markers doesn't guarantee that responder cells
are functionally able to produce IL-17A or, in
other words, to fulfill basic Th17 function. Also,
some authors state, that it is more reliable to as-
sess Thl7 concentration as per occurrence of
intracellular IL-17A or its products than to apply
CD161 in the process. Given all the above stat-
ed, we assessed concentrations of intracellular
IL-17A in cultures of lymphocytes that respond-
ed to H. pylori. To do that, we performed per-
meabilization of responder cells membranes and
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Figure 2. CD4"CD161" cells concentrations in T-lymphocytes cultures under joint cultiva-
tion with H. pylori without additional stimulation, in % of the overall CD4+ cells number (data ob-
tained via a representative experiment): A is a control suspension of lymphocytes without H. pylori;
B is joint cultivation with H. pylori in a ratio 1:10, C and D is joint cultivation with H. pylori in rati-

0s 1:20 and 1:50 respectively. A per cent content of cells is given in the angles of the quadrants.
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Figure 3. Influence exerted by H. pylori on CD4"CD161" cells concentration. variants of
stimulation are given below the graph. Control is a culture with lymphocytes only,
without added bacteria or antibodies
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Table

IL-17A"CDA4" cells concentrations under joint cultivation with H. pylori and/or additional
stimulation with antibodies to CD3 and CD28

IL-17A" cells | Lymphocytes | Lymphocytes V';?;hmoﬁoﬁy?;_ Lymphocytes + Lymphocytes +| Lymphocytes +
concentration | without H. py- | without H. py- . ' S H. pylori H. pylori (1:10),
(% fromall | lori (control) | lori,cD3 | '° SD3and \Fpylort (140)) - 1:10) cp3 | cp3and D28
CD4" cells)
0,27 £0,08 0,21 £0,02 0,23 +0,033 0,43+0,07 0,26 £ 0,03 0,14 +£0,04

painted them with monoclonal antibodies to IL-
17A. We detected that most cells don't stimulate
greater IL-17A expression under cultivation
conditions applied in our experiments (Table).

Thus, IL-17A" cells concentration didn't
exceed 0.5% of all the CD4" cells in any of the
applied variants of stimulation and ratios of re-
sponder cells and bacteria; such concentration
doesn't have any discrepancies from standard IL-
17" cells concentration in human blood [23-25].

Conclusions.

Direct joint cultivation of extracted T-
lymphocytes with H. pylori promotes a drastic
increase in INF-y production, and it, under these
experimental conditions, can most probably
mean that Thl activation occurs. However, Th17
concentrations in % (determined both as
CD4'CD161%, and as CD4'IL17A") changed
only slightly under such conditions. We can as-
sume that a response from T-helpers to a direct
contact with H. pylori,

given its anti-inflammatory effects, develops as
per Thl type, without Th17 being significantly
involved in the process. A mechanism that de-
termines H. pylori ability to stimulate activity of
both Thl and T-reg (which was shown by us ear-
lier) requires further investigation. Overall, the
authors think that mechanisms and acting agents
that help a pathogen to exert direct influence on
a prevailing type of an immune response are of
great fundamental and practical interest; they
potentially can be applied in development of
medications that guide an immune response to a
right direction. They are also important for as-
sessing risks of hyper-stimulated immune re-
sponse development in patients infected with H.

pylori.
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We questioned 1,064 school students from 5-11 grades and 720 parents of schoolchildren from 1-4
grades and assessed health of 2,512 children and teenagers via comparative examination performed in two
secondary schools with similar sanitary-epidemiologic situation in them but different preventive activities
accomplished and different medical care provided. The results we obtained via questioning and examination
revealed that school children's health is preserved and improved due to targeted development of preventive
activities and medical care, better nutrition in school, an increase in physical activities, and a growth in num-
ber of children who wish to pursue health-preserving behavior patterns. When a prevention and rehabilitation
unit was established in a school it allowed to improve medical care and achieve a substantial decrease in
morbidity among school children, first of all, with respiratory organs diseases which were a basic reason for
absence from classes. Most children (77.5 %) who were made healthier or recovered in school had suffered
from respiratory organs diseases.

Improvement of preventive activities aimed at creating health culture and attitudes towards healthy life
style had positive influence on children's motivation and formation of such behavior stereotypes that helped to
preserve their health. It was confirmed by questioning results as well as by lower levels of common and pri-
mary morbidity and better physical development. Share of practically healthy school students without any risk
factors (the 1st health group) increased from 5.61 % in 2009 to 8.54 % in 2017; share of school students who
were in the 2nd health group (had functional deviations or ran risks of chronic pathology development) de-
creased from 86.28 to 83.98 % (p < 0.05).

Key words: preventive activities, medical care, school, school children, health, questioning.

Educational organizations are a priority
part of schoolchildren environment and they can
frequently cause health risks for them. The primary
reasons here are them being not compliant with
sanitary and epidemiologic requirements and
standards in terms of their territory and buildings,
organization of educational process [1-3] and nu-

O Vasilyev V.V., Perekusikhin M.V., 2018

trition [4, 5], physical activities [6, 7], and medical
support [8-12]. Educational process is becoming
more intense and it causes risk-associated health
disorders among schoolchildren [13]. Social and
economic factors also exert negative influence on
children's health as they determine their lifestyle
and form health-preserving culture, healthy life-
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styles, and children's leisure activities [14].

The necessity to manage schoolchildren's
health risks led to development of recommenda-
tions on updating preventive activities and medical
support for children and teenagers within scientific
systems of knowledge [15, 16]. Issues of healthy
lifestyle formation and unified preventive space in
educational organizations have been revised [17,
18]. But still, there is not enough research that fo-
cuses on analyzing implementation practices relat-
ed to preventive and health-improving activities
and it predetermined the performance of the pre-
sent research.

Our research goal was to assess results of
long-term activities aimed at improvement of pre-
vention work and medical support in educational
organizations.

Data and methods. We performed our re-
search in Penza and chose two comprehensive sec-
ondary schools as our research objects; the school
No. 74 was a test one, and the school No. 68 was a
reference one. We examined sanitary-hygienic pa-
rameters of intra-school environment and analyzed
nutrition that schoolchildren received. We assessed
activities accomplished by a prevention and reha-
bilitation unit in the test school; examined educa-
tional process conditions and health of children
who attended 1-11 forms. our samplings included
1,136 and 1,376 school students correspondingly.

Both schools were located close to each
other (420 meters from one to another) in the same
city district (a dormitory area) with the same eco-
logical conditions; both schools were built accord-
ing to a typical building project. Nutrition units in
both school were modernized in 2008 within the
frameworks of a federal experimental project.
Comparative hygienic assessment of the schools
was performed taking into account all the specifi-
cations fixed in sanitary-epidemiologic require-
ments.

Prevention work aimed at improvement of
schoolchildren's health has been accomplished
since 2006 in the school No. 74, as opposed to the
school No. 68. We questioned parents of elemen-
tary school pupils and parents of schoolchildren
who attended 5-11 forms. We analyzed 366 ques-
tionnaires filled in by parents and 430 question-
naires filled in by school students who attended the
school No. 74 (70% of the total schoolchildren
number). We also analyzed 354 questionnaires
filled in by parents and 634 questionnaires filled in
by schoolchildren who attended the school No. 68
(71.8% of the total schoolchildren number). Actual
nutrition received by schoolchildren was analyzed
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via examining two-week autumn (2017) and spring
(2018) menus that included breakfast and lunch.

We assessed schoolchildren's health. The
results were statistically processed with conven-
tional techniques.

Results and discussion. Parameters of mi-
croclimate, electric and magnetic fields strength
inside classrooms were measured in 2018; the re-
sults revealed there were only insignificant differ-
ences between the schools and all the parameters
corresponded to standards in both of them.

Daylight factor in classrooms amounted to
6.99+0.82 in the school No. 74; 2.55+0.76, in the
school No. 68 (p < 0.05).

Noise level in the corridors, gymnasium,
canteen, and technology classes of the school No.
74 was within 51.4-80.5 decibels, and in IT class-
rooms, within 43.1-45.7 decibels; in the school
No. 68, within 58.9-82.1 and 47.8-48.2 decibels
correspondingly.

We didn't reveal any significant discrepan-
cies in adverse substances concentrations in class-
rooms between the compared schools. Microbe
contamination of the air also didn't differ signifi-
cantly as the total microbe quantity ranged from
174 to 1,100 per 1 m® (497.5 on average) in the
school No.74; from 300 to 1,200 per 1 m® (650 on
average) in the school No. 68. School furniture
didn't conform to height and age standards in
27.8% cases in the school No. 74; and in 53%, in
the school No. 68 (p We detected that nutrition
rations provided for elementary school pupils (1-4
forms) corresponded to this age group and deviated
from recommended ones only slightly. Actual food
value was 4.5% higher than the standard in the test
school. Proteins, fats, and carbohydrates contents
were 3.7, 5.6 and 2.7% higher, their ratio was
1:1.1:4.3. Actual food value of nutrition ration
provided in the reference school was 6.4% lower
than the standard, proteins, fats, and hydrocarbons
contents being 6.6, 3.8, and 4.1% lower corre-
spondingly; macronutrient ratio was 1:1.1:4.8.

Most children (73.8 and 81.2 %; p < 0.05)
received such nutrition in their families that could-
n't be called healthy. Ratio of basic food compo-
nents (proteins, fats, and carbohydrates) in daily
rations amounted to 1:1.3:5.5 and 1:1.4:5.9 in the
compared groups correspondingly. Unbalanced
daily rations as per ratios of basic food components
were accompanied with excessive fats and carbo-
hydrates consumption and overall prevalence of
fats and carbohydrates in rations.

Preventive work accomplished in the
school No. 74 had two basic lines, namely organi-

129



V.V. Vasilyev, M.V. Perekusikhin

zation of medical support for schoolchildren direct-
ly in school; targeted formation of knowledge and
skills related to pursuing a healthy lifestyle.

In 2006 in the school No. 74 conventional
medical support for schoolchildren was supple-
mented with an innovative prevention and rehabili-
tation unit (PRU). The PRU target was to imple-
ment preventive and health-improving activities
among schoolchildren, and to improve health of
everybody who needed it without any breaks in
their educational process. An expected outcome
would be a decrease in morbidity among children.
Schoolchildren can receive physiotherapy and oth-
er health-improving procedures in the PRU when
they are prescribed by a physician; there are no
breaks in the educational process. Schoolchildren
can also visit a pediatrician and a dentist in the
PRU. The unit functions all the year round, even
during school vacations when health-improving
camps are open for children.

The PRU is a structural unit of a medical
organization that provides medical personnel for it
and equips medical rooms with all the necessary
medical devices. The PRU includes a pediatrician
room, therapeutic physical training room, massage
room, physiotherapy room, and a dentist room. The
school was to provide rooms prepared for the PRU
organization. The PRU as per its functions is a unit
that provides medical support for schoolchildren.
Its activities are harmonized with European ap-
proaches to school healthcare [7].

The PRU functioning in the school No. 74
fully corresponds to the requirements stated in the
Order by the RF Public Healthcare Ministry issued
on November 5, 2013, No. 822 n "On approval of
order for providing medical support to under-aged
citizens, including the period of education in edu-
cational organizations"®. 10,119 schoolchildren
attending the school No. 74 improved their health
and received rehabilitation procedures over 2007 —
2017 (from 893 to 1,197 annually).

Children with musculoskeletal pathologies
(38.8%) and with respiratory organs diseases
(19.9%) prevailed among those who applied for
medical aid to the PRU, improved their health, and
received rehabilitation procedures. A number of
children who needed to improve their health due to
eye and its accessory apparatus diseases was Sig-

nificantly lower and amounted to 12.3%. A share
of children with nervous system diseases amounted
to 11.9%; with injuries, 9.1%; digestive organs
diseases, 4.1%; other diseases, 3.9%. Physiothera-
peutic procedures accounted for more than a half
of all the rehabilitation activities (54.3%). Thera-
peutic physical training accounted for 29.6%;
health-improving massage and massotherapy, for
16.1%.

Types and structure of rehabilitation activi-
ties are determined by a diagnosis. Physiotherapeu-
tic treatment is mostly applied to improve health of
children with respiratory organs diseases and inju-
ries (91.4%). Ear and mastoid diseases and diges-
tive organs diseases require only therapeutic pro-
cedures. Therapeutic physical training is applied in
almost half of cases when musculoskeletal system
diseases, as well as eye and its accessory apparatus
diseases are diagnosed. Massage is the most labor-
consuming medical procedure and it is applied
much more rarely. It is most frequently applied in
case of nervous system diseases.

Health-improving activities for children
performed by the PRU in the school No. 74 in
2007-2017 gave the following results in terms of
all the diseases. 27.6% out of 10,119 children
treated by the PRU recovered; 71.5% improved
their health; there were no changes in health of
0.9% children; there were no cases in which chil-
dren's health deteriorated. The most recovered
children were detected among children with respir-
atory organs diseases (77.5%) and ear and mastoid
diseases (62.4%).

An increase in number of children who
were included into the 1st health group to attend
physical training (without any limitation) and a
decrease in number of children with the 2nd and
the 3rd health groups (children who run risks of
chronic pathologies or who already suffer from
them or have physical development disorders) also
prove that the PRU activities are quite efficient.
Thus, a number of children with the 1st health
group in the school No. 74 increased from 86.1%
in 2009-2010 school year to 93.7% in 2017-2018
school year (p < 0.05); accordingly, there was a
decrease in number of children with the 2nd and
the 3rd health groups from 13.9 to 6.3% (p > 0.05).

A decrease in acute morbidity among chil-

1 On approval of order for providing medical support to under-aged citizens, including the period of education in educa-
tional organizations: The Order by the RF Public Healthcare Ministry dated November 5, 2013 No. 822n. Garant.RU: infor-
mation and legal portal. Available at: https://www.garant.ru/products/ipo/prime/doc/70471454/ (date of visit March 25, 2018).
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dren (measured as a number of absence cases per 1
child) is another proof that the PRU activities are
efficient. Absence due to acute morbidity de-
creased by 3.5% (p > 0.05). As for the reference
school, a number of children with the 1st health
group changed only slightly over the examined
period, from 89.3% in 2009-2010 to 90.2% in
2017-2018; absence increased by 1.9% (p > 0.05).

Issues of health lifestyle formation have
been solved in the school No. 74 through inter-
sectoral partnership since 2008; as for the refer-
ence school, only conventional ways have been
applied there.

Healthy lifestyle formation among children
attending 1-11 forms is implemented with educa-
tional technologies created with the help of Ropo-
trabnazor experts and HEE teaching staff, as well
as social, medical, and information technologies.
First of all, application of multi-subject technolo-
gies allows to achieve better awareness about risk
factors among children, patens, and school person-
nel; secondly, it provides motivation and creates
conditions for healthy lifestyle formation; thirdly,
it can help to develop and secure health-preserving
behavioral skills in children and teenagers.

In order to increase physical activity of
students, in 2008-2009 two gymnasiums, a swim-
ming pool and a training ground near the school
No. 74 were re-equipped.

We performed sociologic questioning
among parents whose children attended 1-4 forms;
the questioning revealed that almost all pupils ate
cooked meals at school, 96.9% in the school No.
74 and 96.7% in the school No. 68. 89.3% of chil-
dren attending the school No. 74 had a shack (fruit)
between breakfast, lunch, and dinner; only 71.2%
of those attending school No. 68 (p < 0.001) did it.
This difference is not caused by material well-
being of a family as 78.4% of parents whose chil-
dren attended the test school and 88.9% of parents
whose children attended the reference school (p <
0.05) considered their material well-being quite
satisfactory. A share of children who consumed
sweets and French fries between breakfast and
lunch was higher in the reference school than in
the test one, 70.5% against 58.7% correspondingly
(p < 0.01). Children who attend the school No. 74
much more rarely consume fast-food outside the
school than children from the school No. 68, 27%
against 42.6% correspondingly (p < 0.01). There-
fore, four out of ten children attending the school
No. 68 consume food that can hardly be called
healthy and their eating habits are not health-
preserving ones.
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The results of questioning performed
among students attending 5-11 forms prove that
children and teenagers from the test school are
much more motivated to pursue a healthy lifestyle
than their counterparts from the reference school
(Table). Thus, a share of children with correct eat-
ing habits is authentically higher in the school No.
74 than in the school No. 68. But at the same time,
only 32.2% of schoolchildren from the school No.
74 considered school meals to be good; 27.7%
gave the same estimation in the school No. 68 (p >
0.05). 44% and 38% correspondingly considered
school meals to be satisfactory (p > 0.05); 23,8%
and 34,3 % correspondingly thought them to be
unsatisfactory (p < 0.05). These rather low scores
given to school meals by schoolchildren can be
caused by incomplete provision of cooked meals
that are not enough for every schoolchild; such a
situation, in its turn, can exert negative influence
on schoolchildren’s health.

Table
Results of questioning performed among students
attending 5-11 forms in the compared schools

School | School
Students' answers No. 74,|No.68,| p
% %

Have breakfast at home 88,3 83,7 |0,040

Have second breakfast at

school 57,9 35,1 (0,000

Have cooked meal for

lunch 83,9 82,1 |0,457

Have dairy products eve-

ry day 72,1 61,5 |0,022

H t product

daave meat products every 80,0 716 |0.002

y

Have fruit every day 80,0 63,1 0,000

Eat fast-food 55,3 59,8 10,130

Go to school on foot 87,2 76,4 10,000

Do morning exercises 33,5 25,4 {0,005

Do sports 67,8 62,9 |0,117

Walk on foot a day: more

than 2 km 72,4 65,3 |0,015

Spend from 1 to 3 hours a

day working on a PC 4,2 64,5 10,026

Watch TV from 1 to 3

hours a day 86,9 87,1 | 1,00

Night sleep lasts 8 hours

or more 54,6 51,4 | 0,53
ISSN (Eng-online) 2542-2308 131
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More than a half of children do sports at
sport clubs, 63.9 and 64.9% correspondingly; but
only each fourth or fifth student does morning ex-
ercises, 21.8 and 24.3% correspondingly. And par-
ents tend to overestimate physical activities of their
children as 88.2 and 92.6% of them corresponding-
ly consider them to be sufficient. Parents of chil-
dren who attend the school No. 74 more frequently
give a good example to their children showing
them physical exercises and activity is useful for
health than their counterparts whose children at-
tend the school No. 68. But still, this obvious good
example isn't in line with a share of children who
do morning exercises.

Almost all schoolchildren attending both
schools have a walk outdoors every day. But at the
same time, it is rather alarming that children from
the reference school break a daily regime as 19.8%
of children sleep less than 8 hours at night. A share
of such children in the test school is authentically
lower. Uncontrolled TV watching and time spent at
a PC is a reason for shorter sleep on weekdays.
Thus, 8.1% and 5.9% of children from the school
No. 74 watch TV or work on a PC for more than 3
hours correspondingly; these figures amount to
10.8 and 7.2% of children from the school No. 68
correspondingly.

Schoolchildren from the test school are
more active physically than their counterparts from
the reference school where respondents obviously
tend to overestimate their daily physical activity.
Meanwhile, 93.7% of respondents from the school
No. 74 have the 1st health group (without any risk-
factors), and only 90.2% of children from the
school No. 68 have the same health group. Be-
sides, a share of children who go to school on foot
or walk more 2 km a day is significantly higher in
the test school.

Most children from the test school, and
considerably fewer children from the reference
school, believe their parents give them a good ex-
ample how to pursue a healthy lifestyle. 95.1% of
respondents from the school No. 74 think that a
school should take active part in building skills of
healthy behavior and healthy lifestyle in school-
children; only 80.4% of schoolchildren who at-
tended the school No. 68 gave the same answer (p
< 0.001). Unsurprisingly, 93.7% of respondents
from the test school think that creation of a healthy
lifestyle is being accomplished quite actively in
their school; only 67.3% of schoolchildren from
the school No. 68 are of the same opinion (p <
0.001).
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There was a question "How do you assess
medical support provided for children in the
school?"; parents gave the following answers to it:
"good" was given by 64.2 % in the school No. 74
and by 52.5 % in the school No. 68 (p < 0.01);
"satisfactory"”, by 28.7 and 39.4 % (p<0.01) corre-
spondingly; "unsatisfactory", by 7.1 and 8.1 % cor-
respondingly. Students attending 5-11 forms gave
other evaluation of medical support in their
schools: "good" was given by 56.1 and 45.6 % (p =
0.001); "satisfactory"”, by 32.7 and 33.9 %; "unsat-
isfactory”, by 11.2 and 20.5 % (p = 0.005) corre-
spondingly.

As for core values of life, family took the
first place in the lists of respondents from both
schools, 89.3% in the test school, and 85.9% in the
reference one; students from the test school gave
the second place to health (77.2%) while their
counterparts from the reference school to friends
(61.3%); the third place was given to friends
(66.2%) and health (59.7%) correspondingly; the
fourth place was given to education (62.4 and 49.8
%).

We analyzed the results of questioning per-
formed among parents whose children attended 1-4
forms and 5-8 forms and can state that updating of
prevention work aimed at creating health culture
and a healthy lifestyle in schoolstudents had posi-
tive effects on their motivation and building of be-
havioral stereotypes that helped to preserve and
improve their health. But still we should note that a
great number of children don't have enough sleep,
spend too much time at a PC, are not physically
active, and don't have cooked meals at school. Alt-
hough a share of such children is much lower in
the test school than in the reference one, all these
parameters of a lifestyle are in this case a field
where prevention activities should be performed in
future.

Morbidity among children was taken as a
performance criterion for activities aimed at
healthy lifestyle formation. In 2017 prevalence of
diseases among children in the school No. 74
amounted to 1,353.2 %o, that was lower than the
same parameter among children in the school No.
68, 1,524.6 %o (p < 0.001). This discrepancy be-
tween overall morbidity levels was mostly due to
different prevalence of respiratory organs diseases,
587.1 %o against 808.7 %o correspondingly (p <
0.001). We also detected a significant discrepancy
in primary morbidity levels among children from
the schools under comparison, 640.8 and 854.3 %o
(p < 0.001); this discrepancy was mostly due to
higher morbidity with respiratory organs diseases,
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555.2 against 760.1 %o (p < 0.001). Schoolchildren
who attend the school No. 74 suffer from respirato-
ry organs diseases 1.36 times less frequently. We
didn't detect any other significant discrepancies
between the two schools as per other nosologies (p
> 0.05).

Assessment of schoolchildren's physical
development performed in 1-4 forms revealed that
a share of children with average height and body
weight parameters (4-5 centile ranges) was practi-
cally the same, 34.9% in the test school, and 32.2%
in the reference one. A share of children with phys-
ical development parameters being higher than av-
erage values (6-8 centile ranges) amounted to
41.4% and 40.3% correspondingly; lower than av-
erage values (1-3 centile ranges), 23.7% and 27.5%
correspondingly. Distribution of children as per
body mass index revealed that there were more
children with optimal nutrition status in the school
No. 74 than in the school No. 68, 55.5% against
43.6% (p<0.05). Insufficient nutrition status was
detected in 13.4% of children from the test school
and in 15.0% of children from the reference one;
the excessive nutrition status was detected in
31.1% and 41.4% of children correspondingly.

Compression force of a hand was higher in
children from the test school than in children from
the reference one. The examined parameter of a
right hand amounted to 13.03 kg in the test school,
and to 10.17 kg, in the reference one (p<0.05).
Compression force of a left hand amounted to 7.83
and 11.2 kg correspondingly (p<0.05). We also
revealed that there was an authentic discrepancy in
vital capacity of lungs in children from the com-
pared schools, 1.43 | in the school No. 74 against
1.29 | in the school No. 68 (p<0.05).

Our assessment of adaptation capacities
revealed that they were higher in children from the
test school than in those from the reference one;
satisfactory adaptation was detected in 15.3% and
12.8% correspondingly; strain in adaptation mech-
anisms, in 46.7 and 41.7%; unsatisfactory adapta-
tion, in 19.4 and 24.7%; adaptation mechanisms
failure, in 18.6 and 20.8% of children correspond-
ingly.

A share of practically healthy children (the
1st health group) attending school No. 74 increased
from 5.61% in 2009 to 8.54% in 2017. A share of
children with the 2nd health group (children with
functional deviations who run risks of chronic pa-
thology development) decreased from 86.28% in
2009 to 83.98% in 2017 (p < 0.05). But at the same
time there were only slight changes in a share of
children who suffered from chronic pathologies at

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163

ISSN (Eng-online) 2542-2308

compensation stage and had the 3rd health group
and a share of children who had the 4th health
group and suffered from chronic diseases at sub-
compensation stage, from 7.28% to 6.25% and
from 0.83% to 1.23% correspondingly.

We detected quite different trends in the
school No. 68. Thus, a share of children with the
1st and 2nd health group practically didn't change,
7.41% and 8.03%; 81.84% and 81.75%. A share of
children with the 3rd health group increased from
7.06 to 8.82% (p < 0.05), and a share of children
with the 4th health group increased from 0.72% to
4%.

Conclusions. We performed comparative
examination of two schools with the same sanitary-
epidemiologic well-being but different preventive
activities implemented and medical support pro-
vided in them; the examination included sociologic
guestioning and assessment of health of children
who attended these two schools. The examination
results revealed that targeted modernization of pre-
ventive activities and medical support, improve-
ment of school meals, greater physical activity, and
an increase in number of children with health-
preserving behavioral attitudes had positive effects
on formation of schoolchildren's health. Positive
changes have occurred in that school where pre-
ventive activities have been implemented for many
years; first of all, they were changes in motivation
and children's drive for health-preserving behavior.

Modernization of medical support via or-
ganization of a prevention and rehabilitation unit
(PRU) in the school allowed to achieve a signifi-
cant decrease in morbidity among schoolchildren,
first of all, with respiratory organs diseases that
were a basic reason for absence from classes. The
greatest share of children who recovered after vis-
iting the PRU had previously suffered from respir-
atory organs diseases (77.5 %).

Our questioning revealed the most signifi-
cant risk factors that required development and
implementation of preventive activities; the factors
included nutrition behavior defects, incomplete
provision of all the children with cooked meals,
disorders in daily regime, and more than 3 hours
spent at a PC. These and some other problems are
more apparent in the reference school and require
immediate attention.

Results of the research that generalized
long-term experience in creating a unified preven-
tion environment in a secondary school substanti-
ated creating and implementing scientifically
grounded recommendations in the region.

133



V.V. Vasilyev, M.V. Perekusikhin

Funding. The research was given any Conflict of interest. The authors state
sponsor support. there is no conflict of interest.

References

1. Mylnikova L.V. Gigienicheskaya otsenka vnutrishkol'noi sredy gorodskikh i sel'skikh obra-
zovatel'nykh uchrezhdenii [Hygienic assessment of intraschool environment in rural and urban secondary
school institute ons]. Gigiena i sanitariya, 2016, vol. 95, no. 12, pp. 1193-1197 (in Russian).

2. Haverinen-Shaughnessy U., Shaughnessy R. J., Cole E. C., Toyinbo O., Moschandreas D.J. An
assessment of indoor environmental quality in schools and its association with health and performance.
Building and Environment, 2015, vol. 93
(part 1), pp. 35-40. DOI: 10.1016/j.buildenv.2015.03.006

3. Valina S.L., Ustinova O.Yu., Maklakova O.A., Ivashova Yu.A. Sravnitel'naya otsenka funktsion-
al'nogo sostoyaniya serdechno-sosudistoi i vegetativnoi nervnoi sistemy u detei doshkol'nykh obra-
zovatel'nykh organizatsii obshcherazvivayushchei napravlennosti s razlichnoi napolnya-emost'yu grupp
[Comparative evaluation of the functional state of the cardiovascular and the vegetative nervous system
in children of general preschool educational establishments with various representation of groups]. Fun-
damental'nye issledovaniya, 2015, no. 1-7, pp. 1334-1338 (in Russian).

3. Hrebtova A.Yu., Goreva E.A., Petrenko A.V. Stereotipy pitaniya detei v shkol'nykh kollek-
tivakh [Stereotypes of the children nutrition at school associations]. Uchenye zapiski universiteta
im. P.F. Lesgafta, 2015, no. 4, pp. 190-196 (in Russian).

4. Esaulenko I.E., Nastausheva T.L., Zhdanova O.A., Minakova O.V., Logvinova I.I., Ippolitova
L.I. Regulyarnoe pitanie v shkole kak faktor fizicheskogo razvitiya detei i podrostkov: rezul'taty
kogortnogo issledovaniya [Regular meals at school as a factor of physical development of children and
adolescents: results of a cohort study]. Voprosy sovremennoi pediatrii, 2016, vol. 15, no. 4, pp. 364-370
(in Russian).

5. Gvozdareva O.V. Rezul'taty issledovaniya vliyaniya dvigatel'noi aktivnosti na zdorov'e shkol'ni-
kov Gorno-Altaiska [Results of investigation of influence of motor performance on the health of school-
children of Gorno-Altaisk]. Zdorov'e naseleniya i sreda obitaniya, 2017, vol. 288, no. 3, pp. 47-50 (in
Russian).

6. Van Kann D.H.H., De Vries S.1., Schipperijn J., De Vries N.K., Jansen J.M.W., Kremers S.P.,
Choolyard J. Characteristics, Physical Activity, and Sedentary Behavior: Combining GPS and Acceler-
ometry. Journal of School Health, 2016, vol. 86, no. 12, pp. 913-921.

7. Sokolova S.B., Kuchma V.R. Kontseptsiya otsenki kachestva meditsinskoi pomoshchi
obuchayushchimsya v obrazovatel'nykh organizatsiyakh [Framework for quality of the health care in ed-
ucational organization]. Zdorov'e naseleniya i sreda obitaniya, 2016, vol. 281, no. 8, pp. 8-12 (in Rus-
sian).

8. Kuchma V. R., Makarova A. Yu., Rapoport I. K. Sostoyanie meditsinskogo obespecheniya detei
v obrazovatel'nykh organizatsiyakh [Status health care for children in educational institutions]. Voprosy
shkol'noi i universitetskoi meditsiny i zdorov'ya, 2017, no. 2, pp. 37-45 (in Russian).

9. Baranov A.A., Kuchma V.R., Anufrieva E.V., Sokolova S.V., Skoblina N.A., Virabova A.N.,
Makarova A.Yu., Trofimenko E.V., Kvilinskii P.N., Sapunova N.O. Otsenka kachestva okazaniya med-
itsinskoi pomoshchi obuchayushchimsya v obrazovatel'nykh organizatsiyakh [Quality Evaluation of
Healthcare Services in Schools]. Vestnik Rossiiskoi akademii meditsinskikh nauk, 2017, vol. 72, no. 3,
pp. 180-194 (in Russian). DOI: 10.15690/vramn830

10. Michael S.L, Merlo C.L., Basch C.E., Wentzel K.R, Wechler H. Health and Academics Critical
Connections: Health and Academics. Journal of School Health, 2015, vol. 85, no. 11, pp. 740-758. DOI:
10.1111/josh.12309

134 Health Risk Analysis. 2018. No. 3



Hygienic assessment of measures aimed at risks reduction and health preservation for children in secondary schools ...

11. Hunt P., Barrison L., Telljohann S.K, Mazyck D.A. Whole School Approach Collaborative De-
velopment of School Health Policies, Processes, and Practices. Journal of School Health, 2015, vol. 85, no.
11, pp. 802-809. DOI: 10.1111/josh.12305

12. Ustinova O.Yu., Valina S.L., Kobyakova O.A., Nikiforova N.V., Alekseeva A.V. Obosnovanie
optimal'noi napolnyaemosti grupp doshkol'nykh obrazovatel'nykh organizatsii obshcherazvivayushchei
napravlennosti [Rationale for the optimal group occupancy in preschool educational institutions of gen-
eral enrichment orientation]. Gigiena i sanitariya, 2016, vol. 95, no 1, pp. 57-63 (in Russian).

13. Elgar F.J., Pfortner T.-K., Moor 1., De Clercq B., Stevens G.W., Currie C. Socioeconomic ine-
gualities in adolescent health 2002-2010: A time-series analysis of 34 countries participating in the
Health Behaviour in School-Aged Children study. Lancet, 2015, vol. 385 (9982), pp. 2088-2095. DOI:
10.1016/S0140-6736 (14) 61460-4

14. Sukharev A.G., Stan V.V., Ignatova L.F. Rol' obrazovatel'noi organizatsii v formirovanii u
uchashchikhsya motivatsii k zdorov'yu i zdorovomu obrazu zhizni [The role of educational organiza-
tions in the development of students" motivation to health and healthy lifestyle]. Voprosy shkol'noi i
universitetskoi meditsiny i zdorov'ya, 2016, no. 2, pp. 32-35 (in Russian).

15. Kovtun O.P., Anufrieva E.V., Nozhkina N.V., Malyamova L.N. Shkol'naya meditsina: ana-
liz dostignutykh rezul'tatov i poisk novykh reshenii [School medicine: analysis of achieved results
and search for new solutions]. Vestnik ural'skoi meditsinskoi akademicheskoi nauki, 2018, vol. 15,
no. 1, pp. 136-145 (in Russian). DOI: 10.22138/2500-0918-2018-15-1-136-145

16. Kuchma V.R. Formirovanie zdorovogo obraza zhizni detei i edinogo profilakticheskogo pros-
transtva v obrazovatel'nykh organizatsiyakh: problemy i puti resheniya [Hygiene of children and teenag-
ers in the formation of health of the nation]. Gigiena i sanitariya, 2015, vol. 94, no. 6, pp. 20-25 (in Rus-
sian).

17. Stiefel L., Prescott M.P., Schwartz A.E. School Wellness Programs: Magnitude and Distribution
in New York City Public Schools. Journal of School Health, 2017, vol. 87, no. 1, pp. 3-11. DOI:
10.1111/josh.12463

18. Zahnd W.E, Smith T., Ryherd S.J., Cleer M., Rogers V., Steward D.E. Implementing a Nutrition
and Physical Activity Curriculum in Head Start Through an Academic-Community Partnership. Journal
of School Health, 2017, vol. 87, no. 6, pp. 465-473. DOI: 10.1111/josh.12515.

Vasilyev V.V., Perekusikhin M.V. Hygienic assessment of measures aimed at risks reduction and
health preservation for children in secondary schools. Health Risk Analysis, 2018, no. 3, pp. 128-135.
DOI: 10.21668/health.risk/2018.3.14.eng

Received: 28.06.2018
Accepted: 06.08.2018
Published: 30.09.2018

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163 ISSN (Eng-online) 2542-2308 135



SCIENTIFIC REVIEWS

UDC 550.47
DOI: 10.21668/health.risk/2018.3.15.eng

PROPORTIONS OF ARSENIC AND ANTIMONY IN BIOGEOCHEMICAL
PROVINCES AS HEALTH RISK FACTORS
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To perform efficient activities aimed at managing population health risks, it is necessary to examine regu-
larities related to distribution of chemical elements in the biosphere; especially in so called biogeochemical
provinces of natural or technogenic origin. We used semimetals of arsenic and antimony as an example to show
that similarity of their physical and chemical properties is accompanied with similar effects they produce on
living organisms. However, amphoteric character of arsenic and antimony determines wide range of possible
interactions between these elements and biological molecules in a body. As a result, combined influence exerted
by these substances on living organisms leads to both antagonistic relations and competition between them and
to synergy as well. Basing on reviewed literature data, we showed that animals selectively limited accumulation
of arsenic in their bodies and consumed less toxic antimony in greater quantities in case of biochemical anoma-
lies while plants were much less selective and accumulated toxic arsenic easily. Accordingly, any activities
aimed at population health risk reduction that are to be performed on territories of biogeochemical provinces
should take into account peculiarities related to accumulation of these elements in bodies of warm-blooded ani-
mals and people. These peculiarities should also be taken into account when hygienic research programs and
hygienic inspections are drawn up. When such research is performed experts should do the following: to analyze
ways and chemical forms of elements migration in the environment; to determine molecular mechanisms of ele-
ments penetration into a cell and conditions of various scenarios of their metabolism and biological efficiency.

Key words: arsenic and antimony compounds, biogeochemical provinces, biogeocenosis, population
health, medical and prevention activities.

Live organisms existing within a specific
biogeochemical province have to rearrange their
life processes. It leads to a specific elements im-
balance in a body that is to be eliminated with spe-
cial medical and preventive technologies [1-4].

Absorption of chemical elements from the
environment by warm-blooded organisms depends
on chemical properties and aggregate state of an
element, its quantity, accompanying elements, and
properties of body tissues that contact it as well
[5]. The conditions are multiple and it makes ab-
sorption of chemical elements by a body a truly
situational process. Therefore, given specific con-

O Turbinsky V.V., Bortnikova S.B., 2018

ditions existing in this or that biogeochemical
province, it is necessary to determine regularities
of introduction, accumulation, and excretion out of
a body for elements that are specific for it. Given
this multiple dependency of toxic effects produced
by chemicals, I.M. Trakhtenberg noted [6] that it
was necessary to perform an obligatory examina-
tion of overall quantitative contamination of the
environment in biogeochemical provinces in order
to work out efficient preventive measures.
Biogeochemical anomalies, both natural
and technogenic ones, have been studied for more
than 50 years and it allowed to determine what
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substances occurred in them, as well as reasons
and conditions for formation of biogeochemical
provinces; to understand and formulate regularities
related to their formation; to work out strategy and
tactics of activities aimed at providing prevention
of population health disorders [7]. Growth in in-
dustrial outputs requires new resource provision
based on new technological solutions both in pro-
duction and in exploration of new mineral deposits
and in recultivation of previously used ones [8].

Arsenic is a widely spread element which
is contained in a lot of minerals, especially metals-
containing ones. Arsenic is a metalloid, that is, it is
a substance that is between metals and non-metals;
so, if we want to get a better insight into regulari-
ties of its dispersion, it is interesting to analyze
biogeochemical properties of other metalloids. We
can take antimony as an example as it is another
element that has been used by people from the ear-
liest times and, what is also important, also accom-
panies a lot of other metals [9]. Antimony (Sb) and
its compounds were enlisted among toxic or haz-
ardous substances that require immediate attention
on the 43th session of the World Health Assembly
held in Geneva in 1990 [10, 11].

Metals and metalloids have a common ca-
pability to interact with sulfhydryl groups of bio-
logical molecules that participate in nervous im-
pulses conduction, tissue respiration, muscle con-
traction, cellular membranes penetrability etc. A
reaction between ions of metals and metalloids
with SH-groups results in occurrence of insoluble
compounds, so called mercaptides, that leads to
disorders in certain biochemical processes underly-
ing development of intoxication [12].

Our research goal was to perform a com-
parative analysis of toxicometry and toxicokinetics
parameters of arsenic and antimony under condi-
tions of their biogeochemical anomaly.

Arsenic is unique due to its occurrence eve-
rywhere, in minerals, rocks, soils, and water, in
plants and animals. Average arsenic concentration
in rivers is equal to 3 pg/l; in surface waters, about

10 ug/l; in seas and oceans, just about 1 pg/I'. Ar-
senic concentration in soils usually varies from 0.1 to
40 mg/kg. Much greater quantities of arsenic, up to 8
g/kg, can be found in areas where arsenic ores occur,
as well as in volcanic regions [13].

Increased arsenic concentrations in soils
can exert negative influence on agricultural crops
due to arsenic becoming a food chain component
[14]. Geochemical background of arsenic (AS)
which is detected in landscape components around
tailings dams of mining enterprises is characterized
with high arsenic pollution, namely 57-300 mg/kg
[15]. Arsenic concentration in plants that grow on
a territory of natural-technogenic landscapes varies
considerably, from such low values as 0.001 to
847.29 mg/kg. Average arsenic contents in plants
growing in this landscape are 2.7 times higher than
in plants growing in quarry-dump landscapes and
almost 28 times higher than in plants growing in
natural landscapes [15]. Arsenic also migrates in
the environment in a form of volatile arsenic-
organic compounds [13].

Arsenic concentration in a living organism
usually amounts to about 6 pg/kg. Daily introduc-
tion of arsenic into a human body is insignificant
and varies from 50 to 100 pg, and its semi-
excretion period amounts to 30-60 hours®. When
arsenic enters a body, it then concentrates in the
thyroid gland, liver, kidneys, spleen, lungs, bones,
hair, brain tissues, and the muscles. There are some
data on arsenic accumulation in the thyroid gland
making for endemic goiter development [16].

Chronic negative effects produced by arsenic
are damage to skin, neurotoxicity, cardiovascular
diseases, diabetes, and cancer. The International
Agency for Research on Cancer (IARC) rank arse-
nic and its non-organic compounds as "Carcino-
genic to Humans" (group 1) (IARC, 1980[17]).
EFSA Food Contamination Panel detected that
provisional tolerable weekly intake of arsenic
shouldn't exceed 15 pg/kg*day (EFSA contam
PANEL, 2009)°[18].

Geometric average arsenic concentrations in
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umbilical blood of parturient women are equal to
0.92 + 1.01 ng/ml, at 0.43 + 0.88 ng/ml (n = 296)
in healthy newborns [19]. An inhibition of arsenic
elimination out of a body was detected under sin-
gle oral exposure to arsenous anhydride in a dose
equal to 30 mg/kg which coincided with a thresh-
old of acute action produced by arsenous anhy-
dride on changes in SH-group contents in blood®.

Arsenic concentration in chicken that con-
sumed it with forage in a dose equal to 0.5-5.0
mg/kg amounted to 0.11-0.2 mg/kg in muscle tis-
sues; 0.09-0.12 mg/kg in liver; 0.09-0.34 mg/kg in
kidneys; and 0.12-0.21 mg/kg in eggs”.

Oral introduction of arsenic oxide (As;O3)
into sheep bodies in a dose equal to 0.5 mg/kg of
an animal body weight didn't cause any clinical
intoxication symptoms during 3 months after expo-
sure. But arsenic accumulated in a dose equal to
0.2-0.3 mg-kg in the kidneys, skin, liver, and
spleen; about 0.12 mg/kg, in muscle tissues and
lungs; about 0.25-0.3 mg/kg, in the abomasum,
duodenum, jejunum, and ileum [20].

High arsenic concentrations in drinking
water, 200-500 pg/l, are toxic for the human endo-
crine system [21]. Cumulative exposures to arsenic
with food and drinking water are higher in people
suffering from the Il type diabetes than in healthy
people [22, 23] and it proves it is necessary to con-
duct further research on a role played by moderate
and low arsenic concentrations (500-200 ug/l) in
water [24].

Experts used models of animal cells cul-
tures to show that arsenic acted as endocrine de-
stroyer. They detected disorders in gene expression
of steroid receptor (SR) in cells exposed to non-
organic arsenic (arsenite, iAs (+3)). Low iAs (+3)
concentrations (0.1-0.7 uM) stimulate hormone-
induced transcription, but higher non-cytotoxic
arsenic concentrations (1-3 pM) inhibit transcrip-
tion [25].

Antimony is a considerably rare element in
the earth's crust, 4*10 %, although it, like arsenic,
can occur in high concentrations in some regions
[26]. In nature antimony usually has valence +3,
more rarely +5 [27]. Compounds of tervalent posi-

tive antimony (sulfides, thiosalts, antimonites, tri-
oxide) are most widely spread; the next place be-
longs to compounds of tervalent negative antimo-
ny (antimonides). Compounds of pentavalent anti-
mony are rarely met in nature. Antimonial glitter
Sh, S; (stibuite, antimonite) is the most widely
spread antimony-containing mineral; it occurs in
hydrothermal deposits as antimonial ores seams
and tabular deposits [28].

Background antimony concentrations in upper
soils layers amount to 0.76 mg/kg in sod-podzol
soils; 0.99 mg/kg, in black earth; 0.28 mg/kg, in
peaty soils. Antimony concentrations in Siberian
rivers (Irtysh, Ob’, Tom' and Amur) amounts to
0.0007-0.002 mg/dm?°.

Antimony concentrations in tissues of trees
and bushes that grow in areas with ores mineraliza-
tion reach 7-50 mg/kg of dry solid matter; its aver-
age concentrations in plants parts above ground
level amounts to 0.06 mg/kg of dry solid matter.
Antimony concentrations in edible plants vary
within 0.02-4.3 pg/kg of raw matter. Antimony
concentration in corn grains and potato tubers
doesn't exceed 2 pg/kg of dry solid matter; it
reaches 29 ug/kg in grass. Antimony concentration
in barley and flax rootage amounts to 122 and 167
pg/kg of solid dry matter respectively, and it is
considerably higher than in leaves where it
amounts to 10 and 27 pg/kg of solid dry matter
[28]. As concentrations of heavy metals in soils
become very high, their concentrations in various
parts of plants also increase. But a ratio between
heavy metals concentrations in rots, culms, leaves,
and reproductive organs is preserved.

Complex research performed on Dyukov
Log waste storage where sulfide-containing wastes
from Salairskiy ore mining and processing enter-
prise were kept helped to outline migration routes
for drainage flows that contained increased anti-
mony concentrations (96 MPC) and arsenic con-
centrations (6 MPC). It was detected that polluted
drainage water penetrated water-bearing horizons
that, among other things, were used as water sup-
ply sources for communal needs and drinking
[29]. Plants growing on pasture lands and land-
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scape plants in Kadamjaiskaya biogeochemical
antimony province accumulate substantial antimo-
ny concentrations, 1.2 — 16 MPC.

As per data obtained in some research, an-
timony can be found in a human body: in blood,
0.0033 mg/l; bone tissue, (0.01-0.6)*10-4 %,;
muscle tissues, (0.42-19.1)*10-6 %; a toxic dose
amounts to 100 mg. Average daily introduction of
antimony into a human body with food and water
amounts to approximately 50 pum. Antimony is
rather slowly excreted from a body [30, 31].

Antimony in concentrations equal to 0.41-
0.55 mg/kg and arsenic in concentrations equal to
0.79-0.82 mg/kg were detected in bone fragments
belonging to a gray rat Rattus Norvegicus found in
pellets of a long-eared owl that usually spends a
winter in Tashkent and adjacent territories [32].

Elimination of antimony is equally related
to its valence in a specific compound. Thus, when
antimony trioxide was added to rats forage, 80-100
um of this metal were daily excreted with urine,
and up to 100 mg, with stool. Pentavalent antimo-
ny is primarily excreted with urine even when it is
introduced intragastrically [33].

Antimony (Sb) is similar to arsenic as per
its properties; it was detected that antimony exert-
ed inhibiting influence on enzymes that participate
in carbohydrates, fats, and lipids metabolism. Just
as arsenic, antimony reacts with sulfhydryl groups,
has toxic properties, can probably cause immune
deficiency [34], and causes functional disorders in

various organs (heart, kidneys, CNS, liver, lungs,
intestines, lymphatic system and others) [35, 36].

Inhalation exposure to antimony aerosols
that occur in working area air causes its higher
concentrations in workers' bodies; they increase
from 0.5 mg% to 2.1 mg% in blood; from 0.86
mg% to 1.86 mg% in urine; from 1.6 mg% to 7,8
mg% in hair [37].

Fivefold intraperitoneal introduction of
metal antimony suspension in peach oil into white
rats in a dose equal to 50 mg/kg of a body weight
caused increased antimony concentrations in blood
(10.46+1.22; 6.58+0.74 mg%). Antimony accumu-
lated in internal organs in the following concentra-
tions: muscles, 1.49 £ 0.35 mg%; lungs, 1.38+
+0.2 mg%; skin, 1.14+0.3 mg% [38].

Antimony concentrations in sheep bodies
on a territory of antimony biogeochemical prov-
ince amount to 3.66-12.7 mg/kg in the heart; 4.00-
12.16 mg/kg, lungs; 2.6-10.2 mg/kg, kidneys; 3.6—
10.0 mg/kg, muscles; concentration gradient is 2—
2.4 [39]. Daily antimony introduction into a human
body detected in Kadamdjayskaya antimony prov-
ince, Republic of Kirgizstan, amounts to 8.54 mg
while it is equal to only 1.22 mg per day on a ref-
erence territory [40], and a reference dose of anti-
mony for chronic oral introduction into a body
amounts to 0.0004 mg/kg. This increased antimony
introduction exerts its negative influence primarily
on dextrose and cholesterol contents in blood®.

Table

Arsenic/antimony ratio in geological and biological environment in biogeochemical provinces

Environmental object Arsenic, mg/kg Antimony, mg/kg
min-max min-max Average As/Sb ratio
average average

Soil 0,1-40,0 0,28- 0,99

10,0 0,76 13,1
Water 0,0007-0,005 0,00005- 0,0007

0,0029 0,00037 7,8

Plants (antimony and arsenic biogeo- 57-300 7-50
chemical province) 100 20 50
Background (reference territory) 0-6,01 0,02-4,3

1,4 0,7 2,0
Animals: 0,79-0,82 0,41-0,55 -
- wild rats (bones) 0,80 0,47 1,7
- sheep (lungs, kidneys, muscles) 0,41-1,54 6,41-8,08

0,98 7,25 0,14
- people (blood) 0,43-0,92 3,3

0,68 3,3 0,21
Threshold toxic does, mg/day 20,0 100,0 0,2
Lethal dose for a man, mg 50-340 500-1000

180 750 0,24
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Research conducted in antimony biogeo-
chemical provinces located in Fergana Valley re-
vealed that adult population living there daily con-
sumed approximately 0.1-0.15 mg of antimony
with food and water and it was 10-15 times higher
than a usual introduction on a reference territory
[41].

Each pathology has its specific element
structure and concentrations, including maximum
ones, as well as changes in an aggregate parameter
of their accumulation [42-44]. Antimony and ar-
senic are endocrine destroyers [45].

As/Sb ratios are obtained on the basis of
collected data on arsenic and antimony concentra-
tions in geological and biological objects. The re-
sults are shown in the Table.

The obtained ratios show that arsenic con-
centrations are 2-13 times higher than antimony
ones in geological environmental objects, and, on
the contrary, antimony concentrations are 5-20
times higher in biological media of living organ-
isms. Arsenic contents in bones is 1.7 times higher
than antimony contents, just like in geological ob-
jects.

Higher antimony concentrations than arse-
nic ones in a body are determined by antimony
being less toxic than arsenic.

Therefore, plants are less selective and
tend to accumulate toxic arsenic easily when grow-
ing in biogeochemical anomalies while animals
selectively limit its introduction into their bodies
and try to consume less toxic antimony instead.
Accordingly, all medical and prevention activities
performed in biogeochemical provinces with in-
creased arsenic and antimony occurrence are to
take into account peculiarities of these elements
accumulation in bodies of warm-blooded animals
and people. Programs for in-depth research within
hygienic examinations, inspections, or investiga-
tions should also take these peculiarities into ac-
count. Research should include analysis of direc-
tions and chemical forms in which elements mi-
grate in the environment, establishment of
molecular mechanisms with which elements pene-
trate into a cell, and conditions for various scenari-
os of their metabolism and biological activity.
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Nowadays intense urbanization is taking place, cities with a number of dwellers over a million and urban

agglomerations appear, and it calls for new ways how to preserve and improve health of urban population who
are exposed to various risk factors, primarily environmental and behavioral ones. One of such ways could be
development of a city as health-oriented physical, social, and semantic space; that is, it should be an environ-
ment that has natural, material, socio-cultural and other resources and they are used to create possibilities for
individuals and social groups to preserve and improve their health. Parameters of a physical component in
health-oriented space and their possible indicators can be found in foreign concepts and international projects
("healthy city”, "active city", "age-friendly city"), as well as in Russian management practices ("Creation of
comfortable urban environment” project, a concept of urban space quality). This article focuses on a detailed
system of indicators that can be applied to assess whether a health-oriented urban environment is well-
developed; the system is based on risk-oriented approach and includes two groups of indicators. The first one
comprises indicators that describe a health-preserving component in urban space that allows to control health
risk factors better; the second one includes indicators that are related to a health-improving component that
helps to improve health and to promote stability. As morbidity and mortality among urban population vary
greatly in their structure depending on countries and regions, health-oriented urban space should be created
taking into account health peculiarities of population living on a specific territory.
In other words, detected leading causes for mortality and morbidity among urban population in Russia as well as
manageable risk factors that cause them should serve as grounds for a creation of such a body-space urban envi-
ronment that will be oriented at reduction in negative impacts exerted by chemical contamination of the environ-
ment on population health (planting, alternative transport infrastructure, compliance of drinking water sources
with sanitary-epidemiologic requirements, quality of water supplies and distribution systems); such system will also
provide conditions for sufficient physical activity and health nutrition.

Key words: urban space, health-oriented space, healthy city, health risk, risk management.

High urbanization rates in the second
half of the 20™ — beginning of the 21% century,
typical for most countries of the world, resulted
in a fact that today more than half of the popula-
tion lives in cities (54.7%, according to the
World Bank). In developed countries, this indi-
cator in 2017 was at the level of 70-80% (in
Germany, urban population share made 76%, in
France: 80%, Canada: 82%, Great Britain: 83%,
Japan: 94%). According to Federal State Statis-
tics Service (Rosstat), in Russia the urban popu-

O Prokofyeva A.V., Lebedeva-Nesevrya N.A., 2018

lation exceeds significantly the rural (74.3% vs.
25.7%, respectively), and since 1959 the urban
population share in our country has increased by
more than 20%.

An intensive development of cities,
emerging “million-plus cities” and formation of
urban agglomerations, often counting of tens of
millions dwellers (for example, the number of
Japanese agglomeration of Tokyo-Yokohama is
over 37 million people), made it relevant to find
new ways for preserving and improving health
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of urban residents exposed daily to various risk
factors. The latter include environmental (air
pollution from toxic emissions of motor vehi-
cles, noise pollution of urban environment, pol-
lution of drinking water with industrial
wastewaters) and social factors (atomization of
urban community, a dominant of "depersonal-
ized" interaction of citizens, high social inequali-
ty, mostly sedentary lifestyle). Modern cities ar-
chitecture has a negative impact on urban popu-
lation health: typical buildings, plurality of
identical repetitive elements (for example, win-
dows of multi-storey buildings), poor greening
of new areas.

Numerous scientific studies show that
citizens health has its own distinct features — in
cities there is a higher risk of developing chronic
diseases [1], a higher chance of being injured in
a car accident [2], urban lifestyle characterized
by irregular meals, eating fast food and low
physical activity increases risk of overweight [3]
and diseases of cardiovascular system [4]: in cit-
ies with a sizeable population number, commu-
nication of infectious diseases is probably higher
than in rural areas [5].

Growth of urban population and multi-
plicity of factors that affect citizen health main-
streamed the task of urban development so that
physical and social environment would contrib-
ute as high as possible to preservation and im-
provement of residents’ health. This task was
most shown up in the initiatives of the global
movement "Healthy Cities" under the auspices
of the World Health Organization (WHO),
whose principles, among other things, are hu-
man-centered urban planning, increasing popula-
tion resilience to adverse external effects of en-
vironment, fighting inequality regarding health

[6].

In addition to the “healthy city” concept,
WHO advocates the need to develop cities as
spaces that are friendly to older people (“age-
friendly city”), children (“child-friendly city”)
and people with disabilities (“disabled-
accessiblecity”). The common ground between
all of these concepts is that they are aimed pri-
marily at prioritizing health in urban policies and
combining the efforts of administrations at vari-
ous levels, specialized institutions and local
community to create in cities the conditions for
living and personal development, ranging from
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its active and healthy evolvement (in case of
children), and ending with productive and
healthy aging (in case of the elderly). The inte-
gral principles here are equal access and fairness
that defines an approach to a city as a physical
and social space in which equal opportunities for
saving and improving one’s health by all catego-
ries of citizens must be ensured.

The idea of health-oriented city space
(“health-friendly city”), like the concept of
healthy cities, is the result of two inter-
directional movements in the field of healthcare
and public health, and in the field of urban plan-
ning and urban design. The first movement is
related to social factors influence on population
health. The first attempts of this movement were
observed in the work of Health Councils in Italy
of the Renaissance, the works and activities in
the field of social hygiene by Frank I.P., the cre-
ation of public health system of Great Britain by
the initiative of E. Chadwick [7], as well as the
medical, anthropological and political activities
of R. Virchow in the field of social medicine.
These scientists and public figures work led to
the formation and evolvement of socio-medical
health paradigm, in which medicine is a social
science destined to interfere in social and politi-
cal life to solve health problems. Such an insight
that improving social conditions in some cases
makes it possible to extend human life faster and
more efficiently than medical progress has also
been associated with studying the effects of not
only biological, but also social roots on epidem-
ics, as well as analysis of link between low
health indicators of slum dwellers and their liv-
ing conditions.

The second trend, which promoted
healthy urban space idea, is associated with a
working (social, to a wider extend) issue, crea-
tion of public organizations in a number of coun-
tries (the Social Science Association in the UK,
the American Social Science Association in the
USA, the Union for Social Policy in Germany,
etc.), having united the academic community and
politicians for expert guidance in the field of so-
cial reform. This resulted, firstly, in the emer-
gence of a number of urban studies in the field of
living conditions and lifestyle of working and
lower classes [8, 9]; secondly, led to urban plan-
ning movements (B.W. Richardson's “City of
Health” [10], the concept and movement of a
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‘Garden City’ by G. Ebenezer [11], the City
Beautiful movement [12], the movement for
middle class "settlements™ in poor urban areas
for educational and charitable purposes [13],
etc.). The central idea was to achieve the highest
possible life quality through certain principles in
the field of urban planning. However, the prac-
tice of implementing a number of urban projects
such as “Garden City”, as well as projects for
demolition of slums and construction of high-
rise buildings as a solution to the problems of
poverty, led to the insights that physical urban
environment significance in maintaining and im-
proving health were supplemented by such so-
cio-cultural factors as an importance of social
ties, preservation of local community, etc. Thus,
the problem of health turns out to be equally re-
lated to the issues of urban planning, self-
organization of urban communities, as well as to
medical services.

In various fields of expertise and social
practice, approaches to healthy city will focus on
various aspects. Therefore, public health experts
L. Dahl and T. Hancock, the creators of "Healthy
Cities" project, suggested using a holistic ap-
proach to the healthy city concept, which in ad-
dition to public health included the ideas from
sociology, urban geography, urban planning,
ecology, politics, economics, philosophy and
many other disciplines [14]. The need for a sys-
tematic approach to analyzing citizens’ health in
the context of urban space is promoted by Sharp
Roux A.V., emphasizing the “system essence” of
both the “city’ and “public health’ [15].

City is an artificial habitat [16], a com-
plex, self-regulating system, on the one hand,
producing hazards to human life and health, and
on the other, capable of providing effective ways
to counter these hazards. Hence, the creation of a
“safe urban environment” (for example, within
the framework of “Safe City” program, operat-
ing in many cities of Russia and designed to con-
tribute to improving security “on streets and
roads”, to resist “criminal and terrorist threats").

A safe urban environment presupposes
safety of dwellers in terms of all sorts of threats,
primarily of external nature. It is not only about
citizen life and health, but also about their rights
and freedoms, material interests, personal infor-
mation, etc. Urban space safety implies the con-
ditions created to minimize various risk factors
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effects on public health, i.e. the environment al-
lows inhabitants to preserve health. The concept
of health-oriented city space integrates, along
with the health-preserving aspect, the health-
improving one, which is explained by differenti-
ating health factors into resistance factors (anti-
risk) that have a positive effect on health, in-
crease body's resistance to external threats, and
risk factors that increase probability of develop-
ing diseases. With regard to public health, it is
expected that the effectiveness of anti-risk fac-
tors will be higher than the elimination of regular
risk factors. Also the key point here is that in
medicine the paradigm of pathogenesis is being
substituted for the paradigm of salutogenesis
[17]. For the former, the origin and source of
diseases, as well as their prevention, is relevant,
while for the latter it is a search for sources of
physical and mental health and ways to improve
it. Thus, within the framework of health-oriented
city space, health-preserving components allow
for better control over health risk factors, and
health-strengthening components — for improv-
ing health, i.e. promoting factors of resistance.

Health-oriented city space is understood
to mean physical, social, and semantic environ-
ment of a city, which, with its resources (natural,
material, socio-cultural, etc.) creates opportuni-
ties for individuals and social groups to maintain
and strengthen their health.

The physical component of health-
oriented city space is a body-space environment,
“city design” [18], “first order reality” [19], in-
cluding, for example, health care system infra-
structure, parks and public gardens, pedestrian
zones and squares, outdoor recreation and sports
equipment (street sports mini-centers), etc. In
social aspect, health-oriented city space is a
world of social relations in which people interact
with each other, create social facts and at the
same time conform their behavior with coercive
influence of these facts, in a word, construct so-
cial reality and objectify it. We are talking about
social institutions, norms, values and behavioral
practices aimed at preserving health, urban
communities and institutions that contribute to
the development of healthy lifestyles and self-
preserving behavior through their activities. The
semantic aspect of city space reflects it as a
“field of values”, as a construct, as a value-
semantic structure, and its analysis should be
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based on phenomenological method, and precede
the construction of socio-urban theories. City
residents "themselves create an environment for
their life" [20] endowing both physical and so-
cial objects of this environment with these or
other values. Hence, it seems important not only
to hold the existing infrastructure in a city (both
physical and social) that is designed to preserve
health, but also whether this infrastructure is
perceived by citizens as suitable, affordable, and
attractive to implement health preservation and
promotion practices.

This study is focused on healthy-oriented
city space as the world of physical objects, the
physical (real) environment, the body-space en-
vironment of city residents, and analyzing its
completeness in modern cities requires a clear
system of criteria to evaluate the development of
certain environmental components and set the
direction for its further improvement.

One of the most comprehensive ap-
proaches to assessing the formation degree of a
health-oriented city space was developed by the
ideologists of “Healthy Cities” movement T.
Hancock and L. Dahl, who proposed 11 city pa-
rameters for assessing its “health” degree [14].
These parameters describe not only the physical,
but also the social space (for example, “commu-
nity strength” or “participation and control”, re-
flecting the degree of local communities in-
volvement in making meaningful decisions for a
city and an ability to support citizens).

The physical component of health-
oriented space within the framework of the
healthy city concept is proposed to be character-
ized, first, through cleanliness, safety and quality
of physical environment, including the provision
of housing. Indicators of this parameter may be,
for example, air pollution level, green spaces
share in a city’s territory, share of housing that
meets national or international standards. More-
over, physical environment influence is taken
into account not only at the somatic, but also at
the mental health and psychological comfort lev-
el, which is reflected, for example, in the con-
cept of therapeutic landscapes [21]). Secondly,
through possibilities for citizens to satisfy their
demand for medical care, which is measured us-
ing a number of indicators: physical accessibility
of outpatient and high-tech care, specialized re-
habilitation institutions, etc. Third, through de-
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velopment of infrastructure aimed at meeting
basic needs, whose indicators may be availabil-
ity of grocery stores focused on different nutri-
tional needs, or availability of drinking water.

A number of indicators for health-
oriented city space development are proposed in
another project of the World Health Organiza-
tion “Active City”, aimed at stimulating active
lifestyle of citizens, including physical education
and sports [22]. As indicators for measuring the
development level of an artificially created
body-space environment (“built environment”),
it is proposed here to use an accessibility of
sports infrastructure (number of gyms, fitness
clubs, swimming pools, street gym sites, etc.), as
well as the development level of cycling and pe-
destrian infrastructure (toll and free bike paths,
number of bike parking lots, and length and il-
lumination of footpaths, including in forest-park
areas, flexibility of pedestrian areas to the needs
of limited mobility populations groups).

The basic definition of a city friendly to
older people (age-friendly city) as having an “in-
clusive and accessible environment (both physi-
cal and social) that optimizes opportunities for
maintaining health ... and ensuring rightful life
quality for people as they’re aging” [23] makes
the indicators proposed under this concept note-
worthy. This is, firstly, the accessibility of green
spaces and public places adapted to the needs of
the elderly (for example, enough “seating are-
as”), secondly, the availability of sidewalks that
are safe for health of the elderly (wide, free from
high curbs or other obstacles and road cross-
ings), thirdly, the development of urban hygienic
infrastructure (for example, access to public toi-
lets), fourthly, the provision of elderly people
with medical care [24].

Indicators related to city environment
health-focus are used by the British Economist
Intelligence Unit (EIU), which makes annual
rating of cities in the world by Habitat Safety
Index (“safe cities index”) [25]. For example,
when calculating the index, safe and quality food
available for citizens is taken into account.
Moreover, the 2017 report points out serious
problems of small North American cities, called
“food deserts”, where locals have to eat fast food
or low-quality stuff from small stores [26]. Also,
when calculating the index, accessibility criteria
of health facilities, atmospheric air and drinking
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water quality, proportion of population living in
slums, road and transport infrastructure quality,
and development of pedestrian-friendly urban
environment are used. The latter implies not just
a hypothetical opportunity for a pedestrian to go
through a certain route, but such a quality and
level of comfort of pedestrian network that the
preferred way to get around the city is not a per-
sonal or public transport, but a walk. This is fa-
cilitated by a high level of safety (separation
from auto-road), road surface quality, greening
of a territory in the direction of walking, etc.
[27].

Another EIU compiled rating — the glob-
al cities “liveability” rating contains indicators
related to health of permanent residents of a city
and its guests, such as humidity and temperature
rating, climate discomfort for travelers, accessi-
bility of sports facilities, road network and pub-
lic transport quality, availability of good quality
housing [28].

The concept of “global cities” [29], even
more focused on economic aspects of city life, in
some methodologies takes into account urban
environment quality, since it is a factor in at-
tracting labor resources to a region. Thus, the
Global Power City Index, developed by the Insti-
tute for Strategic Urban Development with the
support of Mori Memorial Fund (Japan), in-
cludes such indicators as: viability of a city (av-
erage rent rate for housing, variety of retail
stores and catering and others), environment
(CO2 emissions, density of sulfur dioxide and
nitrogen dioxide, percentage of renewable ener-
gy, percentage of waste disposal, level of green-
ing, comfortable temperature, etc.) and availabil-
ity (punctuality and scope of public transport,
deaths due to road traffic accidents) [30, 31].
Unlike most other approaches, the Global Power

City Index takes into account also the subjective
assessments — particular perceptions of urban
space quality by residents [32].

Health oriented city space is taken into
account in the concepts of sustainable cities
(“sustainable city”, “eco-city”), slow cities (“cit-
taslow”), cities with low carbon emissions (“ze-
ro-carbon city”, “low carbon city”) [33], cities
without cars (“car-free city”) [34] and garbage
[35]. International Environmental City Standards
developed by the experts of the British Columbia
Institute of Technology and the American non-
profit organization Ecocity Builders imply the
achievement of certain levels in terms of indica-
tors [36]:

- medial distance between housing, work
and places for everyday goods and services pur-
chases;

- functional qualities of construction ma-
terials in both residential and commercial build-
ings;

- environment friendly transport system
(percentage of pedestrians, cyclists, public
transport passengers and drivers of personal ve-
hicles);

- air quality inside and outside premises;

- greenhouse gas emissions;

- quantity and quality of water supplies
available;

- availability of healthy food (percentage
of plant-based diet).

The approaches being developed in the
Western Europe and North America aimed at
minimizing anthropogenic pollution of urban
environment and reducing its impact on health of
residents cannot be directly transferred to the
Russian practice of urban management due to
significant differences in socio-economic, socio-
cultural and climatic parameters of the countries
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Russian Federation: Order of the Ministry of Construction of Russia No. 1494/pr of October 31, 2017. Available
at: http://www.minstroyrf.ru/upload/iblock/ddc/prikaz-1494pr.pdf (access date: 20.08.2018)
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[37]. As a result, certain developments in as-
sessing the focus of urban space on preservation
and strengthening health of citizens are proposed
within the framework of national science and
management practice.

So, in 2016, Russia adopted a priority
project “Creation of comfortable urban environ-
ment™, aimed, inter alia, at reducing the inci-
dence rate of the population in urban areas. The
Russian Federation subjects are rated annually
by the quality of urban environment assessed
using the “quality index of urban environment
for municipalities”. The calculating method of
this index involves characterization of six types
of space (housing and adjacent areas, greenery
and water spaces, street infrastructure, social lei-
sure infrastructure and public business infra-
structure and adjacent areas, citywide space) by
5 criteria (safety, comfort, environmental friend-
liness, identity and diversity, modernity of envi-
ronment), each one represented by a certain indi-
cator in accordance with the named types of
space. The health of a city can be described, for
example, through such indicators as share of
public green areas (parks, gardens, etc.) in the
area of all green spaces in general, pedestrian
accessibility index, safety of movements near
institutions of social services for citizens, acces-
sibility of sports grounds for citizens, etc.

As part of “urban space quality” concept
[38, 39] Ilyina I.N. identifies a number of pa-
rameters that can be attributed to the physical
aspect of a health-oriented city space: health,
safety, affordability of quality housing and ser-
vices, accessibility to urban public recreation
and open spaces, a variety of transport accessi-
bility options, waste management, minimization
of environmental pollution and this process
management, adaptation to climate changes and
natural disasters mitigation [40]. The urban envi-
ronment quality is proposed to be assessed ac-
cording to three classification blocks: quality of
“framing” (basic) infrastructure of a city, quality
of urban space, and safety and comfort of living,
and availability of services for all socio-
demographic categories of population.

A number of approaches emphasize the
quality assessment of town-planning objects via-
bility from the point of their socio-psychological
successfulness. For example, criteria for analyz-
ing planning decisions, divided into characteris-
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tics of socio-psychological safety and socio-
psychological comfort, and satisfaction with liv-
ing environment, can include the presence of
identifiable boundaries of public and private
space, residential areas planning following the
“closed spaces” principle, possibility for visual
viewing of a territory, yard areas arrangements,
landscaping, sports grounds, level of provision
with elements of social and engineering infra-
structure, extending functions of structural com-
ponents in residential environment, and others
[41].

The considered approaches are complex,
focused on ensuring the high quality of citizens’
life and stable urban development. Preserving
and strengthening urban population health is a
more local task, the specific tools and developed
systems of indicators are required to ensure ef-
fective management of citizen health. One of the
solutions to this problem may be a system for
assessing the degree of formation of a health-
oriented city environment, following a risk-
based approach.

The health of urban environment in the
context of managing public health risks means
that the physical space of a city is, firstly, fo-
cused on minimizing the impact of environmen-
tal and behavioral factors on citizens health, and
secondly, increasing human body resilience,
preventing “the root causes of poor health” [42],
"the disease origins" [43]. For example, anti-
noise screens on roads within the city limits or
public places that are free from smoking allow
you to keep residents healthy, reducing the risks
caused by acoustic and chemical pollution of
environment. Outdoor exercise complexes or
bicycle lanes are more aimed at improving citi-
zens’ health.

Since the structure of urban population
morbidity and mortality has the signified country
and regional peculiarities, the creation of a city’s
health-oriented space should be carried out tak-
ing into account the specific health aspects of a
particular territory’ inhabitants. Thus, the lead-
ing cause of urban population mortality in Rus-
sia are diseases of circulatory system (the share
of this category causes in total citizens mortality
in 2017, according to Rosstat, was 48%, includ-
ing of ischemic heart disease which made up
26% of cases, of cerebrovascular disease: 15%).
The contribution of this cause to mortality in the
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largest cities of Russia is almost the same [44].
The controlled risk factors for circulatory diseas-
es include unhealthy lifestyles (smoking, low
levels of physical activity, malnutrition [45]),
chemical pollution of natural environment (air
and drinking water [46]), as well as socio-
psychological factors (for instance, depression,
various anxiety symptoms and disorders [47]).
Malignant tumors are the second most common
cause of death among urban population in Russia
(16.9%), including malignant neoplasm of diges-
tive organs: 6.4%, respiratory organs: 3%, fe-
male genital organs and mammary gland: 2 6%.

According to the US National Cancer In-
stitute [48], the leading modifiable risk factors
for cancer are anthropogenic pollution of envi-
ronment with carcinogenic substances and low
level of self-preserving behavior (alcohol abuse,
smoking, improper diet, untimely access to a
doctor). The main cause of morbidity among ur-
ban population in Russia is respiratory disease.
So, in 2016, the prevalence of acute upper res-
piratory tract infections, per 100 thousand city
dwellers, was 25251.6° cases [49]. The leading
risk factors for development of respiratory dis-
eases in modern cities are chemical pollution of
atmospheric air [50], living conditions quality,
and also smoking [51].

Hence, developing a modern Russian city
as a health-oriented one implies a targeted activi-
ty of municipal authorities and local communi-
ties towards creating such a body-space envi-
ronment, which will, first of all, reduce the level
of effects on citizen health from environment
chemical pollution, and provide conditions for
an adequate level of physical activity and
healthy diet.

To assess the degree of health-oriented
city space formation in practice it is proposed to
use a system of indicators (Table). This assess-
ment can be done within the framework of moni-
toring the quality of urban living environment,
socio-hygienic monitoring and the system for
monitoring risk factors for non-communicable
diseases provided for in the draft Strategy for

Formation of a Healthy Lifestyle of Population,
Prevention and Control of Non-Communicable
Diseases for the period up to 2025 developed by
the Russian Federation Ministry of Health [52].

Developing a city as a health-oriented one
involves not only the definition of indicators for
physical space formation degree that contributes
to health preservation and strengthening, but also
to establishment of their target values, which
should be a guideline for implementation of ef-
fective territorial management tasks. One of the
approaches may be to choose target parameters
in the “healthiest” cities in the world. For exam-
ple, according to the World Cities Culture Re-
port prepared by BOP Consulting Editorial Team
in 2015, the share of public green areas in Syd-
ney (Australia) and Vienna (Austria) made 46%,
in Shenzhen (China): 45% [53].

In Russia, today, the system of regulations
has partially developed in the formation of
health-oriented space of a city (see Table). For
example, Code 42.13330.2016 “Urban planning.
Planning and Development of Urban and Rural
Settlements. The updated version of SNiP
2.07.01-89" defines green area of a micro-
district (a quarter) for residential area multi-
dwelling development at the level of at least
25% of a quarter's area. In addition, it indicates
the need for landscaping at least 50% of yard
areas with trees and shrubs. In March 2018, the
Ministry of Sports of Russia approved the crite-
ria for the minimum allowable provision level
with sports facilities based on the indicator “one-
time capacity of a sports facility” of 122 persons
per 1,000 of population. This indicator was cal-
culated on the basis of the set strategic goal for
physical culture and sports development in Rus-
sia — attracting the entire working-age population
(under 79 years old) and children (aged from 3
years) to regular (3 hours per week) physical cul-
ture and sports activities by 2030.

In some regions and cities of Russia (Ulya-
novsk Region, Tver, Omsk), the concepts and
development programs for cycling, bike
transport and bike-cycling infrastructures, in-
cluding separate target indicators, have been

3 Health care in Russia. 2017 / Stat. Sat Rosstat. Moscow, 2017, 170 p.

*Code 42.13330.2016 Urban planning. Planning and Development of Urban and Rural Settlements. Updat-
ed version of SNiP 2.07.01-89. Code: electronic fund of legal and regulatory and technical documentation.
Available at: http://docs.cntd.ru/document/456054209 (access date: 20.08.2018)
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Table

Indicators for the formation degree of health-oriented city space

Risk factors for
urban popula-
tion health

Characteristics of urban
space

No

Indicator

1 |Atmospheric air
chemical pollu-
tion =

Green spaces areas

Green spaces area of public use, per inhabitant
(m?)

Level of green spaces in housing development
areas (%)

Environmental stability factor

Formation degree of
alternative transport
infrastructure

Share of roads equipped with dedicated lanes for
public transport in the total length of local roads
(%)

Ratio of the length of roads equipped with lanes
for cyclists to the total length of local roads
Number of public bicycle parking places, per 1
inhabitant

Number of parking spaces in the adjacent bicycle
parking, per 1 resident

2 | Drinking water
chemical con-
tamination

water supply sources
with sanitary and epi-
demiological require-
ments

Compliance of drinking|Share of surface sources for centralized drinking
water supply having no sanitary protection zone (%)

Quality of water supply
and distribution net-
work =

Share of water pipes provided with water purifi-
cation and disinfection treatment (%)

Share of sewer networks requiring replacement
(%)

Share of treatment facilities requiring capital
repairs (%)

Share of sewage treatment facilities equipped
with wastewater sludge treatment (%)

3 Sedentary
lifestyle

Formation degree of
infrastructure for phys-
ical culture and sports

Number of sports facilities of various types, per
100 thousand people

One-time capacity of sports facilities of various
types, per 10 thousand people

4 | Improper diet |Formation degree of -
healthy nutrition infra-

structure —

Provision of spaces for retail and catering, per
1,000 people

Number of public catering enterprises providing
social catering services

approved. However, the values and indicators
proposed in the context of national regulatory
documents cannot be considered as targets in the
long term, since they are aimed at ensuring a
minimum level of health-oriented city.

In general, the urgent task is to strength-
en the development focus of Russian cities on
preserving and strengthening the citizen health,
on integrating the decisions on green areas ar-
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rangement into the system of priority actions,
creating a healthy nutrition infrastructure and
physical activity for all categories of citizens,
and ensuring a safe environment. A considerable
problem here is the lack of criteria worked out
for the formation of a health-oriented city envi-
ronment, and their low integration into perfor-
mance indicators of municipal programs. The
synthesis and discussion of the best practices for
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organizing various components of health-
oriented city environment both in Russia and
abroad is of relevance.

The health-focus of a modern city space
is not just a way to improve people's living con-
ditions quality, but a key to a successful socio-
economic development of a city, a way to accu-
mulate its human potential. Solving the problem
of developing a health-oriented city environment
requires the consolidated actions of municipal
authorities, expert community, business entities,
public organizations and population. In addition,

the ability of urban space to provide opportuni-
ties for preserving and strengthening citizens’
health means, it’s formed not only at the physi-
cal, but also at the social and symbolic levels,
i.e. integrated development.
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The paper contains a review of both domestic and foreign scientific works that focus on influence exerted
by social capital on population health. The authors describe different approaches to interpretations of social
capital as an attribute of an individual or a social group. At an individual level, different types of social capital
are shown to influence a person's health via his or her involvement into a social group; this social group mini-
mizes adverse effects produced by stress factors (a case in which we can speak about a social capital that
“unites’) and provides resources necessary to solve health-related problems (here we speak about a social capi-
tal that “brings us together”). The authors highlight that social capital and a social status which an individual
or a social group has are interdependent.

At a group level, social capital is a mechanism that influences an individual's behavior as regards his or
her health. A group can set certain models for health-preserving behavior and apply informal sanctions in case
an individual's behavior is deviant thus reducing health risks. The authors also showed that health-related in-
formation tended to spread faster among those groups in which social capital was quite high. At a country level,
social capital makes citizens to actively solve health-related problems and, consequently, determines activities
performed by the state and aimed at providing citizens' safety and well-being. The authors also give special at-
tention to a negative effect produced by group social capital, namely spread of risky behavioral practices within
“poorly developed™ social groups.

The paper gives two viewpoints on contributions made by individual and group social capital into for-
mation of health. The first one states that direct contacts are more important for an individual than his or her
civic stand as the latter depends on a personal psychological type. The second viewpoint is that individual social
capital can be a significant health factor only when it is included into a group with high social capital. The au-
thors think it is very important to understand how significant social capital is for determining health as such
understanding will help to develop new approaches to creation of conditions that are favorable for preservation
of citizens' health.

Key words: social capital, social risk factors, social determinants, social networks, health.

In 2015 the UN member states adopted
Sustainable Development goals that were to be
achieved by 2030; these goals are in many ways
related to population health and most of them are
aimed at resisting social factors that cause health
risks. If they are achieved, it will lead to a de-
crease in a number of people who have low so-
cial status that means unfavorable living condi-
tions, limited access to healthy nutrition and
drinking water; it will help to raise adherence to
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a healthy lifestyle and rational consumption and
to develop infrastructure for physical training
and recreation etc. [1]. The WHO experts spoke
about the significance of social factors for hu-
man health on the World Conference on Social
Determinants of Health held in 2011. They high-
lighted the necessity to improve conditions of
people's everyday life and to provide equal ac-
cess to health-preserving resources for every-
body [2].
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Experts have been discussing a leading
role that belongs to socioeconomic (low income
and poor education) and behavioral (smoking,
alcohol abuse, poor physical activity, improper
nutrition, and unsafe sexual behavior) factors in
determination of an individual's health since
70ties last century; these discussions can be
found in scientific works that have been pub-
lished starting from that period of time [3-8].
Besides, they have repeatedly mentioned a role
played by macrosocial contexts (technological
development of a country, its political regime,
migration intensity etc.) in formation of socially
determined etiologies [9, 10]. A new concept,
"social capital”, appeared and was integrated in
the discourse on social determination of health in
late 1990s. On one hand, it can be explained by
popularization of social capital theory in works
by J.S. Coleman [11] and R.D. Putnam [12] pub-
lished at that time. On the other hand, there was
a necessity for public healthcare systems in the
developed countries to search for new solutions
to challenges associated with inequality in the
healthcare.

In spite of almost 30 years devoted to re-
search on a correlation between social capital
and health, the issue is still being discussed due
to the fact that there is no unified view on the
essence and structural components of social
capital. It is primarily related to its interpretation
either as an individual's attribute (this approach
was first formulated in works by P. Bourdieu
[13]) or as an attribute of a social group (inter-
pretation by R.D. Putnam [14]).

Individual social capital is an ability of a
person to benefit from his or her affiliation with
various social networks [15]. Individuals are as-
sumed to "invest” into social networks in order
to gain "a return in a form of instrumental acts”
[16]. Relations between those who participate in
social relations are converted into various re-
sources (money, reputation, power, information
etc.), and in case of necessity individuals, via
their strong or weak connections in various so-
cial networks, are able to either mobilize these
resources available to them in social networks
[17], or use their own resources more efficiently
with the help of their social connections [18]. A
size of individual social capital is determined by
an individual's social status, his or her position in
a social network and a purpose of an interaction
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(instrumental or expressive one) [19]; and possi-
bilities to accumulate this capital depend on inte-
riorized standards, strong social unity, or its ori-
entation at reciprocity [15].

Social capital as an attribute of a group
or a society as a whole means that if a society
(existing on a specific territory, in region or a
country) has high collective social capital, then
even individuals with low individual social capi-
tal can somehow benefit from it (they are also
"beneficiaries”) [20]. Social capital at a group
level has two dimensions, a structural one (social
networks that are formalized to a various extent),
and a cultural one (common standards that are
shared by all members of a social network and
that secure trust existing between interaction par-
ticipants) [21]. Standards created within a group
(including reciprocity) are generalized and then
applied to a society as a whole thus making it
more united and raising its solidarity [14]. Trust
is a significant measure of social capital at a so-
ciety level; here we mean generalized interper-
sonal trust ("people in general™) and institutional
one [22]. Results of trust measuring gave
grounds for a significant number of empirical
research on social capital [23-26].

And how is social capital related to indi-
vidual and public health? We can offer several
explanations at an individual level. First of all, if
a person is involved into social networks (fami-
ly, friends, occupational and confessional ones,
etc.), it provides him or her with various social
support (emotional, instrumental, evaluative, and
informative one) [27]. This support can be a
"buffer” that minimizes adverse effects produced
by stress factors [28]. An action mechanism of
such a "buffer" is "reevaluation™ of stress, a de-
crease in a stress factor significance, wider range
of possible ways to solve a problem, stronger
coping strategies, changes in individual's moods,
etc. [29, 30]. A classic "Roseto effect” can be
found exactly in high intra-group support; this
effect explained significantly lower mortality
caused by cardiovascular diseases in Roseto, an
American-Italian town (Pennsylvania, the USA),
in comparison with its neighbor town Bangor in
1935-1965 [31]. Secondly, involvement into so-
cial networks gives an individual a possibility to
use material and organizational resources availa-
ble in this or that network [32]. We can illustrate
it with an example of individuals resorting to
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"social relations chains" in case of health prob-
lems [33] when they try to find better medical
experts; it often happened in the USSR and still
happens now. The third explanation is related to
interdependence between social capital and an
individual's social status where having the for-
mer leads to an increase in the latter which, in its
turn, means an access to qualitative nutrition,
sport and recreational infrastructure, safe hous-
ing, and qualified medical services [34]. Be-
sides, high social status creates a "positive feel-
ing of being a select one™ and leads to a decrease
in stress [35].

High individual social capital is often
combined with high socioeconomic status and
health [36] and it is explained with such media-
tor categories as "healthy lifestyle” and "self-
preserving behavior”. Thus, research conducted
in the UK and Sweden revealed that individuals
with high socioeconomic status and "strong" so-
cial capital tended to consume healthy nutrition
that included a lot of fruit and vegetables [37,
38]. There are some works that dwell on the
analysis of correlation between neighborhood
socioeconomic status, social capital, and health:
their authors conclude that people who live in
wealthy neighborhood and who obviously al-
ready have a certain social status also enjoy a
better opportunity to invest into social networks
development [39]. "Wealthy" districts are safer
and, consequently, people who live there (espe-
cially children and elderly people) can meet each
other more frequently and do things together;
therefore, they have better opportunity to accu-
mulate social capital and to use it to improve
their health [40]. At the same time, research that
focused on poor districts revealed that people
who lived there could also be involved into so-
cial networks with great trust between partici-
pants, unity, and readiness to provide mutual
support, that is, they could also have certain so-
cial capital in spite of their low socioeconomic
status [41].

Various types of individual social capital
are not equally involved into producing effects
on health. As social capital at an individual level
reflects a person's involvement into social net-
works, it is usually divided into "bonding"” capi-
tal that describes relations between close rela-
tives and friends, "bridging" capital that de-
scribes  networks with  weaker relations
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(colleagues or neighbors) [42], and "linking"
capital [43] that describes vertical connections
between people from various social strata. If a
person has bonding social capital, it helps to get
social support, while "bridging" or "linking™ cap-
ital provide access to information or organiza-
tional resources.

If we consider social capital as a collec-
tive attribute, we can spot out two ways in which
it can influence health. The first one is related to
impacts exerted by social groups on individual
health-related behavior. Such groups possess
clear and shared standards for reciprocity (mutu-
al support) and high level of trust; they set (or
even dictate) certain behavioral standards and
models to their members, including those related
to health. A lot of empirical research performed
by I. Kawachi, a professor at Harvard Universi-
ty, revealed that people who lived in local
"neighborhoods" with strong social integration
were more inclined to adhere to standards of
self-preserving behavior declared by society
leaders and approved by society members; in
particular, they tended to more willingly attend
their doctors bearing prevention in mind, and
they more frequently went to parks and public
gardens to relax [44]. Besides, strong group uni-
ty allows to apply informal sanctions efficiently
in cases when group members pursue deviant
behavioral patterns [45], thus lowering both in-
dividual and social health risks. Finally, if a
group has high social capital, health-related in-
formation spreads faster within it, for example,
information about environmental contamination
hazards, new opportunities and innovations in
the sphere of health preservation and improve-
ment etc.

It is important to note that social capital
has its negative effects; for example, they be-
come apparent in groups with strong unity and
adverse group standards (that contradict conven-
tional ones). Risky behavioral practices (smok-
ing, alcohol abuse, and unsafe sex) can be spread
in such communities with the help of pressure
exerted by a group and a certain lifestyle can be
imposed upon its members [46].

The second way in which group social
capital can influence health is related to civil in-
volvement that is often called a social capital
indicator [47, 48]. Groups with higher social
capital are more likely to be socially active and
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ready to get themselves involved into decision-
making processes in the health sphere. They are
also more likely to show initiative, to participate
in local projects aimed at preservation and im-
provement of health in a community [49]. At a
country level, this correlation becomes apparent
via a developed system of social control and
public management [50]: the higher interperson-
al trust and social solidarity in a society is, the
more efficient institutions of social control are,
and, consequently, the more socially-oriented is
a state that provides better safety and welfare for
its citizens.

Social capital at a community level is
usually divided into a structural one that reflects
a variety of social connections and interactions,
and a cognitive one that describes a quality of
these connections with a level of trust and "so-
cial harmony" [51] that means being ready to
provide support and share resources [52]. There
was a research based on data provided by the
European Social Survey performed in 2008-
2009; the research focused on health of people
living in 28 European countries and levels of
their structural and cognitive social capital. The
research revealed that in postmodern countries
trust exerted great influence on public health
while in less developed ones systematic contacts
with close friends and relatives had greater sig-
nificance. It is explained by the fact that in
postmodern countries active social policy is
combined with developed public structures;
therefore, people don't tend to seek support only
among their closest friend and relatives, and, on
the contrary, given high level of trust in a socie-
ty, try to enter various associations and groups
that consequently helps them improve their
health [53].

A matter of principle here is a type of so-
cial capital that exerts the greatest influence on
health. In 2013 experts from the National Scien-
tific Research Institute for Public Health of the
Russian Academy of Medical Sciences described
a correlation between health and social capital as
per data obtained in the course of research on
global aging and health of the population in the
RF over 2007-2010 (the sampling included
4,335 people) [54]. Health was self-estimated as
per a 5-score scale which then was grouped into
three categories: "very good and good", "satis-
factory"”, and "bad and very bad". Social capital
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was measured via interpersonal trust and social
activity. Parameters obtained for different social-
demographic groups were compared. Validity of
discrepancies was estimated with Student's t-test.
It was detected that a level of generalized trust
influenced a sense of security an individual had
and self-estimation of his or her health; the same
is true for interpersonal trust, and if an individual
doesn't have anyone whom he or she trusts unre-
servedly among his or her family or close
friends, there is a greater probability that he or
she will estimate his or her health as being bad.
Finally the authors came to a conclusion that di-
rect contacts had greater significance for an in-
dividual's health than the overall atmosphere in
the society and participation in public organiza-
tions since the latter to a great extent depends on
a personal psychotype.

In 2015 experts performed comparative
research on influence exerted by cognitive social
capital on self-estimation of a person's health
and probability of depression in men and women
in Sweden and Ukraine. The research revealed
that there was a more apparent correlation be-
tween cognitive social capital and self-
estimation of one's health in Sweden, moreover,
a level of capital was also higher in that country
[55]. Experts detected a statistically significant
relationship between self-estimation of one's
health and a level of institutional trust, as well as
between probability of depression and not feel-
ing sufficiently safe; the relationship was detect-
ed both for men and women in Sweden while in
Ukraine it was true only for women.

British experts showed in their research
that when both types of social capital, individual
and collective ones, were simultaneously includ-
ed into an analysis, it didn't exert any significant
influence on health [37], while data obtained by
Norwegian experts revealed that social capital
was equally significant both at individual and
collective level [56]. The Report issued by the
WHO European Regional Agency and based on
the analysis of data obtained in the course of the
European Social Survey conducted in 2002 and
2004 in 21 country contains a conclusion that
individual social capital can be a significant fac-
tor that influences an individual's health only
when this individual is involved into social
groups with high collective social capital [57].
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Conclusion. Application of social capi-
tal category to analyze ways of preserving and
improving population health in the contemporary
world can yield good results. There are certain
ways to improve health of people living on this
or that territory via accumulation of social capi-
tal; they include development of local communi-
ties, an increase in their social activity and in-
volvement into finding solutions to local prob-
lems, assistance to non-commercial
organizations and involvement of representatives
from different social groups into their activities.

Risk-communications in health sphere
can be made more efficient and important infor-
mation can be spread faster due to implementa-
tion of activities aimed at enhancing social con-
nections between neighbors or employees of the
same organization.

A better insight into a contribution made
by collective social capital into determination of
health calls for new approaches to development
of modern cities where unavoidable processes of
individuals' atomization should be slowed down
by creating conditions for "strong communities"
able to build up an environment that is the most
favorable for preservation of citizens' health.
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NEW LEGAL, REGULATORy AND METHODOLOGICAL
DOCUMENTS ISSUED IN THE RF IN THE SPHERE OF

HEALTH RISK ANALYSIS

July — September 2018

The Decision by The Board of the Eurasian
Economic Commission No.44 dated April 18, 2018
"On typical schemes for assessing conformity*

The decision fixes typical schemes that can
be applied to assess conformity of products and prod-
uct-related processes of designing, manufacturing,
construction, erecting, setups, operation, storage,
transportation, sales, and utilization to the require-
ments set forth by technical regulations. The docu-
ment contains typical schemes for validating conform-
ity (typical certifications schemes and typical schemes
for declaring conformity) and typical schemes for
state registration; technical regulations, taking into
account peculiarities of products, can fix other
schemes and procedures for assessing conformity.

The Decision by The Board of the Eurasian
Economic Commission No.100 dated June 13, 2018
"On making alterations into the Decisions by the
Board of the Eurasian Economic Commission
No.30 dated April 21, 2015 ""On non-tariff regula-
tions™

The document fixes the order for imports of
plants protectors and other persistent organic pollu-
tants (POPs) which are to be applied in laboratory
research or as a reference standard on the EAEU cus-
toms territory. It is envisaged by the order that the
above-mentioned substances are to be imported in
hermetically closed vials or bottles with their volume
being from a to 10 ml (g) and in quantities required
for laboratory research and/or as a reference standard,
including laboratory research and control over safety
of food products, water, air, performance of inter-
laboratory comparative tests, working out measuring
techniques, accomplishment of scientific-research
works. Imports of samples on the EAEU customs ter-
ritory require permission that should be given by a
document issued in a form approved by the EAEU
Board Decision No. 45 dated May 16, 2012. Imports
of samples for private purposes by physical persons
are strictly prohibited. The document contains a list of
plants protectors and other POPs that can be applied
in laboratory research and/or as a reference standard.

The Decision by The Council of the Eurasian
Economic Commission dated July 13, 2018 No. 49
"On Approval of rules for determining origin of
products imported on the EAEU customs territory
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(non-preferential rules for determining origin of
products)™

The rules are to be applied when products are
imported onto the EAEU customs territory from coun-
tries that are not the EAEU members. The rules,
among other things, include criteria and peculiarities
of determining origin of goods and fix the order for
determining origin of products. They also contain re-
quirements to a certificate of origin.

The Decision by The Council of the Eurasian
Economic Commission dated June 14, 2018 No. 64
"On making alterations into the Section Il Of the
Unified list of products (goods) that are subject to
sanitary-epidemiologic surveillance (control) on the
EAEU customs border and customs territory™

The decision excludes item 2 "Products for
children nutrition 03 EAEU CN FEA" from the list;
groups 03, 16, and 21 are excluded from the table in
the above-mentioned section.

The Federal Law No. 208-FL dated July
19, 2018 ""On making alterations into some RF leg-
islative acts as regards exclusion of duplicated au-
thorities of the federal executive bodies in labor
protection sphere™

The law states that when industrial control
fixed by the Federal Law "On sanitary-epidemiologic
welfare of the population™ is being performed, experts
can use results obtained in research on hazardous
(dangerous) factors accomplished within specific as-
sessment of working conditions by a laboratory (cen-
ter) certified as per conventional order, but not more
than 6 months prior to the moment when the above-
mentioned industrial control is being performed. The
Federal Law "On basics of the citizens health protec-
tion in the Russian Federation™ excludes surveillance
over safe working conditions out of Roszdravnadzor
responsibilities in order to eliminate duplications of
Rostrud authorities.

The Federal Law No. 244-FL dated July
29, 2018 "On making alterations into the Federal
Law "On basic principles of local government or-
ganization in the Russian Federation™ as regards
rights belonging to local governments of a city or a
rural settlement, municipal district, city county, a
city county with an intra-city division, intra-city
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district, to perform activities aimed at consumer
rights protection™

The Law fixes the authority belonging to local
governmental bodies (a city or a rural settlement, mu-
nicipal district, city county, city county with intra-city
division, intra-city district) to perform activities aimed
at consumer rights protection.

The Federal Law dated July 29, 2018 No.
252-FL "On making alterations into the FL "On
environmental protection™ and Clause 1 and Clause
5 of the FL "On making alterations into the FL
"On environmental protection™ and some legisla-
tive acts of the RF " as regards creation of systems
for automated control over emissions and discharg-
es of contaminants™

The law states that all the objects that belong
to the 1st category and exert negative influence on the
environment, the types of such objects being fixed by
the RF Government, should be equipped with automat-
ed devices for measurement and control over emis-
sions and (or) discharges of contaminants as well as
with technical devices for fixing and transmitting in-
formation on emissions and discharges into the state
register of objects that exert negative impacts on the
environment. The law also introduces requirements to
programs of creating automated control systems, and
the RF Government are granted authority to approve
on rules for creation and operation of automated con-
trol systems.

The Federal law dated August 03, 2018 No.
316-FL ""On making alterations into the FL "On
protecting rights of juridical persons and private
entrepreneurs when performing state control (sur-
veillance) and municipal control** and Clause 19 of
the FL "On licensing of certain activities "

The law fixes authority that belongs to the
highest executive bodies in the RF regions as regards
determination of types of regional state control (sur-
veillance) which are subject to risk-oriented approach,
as well as criteria for assigning activities performed by
juridical persons, private entrepreneurs, and (or) their
industrial objects into a specific risk category or a spe-
cific hazard class (category).

Unscheduled inspections which are accom-
plished in relation to submission of applications for
granting a legal status, special permission (license) to
perform specific activities, or permission (agreement)
to perform other juridically significant actions, are to
be excluded from the list of inspections information on
which is to be included into the unified inspections
register. The law also fixes that risk indicators related
to possible violation of obligatory requirements can be
considered by authorities that perform state control as
a reason for an unscheduled inspection. It also gives a
larger list of situations in which scheduled inspections
can be omitted when licensing control over a concrete
activity is performed.
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The Federal Law dated August 03, 2018
No. 280-FL "On organic products and on making
alterations into some RF legislative acts"

The law fixes standards for manufacturing,
storage, transportation, marking and sales of organic
(ecologically clean) products. It is fixed that some re-
quirements are to be met when organic products are
manufactured; these requirements include prohibition
to use agrochemicals, pesticides, antibiotics, growth
and fattening promoters for animals, hormones, ex-
cluding those permitted in the Russian Federation by
the standards in the sphere of organic products manu-
facture; prohibition of embryo transplantation, cloning,
and genetic engineering techniques, genetically modi-
fied and transgenic organisms, prohibition to apply
hydroponic plants cultivating; prohibition to apply
ionizing radiation etc. In order to provide free-of-
charge informing for customers about manufacturers
and types of organic products, a unified state register
of organic products manufacturers has been created.
Data contained in the unified state register of organic
products manufacturers can be found on the RF Minis-
try for Agriculture official web-site.

The Federal Law dated August 03, 2018
No. 281-FL "On ratification of the Agreement on
marking of goods with identification means in the
Eurasian Economic Union™

The Law ratifies the Agreement on marking of
good with identification means in the EAEU signed on
February 2, 2018 in Almaty. In accordance with the
Agreement, the Board of the Eurasian Economic
Commission (EEC) decides on implementation of
marking on the basis of well-grounded proposals sub-
mitted to the EEC by the member-states, analysis of
practicability of goods marking introduction, infor-
mation about influence exerted by introduction of
marking on businesses, technological possibilities to
mark goods, as well as information about other sys-
tems of control over distribution of goods. Goods are
marked via application of identification means or ma-
terial carriers that contain such means directly on
goods or their package. Data on identification means
are introduced into a unified register that is to be cre-
ated and kept as an electronic database by the EEC.

The Agreement distributes authority on mark-
ing system creation among the EEC and the EAEU
member-states.

The RF Governmental Regulation dated
June 26, 2018 No. 731 ""On standards fixing permis-
sible emissions of radioactive substances and stand-
ards fixing permissible discharges of radioactive
substances, as well as on granting permissions to
emit or discharge radioactive substances"

The Rules for designing and fixing standards
for permissible emissions and discharges of radioac-
tive substances, as well as for granting permissions to
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emit and discharge them, come into force on January
1, 2019. Standards for emissions or discharges are de-
signed in relation to new economic or other objects
that are being put into operation or reconstructed ob-
jects on the basis of construction documentation and
inventory data on radioactive substances emissions
into the atmosphere of radioactive substances dis-
charges into water objects.

Standards for emissions or discharges are
fixed in a permission to emit or discharge radioactive
substances provided that such permissions are agreed
on with Rospotrebnadzor that confirms standards for
emissions or discharges being designed in conformity
with sanitary rules. Permissions to emit or discharge
radioactive substances are granted for 7 years. Those
permissions to emit radioactive substances into the
atmosphere and to discharge radioactive substances
into water objects that were earlier granted by Rospo-
trebnadzor remain in force till their validity expires.

The RF Governmental Regulation dated
July ot 18, 2018 No. 840 "On making alterations
into the Regulation on unified state system for pre-
vention and elimination of emergencies"

The list of primary activities performed by
governmental authorities and bodies acting within the
unified state system for prevention and elimination of
emergencies in case of red alert includes informing
population about emergencies, their parameters and
scales, damaging factors, measures aimed at providing
safety of population and territories, protection means
and techniques, necessary actions, rules of behavior in
an emergency zone, and on citizens' rights in the
sphere of protection of population and territories from
emergencies and social protection of injured, includ-
ing the right to receive compensations fixed in the
legislation, and a procedure for recovering documents
that were lost due to an emergency.

The RF Governmental Regulation dated
August 13, 2018 No. 935 "On introduction of tem-
porary quantitative limitation on imports of ozone
depleting substances into the Russian Federation in
2018"

From September 7 till December 31, 2018, a
quantitative limitation on imports of ozone depleting
substances into the Russian Federation is valid; it re-
gards substances from the Group I, list C, Section 2.1
of the list of goods that can be imported onto the cus-
toms territory of the EAEU or exported from it only on
permission, fixed in the Appendix No. 2 to the Deci-
sion by the board of the Eurasian Economic Commis-
sion dated April 21, 2015 No. 30 "On non-tariff regu-
lation™.

The RF Governmental Regulation dated
August 13, 2018 No. 934 "On acknowledgment of
some RF Governmental acts as being no longer val-
id"
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The following RF Governmental acts are no
longer valid: The Rules for fixing standards of permis-
sible contaminants discharges into water objects via
centralized sewerage systems and limits on discharges
for sewerage organizations (approved by the RF Gov-
ernmental Regulation dated April 30, 2013, No. 393);
The Regulation on a planned decrease in discharges of
contaminants, other substances, and microorganisms
into surface water objects, underground water objects,
and on water-collecting areas (approved by the RF
Governmental Regulation dated April 10, 2013, No.
317).

The RF Governmental Regulation dated
August 18, 2018 No. 967 ""On making alterations
into some RF Governmental Acts"

The regulations on the federal state surveil-
lance over consumer rights protection and on the fed-
eral state sanitary-epidemiologic surveillance are sup-
plemented with a directive on a possibility of test pur-
chases.

The RF Governmental Regulation dated
August 31, 2018 No. 1039 "On Approval of Rules
how to arrange grounds for accumulation of solid
communal wastes (SCW) and enlist them in a uni-
fied register™

The document fixes the procedure for arrang-
ing grounds where solid communal wastes are to be
accumulated, forming and keeping a unified register of
such grounds. It is stated that grounds where solid
communal wastes are accumulated are to be in full
conformity with the RF legislation in the sphere of
sanitary-epidemiologic welfare of the population and
other RF legislative acts, as well as to the rules for
municipal settlement improvement. A unified register
of SCW accumulation grounds is a database that con-
tains data on all the grounds where solid communal
wastes are accumulated. The register is to be kept by
an authorized body both on paper and as an electronic
database.

The Order by the RF Chief Sanitary In-
spector dated May 31, 2018 No. 37 "On making
alterations into the Order by the RF Chief Sani-
tary Inspector dated December 22, 2017 No. 165
"On Approval of Hygienic Standards HS
2.1.6.3492-17 "Maximum permissible concentra-
tions (MPC) of contaminants in the atmospheric
air in cities and rural settlements™ Registered in
the RF Ministry of Justice on June 18, 2018 No.
51367.

The document adjusts maximum permissible
concentrations (MPC) of contaminants in the atmos-
pheric air in cities and rural settlements; in particular,
for such contaminants as "Hexahydro-2H-azepine-2-
on", Hex-1-en", 1-Hydroxy-4-chlorobenzene, 1,2-
dibrompropane,

, "Propylpantanoate", and some others.
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The Order by the RF Chief Sanitary In-
spector dated April 18, 2018 No. 30 "On additional
measures for preventing hydrophobia in the Rus-
sian Federation" Registered in the RF Ministry of
Justice on August 08, 2018 No. 51814.

Heads of Rosporebnadzor regional offices are
to determine exact volumes and dates for immuniza-
tion of population against hydrophobia. The RF Chief
Sanitary Inspector indicates that epidemiologic situa-
tion as regards hydrophobia is not stable on the RF
territory.

The document also contain recommendations
on prevention of hydrophobia and morbidity with the
diseases among people.

Recommendations by The Board of the
Eurasian Economic Commission dated July 31,
2018 No 13 ""On collecting samples to perform ex-
aminations (tests) and measurements of food prod-
ucts when applying and meeting requirements fixed
by the Technical regulations of the Eurasian Eco-
nomic Union"

The document proposes specific rules and
procedures for the EAEU member states as regards
samples collection for examining food products when
applying the EAEU technical regulations (EAEU TR)
and meeting requirement set forth by them. These rules
and procedures are recommended to be applied starting
from October 1, 2018. The rules and procedures de-
termine overall sequence of actions for collecting
samples of food products, basic requirements to stor-
age, transportation, and delivery of samples, and they
are to be applied in the process of obligatory assess-
ment of food products conformity to the requirements
set forth by the EAEU technical regulations and state
control (surveillance) over meeting the requirements
set forth by the EAEU technical regulations. The said
rules and procedures are to be applied in case there are
no procedures that fix collection of samples in interna-
tional, inter-state, or national (state) standards that
contain rules and procedures for examinations (tests)
and measurements, including rules for collecting sam-
ples that are necessary for application and meeting
requirements set forth by technical regulations and
performing assessment of conformity for objects of
technical regulation.

Recommendations by The Board of the
Eurasian Economic Commission dated June 19,
2018 No. 9 "On interaction between state control
(surveillance) bodies in the EAEU member states
when performing control (surveillance) activities in
relation to meeting requirements fixed by the
EAEU technical regulations"

The EAEU member states are offered some
recommendations on how to perform state control
(surveillance) over meeting requirement fixed by the
EAEU technical regulations. The recommendations
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contain an algorithm of standard activities accom-
plished by state control (surveillance) authorities
when they detect products that don't conform to the
requirements fixed by the EAEU technical regula-
tions; a typical notification on detected products that
don't conform to the requirements fixed by the EAEU
technical regulations and on measures taken as re-
gards this situation.

The Information Letter by the RF Federal
Biomedical Agency dated August 24, 2018 No. 32-
024/646 "On establishing sanitary-hygienic zones of
industrial enterprises and radiation objects"

The RF Federal Biomedical Agency clarify
the order for agreeing on sanitary-hygienic zones and
observation zones on areas where a nuclear plant, a
source of radiation or a storage facility with radiation
materials is located; such zones are to be established in
full conformity with the RF legislation in the sphere of
nuclear power application and the RF land laws. Sizes
and boundaries of a sanitary-hygienic zone near an
object where nuclear power is applied are to be deter-
mined by a project of a sanitary-hygienic zone in con-
formity with standards and rules for nuclear power
application; the project is to be agreed upon by state
sanitary-epidemiologic surveillance authorities. A reg-
ulation on such sanitary-hygienic zones is to approved
by the RF Government.

Methodical Guidelines MG 4.2.2.0127-18.
2.4.4. Children and teenagers hygiene. A procedure
for assessing efficiency of health-improving acti-
vates performed by stationary facilities for chil-
dren's rest and recreation. Methodical guidelines"
(approved by the RF Chief Sanitary Inspector on
May 11, 2018)

Methodical guidelines cover stationary facili-
ties for children's rest and recreation with a shift dura-
tion being not less than 21 days and are aimed for
bodies that perform federal state sanitary-
epidemiologic surveillance, executive bodies of the
RF regions, heads and medical personnel employed at
stationary facilities for children's rest and recreation
that are located in the countryside. These methodical
guidelines replace MG 2.4.4.0011-10 "A procedure
for assessing efficiency of health-improving activities
performed by stationary rest and recreation facilities
for children located in the countryside ".

The Information letter by Rospotrebnadzor
"Rospotrebnadzor recommendations for workers
who perform their work tasks under increased air
temperature”

Rospotrebnadzor remind how to properly or-
ganize work processes at workplace with increased air
temperature. When air temperature in a working area
reaches 28.5°C, it is recommended to make a workday
1 hour shorter; when it reaches 29°C, 2 hours shorter;
when it reaches 30.5°C, 4 hours shorter. When work is
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performed on open air with air temperature being
32.5°C and higher, uninterrupted working period
should last for 15-20 minutes and then there should be
a breaks for not less than 10-12 minutes in cooling
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rooms; the total duration of work under thermal loads
should not exceed 4-5 hours per a working shift for
workers who wear heatproof clothing, and 1.5-2 hours
for workers without any heatproof clothing.
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