Founder: Federal Scientific Center
for Medical and Preventive
Health Risk Management
Technologies Federal Service

for Surveillance on Consumer
Rights Protection and

Human Wellbeing

Contact Information:

82 Monastyrskaya Str.,
Perm, 614045, Russia
Tel/Fax: +7 (342) 237-25-34
E-mail: journal@fcrisk.ru
Site: journal.ferisk.ru/eng

Editor and corrector — M.N. Afanaseva
Technical Editor — A.A. Nizhegorodova
Translator — N.V. Dubrovskaya

All rights reserved. No part of this
publication may be stored in the
computer's memory or reproduced
in any way without the prior written
permission of the publisher.

The publication 30.06.2020.
Format 90x60/8.

Order No. 14/2020.

Edition is 500 copies.

The price is free.

The Journal is registered by The Federal
Service For Supervision Of Communications,
Information Technology, And Mass Media
(Roscomnadzor). Register certificate

CMMU - 11 No. @C 77-52552

issued on January 21, 2013

Address of the publisher and printing house:
29 Komsomolsky ave., Perm, 614990,
Russia, tel.: +7 (342) 219-80-33

Printed by the Publishing House of
Perm National Research Polytechnic
University (29 Komsomolsky ave.,
Perm, 614990, Russia,

tel.: +7 (342) 219-80-33)

Subscription number:

catalog ""Russian Post"

annual subscription — 04153
semi-annual subscription — 83927

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

HEALTH RISK
ANALYSIS

Theoretical and practical journal. Start of publication: 2013.

4 issues per year

EDITORIAL BOARD

G.G. Onishchenko — Editor in Chief, Fellow of the Russian
Academy of Sciences, DSc, Professor (Moscow, Russia)

N.V. Zaitseva — Deputy Chief Editor, Fellow of the Russian
Academy of Sciences, DSc, Professor (Perm, Russia)

L.V. May — Executive Secretary, DSc, Professor (Perm, Russia)

EDITORS

S.L. Avaliani — DSc, Professor (Moscow, Russia)

A.B. Bakirov — DSc, Professor (Ufa, Russia)

E.N. Belyaev — corresponding member of RAS, DSc, Professor
(Moscow, Russia)

V.M. Boev — DSc, Professor, (Orenburg, Russia)

L.V. Bragina —-DSc (Moscow, Russia)

R.V. Buzinov — DSc (Arkhangelsk, Russia)

L.V. Bukhtiyarov — corresponding member of RAS, DSc,
Professor (Moscow, Russia)

V.B. Gurvich — DSc (Ekaterinburg, Russia)

I. Dardynskaia — DSc, Professor (Chicago, USA)

MA. Zemlyanova — DSc (Perm, Russia)

U.L Kenesariev — DSc, Professor, corresponding member of the
Academy of Medical Sciences of Kazakstan (Almaty, Kazakstan)
T. Cronberg — DSc in Ec., DSc in Tec., Member of the

European Parliament from Finland. (Ruveslahti, Finland)

S.V. Kuz'min — DSc, Professor (Ekaterinburg, Russia)

V.V. Kutyrev — Fellow of the Russian Academy of Sciences, DSc,
Professor (Saratov, Russia)

V.R. Kuchma — corresponding member of RAS, DSc, Professor, (Mos-
cow, Russia)

A.-M. Landtblom — MD PhD, Professor (Uppsala, Sweden)

Le Thi Hong Hao — Assoc., Professor (Hanoi, Vietnam)

A.G. Malysheva — DSc, Professor (Moscow, Russia).

A.V. Mel'tser — DSc, Professor (St.-Petersburg, Russia)

A.Ya. Perevalov — DSc, Professor (Perm, Russia)

Y.P. Pivovarov — Fellow of RAS, DSc, Professor (Moscow, Russia)
A.Yu. Popova — DSc, Professor (Moscow, Russia)

J. Reis — AEA Physiology, MD (Strasbourge, France)

V.N. Rakitskiy — Fellow of RAS, DSc, Professor, (Moscow, Russia)
Y.A. Revazova — DSc, Professor (Moscow, Russia)

V.S. Repin — DSc, Professor (St.-Petersburg, Russia)

A.V. Reshetnikov — Fellow of RAS, DSc, Professor (Moscow, Russia)
S.I. Savelyev — DSc, Professor (Lipetsk, Russia)

P. Spencer — PhD, FRCPath Professor Department of neurology
(Portland, USA)

V.F. Spirin — DSc, Professor (Saratov, Russia) Director
A.Tsakalof — Professor of Medical Chemistry (Larissa, Greece)
V.A. Tutelyan — Fellow ofRAS, DSc, Professor (Moscow, Russia)
H.H. Hamidulina — DSc, professor, (Moscow, Russia)

S.A. Hotimchenko — DSc, professor (Moscow, Russia)

L.M. Shevchuk — PhD (Minsk, Belarus)

N.V. Shestopalov — DSc, Professor (Moscow, Russia)

P.Z. Shur — DSc, professor (Perm, Russia)

1

January 2020 March



CONTENTS

PREVENTIVE HEALTHCARE:
TOPICAL ISSUES OF HEALTH RISK ANALYSIS

A.Yu. Popova, N.V. Zaitseva, G.G. Onishchenko,

S.V. Kleyn, M. V. Glukhikh, M.R. Kamaltdinov

SOCIAL AND EPIDEMIOLOGIC DETERMINANTS AND
POTENTIAL FOR GROWTH IN LIFE EXPECTANCY OF
THE POPULATION IN THE RUSSIAN

FEDERATION TAKING INTO ACCOUNT REGIONAL
DIFFERENTIATION

Hamid Sarkheil, Bahram Tahery, Behzad Rayegani,
Javad Ramezani, Hamid Goshtasb, Ali Jahani
EVALUATING THE CURRENT STATUS

OF THE NATIONAL HEALTH, SAFETY

AND ENVIRONMENT MANAGEMENT SYSTEM
FOR INTEGRATION, HARMONIZATION,

AND STANDARDIZATION OF ENVIRONMENTAL
PROTECTION

N.V. Zaitseva, M.A. Zemlyanova, 1.V. May, V.B Alekseev,
P.V. Trusov, E.V. Khrushcheva, A.A. Savochkina
EFFICIENCY OF HEALTH RISK MITIGATION:
COMPLEX ASSESSMENT BASED ON FUZZY SETS
THEORY AND APPLIED IN PLANNING ACTIVITIES
AIMED AT AMBIENT AIR PROTECTION

HEALTH RISK ANALYSIS IN HYGIENE

M.G. Kiseleva, Z.A. Chalyy, I.B. Sedova,

L.P. Minaeva, S.A. Sheveleva

STUDYING THE CONTAMINATION OF TEA
AND HERBAL INFUSIONS WITH MYCOTOXINS
(MESSAGE 2)

D.N. Lir, A.Ya. Perevalov, N.V. Tapeshkina,

A.V. Sherstobitova, E.A. Misharina

ANALYZING NUTRITION RATIONS AT PRE-SCHOOL
CHILDREN FACILITIES IN A LARGE INDUSTRIAL
CITY IN RUSSIA

E.T. Valeeva, L.K. Karimova, R.R. Galimova,

N.A. Muldasheva, A.A. Distanova

ASSESSMENT OF OCCUPATIONAL HEALTH RISK
FOR WORKERS EMPLOYED AT CONTEMPORARY
RUBBER PRODUCTION

M. V. Kuleshova, V.A. Pankov

ASSESSING OCCUPATIONAL RISKS FOR WORKERS
EMPLOYED AT HEAT-POWER ENGINEERING
ENTERPRISES

HEALTH RISK ANALYSIS
IN EPIDEMIOLOGY

O.Yu. Kocherova, E.N. Antysheva, V.V. Chubarovsky,
O.M. Filkina, E.A. Vorobeva

DYNAMICS OF ACUTE MORBIDITY AND RISK
FACTORS THAT CAUSE FREQUENT ACUTE
RESPIRATORY TRACT INFECTIONS IN INFANT
CHILDREN DURING THEIR FIRST YEAR

IN A FOSTER FAMILY

18

25

38

52

59

68

76

NPOOPUJTAKTHYECKASA MEJUIINMHA:
AKTYAJIBHBIE ACIIEKTbBI AHAJIN3A
PUCKA 310POBbIO

A.XO. Ilonosa, H.B. 3aiiyesa, I'1. Onuwenko,

C.B. Kneiin, M.B. I'nyxux, M.P. Kamanmounos
CAHUTAPHO-3ITUAEMUOJIOTMYECKUE
JETEPMUHAHTBI U ACCOLIMMPOBAHHBIMN

C HAMU [TOTEHLIUAJI POCTA OXXHUJIAEMO
MMPOJOJDKUTEJIbBHOCTU XXNU3HU HACEJIEHUA
POCCHUIMCKOM ®EJEPAITAN

Xamuo Capxeiin, baxpam Taxepu, bexsao Patieanu,
Jicasao Pamesanu, Xamuo I'owmac6, Anu [ocaxanu
OLIEHKA TEKVYIIEI'O COCTOSHUA
HAIIMOHAJILHOM CUCTEMBI YIIPABJIEHUS
3JIOPOBBEM, BE3OITACHOCTBIO Y DKOJIOTMEN
C HEJIbIO UHTEI'PALIUN, TAPMOHU3 AL

U CTAHJAPTU3ALINU 3AIIUTHI
OKPYKAIOILEN CPEJIbI

H.B. 3aiiyesa, M.A. 3emnanosa, U.B. Maii, B.F Anekcees,
11.B. Tpycos, E.B. Xpywesa, A.A. Casoukuna
KOMIIJIEKCHAS OLIEHKA D®PEKTUBHOCTU
MUTUT AT BPEJIA 3JI0OPOBBIO HA OCHOBE
TEOPUU HEUETKMX MHOXXECTB

[TPU TIJTAHMPOBAHKH BO3AYXOOXPAHHBIX
MEPOIIPUSATUIA

AHAJIN3 PUCKA 3JOPOBBIO B THTTUEHE

M.I". Kucenesa, 3.A. Yanviit, 1.5. Cedosa,

JLII. Munaesa, C.A. Illesenesa

W3YYEHUE 3ATPI3HEHHOCTH YA S 1 YANMHBIX
TPABSIHBIX HAIIMTKOB MUKOTOKCHHAMU
(COOBIIEHME 2)

H.H. Jlup, AA. Ilepesanos, H.B. Tanewkuna,

A.B. lllepcmobumosa, E.A. Muwapuna

AHAJIN3 PALITMOHOB ITUTAHUA AOIKOJIBHBIX
OBPA3OBATEJIbHBIX OPTAHM3ALMIA B KPYITHOM
IMPOMBIIIIJIEHHOM I'OPOIE POCCUN

O.T. Baneesa, JLK. Kapumosa, P.P. ['anumosa,

H.A. Mynoawesa, A.A. lucmanosa

OIEHKA IMTPO®ECCHUOHAJIBHOI'O PUCKA
3J1I0POBbIO PABOTHMKOB B COBPEMEHHBIX
[MPOMU3BOACTBAX PE3MMHOBBIX I/I3I[EJ'II/II71

M.B. Kynewosa, B.A. Ilankos

OLIEHKA ITPO®ECCHUOHAJIBHOI'O PUCKA
PABOTHHKOB ITPEATIPUATHS
TEIIJIOOHEPTETUKN

AHAJIN3 PUCKA 3J0POBBIO
B SJIIMAEMHUOJIOTIUN

O.1O. Koueposa, E.H. Anmuiwesa, B.B. Yybaposckuii,
O.M. Qunvkuna, E.A. Bopobvesa

JUHAMUKA OCTPOI 3ABOJIEBAEMOCTHU

1 ®AKTOPBI PUCKA YACTBIX OCTPbLIX
PECIIMPATOPHBIX MHOEKIIVI V JETEN
PAHHEI'O BO3PACTA B IIEPBBII 'O/l
BOCIIMTAHUS B 3AMEIAIOIIEN CEMbBE

Health Risk Analysis. 2020. no. 1



S.K. Udovichenko, V.P. Toporkov

ON EPIDEMIOLOGIC RISKS, THEIR CATEGORIES
AND PREDICTORS IN SANITARY-EPIDEMIOLOGIC
(BIOLOGICAL) EMERGENCY SITUATIONS

A.G. Sergeev, V.A. Mishchenko, I.P. Bykov,

V.V. Romanenko, L.G. Chistyakova, A.V. Alimov
RISK-ORIENTED APPROACH IN ANALYZING
EPIDEMIOLOGIC SITUATION WITH INCIDENCE
WITH TICK-BORNE ENCEPHALITIS ON ENDEMIC
TERRITORIES

Nguyen Thanh Trung, Huong Nguyen Minh,

Pham Thi Loan, Le Thi Hong Hao, Ta Thi Yen
ISOLATION AND IDENTIFICATION

OF B-LACTAMASE PRODUCING PSEUDOMONAS
SPP. IN READY-TO-EAT RAW VEGETABLES

LA. Abramov, O.P. Chernyavskaya, A.A. Abramov
PROCEDURE FOR ASSESSING RISKS

OF AN INFECTIOUS DISEASE BEING IMPORTED
AND SPREAD IN THE RF REGIONS EXEMPLIFIED
WITH MEASLES IN 2018

MEDICAL AND BIOLOGICAL ASPECTS
RELATED TO ASSESSMENT OF IMPACTS
EXERTED BY RISK FACTORS

V.A. Hrynchak, S.1. Sychik

PECULIARITIES OF TOXIC EFFECTS PRODUCED
BY DIISONONYL PHTHALATE AND REGULATION
OVER IT IN POLYMER MATERIALS AND MEDICAL
PRODUCTS

O.V. Khlynova, E.A. Shishkina, V. Sakhena,

A.V. Krivtsov, G.N. Spasenkov, N.I. Abgaryan

TNF GENE POLYMORPHISM AS A RISK FACTOR
THAT CAN CAUSE ARTERIAL HYPERTENSION
IN PATIENTS SUFFERING FROM
GASTROESOPHAGEAL REFLUX DISEASE

HEALTH RISK ANALYSIS IN ORGANISING
PUBLIC HEALTHCARE

A.V. Kontsevaya, Yu.A. Balanova, A.O. Myrzamatova,
M.B. Khudyakov, D.K. Mukaneeva, O.M. Drapkina
ECONOMIC LOSSES DUE TO ONCOLOGIC
DISEASES RELATED TO MODIFIABLE RISK
FACTORS

ANALYTICAL REVIEWS

LV. Gmoshinski, O.V. Bagryantseva,

O.V. Arnautov, S.A. Khotimchenko

NANOCLAYS IN FOOD PRODUCTS: BENEFITS
AND POSSIBLE RISKS (LITERATURE REVIEW)

M.M. Padrul’, 1.V. Galinova, A.A. Olina, G.K. Sadykova
STRATIFICATION OF PRETERM BIRTH RISK:
PECULIARITIES

V.A. Kaptsov, V.N. Deinego
IRRATIONAL LIGHTING AS A HEALTH RISK
OCCURRING IN THE ARCTIC

NEW LEGAL, REGULATORY

AND METHODOLOGICAL DOCUMENTS ISSUED
IN THE RF IN THE SPHERE OF HEALTH RISK
ANALYSIS

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

83

92

101

108

118

126

133

142

165

177

191

ISSN (Eng-online) 2542-2308

C.K. Yoosuuenxo, B.I1. Tonopros

OB DIMMIAEMHNOJIOTMYECKUX PUCKAX,
COCTABJIAIOINX UX KATEIOPUAX U ITPEJJUKTOPAX
[IPY BOSHUKHOBEHWU YPE3BBIYATHBIX

CUTY AL CAHUTAPHO-SIUIEMUOJIOTMYECKOT O
(BUOJIOTMYECKOI'O) XAPAKTEPA

A.I'. Cepeees, B.A. Muwenko, U.I1. bvixos,

B.B. Pomanenxo, JI.I'. Qucmsakoea, A.B. Anumos
PUCK-OPUEHTUPOBAHHBII ITOJXO/I B AHAJIN3E
AIUAEMUOJIOTMUYECKOU CUTY ALTUN

110 BABOJIEBAEMOCTH KJIEILIEBBIM BUPYCHBIM
DHIED®AJIMTOM HA SHAEMUWYHBIX TEPPUTOPUSX

Haysn Tan Yyne, Xone Heysn Mun, @am Tu Jloan,

JIu Tu Xowne Xao, Ta Tu Hen

BbIAEJIEHUE U UJIEHTUD®UKALMSI PSEUDOMONAS
SPP., ITIPOAYLIUPYIOUINX B-IAKTAMA3Y,

B TOTOBOM K YIIOTPEBJIEHUIO CTOJIOBOM 3EJIEHU

U.A. Abpamos, O.I1. Yepuasckas, A.A. Abpamos
METOJINKA OLEHKH PUCKA 3ABO3A

U PACITPOCTPAHEHUA NHOEKIIMOHHOI'O
3ABOJIEBAHUA HA TEPPUTOPU CYBBEKTOB
POCCHUIMCKOMN ®EJEPAITN HA TIPUMEPE
KOPU B 2018 T

MEJNKO-BHOJIOTTYECKHE ACTIEKTBI
OLEHKHA BO3JEUCTBUSA ®PAKTOPOB PUCKA

B.A. I'puinyax, C.U. Coiuux

OCOBEHHOCTH TOKCUYECKOI'O JEMCTBUA
JUN30HOHUJIDTAJIATA U ET'O PETJIAMEHTUPO-
BAHMUE B ITOJIMMEPHBIX MATEPUAJIAX

W M3AEJINAX MEIUITMHCKOT'O HASHAYEHU A

O.B. Xnvinosa, E.A. Hluvwuxuna, B. Caxena,

A.B. Kpusyos, I'H. Cnacenxos, HH. Abeapsan
TTIOJIUMOP®U3M I'EHA TNF KAK ®AKTOP PUCKA
APTEPUAJIBHOU T'MITIEPTEH3UN V BOJIbHBIX
TACTPOR30DATEAJIBHOM PEDJIFOKCHOM
BOJIE3HBIO

AHAJIN3 PUCKA 3J0POBBIO
B OPTAHM3ALIUU 3IPABOOXPAHEHUS

A.B. Konyesas, FO.A. bananosa, A.O. Mvipzamamosa,
M.B. Xyosxos, I.K. Mykaneesa, O.M. [Jpankuna
SKOHOMMYECKUU VIIEPE OHKOJIOTMYECKUX
3ABOJIEBAHMIA, ACCOLIMNPOBAHHbBIX

C MOINOUITNPYEMBIMU ®AKTOPAMUI PUCKA

AHAJIMTHYECKHUE OB30PhI

U.B. I'mowunckuil, O.B. Bazpanyesa,

O.B. Apnaymos, C.A. Xomumuenko

HAHOI'JIMHBI B IUIIEBOM ITPOAYKIIMU: IIOJIb3A
1 BO3MOXXHBIE PUCKU (OB30P JINTEPATYPBI)

M.M. Iaopyne, U.B. I'anunosa, A.A. Onuna, I'K. Cadvikosa
OCOBEHHOCTHU CTPATU®UKAIINU PUCKA
TIPEXXIEBPEMEHHBIX POJIOB

B.A. Kanyos, B.H. Jletinezo
HEPALIMOHAJIBHOE OCBEIIEHWE KAK PHCK
3JI0POBBIO B YCJIOBUSX APKTUKN

HOBBIE 3AKOHOJATEJIBHBIE,
HOPMATHUBHBIE U METOAUYECKHE
JTOKYMEHTBI POCCAUMCKOM ®EJEPAIIAU
B COEPE AHAJIN3A PUCKA 31OPOBbIO



PREVENTIVE HEALTHCARE:
TOPICAL ISSUES OF HEALTH RISK ANALYSIS

UDC 613; 614
DOI: 10.21668/health.risk/2020.1.01.eng
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The current work supplements the results obtained in previous research on a relation between leading parameters of
living conditions and life expectancy of the RF population; it dwells on the results obtained via analyzing a role played by
sanitary and epidemiologic determinants. A sanitary-epidemiologic situation in certain RF regions is unfavorable and it
makes our research truly vital; it is also necessary to work out and implement activities aimed at eliminating or minimizing
adverse environmental factors that can produce negative effects on demographic situation in the country. Our primary goal
was to study impacts exerted by sanitary-epidemiologic parameters on life expectancy in the RF and to obtain predicted val-
ues for its growth taking into account regional and sex differentiation.

We examined domestic and foreign experience in researching relations between sanitary-epidemiologic welfare and life ex-
pectancy. All the RF regions were distributed into three clusters as per their sanitary-epidemiologic welfare. The third cluster that
includes 11 regions is in much greater need for implementing activities aimed at reducing environmental contamination. Results
obtained via regression and factor analysis revealed that should there be a scenario with an improvement in sanitary-epidemiologic
parameters (by 10.0 %), the overall life expectancy for the RF population would increase by 140.39 days. An improvement in sani-
tary-epidemiologic situation taken as per sex differentiation indicated that a greater impact was expected on life expectancy growth
among male population, as it would increase by 146.9 days (by 117.6 days for female population). We established that several pa-
rameters made the greatest contribution into life expectancy growth; they were “A share of population provided with high quality
drinking water” (61.65 days), “Physical factors existing at workplaces” (35.83 days), “Sanitary-hygienic characteristics of objects
under surveillance” (15.16 days), and “Sanitary-epidemiologic parameters of ambient air” (14.26 days).

The current work does not cover extreme sanitary-epidemiologic situations related to pandemic spread of new infec-
tious agents causing highly contagious diseases (Coronavirus infection).

Key words: life expectancy, sanitary-epidemiologic factors, environment, demographic policy, population, life quality,
factor analysis, cluster analysis.
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Social and epidemiologic determinants and potential for growth in life expectancy of the population...

Introduction. In the 2™ half of the
20" century efforts made by the whole mankind
allowed minimizing (variola eradication and
elimination of measles, rubella, and poliomyeli-
tis on certain territories) and almost completely
getting rid of known communicable diseases; it
resulted in the most favorable situation in pub-
lic healthcare in history [1, 2]. During that pe-
riod life span and life expectancy of a human
being as a biological species achieved their re-
cord length and it is confirmed by mortality
curve becoming rectangular [3—5]. Successes
achieved in struggling against communicable
diseases allowed decreasing their influence on
public health as well as prolong life expectancy;
but at the same time it led to changes in struc-
ture of morbidity and mortality. Nowadays non-
communicable diseases (NCDs) are the leading
cause of deaths all ever the world and in the
Russian Federation (RF) as well [6]. Besides,
such a wide spread of these diseases to a greater
extent is determined by impacts exerted by sci-
entific and technological progress on the envi-
ronment and people.

Technological progress resulted in two
most significant and interrelated processes in
the society, namely industrialization and ur-
banization. Industrialization allowed signifi-
cant increase in social and economic welfare
of the population thus stimulating further soci-
ety development. A change in social and eco-
nomic relations led to a natural transition from
a predominantly traditional (agricultural) soci-
ety to a contemporary (urbanized) one with its
peculiarities, including deteriorating ecological
conditions in settlements due to intensifying
industrial activities and growing transport
flows. All the described processes are apparent
in developing countries, such as China, India,
or Pakistan [7-10].

Anthropogenic activities resulted in
greater technogenic loads on the environment,
namely great quantities of contaminants ac-
cumulated in environmental objects as well as
wider spread of certain physical factors such
as noise, vibration, electromagnetic irradia-
tion, etc. [11-13].

As per WHO data, a contribution made by
environmental factors may well reach 25.0 %.
Despite several research works [14—17] stating
that lifestyle and living standards of people
exert more substantial influence on diseases
occurrence and clinical course, qualitative
properties of the environment where these
people live can either make for deterioration of
their health or, on the contrary, can be a source
for its recovery and improvement via recrea-
tional opportunities or possibility to get good
rest on a specific territory.

Drinking water sources, together with am-
bient air and soils, are gravely contaminated
due to anthropogenic activities. Primary con-
taminants in water are heavy metals, microbi-
ological agents, emergent contaminants, and
other chemicals that penetrate water with sew-
age discharges from industrial and communal
objects, diffusely enter from soils cultivated by
agricultural enterprises, or from precipitations.
We should take into account that new chemical
compounds that can be found in drinking water
sources occur faster than any potential hazard-
ous effects produced by them on a human body
are determined and that water is often supplied
to an end customer via old water supply sys-
tems, and it, in one way or another, results in
urban population facing a problem related to
drinking water contamination [18, 19].

Existing water treatment facilities are able
to prevent acute intoxications caused by drink-
ing water contamination; however, the above
mentioned factors gradually increase probabil-
ity of various diseases such as urolithiasis and
oncologic diseases and in case of any emer-
gencies even communicable diseases [20-22].

About 90.0 % people are exposed to ambi-
ent air that doesn’t conform to the WHO re-
quirements regarding ambient air quality'. As
per data provided by Global Health Observa-
tory (GHO/WHO) [23] in 2016 approximately
7 million deaths all over the world were caused
by ambient air contamination (4.2 million
deaths) and contaminated air inside premises;
ambient air contamination accounts for ap-
proximately 25.0 % deaths due to ischemic

! WHO recommendations fix average annual limit for PM, s particles amounting to 10 pg/m3 .
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heart disease and 24.0 % deaths due to cardiac
infarction as well as about 246,000 deaths of
children younger than 5 [24]. As per research
data, in the RF overall number of deaths caused
by exposure to particulate matter (PM;o’
PM,s5) amounted to 140,851 cases among peo-
ple of both sexes (UL: 59,079-192,348),
83,938 out of them being due to ischemic heart
disease, and 46,216 due to cardiac infarction.
This quantity of death cases related to particu-
late matter contents in ambient air is one of the
highest in the world as higher figures are regis-
tered only in India, 621,138 death cases
(UI: 515,242-744,416), and China, 1,032,833
death cases (UI: 869,033—1,212,034) [25].

Environmental contamination leads to sub-
stantial losses in the world economy as well as
certain national economies. Data provided by the
Global Commission on Pollution and Health in-
dicate that there are 2.0 % losses in GDP in mid-
dle-income countries (MIC) and low-income
countries (LIC) due to diseases caused by envi-
ronmental contamination. Besides, there is a
growth in annual expenses on public healthcare
that varies from 1.7 % in high-income countries
(HIC) and up to 7.0 % in MIC and LIC where
industrialization and urbanization are developing
more intensely at the moment. Overall world
economic losses caused by environmental con-
tamination are 4.6 trillion USD [26].

As per data provided by S.A. Sarkodie et
al., a growth in industrial emissions that contain
PM, s results in 0.004 % decrease in life expec-
tancy (LE) (CI*: 95.0 %) [27]. The author also
showed in that work that an increase in incomes
as a process which was closely connected with
growing environmental contamination led to a
0.02 % increase in LE (CI: 95,0 %) and a
0.01 % decrease in overall mortality. This phe-
nomenon is explained with a hypothesis known
as the Environmental Kuznets Curve [28]. Ac-
cording to this hypothesis a relation between
the parameters is an upturned U and it shows
that growing incomes go together with growing
environmental contamination; however, in fu-

ture, after certain population welfare has been
reached, a society starts to implement activities
aimed at reducing anthropogenic loads on the
environment (ecological taxes, hygienic stan-
dards, transition to ecologically friendly tech-
nologies in energy production and manufactur-
ing). A similar research work accomplished in
the USA revealed that, firstly, there was an
inverse correlation between LE and ambient
air contamination with particulate matter;
and, secondly, the correlation became even
stronger in case there was inequality in popu-
lation incomes [29].

As per data obtained by researchers from
Denmark, life expectancy goes down not only
due to ambient air being contaminated with
ultra-dispersed particles, but also with nitrogen
dioxide emitted by transport. Should NO;
emissions from transport decrease up to levels
that are typical for rural areas or by 20.0 %, it
will result in LE increase by 2040 in Denmark,
by 2.0 and 0.6 years for men and by 0.4 and
0.1 years for women accordingly [30].

Employable people are exposed to occu-
pational factors during the biggest part of their
lives. Impacts exerted by various occupational
factors (chemical, physical, or biological ones)
can lead to deterioration in one’s health; vari-
ous occupational pathologies, either mild or
grave; a decrease in workers’ life span; more
frequent oncologic diseases; deterioration in
emotional and mental state caused by various
factors; as well as to other disorders [31-36].

In 2015 The UN General Assembly ap-
proved on a program called Sustainable De-
velopment Goals; it contains 17 global goals
that the mankind is to achieve in order to sup-
port sustainable development up to 2030. The
program describes urgent issues existing in the
world in great detail; these issues are to be re-
solved in the next two decades. The program
also sets certain tasks which are to be solved
for achieving these goals. A pressing issue in
public healthcare is to reduce mortality caused
by NCDs by third; tasks which are to be

2 Particulate matter (PM) are solid particles with their diameter being less than 10.0 nm and 2.5 pm.

3 Uncertainty Interval.
* CI means confidence interval.
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solved in the sphere involve reducing mortality
and morbidity due to effects produced by haz-
ardous chemicals and environmental contami-
nation. Key instruments here are early preven-
tion of hazardous effects on health and rele-
vant policy aimed at reducing population
health risks. Tasks in the sphere of ecology
and environmental protection involve transi-
tion to ecologically friendly power production
as well as rational use of chemicals and wastes
together with a reduction in their volumes that
penetrate the environment’.

Despite the Russian Federation being
among countries with high incomes (HIC), life
expectancy in our country is significantly
lower than in other economically developed
countries. According to official statistic data,
in 2018 life expectancy in Russia amounted to
72.91 years while in other European countries
it was equal to 80 years or even more’. An im-
portant role here belongs to quantity of people
exposed to negative impacts exerted by envi-
ronmental factors. Data obtained via social and
hygienic monitoring in 2018 revealed that
more than 62 % RF population were exposed
to adverse effects produced by contaminated
drinking water, ambient air, and soils as well
as to hazardous physical factors’.

Taking into account world trends in envi-
ronmental protection as well as specific demo-
graphic situation in the Russian Federation,
state authorities have developed and are now
implementing such national projects as “De-
mography” “Public healthcare”, and “Ecology”
which are aimed at preserving and multiplying
human capital as well as creating a comfortable
environment for country population [37].

Our research goal was to study sanitary
and epidemiologic determinants and related
potential for a growth in life expectancy in the
Russian Federation.

Data and methods. This research work
continues studying relations between environ-
mental factors and life expectancy in the RF.

To gain comparable results, just as it was the
case with the first research work [8] that
dwelled on impacts exerted on life expectancy
for the whole country population by social and
economic factors, we applied the same methodi-
cal approach in the present work. A basic dis-
tinction is that this study focuses on other influ-
encing determinants or sanitary and epidemi-
ologic parameters. We put forward a hypothesis
that there is a direct or inverse regular cause-
and-effect relation between life expectancy at
birth (overall population, men and women sepa-
rately, dependent variables) and sanitary-epide-
miologic determinants (risk factors or independ-
ent variables, predictors or regressors).

Our analysis and model creation was based
on statistical data collected in 2010-2018 in
85 RF regions (and data for the whole country)
which were obtained from official sources such
as reports issued by the Federal Statistics Ser-
vice (emissions from stationary an mobile
sources, life expectancy); Reports as per N 18
Statistic Form “Data on sanitary situation in a
region in the RF” (sanitary-epidemiologic pa-
rameters).

Overall, we included 111 sanitary-epide-
miologic parameters in our research. They
were distributed into several groups according
to sections in Statistic Form N 18: situation
with drinking water supply; data on population
being provided with drinking water that con-
formed to safety standards; a situation with
water objects which people used to obtain wa-
ter; ambient air contamination; situation with
soils; hygienic properties of raw materials and
food products; air inside premises and in
working areas; a study on physical factors;
sanitary-hygienic properties of objects applied
by economic agents under surveillance in their
activities.

We took Statistica 10.0 software for sta-
tistic analysis as our basic tool for testing ade-
quacy and calculating parameters included into
obtained models. Statistical hypotheses were

> Sustainable development goals. The United Nations Organization. Available at: https://www.un.org/sustainabledevelop-

ment/ru/sustainable-development-goals/ (22.01.2020).

6 Russian Regions. Social and economic parameters. 2019: P32 Statistic data collection. Rosstat. Moscow, 2019, vol. 1, 204 p.
7 On sanitary-epidemiologic welfare of the population in the Russian Federation in 2018: The State report. Moscow, The
Federal Service for Surveillance over Consumer Rights Protection and Human Well-being, 2019, 254 p.
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checked against regression quotients with Stu-
dent’s t-test in case parameters distribution
was normal. Models were checked for their
adequacy via dispersion analysis with Fischer’s
test and significance level being 0.05.

We applied factor analysis to solve tasks
related to studying multiple correlations be-
tween sanitary-epidemiologic parameters and
LEB as well as to reduce initial data dimen-
sion. Statistical models for correlations were
built as per the following chain: ‘“sanitary-
epidemiologic parameters — generalized fac-
tors — life expectancy”. We applied Kaiser Cri-
terion (eigenvalues criterion) to reduce a num-
ber of common factors obtained via sequential
building of correlation variables matrix with
subsequent factors extraction with the least
square technique. It allowed us to reduce a
number of common factors to 12. Mutual in-
fluence exerted by factors on each other was
excluded via orthogonal radiation with obtain-
ing values for loads of variables on factors.
These approaches allowed calculating quanti-
tative changes in LEB under preset changes in
examined sanitary-epidemiologic parameters.

An algorithm for building cause-and-effects
relations as per “sanitary-epidemiologic parame-
ters — generalized factors — life expectancy”
chain included the following basic stages:

—recovering data for specific data series
as per an algorithm that is given below;

— calculating mean values of a parameter
and standard deviation for observation series;

— setting predicted sanitary-epidemiologic
parameters via making changes into initial val-
ues by a scenario per cent (for example, 10 %,
5 %, or 1 %);

— calculating a difference between pre-
dicted and actual value of a sanitary-epidemio-
logic parameter;

— calculating standardized difference be-
tween predicted and actual value of a sanitary-
epidemiologic parameter;

— calculating changes in generalized fac-
tors associated with changes in a sanitary-
epidemiologic parameter, taking into account
multiple regression coefficient “sanitary-
epidemiologic parameters — life expectancy”;

—ranking all the sanitary-epidemiologic
parameters as per their contributions made into
changes in LEB;

— summing up all the values of changes in
LEB obtained at the previous stage associated
with changes in a sanitary-epidemiologic pa-
rameter.

The difference between predicted and ac-
tual values of a sanitary-epidemiologic pa-
rameter was calculated as per the formula (1):

(1)

where AD is the difference between a pre-
dicted value of a sanitary-epidemiologic pa-
rameter (D') and its actual value (D).
Standardized difference between a pre-
dicted and an actual value of a parameter was
determined as per the following formula (2):

AD=D'—-D,

Ad:d'—dzD_D—Dl;D:
S N (2)
DD _ap
D D’

N s

where Ad is the standardized difference between
a predicted and an actual value of a parameter; d'
is a standardized predicted value of a parameter;
d is a standardized actual value of a parameter;

D is an average value of a parameter with re-
covered data; D, is a standard deviation in a

parameter with recovered data.

We calculated changes in generalized fac-
tors associated with changes in a sanitary-
epidemiologic parameter as per the following
formula (3):

AF; =Ad -k, 3)

where AF] is a change in the i-th generalized

1

factor associated with a change in a sanitary-
epidemiologic parameter; £ is a factor coeffi-
cient for the i-th generalized factor (determined
as per factor analysis results).

A change in life expectancy associated
with a change in a sanitary-epidemiologic pa-
rameter was determined via summing up all
the products of changes in generalized factors
multiplied by relevant “sanitary-epidemiologic
parameters — LEB” multiple regression coeffi-
cients as per the following formula (4):

AZ =AF-b, (4)
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where AZ is a change in life expectancy associ-
ated with a change in a sanitary-epidemiologic

parameter given in years; b, is a coefficient be-

fore the i-th factor in “sanitary-epidemiologic
factors — LEB” multiple regression.

Exploratory factor analysis allowed obtain-
ing a factor burden matrix that totally included
12 factors. Cumulative per cent of explained
variance gained from these 12 factors amounted
to 68.73 %. Formulas (3) and (4) were applied
to calculate quantitative changes in LEB asso-
ciated with a change in each examined sanitary-
epidemiologic parameter. We give an example
of calculating a change in life expectancy de-
pending on a 10.0 % change in values of sani-
tary-epidemiologic parameters; in this calcula-
tion parameters that led to an increase in LEB
were raised by 10.0 %, and those that decreased
LEB were reduced by 10.0 %.

We divided RF regions into several clus-
ters according to their sanitary-epidemiologic
parameters and LEB applying a multi-dimen-
sional statistical procedure, namely cluster
analysis with k-medians clustering. Parameter
values in clusters were compared as per their
average cluster values.

Results and discussion. Linear correla-
tion-regression analysis allowed us to obtain
195 authentically significant models and 134
out of them didn’t contradict the hypothesis on
cause-and-effect relations between population
health and a sanitary-epidemiologic situation
with environmental factors. We analyzed a
correlation between sanitary-epidemiologic
parameters and LEB of overall population and
revealed the most significant factors as per ex-
plained variance coefficient (R?); these factors
given in the descending order are as follows:
“A share of workplaces not conforming to sani-
tary standards as per illumination” (a, =-0.239;
b=72.59; p<0.05; r=-0.495; R*>=0.245);
“A share of workplaces not conforming to sani-
tary standards as per microclimate” (ay =—0.195;
b=71.68; p<0.05; r=-0.473; R*=0.224);
“A share of workplaces not conforming to
sanitary standards as per noise” (ay =-0.105;
b=71.98; p<0.05; r=-0.367; R*=0.135);
“A share of air samples with dust and aerosol

8 MPC means maximum permissible concentration.
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contents exceeding MPC®” (ayx =—-0.158;
b=71.27;p<0.05; r=-0.35; R* = 0.122).

The most significant parameters for LE
among male population were the following:
“A share of workplaces not conforming to sani-
tary standards as per illumination” (ay = —0.262;
b=67.25; p<0.05 r=-0.468;, R*=0.219);
“A share of workplaces not conforming to sani-
tary standards as per microclimate” (ay =—0.201;
b=66.17; p<0.05 r=-0.423; R*=0.179);
“A share of workplaces not conforming to
sanitary standards as per noise” (ax =—0.119;
b=66.66; p<0.05; r=-0.362; R*=0.131);
“A share of air samples with contents of substan-
es belonging to the 1% and 2" hazard category
exceeding MPC (vapor and gases)” (ax =—0.231;
b=65.43; p<0.05; r=-0.33; R =0.109).

The most significant parameters for LE
among female population were the following:
“A share of workplaces not conforming to sani-
tary standards as per illumination” (ay =—0.202;
b=77.79; p<0.05; r=-0.51; R*=0.261);
“A hare of workplaces not conforming to sani-
tary standards as per microclimate” (ax =—0.171;
b=77.08; p<0.05 r=-0.511; R*=0.261);
A hare of air samples with dust and aerosol con-
tents exceeding MPC (ay,=-0.134; b=76.73;
p <0.05; r=-0.37; R’*= 0.137); “A share of
workplaces not conforming to sanitary stan-
dards as per noise” (ay=-0.082; b=77.17;
p <0.05; r=-0.35; R*=0.123).

As per cluster analysis results, all the RF
regions were distributed into 3 clusters, each
having its peculiarities related to a sanitary-
epidemiologic situation there. The 1% cluster
included 24 regions; the 2nd, 50 regions; the
3 11 regions (Figure 1).

The 1st cluster includes 24 RF regions,
namely Belgorod, Bryansk, Vladimir, Ivanovo,
Kaluga, Kostroma, Smolensk, Tambov, Tula,
Yaroslavl, Arkhangelsk, Leningrad, Murmansk,
Rostov, Kirov, Samara, Ulyanovsk, Sverdlovsk,
Chelyabinsk, and Magadan regions, the Nenets
Autonomous Area, Mordovia, Primorye, and
the Jewish Autonomous Region. Average clus-
ter LE wvalue for the overall population
amounted to 71.8 years; male population,
66.4 ears (the lowest LE among all clusters);

ISSN (Eng-online) 2542-2308 9



A.Yu. Popova, N.V. Zaitseva, G.G. Onishchenko, S.V. Kleyn, M.V. Glukhikh, M.R. Kamaltdinov

female population, 77.1 years. Drinking water
supply was analyzed and assessed as per a share
of samples not conforming to requirements as
per sanitary-chemical properties; those shares
amounted to 24.3 % for centralized water supply
networks and to 18.8 % for distribution networks
thus making average cluster values higher than
in the country on average (16.97 % and 13.0 %
accordingly). A share of air samples with MPC
deviating from standards in urban settlements
was the lowest among all three clusters (0.56 %).
Sanitary-epidemiologic situation with soil in re-
gions belonging to the 1¥ cluster is relatively un-
favorable (certain parameters being higher than
in the country on average): a share of soils sam-
ples not conforming to standards as per sanitary-
chemical parameters amounts to 7.98 %, includ-
ing those as per metals, 7.97 %; a share of soil
samples deviating from standards as per micro-
biological parameters amounts to 9.98 % (the
highest value among all three clusters). Parame-
ters related to food products safety and quality
also deviated from standards more frequently in
this cluster than in the country on average. Thus,
a share of samples not conforming to require-
ments as per sanitary-epidemiologic parameters
amounts to 0.45 % (0.39 % on average in the
RF); as per microbiological parameters, 4.25 %
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(3.88 % on average in the RF); a share of sam-
ples not corresponding to standards as per calo-
rie contents and chemical structure amounts to
9.75 % (6.73 % on average in the RF). Certain
parameters of air in working areas at economic
entities operating in regions form the 1% cluster
are also higher than in the country on average; a
share of air samples with vapor and gases con-
tents exceeding MPC amounts to 1.44 %
(1.38 % on average in the RF), and a share of air
samples with contents of substances belonging
to the 1% and 2™ hazard category exceeding
MPC (vapor and gases) amounts to 1.9%
(1.77 % on average in the RF). Workplaces were
assessed as per physical factors occurring there;
the assessment revealed that the cluster had the
highest share of samples deviating from stan-
dards as per “IR* as it amounted to 0.67 %; a
share of deviating samples as per “noise” factors
amounted to 13.86 %; “microclimate”, 5.22 %;
“EMF'", 5.87 %, “illumination”, 8.76 %; all
these values are higher than on average in the
country (12.76 %, 4.7 %, 4.49 %, and 8.31 %
accordingly). The cluster also has the lowest
share of objects belonging to the 3™ hazard cate-
gory as per their sanitary-hygienic characteristics
(3.01 %); a share of objects belonging to the 1%
category amounts to 48.1 %.
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Figure 1. RF regions distributed into 3 clusters as per sanitary-epidemiologic parameters

° IR means ionizing radiation.
' EMF — Electromagnetic fields.
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The 2™ cluster includes 50 RF regions,
namely Voronezh, Kursk, Lipetsk, Moscow,
Orel, Ryazan, Vologda, Kaliningrad, Pskov,
Astrakhan, Volgograd, Nizhniy Novgorod,
Orenburg, Penza, Saratov, Tyumen, Irkutsk,
Kemerovo, Novosibirsk, Omsk, Amur, Sakha-
lin, Moscow City, Saint Petersburg, Adygei
Republic, Crimea, Krasnodar, Sevastopol, In-
gushetia, Kabardino-Balkarskaya Republic,
North Ossetia, Chechnya, Stavropol, Bashkor-
tostan, Mari El Republic, Tatarstan, Udmurtia,
Chuvashskaya Republic, Perm region, Yamal-
Nenets Autonomous Area, Altai Republic,
Buryatia, Tyva Republic, Khakassia, Altai re-
gion, Transbaikalia, Krasnoyarsk, Yakut Re-
public, Kamchatka, and Khabarovsk region.
This cluster has LE comparable with average
Russian one for the overall population, male
and female population as well (72.46, 67.29,
and 77.45 years accordingly). Drinking water
quality in this sector is better than on average in
the country; a share of samples from supply and
distribution networks that deviate from stan-
dards as per sanitary-chemical parameters
amounts to 9.79 % (16.97 % on average in the
RF) and 9.81 % (9.81 % on average in the RF).
Sanitary-epidemiologic situation with soils in
regions in this cluster is also comparatively bet-
ter than on average in the country; a share of
soil samples deviating from standards as per
sanitary-chemical parameters amounts to
4.75 % (5.06 % on average in the country); as
per microbiological parameters, 5.95 % (5.95 %
on average in the country). A situation with
food products safety and quality is also quite
favorable in the cluster as a share of samples
not conforming to standards as per microbi-
ological parameters amounts to 3.66 %; a share
of samples not conforming to standards as per
calorie contents and chemical structure amounts
to 6.08 %; a share of samples deviating from
standards as per sanitary-chemical parameters
amounts to 0.41 %; all these values are close to
average country levels (3.88 %, 6.73 %, and
0.39 % accordingly). Quality of air in working
areas at economic entities operating in the clus-
ter is the highest among all three clusters as per
a share of air samples with dust and aerosol
contents exceeding MPC (3.52 %) and a share

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

of air samples with contents of substances be-
longing to the 1% and 2™ hazard category ex-
ceeding MPC (dust and aerosols) (2.91 %). The
cluster has the lowest number of workplaces
that don’t conform to sanitary standards as per
physical factors; as per noise, 9.57 %; vibration,
4.04 %; microclimate, 4.09 %; EMF, 2.93 %,
illumination, 7.19 %; IR, 0.4 %.

The 3" cluster includes 11 RF regions,
namely Tver, Novgorod, Kurgan, Tomsk, Ka-
relia, the Komi Republic, the Kalmyk Repub-
lic, Dagestan, Karachai-Cherkess, Khanti-
Mansi Autonomous Area, and Chukotka. LE
among the overall population and female
population is the lowest here against the other
two clusters (71.6 and 76.6 years accordingly).
Quality of drinking water taken from central-
ized water supply systems in unsatisfactory as
a share of water samples that deviate from
standards as per sanitary-chemical parameters
amounts to 44.6 % for water taken from water
supply systems and to 36.6 % for water taken
from distribution networks. There are similar
problems with ambient air quality as a share of
ambient air samples with exceeding MPC
amounted to 3.92 % in urban settlements
(0.66 % on average in the RF). But soil qual-
ity, on the contrary, is the highest in this clus-
ter as a share of soil samples that deviate from
standards as per sanitary-chemical parameters
amounts to 4.38 % (2.99 % as per metals).
Food products safety and quality is in general
lower than on average in the country. A share
of food products samples that don’t conform to
sanitary-epidemiologic requirements as per
sanitary-chemical parameters amounts to
0.77 % (0.39 % on average in the RF). Certain
food products have the lowest quality as per
this parameter, for example, poultry and poul-
try products (0.17 %); butter and butter prod-
ucts (0.26 %); fish and fish products (2.21 %);
culinary products (0.65 %): vegetables and
greenery (1.51 %). A share of workplaces that
don‘t correspond to sanitary standards as per
vibration and microclimate is also the highest
in the cluster (10.83 % and 12.62 % accord-
ingly). A share of objects that belong to the
1" hazard category as per their sanitary-
hygienic properties is the lowest in this clus-
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ter (35.61 %); and a share of objects belong- birth (overall population; make and female
ing to the 3™ hazard category is the highest population separately) that are related to sani-
(5.9 %). tary-epidemiologic parameters. Table con-
Factor analysis results allowed us to es- tains LEB values under a scenario with a
tablish predicted values of life expectancy at 10 % improvement in the given parameters.

Table

Potential growth (in days) in life expectancy of the RF population related to changes
in sanitary-epidemiologic parameters (a scenario entails a 10.0 % improvement
in the given parameters)

Anincrease in| An increase An increase
A group LEB (overall | in LEB (male in LEB
Parameter . )
of parameters population), | population), |(female popula-
days days tion), days
A share of ambient air samples with contami-
nants contents being higher than MPC (in 0.71 0.39 0.38
urban settlements)
Mobile monitoring posts. A share of ambient
Sanitary-epide- air samples with contaminants contents being 6.16 5.98 5.98
anrary-cp higher than MPC (in urban settlements)
miologic parame- - -
Observations at stationary posts. A share of
ters related to am- . . . .
bient air quality ambient air samples with contaminants con- 39 B 419
tents being higher than MPC (in urban settle- ’ ’
ments)
A share of ambient air samples with contami-
nants contents being higher than MPC (in 3.47 3.64 3.064
rural settlements)
A parameters showing sanitary-epidemiologic situation with
drinking water — a share of population provided with qualitative 61.65 74.71 37.83
drinking water
1 X
. A s.hare .of samples not conforming to SER 404 505 266
Sanitary- (microbiological parameters)
epidemiologic  |A share of samples not conforming to SER
. . 1.05 1.53 0.58
parameters related |(sanitary-chemical parameters)
to soil quality  |A share of samples not conforming to SER
. . 0.73 1.08 0.45
(sanitary-chemical parameters. Metals)
All food products. A share of samples not
conforming to SER (sanitary-chemical pa- 0.44 0.46 0.24
rameters)
Fish. A share of samples not conforming to
SER (parasitological parameters) 0.24 0.21 0.37
Vegetables. Greenery. A share of samples not
conforming to SER (sanitary-chemical pa- 0.22 0.06 0.09
Parameters related rameters)
to food products Butter. A.share of samples not conforming to 013 0.15 0.02
. SER (sanitary-chemical parameters)
quality and safety = .
Fish. A share of samples not conforming to 0.08 0.12 0.06
SER (sanitary-chemical parameters) ) ) )
Bread and confectionary. A share of samples
not conforming to SER (sanitary-chemical 0.07 0.07 0.05
parameters)
Culinary products. A share of samples not
conforming to SER (sanitary-chemical pa- 0.05 0.04 0.03
rameters)
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Anincrease in| An increase An increase
A group LEB (overall | in LEB (male in LEB
Parameter . .
of parameters population), | population), |(female popula-
days days tion), days
Milk. A share of samples not conforming to 004 0.04 0.99
SER (sanitary-chemical parameters)
Meat. A share of samples not conforming to
SER (sanitary-chemical parameters) 0.03 0.03 0.02
Poultry. A share of samples not conforming to
SER (sanitary-chemical parameters) 0.02 0.01 088
Fish. A share of samples not conforming to 0.003 B 3
SER (microbiological parameters) )
All food products. A share of samples not
conforming to standards (calorie contents and - - 1.24
chemical structure)
Meat. A share of samples not conforming to B B 0.02
SER (sanitary-chemical parameters) )
Sanitary-hygicnic A share of objects belonging to the 1% hazard 12.28 759 20.20
properties of category - . rd
objects A share of objects belonging to the 3™ hazard 788 146 417
category
A share of air samples with vapor and gases
contents exceeding MPC 191 271 081
A share of air samples with contents of sub-
Quality of air in |stances belonging to the 1% and 2™ hazard 1.8 1.72 1.87
working areas  |category exceeding MPC (dusts and aerosols)
(taken in total at all | A share of air samples with dusts and aerosols
. .. . 1.45 1.46 1.20
economic entities) |contents exceeding MPC
A share of air samples with contents of sub-
stances belonging to the 1% and 2™ hazard 1.19 1.71 -
category exceeding MPC (vapor and gases)
A share of workplaces not conforming to 16.22 17.74 14.59
sanitary standards (ILLUMINATION) ) ) )
A share of workplaces not conforming to
sanitary standards (NOISE) 8.24 10.14 >-28
A share of workplaces not conforming to 709 716 6.49
Physical factors |sanitary standards (MICROCLIMATE) ' ) '
at workplaces  |A share of workplaces not conforming to 206 367 3
sanitary standards (EMF) ' )
A share of workplaces not conforming to
sanitary standards (IR) 1.24 1.40 101
A share of workplaces not conforming to
sanitary standards (VIBRATION) 0.98 0.29 144
Total 140,39 146.9 117.62

Note: * — SER means sanitary-epidemiologic requirements.

Prediction assessment revealed that an in-

A decrease in a share of object belonging

crease in a share of population provided with
qualitative drinking water would make the
highest contribution into a growth in life ex-
pectancy at birth (61.65 days). Better condi-
tions at workplaces as regards physical factors
can result in LEB among overall population
growing by 35.83 days (Table, Figure 2).
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to the 3™ hazard category as per their sanitary-
hygienic properties is substantial as an im-
provement in this parameter can lead to LEB
among the overall population growing by
15.16 days. A decrease in a share of air sam-
ples with contaminants contents exceeding
MPC in urban and rural settlements can result
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in LEB among the overall population growing
by 14.26 days. An increase in quality of air in
working areas can lead to LEB among the
overall population growing by 6.35 days.
Should there be a 10.0 % decrease in a share
of soil samples not conforming to standards as
per sanitary-chemical parameters, LEB among
the overall population would grow by 5.82 days.
A small increase (1.32 days) could results from
better quality and safety of food products.

A share of populaiton provided — 61.65

with qualitative drinking water ]
Physical factors at workplaces [N 35.83
Sanitary-hygienic properties of |
objects under surveillance _ 16
Sanitary-epidemiologic | 9
parameters of ambient air | 1426
Air in wokring areas J. 6,35

Sanitary-epidemiologic . 582

parameters of soils {

Food products safety and quality | 1,32

0 10 20 30 40 50 60 70

Figure 2. Predicted growth in life expectancy among
the overall RF population determined by changes in
sanitary-epidemiologic parameters in some groups
(a scenario entails 10.0 % improvement in the given

parameters), days

Results which we obtained in the present
research work justify the hypothesis on sani-
tary-epidemiologic environmental factors exert-
ing their impacts on LEB and don’t contradict
data available in foreign and domestic research
works on negative effects produced on popula-
tion health by environmental factors deviating
from sanitary standards [38—41]. An increase in
a share of population provided with qualitative
drinking water makes the greatest contribution
into LEB growth (61.65 days for the overall
population) and it is fully in line with data taken
from the state reports “On Sanitary-epideiologic
welfare of the population in the Russian Federa-
tion” according to which poor quality of drink-
ing water results in up to 1.8 million additional
disease cases among the overall RF population
(5560 % of all the additional environmentally
induced diseases).

The next significant parameter that can
lead to additional 35.83 days in LEB for the
overall population is physical factors at work-
places. Our data are consistent with the data
taken from the state report'' which indicate
that physical environmental factors (noise, EMF,
vibration, illumination, and IR) make the great-
est contribution into death cases caused by circu-
latory system diseases and account for up to
52 housand additional death cases.

Improved sanitary-epidemiologic situation
with ambient air in settlements can lead to
14.26 days increase in LEB for the overall
population and it is also consistent with the data
taken from the state report'' which indicate that
in 2018 up to 864,000 additional disease cases
(circulatory system diseases, respiratory organs
diseases etc.) were caused by ambient air being
contaminated with hazardous chemicals.

It is necessary to implement a set of
measures that are aimed at reducing impacts
exerted by hazardous factors on the environ-
ment and providing safe living conditions for
people; it will allow a substantial contribution
into achieving national goals and solving stra-
tegic tasks of the RF development. Thus, ac-
tivities performed by Rospotrebnadzor and
aimed at reducing contamination of environ-
mental objects annually prevent more than 150
additional death cases and more than 7 million
disease cases among the RF population''.

Conclusions. Our research results allowed
us to make the following conclusions:

— should there be an improvement in ana-
lyzed sanitary-epidemiologic parameters, an
overall increase in life expectancy at birth for
the RF population can amount to 140.39 days;

— the most significant parameters that can
potentially increase LEB for the overall RF
population are the following: “A share of
population provided with qualitative drinking
water” (61.65 days); “Physical factors at
workplaces” (35.83 days); “Sanitary-hygienic
properties of surveillance objects” (15.16
days); and “Sanitary-epidemiologic parameters
of ambient air” (14.26 days);

' On sanitary-epidemiologic welfare of the population in the Russian Federation in 2018: the State Report. Moscow,
The Federal Service for Surveillance over Consumer Rights Protection and Human Well-being Publ., 2019, 254 p.
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— LEB was also analyzed separately for
both sexes, and it allowed revealing that im-
proved sanitary-epidemiologic situation would
results in greater growth in LEB among male
population (by 146.9 days) than among female
population (by 117.6 days);

— all the developed activities aimed at im-
proving sanitary-epidemiologic parameters
and, consequently, at increasing LEB should
be differentiated according to a specific region
where they are to be implemented. Thus, RF
regions that are included into the 1% cluster
should pay greater attention to sanitary-
epidemiologic parameters of soils in settle-
ments; RF regions that are included into the
2" cluster, to quality and safety of certain food
products (meat, milk, fish, and bread), and air
in working areas at industrial enterprises. Sani-
tary-epidemiologic situation is not so favor-
able in RF regions included into the 3" cluster.

People living on these territories are poten-
tially exposed to stronger effects produced by
anthropogenic contamination; to improve the
situation there, it is necessary to take complex
inter-sectoral efforts, especially as regards
providing people with qualitative drinking wa-
ter and food products as well as creating fa-
vorable working conditions at workplaces. In
order to preserve achieved levels of population
health and LEB in all RF regions and increase
them in future, it is advisable to continue im-
plementing federal and regional programs
aimed at providing sanitary-epidemiologic
welfare and improving health of the population
in the Russian Federation.
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Our research focuses on a health and safety management system based on risk identification and analysis.

The research is vital due to its relation with GDP. GDP assessment performed in developing countries showed that
losses caused by unmanaged HSE (Health, Safety, and Ecology) risks on average resulted in 4.2 % decline in GDP for those
countries, with similar losses in various countries in this group. Hidden accidents and incidents caused by uncontrolled HSE
result in damages that are about 12 times higher than the cost of direct damage.

Our research goal was to substantiate the necessity to create a national authority for managing HSE in one of the
country's basic regulatory agencies. Its basic responsibilities will include developing national regulation in the sphere and
increase awareness of various organizations that it is vital to identify risks and hazards within the HSE management system.

In order to solve the task, a think tank was organized that held regular meetings and included experts from three or-
ganizations, namely the Ministry of Health and Medical Education, Ministry of Labor and Social Welfare, and the Environ-
mental Protection Agency located at the top three points of the “HSE triangle”.

Another important part of our research was results and conclusions based on evaluating the existing situation with
the national health, safety, and environment management system; it allowed introducing ten priority research projects.
The research indicated that it was also very important to harmonize concepts, examples and methods of dealing with
HSE, standardize and harmonize HSE systems at all levels in the country, finding possibility to transfer scientific and
technical experience of foreign institutions and domestic institutions, as well as facilitating their maximum participation
in sustainable development.

Key words: health, safety, ecology, GDP, hazard, risk, standardization, harmonization.

The establishment of the HSE Manage-
ment System (HSE-MS) in all sectors and na-
tional activities is considered an important
factor in managing and meeting the health,
safety, environmental and sustainability re-
quirements. To date, HSE management sys-
tem has been recognized as a vital one in any
workplace as its implementation concerns

economics, sustainable development, com-
munity and the environment. The important
role of the HSE management system is to
eliminate or reduce risks, anomalies, acci-
dents, incidents and their consequences. In
this study, we analyzed the current status of
the national health, safety and environment
management system taking into account vital
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tasks related to its integration, harmonization,
and standardization of management means,
tolls, and criteria. We should note that envi-
ronmental protection is considered one of its
main components.

In particular, nowadays volumes of
products made by petrochemical plants as
well as variety of them are growing rapidly.
Both these facts are undeniable advantages of
this economic activity. At the same time, pet-
rochemical enterprises often face various ac-
cidents that occur due to equipment failures
and it is often a natural phenomenon in na-
tional industries, and in particular in hydro-
carbon refineries [1-2]. Workers employed at
such enterprises are exposed to many dangers
at workplaces and it required thorough in-
spection and management. Should sources of
risk associated with it be neglected or under-
estimated, it can have an irreversible negative
impact on sustainability, the environment,
health and safety. One of the most important
methods for preventing and / or reducing oc-
cupational accidents and their unintended
consequences is risk diagnosis and subse-
quent risk assessment. Risk assessment can
be effective in identifying risk sources and
reasons (components) and developing an ap-
propriate management strategy. The latter is
aimed at reducing or even eliminating im-
pacts exerted by hazardous factors in the ar-
eas of health, safety and the environment. In
order to achieve targets this system is aimed
at, an appropriate technique requires that you
can assess the existing risks more accurately,
more fully and reliably [3].

The Figure 1 shows a diagram based on
Deming’s Continual Improvement Cycle: the
Health, Safety, and Environment Management
Systems are interrelated. This interrelation
provides not only a significant minimization of
risks for the environment, infrastructure, and
enterprise personnel, but also enhances their
performance through continuous learning from
past experiences as well as rigorous bench-
marking of competitors.

In fact, management systems have be-
come the main pillars of any organization and
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their most vital condition for survival [5].
Risk is defined as a combination of an inci-
dent probability and gravity of its potential
negative consequences [6]. Risk analysis is a
structural process that identifies both the in-
cident's probabilities and the negative conse-
quences imposed by a definite activity [5].
Risk assessment must comprise all phases and
activities performed at a workplace and it
should be performed before any activities
start [ 7-8].

Figure 1. Deming Cycle
(planning — doing — checking — adjusting)
for HSE management system [4]

Data and methods. One of the key ele-
ments in HSE systems is risk management.
Risk management and evaluation process start
with identifying risks and their potential im-
pacts. Risk assessment and management are
critical processes here as they help to find
relevant strategies for preventing accidents.
Effects produced by environmental hazards
are of great concern today. In recent decades,
policymakers' attention has been paid to pos-
sible consequences their plans could have for
the environment and risks of disasters.

The next important area in this field is en-
vironmental risk assessment, which can be
used as an appropriate tool for assessing ef-
fects produced by human activities on the en-
vironment. Environmental risk assessment is
quantitative and qualitative analysis of poten-
tial hazards and coefficients (indexes) related
to a project taking into account how sensitive
or vulnerable a surrounding environment is.
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Different steps in the environmental risk as-
sessment process include risk identification
and analysis, exposure assessment, risk as-
sessment, and risk management. So far most
studies in our country and abroad have focused
on safety aspects of projects (albeit they were
often inadequately assessed) and less on envi-
ronmental aspects. Environmental risk assess-
ment in a HSE management system can be
used as a complement to environmental impact
assessment [9—10].

Environmental risk assessment includes
identifying impacts on the environment, tem-
poral modeling, determining a spatial location
of emissions and leakage, and evaluating im-
portant ecological components. And here it is
important to take into account environmental
sensitivities and estimate risk levels com-
pared to existing criteria. Qualitative analysis
of potential risks and a coefficient of potential
risks have many benefits, including a neces-
sity to pay attention to the principles of pre-
vention, environmental  capability-based
compliance, economic savings, and compen-
sation for damages [9, 11, 12]. It provides a
reliable basis for achieving sustainable devel-
opment, environmental quality assurance and
so on. With ever-expanding industries and
scientific advances, new dimensions of envi-
ronmental impacts and various health and
safety implications are emerging each year.
As a result, large industries are increasingly
moving towards implementing integrated
health, safety and environmental management
systems and striving to achieve the goals
fixed in these systems' vision documents. En-
vironmental performance indicators are key
ones applied to determine the effectiveness of
health, safety and environmental management
systems, as well as environmental impact as-
sessments.

It is clear that development would not be
possible without planning. Planning, in its
turn, should be based on objective facts and
natural potentials as it is only in this case that
it will be possible to achieve its predeter-
mined goals. If development fails to keep
pace with natural resources, it will lead to
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human errors and loss of resources [13—14].
Therefore, in order to minimize the degrada-
tion of natural resources and the adverse ef-
fects produced by industrial development on
the environment, it is best to utilize modern
management systems in order to provide sus-
tainable development. It should become an
integral component in organizational culture
in institutions, organizations and even train-
ing centers, as it will help to improve the per-
formance of organizations. And this im-
provement should be persistent.

Results and discussion. To achieve the
set goals, think tanks were organized and
there were regular meetings of three organiza-
tions, namely the Ministry of Health and
Medical Education, Ministry of Labor and
Social Welfare, and the Environmental Pro-
tection Agency located at the top three points
of the HSE triangle. The above mentioned
allowed evaluating the current status of the
National Health Safety (NHS) and environ-
ment management system; as a result, ten pri-
ority research projects were introduced (as
listed below in Table 1).

Other goals were to harmonize concepts,
examples and methods of dealing with HSE,
standardize and harmonize HSE systems at
all levels of the country, determine whether
it was possible to transfer scientific and
technical experience of foreign institutions
and domestic institutions, and to facilitate
their maximum participation in sustainable
development.

Priority projects were aimed at solving the
following basic tasks:

— enhancing a role of commitment and
leadership in achieving efficiency of HSE
Management Systems deployed at Ministries
and Organizations;

— analyzing efficiency of individual HSE
management systems in organizational excel-
lence and development;

— providing improvement in an internal
situation regarding safety, health, and envi-
ronment including reduction of costs as well as
risks and consequent growth in Gross Domes-
tic Product;

Health Risk Analysis. 2020. no. 1
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Table 1

Ten priority research projects in National Health Safety and Environment

Number Priority research projects

Organizations involved

1 The Role of Commitment and Leadership

All ministries and organizations

at Ministries and Organizations

Efficiency of HSE Management Systems Deployed

All ministries and organizations

Organizational excellence

2
3 Efficiency of individual HSE
4 Internal Safety, Health, and Environment

All ministries and organizations

Deviations caused by environmental non-
prioritization in global HSE standards

All ministries and organizations

6 Bayesian model on HSE risks

Ministry of health and medical education
and ministry of co-operation, labor and
social welfare

Impact of HSE management system in the oil indus-

7 try Oil and gas industry

8 HSE management system evaluation indicators All ministries and organizations

9 Llfe Cycle Analysis and Measuring Green Produc- All ministries and organizations
tivity

10 Cross-cutting thinking or Nexus thinking Council for Health and Food Safety

—analyzing LCA (Process Life Cycle) in
environmental protection within large national
projects in HSE management system;

— assessing deviations from global HSE
standards caused by environmental non-prio-
ritization from the perspective of regulatory
rules and the role of the media;

— Bayesian model analysis on HSE risks
in three main HSE trustee organizations
(Ministry of Health and Medical Education
and Ministry of Co-operation, Labor and So-
cial Welfare, and the Environmental Protec-
tion Agency) applied due to significant inter-
action between health risks, safety, and the
environment;

— investigating influence produced by
HSE management system on the oil industry
and its direct and indirect impacts on environ-
mental protection;

— developing HSE management system
evaluation indicators in the country for stan-
dardization, integration, and protection of key
components of health, safety and the envi-
ronment;

— analyzing process life cycle and meas-
uring green productivity in the National De-
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partment of Environmental Protection within
the framework of examining zinc melting in-
dustry;

—promoting and adopting "cross-cutting
thinking" or Nexus thinking in National Health,
Safety and Environment system.

"Nexus thinking" means considering and
understanding water, food and energy and
their interactions taking into account their in-
teraction, as they should not be isolated from
each other. It is a holistic, strategic thinking
style that considers long-term consequences
throughout the relationship, balancing social,
economic and environmental goals. Nexus
thinking allows looking at a bigger picture:
considering the whole catchment or river ba-
sin, boundary issues, multiple uses (present
and future), and cumulative effects. It also in-
cludes thinking in agencies that have responsi-
bility for water, food and energy.

One of the tasks this High Council has to
perform is to "coordinate executive agencies"
and, since health and food security are inter-
twined with occupational safety and environ-
mental issues [15-21], they can be placed on
the agenda of this council (Figure 2).
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Obtain a representative of the

| National Standard Organization
to discuss requirements that are
to be fixed in the National
Standard

*

Finalization of the HSE
Proposed Law and
Regulations

Conducting meetings
between 3 HSE trustees,
in order to converge

*

Investigation of Proposed
Regulations and Articles

on HSE by Health and

= Environment Working Group
of Ministry of Health and
Medical Education

Summary and report

of the workgroups at the
Ministry of Health and
Medical Education

Proposal to the High Council
for Health and Food Safety
and the adoption of by-laws

—

Figure 2. Flowchart procedures for approval by the Supreme Council for Health and Food Safety

Conclusion. As the industry is advancing,
related risks will increase with its progress and
many adverse effects will occur. If these risks
are not controlled, it may result in numerous
negative consequences. This study examines
the position of risk and risk analysis in various
standards and how risk assessment and risk
analysis are performed. In industries and or-
ganizations accidents are always likely to occur
due to risks that are inherent for an industry and
lack of managing them. ISO in its global stan-
dards for organizations have set out guidelines
and standards for risk identification and risk
management. By adhering to these standards,
we can identify and manage risks in any indus-
try and it can help reduce disasters. Some re-
search suggestions for domestic HSE-system
are as follows:

— enhancing organizations knowledge about
management of change, asset integration and
PFM safety management system. Should there
be any changes in an organization, including
work processes, materials, structures, equipment,
or labor, an organization should have the knowl-
edge how to manage such changes;

—providing organizations with more
comprehensive data regarding the above men-
tioned ISO standards;
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— implementing ISO systems in industries
and organizations;

— using specific knowledge related to ISO
systems implementation;

— conducting training courses on risk
management and standardization.

The current status of the National Health
Safety (NHS) and environment management
system was evaluated, and ten priorities in
research projects were introduced. Other
goals were to understand how to harmonize
concepts, examples and methods of dealing
with HSE, standardize and harmonize HSE
systems at all levels of the country, determine
whether it was possible to transfer scientific
and technical experience of foreign institu-
tions and domestic institutions, and to facili-
tate their maximum participation in sustain-
able development.
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EFFICIENCY OF HEALTH RISK MITIGATION: COMPLEX ASSESSMENT BASED
ON FUZZY SETS THEORY AND APPLIED IN PLANNING ACTIVITIES AIMED
AT AMBIENT AIR PROTECTION
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When industrial objects emitting substantial masses of dust and gas mixtures are located within a settlement or
close to its borders, it often results in poorer quality of the environment and damages to population health. Such a situa-
tion is typical for many cities in the country,; primarily, for those that are included into “Pure air” Federal project, a part
of the “Ecology” National project. Negative effects are produced by a set of various substances emitted from various
industries. And it is quite often that great numbers of people are exposed to such emissions and as a result multiple and
variable responses from their health are registered. Assessment of share contributions made by different emissions
sources and each particular substance into aggregated negative responses from human health is a fundamental stage in
assessing damages to health that occurred due to them; it is significant for working out an action plan aimed at hazard-
ous impacts mitigation.

Given that, we proposed an approach based on fuzzy sets theory as a relevant methodological basis for assessing effi-
ciency of risk mitigation and damage to health when planning and implementing activities aimed at ambient air protection.
Application of this methodology allows assessing conditions of multi-component negative impacts producing multiple nega-
tive effects including direct damage done to human health. And here key parameters are assessed not as per point values but
as per interval ones that are characterized with their belonging to a range of scaled parameters. Our research goal was to
suggest methodical approaches to assessing efficiency of risk mitigation and damage to health when planning and imple-
menting activities aimed at ambient air protection; the approaches were based on fuzzy sets theory. Results obtained via
hygienic (field or calculated examinations of ambient air quality in settlements under exposure and beyond it) and epidemi-
ologic (controlled medical and biological) research are taken as initial data for fuzzy modeling of multiple parameters ratios
within “damage to health — mitigation efficiency” system. Principles applied for research design take into account key postu-
lates of exposure assessment, “dose — effect” relationship for an influencing substance, a concept of exposure risk accept-
ability, peculiarities related to body reactions under combined aerogenic burdens, and plans for ambient air protection ac-
tivities (including complex ones).

Comparing a list of substances that do actual damage to exposed population’s health with a list of substances included
into plans on aggregated emissions reduction allows assessing adequacy, determining to what extent damage to health is
mitigated allows assessing whether activities aimed at ambient air protection are sufficient and effective.

Key words: damage to health, exposed population, ambient air contamination, mitigation, adverse effects, fuzzy sets
theory, ambient air protection, adequacy, sufficiency, effectiveness.
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Issues related to preserving demographic
potential of our country as the basis for struc-
tural modernization of its economy' are truly
vital; existing substantial negative impacts on
ambient air call for more precise assessments
of actual damage to population health caused
by violation of obligatory requirements fixed
in the sanitary legislation”.

Industrial objects that emit huge amounts
of dust and gas mixtures are often located
within settlements or in close proximity to
them; it often results in poorer living condi-
tions and damage to population health. Such a
situation is typical for many cities in the coun-
try, especially for those that are included into
“Pure air” Federal project, an integral part of
“Ecology” National project.

Several research works have revealed that
negative impacts are often exerted by a set (an
aggregate) of substances emitted by variable
sources that differ in their power. A lot of peo-
ple frequently have to live in a zone exposed
to such emissions and there are multiple and
various responses in their health caused by
such exposure [1-6]. In such a situation it is
crucial to assess a share contribution made by
each source and each substance in aggregated
negative effects produced on health taking into
account hazards related to them. It is a sub-
stantial stage in assessing potential health risks
and damage to health that is necessary for sub-
stantiating efficient programs for ambient air
protection and activities aimed at mitigating
such risks and damage [7, 8].

When assessing actual damage to health,
it is advisable to preliminary assign activities
performed by juridical persons and private en-

trepreneurs into different categories; the focus
should be on those economic entities that are
located close to settlements and as their activi-
ties result in people living in such settlements
being exposed to their emissions. This approach
makes all the performed risk management activi-
ties more focused and targeted3 [9-11]. A lot of
researchers consider assessment of health risks
caused by exposure to chemicals that pollute
the environment a vital and integral stage in
assessing damage to health. Such preliminary
assessments allow accomplishing targeted
medical and biological studies taking into ac-
count expected scientifically proven effects on
organs and systems that are critical in terms of
specific exposure’ [12-14].

Overall, a lot of research works are concen-
trating on searching and testing new approaches
to assessing hazardous effects produced by am-
bient air contamination on health in order to pro-
vide more efficient management decision-
making. Thus, Kliucininkas L., Velykiene D.
(2009) examined abandoned industrial territories
which had been previously exploited and sug-
gested a procedure for calculating “emdavector’,
a complex index that comprised parameters of
damage done to health and the environment due
to economic activities [15].

Fabisiak et al. (2020) described a model
based on risk assessment and clusterization of
territories; the model showed how a burden of
cardiovascular diseases occurred under expo-
sure to certain environmental factors [16]. The
model incorporated regression analysis and
assessment of spatially distributed data on
morbidity among population, ambient air con-
tamination, and quantitative parameters of ex-

" The concept of the demographic policy in the Russian Federation up to 2025 / approved by the RF President Or-
der on October 9, 2007 No. 1351 with alterations and supplements made on April 14, 2016 No. 669-r. Garant: portal
with reference and legal information. Available at: https://base.garant.ru/191961/ 53f89421bbdaf741eb2d1ecc4ddb4c33/

(03.03.2020).

% On sanitary-epidemiologic welfare of the population: The federal Law issued on March 30, 1999 No. 52-FZ (last edited
on July 26, 2019). Clause 57. Civil responsibility for causing damage due to violation of sanitary legislation. KonsultantPlus.
Available at: http://www.consultant.ru/document/cons_doc LAW_22481/9fba0cf13c7{f6e7ee38079¢2317f39d2a09220d0/

(03.03.2020).

3 MG 5.1.0116-17 Methodical guidelines. Risk-oriented model for control and surveillance activities for providing sani-
tary-epidemiologic welfare. Classification of economic entities, types of activities and object under surveillance as per potential
health risks for organizing scheduled control and surveillance activities / approved by the Federal Service for Surveillance over
Consumer Rights Protection and Human Well-being on August 11,2017, 16 p.

*G 2.1.10.1920-04 Guide for assessing health risks under exposure to chemicals that pollute the environment. Moscow,
The Federal Center for Sanitary and Epidemiologic Surveillance of the RF Public Healthcare Ministry, 2004, 143 p.
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posure available in literature. It was developed
for making timely and well-substantiated po-
litical decisions. The authors stressed it was
important to objectively assess burdens caused
by specific contaminants and to determine
population groups that were the most prone to
risks; they also noted that analysis procedures
required further development.

Substantial uncertainties that occur in
analyzing and, even more so, in quantitative
assessment of relations within the “contamina-
tion sources — environmental factors — popula-
tion health — management” system are well-
known to practically all researchers in the
sphere [17-19]. A lot of researchers state it is
quite a complicated task to assess potential
risks and actual damage given multiplicity and
uncertainty of influencing factors and negative
effects produced by them. Experts also under-
stand that obtained results are not always con-
sistent with an actual situation and they can
lead to wrong managerial decisions and to ad-
ditional inefficient costs [20-25]. Therefore, it
is still vital to try and increase adequacy of as-
sessments as an information base for decision-
making; to achieve that, we require new ap-
proaches and analysis techniques.

Fuzzy sets theory (fuzzy logic) seems to
have a capability to become a methodological
basis for assessing efficiency of risks and dam-
age mitigation when planning and implementing
activities aimed at ambient air protection. The
theory in its contemporary interpretation was
developed by L. Zadeh [26-28]. Its main advan-
tage, with relation to optimization and identifica-
tion, is a formalized mathematical apparatus that
allows working in uncertainty when there are no
available data for applying theoretical-pro-
babilistic techniques. The procedure allows [28]:

— working with fuzzy initial data, for ex-
ample, values that constantly change over time
(dynamic data series) as well as values which
can’t be set unambiguously;

— applying assessment criteria and compari-
sons that are not clearly formalized, such as “av-
erage”, “high”, “the greatest”, “probable” etc.;

— performing qualitative assessments of
initial data and output results and working with
not only values but also reliability of data;
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— quickly modeling complicated dynamic
processes and comparing them with preset
precision;

— assessing key parameters not with point
values but with interval ones that are charac-
terized with membership function (member-
ship) within a range of scaled parameters.

All the above-mentioned advantages of the
procedure sufficiently correspond to complicated
tasks related to analyzing existing sanitary-
epidemiologic situations in which damage is done
to population health under exposure to multi-
component ambient air contamination [29, 30].

Given all that, we suggest an approach
based on fuzzy sets theory as a relevant meth-
odological base for assessing efficiency of risks
and damage mitigation when planning and im-
plementing activities aimed at ambient air pro-
tection. Application of the theory will allow
assessing multi-component negative influences
that produce multiple hazardous effects includ-
ing damage to health. And key parameters here
are assessed not with point values but with in-
terval ones that are characterized with member-
ship function within a range of scaled parame-
ters. There isn’t sufficient experience in apply-
ing fuzzy sets procedures for solving such
tasks. Given that, it seemed appropriate to de-
velop and test scientific-methodical approaches
based on fuzzy sets; those approaches enabled
assessing efficiency of preventing and eliminat-
ing actual damage when economic entities
planned and implemented activities aimed at
ambient air protection under multiplicity and
uncertainty.

Our research goal was to suggest me-
thodical approaches to assessing efficiency of
health damage mitigation based on fuzzy sets
theory when planning and implementing ac-
tivities aimed at ambient air protection.

Data and methods. Our research object
was a large industrial city with ambient air be-
ing heavily contaminated. To assess aerogenic
exposure of the city population we took results
of field observations over ambient air quality
as our initial data. The observations were ac-
complished by certified laboratories belonging
to Rosgidromet and Rospotrebnadzor’s Center
for Hygiene and Epidemiology.
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Instrumental data were supplemented with
the results obtained via aggregated calcula-
tions of admixtures dispersion’ We specified
zones in the city via creating a regular grid
with its pitch being equal to 200 x 200 m. The
regular grid covered the whole examined terri-
tory. We calculated ground concentrations at
each node in the grid with linear inter- and ex-
trapolation of data taken on the nearest posts
for field observations.

We spotted out zones with different expo-
sure as per criteria showing whether quality of
ambient air in the city corresponded to the ex-
isting hygienic standards (average daily or av-
erage annual MPC) and/or reference concen-
trations (RfC chronic for chronic inhalation
exposure)’. To perform comparative assess-
ments, we took a territory where chemicals
contents in ambient air corresponded to the
hygienic standards (or didn’t exceed reference
concentrations); the zone was conditionally
denominated as “a zone beyond exposure”. All
the zones were comparable as per their socio-
economic, natural-geographic, and -climatic
parameters, as well as quality and availability
of medical services rendered to population
(types of medical services and procedures for
rendering them in accordance with the existing
standards for medical aid provision).

We quantitatively assessed aerogenic ex-
posure of population taking into account
ground concentrations of admixtures in each
square of the regular grid. Exposure was given
with average annual daily dose (ADDch,
mg/(kg*day) calculated in accordance with the
section 6.4.8 of the Guide 2.1.10.1920.04.

To establish whether there was damage
done to health of people living in an exposed
zone, we selected a representative sampling of

people who were to have an individual profound
medical examination. There was a comparative
plan created for each person from exposed and
non-exposed groups according to approaches
and criteria given in details in methodical guide-
lines’; we performed diagnostics for each person
including chemical and analytical research on
biological media in order to determine xenobito-
ics and/or other technogenic admixtures; there
were also general, biochemical, immunologic,
and other laboratory examinations, and func-
tional tests; people were examined by a medical
expert, and a diagnosis was put in each particular
case. We confirmed (or didn’t confirm) any rela-
tion between detected health disorders and aero-
genic exposure basing on the analysis of cause-
and-effect relations between exposure markers
and markers of negative effects.

The next stage was aimed at determining
a number of people with established diseases
caused by aerogenic exposure to contaminants
and involved creating an information database
containing consistent (including a period of
observation) data as per a disease category ac-
cording to a chronic diseases that was revealed
in a person for the 1% time. And data on each
person were correlated with a chronic average
daily dose of each substance.

We analyzed our data array step by step
applying fuzzy sets technique; the same ap-
proaches were applied to assess efficiency of
activities aimed at ambient air protection (tar-
get reductions in emissions into the atmos-
phere from emission sources (tons per year),
volumes and sources of funding, etc.) as per a
criterion that described mitigation of actual
damage to health of exposed population.

Results and discussion. We assessed ef-
ficiency of health damage mitigation when

3 The Order by the RF Ministry of Natural Resources and The Environment issued on June 06, 2017 No. 273 “On Ap-
proving on the techniques for calculating dispersion of hazardous substances (contaminants) in ambient air”. Garant: portal
with reference and legal information. Available at: https://www.garant.ru/products/ipo/prime/doc/71642906/ (03.03.2020);
The Order by the RF Ministry of Natural Resources and The Environment issued on November 29, 2019
No. 813 “On Approving on the rules for performing aggregated calculations of ambient air contamination including their actu-
alization” (registered in the RF Ministry of Justice on December 24, 2019 No. 56955). KonsultantPlus. Available at:
http://www.consultant.ru/document/cons_doc LAW 341489/ (03.03.2020).

G 2.1.10.1920.04 Guide for assessing health risks under exposure to chemicals that pollute the environment. Moscow,
The Federal Center for Sanitary and Epidemiologic Surveillance of the RF Public Healthcare Ministry, 2004, 143 p.

MG 2.1.10.3165-14 The procedure for using results of medical and biological research in order to prove damage done to
health due to negative impacts exerted by chemical environmental factors. Available at: https://files.stroyinf.ru/Data2/1/

4293766/4293766706 (04.03.2020).
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planning ambient air protection and took it this
assessment as an example to suggest and test
an algorithm that included sequential phases.
The Ist stage involves estimating a total
number of people with the same chronic dis-
ease that was first diagnosed in them over a
period of observation separately as per each

category (Z N?) and overall as per the whole

aggregate of revealed diseases (Z N*) corre-

lated with chronic average daily dose of each
substance that determined both each separate
disease as per each revealed disease category

(ADV?) and the whole range of diseases over

a 1-year observation period (ADV f). And here

we took into account negative responses not
only in accordance with critical organs and
systems but also with comorbid states revealed
via profound medical examinations.

The 2nd phase involved several steps.
First of all, we ranked chronic average daily
doses of contaminants under which, over a
relevant observation period, experts revealed
people with first diagnosed chronic diseases
correlated with aerogenic exposure; then we
determined a list of contaminants that were
potentially hazardous in terms of damage to
health. Doses were ranked as per potential
hazards of damage to health according to a
hazard scale that showed correlations between
a chronic average daily dose of each substances
(in fractions) and a number of people who could
potentially suffer a damage to their health.
There should be a permissibility creation for an
actual chronic average daily dose of a substance
(PDD, mg/(kg*day) and a number of people
correlated with it who could suffer a damage to
their health. It is advisable to apply a limit value

of “significant exposure” corresponding to an
average daily (annual) dose of a substance under
aerogenic exposure calculated from 0.5MPC
(0.5MPC,,=0.5PDD,, =0.5PDD,,). Daily

long-term exposure to such a dose is correlated
with one additional case of damage to health in
a form of diagnosed grave chronic disease per
1 million of exposed people during any life-
span of the present and the following genera-
tions (1x10™) (Table 1).

A substance is considered to be potentially
hazardous as per damage to health in case its
potential hazard ranks 2 or higher; such sub-
stances are recommended to be included into
plans for air protection activities.

The 3rd phase involves applying fuzzy
sets theory in order to prove there was damage
to health of exposed people in a form of addi-
tional chronic diseases that were first diag-
nosed over the analyzed period and were de-
termined by long-term combined exposure to
substances. Actual damage is scaled within a
value range from O to 1. A basic instrument
required for implementing the procedure is a
membership function p(x) of a trapezoidal

fuzzy number x=(a,a,,a;,a,); overall, the

function is given as follows:

0, if x<a,
xX—a
L
, if g, <x<a,,
a,—a,
},l(x)z 1, if a,<x<a,, . (2)
x—-a, .
, if a;<x<a,,
a,—a,
0, if x>a,.
Table 1

A hazard scale showing potential damage to health under aerogenic exposure to contaminants

Potential hazard of damage to health: ranks

Scale parameter I | 2 | 3 | 4 | >
Potential hazard of damage to health
Negligible Low Average High | Extremely high
Eractlons in PDDa.d. (or PDDa.a.) (0:0.25] | (025:05]| (0.5:1] (1; 51, (5 +<0)
or a year averaging

Number of people who can suffer s, 1. ey
a damage to health correlated with 0;1-10%] (1 1(.)5 ’ (1 194 ’ (1 1(.)3 ’ (1-107%; +0)

; . 1-107] 1-107] 1-107],
a certain number of population
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Actual damage that corresponds to a re-
vealed disease (disease category) for each per-
son from an exposed group determined by a
combined aerogenic exposure to chemicals is
taken as a variable r; its value corresponds to a
variable x in the general formula (2) and a
range of values a that corresponds to a value
of the variable . The value of the variable 7 is
determined as per complex analysis performed
on a system of parameters; these parameters
are multiple chronic average daily doses of
substances creating aggregated aerogenic ex-
posure that is potentially hazardous as regards
damage to health in a form of the whole ag-
gregate of first diagnosed chronic diseases un-
der long-term combined exposure.

To analyze a system of parameters, a
chronic average daily dose of each substance
included into the list is taken as a variable (b;)

and its quantitative value given as B,, is taken

as a range of values. We should determine a
membership of a chronic average daily dose of
each substance (the variable b;) within a cer-
tain range of values comprising chronic daily

average doses (B, ). A value of membership

function (,,) for a chronic average daily dose

of each substance within a range of values for
chronic average daily doses that create aero-
genic exposure and related damage to health of
a certain number of people is determined as
per the formula (2). Ranges of values for
chronic average daily doses correspond to
ranges on a hazard scale showing potential
damage to health caused by aerogenic expo-
sure (Table 1) with their boundaries being
“fuzzy” (£20%) and probable overlapping

between values belonging to neighboring
ranges. Actual damage to health is differenti-
ated as per 5 categories (Table 2).

It is obligatory to adjust plans for activi-
ties aimed at ambient air protection regarding
contaminants that cause damage to health be-
longing to the 2nd category (“low”) and higher
in order to provide efficient mitigation of
damage to health of exposed population.

To quantitatively assess actual damage to
health of exposed people, we gave a rank to a
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negative response (a disease category from C00
to R99 according to ICD10) (/) taking its grav-
ity into account; responses were ranked within a
range from 0 to 1. A weight (frequency) of each
disease category ranked as per its gravity in an
aggregated negative response (P;) is determined
as per Fishburn’s rule (3) [27]:

PI=2(n—l+1)
(n+1)n

€)

where P; is a weight of a ranked disease cate-
gory in an aggregated negative response; 7 is
an overall number of disease categories deter-
mined in an aggregated negative response
caused by aerogenic exposure to all the sub-
stances; / is a rank of a negative response
(a disease category).

An established weight of each disease
category (P;) applies to each substance that cre-
ates exposure and a related aggregated negative
response (P;). A weight of actual damage as per
each disease category (an observed weight) is
determined according to a rule for transition
from values for a weight of a chronic average
daily dose of a substance to weights of actual
damage to health determined by aerogenic ex-
posure as per the following formula:

])k:ZG,"Mki’k:192935475’ (4)

where £, is actual damage as per each disease

category determined in an aggregated negative
response caused by aggregated aerogenic expo-
sure; G, is a weight of each substance that cre-

ates aerogenic exposure and a related aggre-
gated negative response; L, 1S a membership

function for a chronic average daily dose of
each substance within a relevant range on the
scale showing values of chronic average daily
doses of substances that do damage to health;
k is a category of actual damage to health.

Aggregated actual damage to health (7) is
calculated basing on an established weight of
actual damage as per each disease category
revealed in an aggregated negative response
and related to aggregated aerogenic exposure
as per the following formula:
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Table 2

The scale showing ranges of values for chronic average daily doses of substances that determine
damage to health of a certain number of people

A value of membership function for chronic average daily doses Actual damage
A range of values £ h health 2\ withi rank
on the scale of substances that cause damage to health (4D V), within ranges degree
of values on the scale, mg/(kg*day) (k) Rg)
1 if 0<ADV” <0.2PDD
B, €[0;0.3PDD] w (ADV/)=4 1o Negligible | 1

DD (0.2PDD-ADV?), if 0.2<ADV’/<03

10 V4 . z
1-——— 0.3PDD-ADV:" |, if 0.2<ADV."<0.3
PDD 1 1

M (ADV. ): 1, if 0.3<ADV’ <04 Low 2
B, €(0.2PDD;0.6PDD] | 2 '

10 2\ z
— | 0.6PDD-ADV" |, if 0.4<ADV."<0.6
PDD ! !

10
1——(0.67PDD—ADV.Z), if 0.4< ADVZ <0.67
PDD 1 1

B, €(0A4PDD;1.2PDD]  |uy(ADVY) =1, if  0.67<ADV/ <094 Average | 3

1

10
—(I.ZPDD—ADVZ), if 0.94< ADVZ <1.2
PDD i i

10
1——(2.53PDD _ ADVZ ) if 0.8PDD < ADVZ < 2.53PDD
PDD i i

B, €(0.8PDD;6PDD]  |p, (ADV?)={1, if 253PDD<ADV <4.26PDD High 4

10
— (6PDD — ADVZ ) if 426PDD < ADVZ < 6PDD
PDD i i

10
— (6PDD 7ADViZ), if 4PDD < ADV? < 6PDD

B, €(4PDD;+w) K (ADViZ) ={PDD EXE?IEGIY 5
Lif ADVZ > 6PDD 18
Note: PDD stands for permissible daily dose.
5. Table 3
r= z 7By (5) _
k=1 The scale showing ranges of values for actual
where r is aggregated actual damage con- damage to health
ﬁr.med by an actugl disegse (a disease) deter- el A range of The middle of a
mined by aerogenic chemlc'al exposure to a set ctua o v alues for actual | range of values
of substances; 7, is the middle of each range | damage (k) damage (R) |for actual damage
on the scale showing values of actual damage; Negligible R, €[0,0.25] 0.125
I?c is a weight of actua.l dan?age as per each Low R, <(0.15:0.45] 03
disease category determined in an aggregated
negative response related to aggregated aero- |Average R, 6(0.35;0.65] 0.5
genic exposure. . .
The scale showing ranges of values for High R €(0.55:0.85] 0.7
actual' damage (R)‘is given in Table 3, and is E.xtremely R. e [0_75;1] 0.875
graphically shown in Figure 2. high
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p(r)

LR R, Ry R Rs
0.8
0.6
04
0,2
0 0.5 025 035045055 0,65 075085 1 r

Figure 2. Ranges on the scale showing values
of actual damage to health ()

Actual damage to health (R) is assessed
basing on a determined value of membership

function for actual damage (u,(r)) within

ranges on the scale (Table 4).

Damage is considered to be proven pro-
vided that an established value of actual dam-
age is within a range on the scale of values es-
timated as “low” and higher (rank 2 or higher).
In order to achieve efficient mitigation of
damage to population health in an exposed
zone, it is necessary to draw up a list of con-
taminants that are subject to obligatory regula-

tion as their rank of potential damage to health
is 2 or higher.

A contribution made by each substance
into actual damage to health is estimated as per
the following formula:

0 =1 -G -, -100% (6)

where Q; is a contribution made by each sub-
stance into actual damage to health; 7, is the

middle of each range on the scale showing ac-
tual damage; G, is a weight of each substance

creating aerogenic exposure and a related ag-
gregated negative response; L, is a member-

ship function for a chronic average daily dose
of each substance within a relevant range on the
scale showing values of average daily doses of
substance that cause damage to health.

Actual damage as a negative effect as per
a specific disease (Ar) is determined for an
exposed age group against the analogue non-
exposed group.

Table 4
The scale showing actual damage to health
. . Actual damage
A range of values Membership function for actual damage
on the scale within ranges on the scale degree rank
&) (Rg)
R <[0:025] 1, ectm 0<r<0.15 licibl
e LB ) =110 (025 ), e 0.15< 720,25 Negligible !

1—10(0.25—r), ecin 0.15<7r<0.25

R, €(0.15;0.45] w,(r) =11, ectn 0.25<r<0.35 Low 2
10 (0.45 - r), ecmn 0.35<r<045
1-10(0.45-r), ecin 0.35<r<0.45

R, 6(0.35;0.65] [T (r) =<1, ecimn 0.45<r<0.55 Average 3
10(0.65—r), ecan 0.55<r<0.65
1—10(0.65 —r), ecin 0.55<r<0.65

R, €(0.55,0.85] |p,(r)=11, ecmn 0.65<r<0.75 High 4
10 (0.85 - r), ecim 0.75<r<0.85
1-10(0.85-7), ecm 0.75<r <0.85 )

R, €[0.75;1] ns(r)= Extremely high 5
1, ecmu 0.85<r<1

Note: “ecan” = if.
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Table 5
Criteria for assessing adequacy and sufficiency of air protection activities
Criterion .
. Assessment criterion Assessment
denomination
The planned list of substances fully coincides with the adjusted list of Adequate
substances that are potentially hazardous in terms of damage to health and d
L recommended to be included into programs for ambient air protection
Activities are - - : :
The planned list of substances partially (not sufficient or excessive) .
adequate as . : . . . Partially
regards the list coincides with the adjusted list of substances that are potentially haz- adequate
. ardous in terms of damage to health and recommended to be included
of contaminants |, . . .
into programs for ambient air protection
The planned list of substances doesn’t coincide at all with the adjusted list
of substances that are potentially hazardous in terms of damage to health | Not adequate
and recommended to be included into programs for ambient air protection
Activities aimed Hazard of damage to health has reached its target level (Rg < 2) after Sufficient
at achieving a |activities aimed at ambient air protection have been accomplished
planned reduction {1,414 of damage to health has decreased but hasn’t reached its target -
m cqntgmmants level (Rg <2) after activities aimed at ambient air protection have Partlat y
emissions are . ) sufficient
sufficient been accomplished (they are not sufficient)
Hazard of damage to health hasn’t decreased after activities aimed at .
. . . : Not sufficient
ambient air protection have been accomplished

An adjusted list of substances with their
emissions being subject to obligatory regula-
tions is drawn up on the basis of proven ac-
tual damage to health (a diagnosed disease) of
a certain number of exposed people and an
estimated contribution made by each sub-
stance into actual damage to health.

The 4™ phase involves assessing ade-
quacy of air protection activities aimed at re-
ducing actual emissions of contaminants into
ambient air. The assessment is based on com-
parative analysis of the list of substances in-
cluded into activity plans and a recommended
list of substances that actually contribute into
damage to health and are subject to obligatory
regulation. Sufficiency of implemented ac-
tivities is assessed basing on criterion com-
parative analysis of actual damage prior to
and after those activities have been imple-
mented (Table 5).

The list and emission volumes are to be
adjusted only for those contaminants in-
cluded into planned air protection activities
for which efficiency of activities is estimated
as being “partially adequate” and “not ade-
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quate” and/or as “partially sufficient” and
“not sufficient”.

In order to eliminate potential hazard of
damage to health and achieve “sufficient” effi-
ciency of planned ambient air protection, we
should calculate a value of a recommended
additional reduction in a chronic average daily
dose for each substance included into the list
of substances that are subject to obligatory
regulation. The value is calculated as per the
following formula (7):

(4DV,§ -0.5PDD)
ADDY

AADD}, = 100%, (7)

where AADD), is an additional fraction of a

chronic average daily dose of a substance that
is recommended for eliminating potential haz-

ard of damage to population health, %; ADV:/\’f

is a chronic average daily dose of a substance
that doesn’t create any potential hazards of
damage to health (as per any diseases out of
the overall detected range) under combined
exposure in unfavorable meteorological condi-
tions, mg/ (kg*day).
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A necessary volume of emission into the
atmosphere that provides an additional re-
duction in the aerogenic burden is calculated
for each substance; such a reduction should
be sufficient for mitigation of actual damage.
This volume is calculated taking into ac-
count a contribution made by each economic
entity into aggregated volume of contami-
nants emissions on the basis of finding a so-
lution to an inverse task or calculations of
dispersion.

Efficiency of damage mitigation is esti-
mated on the basis of the re-estimation of ac-
tual damage as a negative effect as pre a spe-

cific disease category (Ary) after activities
aimed at ambient air protection have been im-
plemented. Average value of actual damage as

a negative effect determined by aerogenic ex-
posure, as per aggregate of all the detected

diseases, before (cpAr) and after (cpArN)

activities aimed at ambient air protection have
been implemented, is calculated as per the fol-
lowing formula:

Z Ary

cpAr =L , 8
P < (8)

where cpAr is an average value of actual

damage as a negative effect determined by
aerogenic exposure, as per aggregate of all the
detected diseases prior to (or after) activities
aimed at ambient air protection have been im-
plemented; Ar, — is a value of actual damage

as a negative effect determined by aerogenic
exposure as per aggregate of all the detected
diseases prior to (or after) activities aimed at
ambient air protection have been implemented;
K is the total quantity of all the detected dis-
ease categories.

Efficiency of activities aimed at reducing
actual damage determined by aerogenic expo-
sure after they have been implemented is esti-
mated as per the following formula (9):

3:{%)100 %, 9)

CpAr
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where 3 is efficiency of activities aimed at re-
ducing actual damage determined by aerogenic
exposure after they have been implemented
(prevented damage), %; cpAr is an average

value of actual damage as a negative effect (as
per aggregate of all the detected nosologies)
determined by aerogenic exposure before ac-
tivities aimed at ambient air protection have
been implemented; cpAr, is an average value

of actual damage as a negative effect (as per
aggregate of all the detected diseases) deter-
mined by aerogenic exposure after activities
aimed at ambient air protection have been im-
plemented.

Efficiency of activities aimed at prevent-
ing damage determined by aerogenic exposure
after they have been implemented is assessed
as per a scale given in Table 6.

Table 6
A scale for assessing efficiency of planned

(implemented) activities aimed at ambient air
protection as per prevented damage to health

Efficiency (E), % Degree of efficiency
0-20 unacceptable
20-40 low
40-60 acceptable
60-80 sufficient
80-100 high

Should the efficiency be absent or low, it
is necessary to develop (plan) additional ac-
tivities aimed at ambient air protection; should
such activities turn out to be excessive, it is
advisable to adjust them on order to make their
efficiency “sufficient”.

Suggested methodic approaches were
tested on a territory with susbtantial aerogenic
burden; the tests included assessing adequacy,
sufficiency, and efficiency of a set of activities
aimed at ambient air protection and planned to
be implemented by major economic entities
operating on the given territory.

All the above stated allowed us to come to
the following conclusions:

— suggested approaches to applying ele-
ments of fuzzy sets theory for solving tasks
related to assessing whether mitigation of
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damage to health is efficient allow assessing
adequacy and sufficiency of planned or im-
plemented activities aimed at ambient air pro-
tection under existing uncertainty. They can be
treated as techniques that supplement and ad-
just results obtained via other research works
within the “environmental factors — population
health” system;

— it 1s vital to apply profound medical re-
search on health disorders in order to prove
there has been damage to health caused by
combined aerogenic exposure as such research
allows obtaining more precise estimations both
at an individual level and a group one;

— when we compare a list of substances that
actually contribute into damage to health of ex-
posed population with a list of contaminants in-
cluded into plans for reducing emissions into the
atmosphere as per specific substances, it allows
us to assess adequacy of ambient air protection;
when we determine mitigation of damage to
health when such activities are implemented, it
helps assessing their efficiency and sufficiency.
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STUDYING THE CONTAMINATION OF TEA AND HERBAL INFUSIONS WITH
MYCOTOXINS (MESSAGE 2)

M.G. Kiseleva, Z.A. Chalyy, I.B. Sedova, L.P. Minaeva, S.A. Sheveleva

Federal Research Centre of Nutrition, Biotechnology and Food Safety, 2/14 Ust'inskiy lane, Moscow, 109240,
Russian Federation

The authors performed screening of a wide range of mycotoxins by ultra-high-performance liquid chromatography
combined with tandem mass spectrometry (UHPLC-MS/MS) in various tea products distributed on the RF market. Samples
were selected in retail outlets and obtained from wholesalers. Seventy-seven tea samples were examined: 54 out of them
were Camellia sinensis tea, not packed (semi-finished product) and packed; 23 were mono- and multi-component herbal tea.
The analytes were 29 mycotoxins including regulated in food products (aflatoxins, ochratoxin A, deoxynivalenol, fumonisins,
T-2 toxin and zearalenone), their derivatives and structural analogues (A and B trichothecenes, structural analogues of
zearalenone); emergent mycotoxins (sterigmatocystin, mycophenolic acid, moniliformin, enniatins, beauvericin and Alter-
naria toxins). C. sinensis tea samples, both green and black, were the least contaminated. In contrast, multi-component
herbal tea samples tended to be simultaneously contaminated with several mycotoxins (over five) both regulated in food
products and emergent ones. Beauvericin, mycophenolic acid and enniatin B were the most frequently detected. Toxigenic
properties of mixed tea microflora were examined in vitro. Model experiments were carried out on a substrate consisting of
C. sinensis green tea leaves in the absence of any growth factors. Mixed mycoflora from tea, which contained potentially
toxigenic species of mold species proved to be capable to simultaneously produce substantial quantities of several mycotox-
ins including emergent ones. Mycotoxins accumulation amounted to 290 and 5,600 ug/kg of fumonisins Bl and B2 accord-
ingly; 130 ug/kg of zearalenone; 14 ug/kg of sterigmatocystin, 160 ug/kg of alternariol methyl ester. The present survey
indicates there is a potential health risk associated with mycotoxins in teas, especially herbal ones. The systematic study of
contamination of tea products distributed in the RF with mycotoxins and their producers has been performed for the first
time. Long-term monitoring over variety of mycotoxins in this kind of food products is essential for assessing its safety.

Keywords: mycotoxins, emergent mycotoxins, C. sinensis tea, herbal tea, UHPLC-MS/MS, mycotoxins producers, my-
cotoxins occurrence in Vvitro.

Mycotoxins (MTs) are secondary me-
tabolites of mold fungi. They are globally rec-
ognized food contaminants, which affect its
safety for the customers. According to the
Food and Agricultural Organization (FAO),
approximately 25 % of food and feed world-
wide is contaminated with MTs [1]. Toxic
fungal metabolites produce a wide range of
adverse effects on human health, starting from
immune suppression and up to carcinogenesis.

Reduction of risks associated with MTs in
food is a vital task of health preservation. To
solve 1it, leading world mycologists and toxi-
cologists adopted the Mycotox Charter
(chrter.mycokey.eu) calling for responsibility
borne by the present generation for developing
and implementing solutions aimed at minimiz-
ing MTs exposure worldwide and securing en-
hanced food safety for future generations [2].
Mold fungi are widely spread and are almost
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inevitable in plant commodities. Toxins can be
produced both during vegetation and after har-
vesting, at any stage in a technological chain
(storage, processing and transportation). Con-
tents of the most hazardous MTs (deoxyniva-
lenol (DON), T-2 toxin, zearalenone (ZEA),
ochratoxin A (OTA), aflatoxin B1 (AFL BI),
fumonisins (FBs)) in food are regulated in
most countries. The Technical Regulations of
the Customs Union CU TR 021/2011 “On
food products safety”' and CU TR 015/2011
“On the safety of grains” are the principal
regulations in the Russian Federation (RF).
There are also about forty state standards and
guidelines describing analytical procedures
based on up-to-date analytical technologies
(ELISA (enzyme-linked immune-sorbent as-
say), HPLC and HPLC-MS) developed for
mycotoxins determination in food.
HPLC-MS/MS provides opportunities for
selective and sensitive determination of milti-
ple contaminants simultaneously. It is widely
used for monitoring over broad spectrum of
fungal metabolites [3—6]. Their list is being
constantly enriched. There are analytical pro-
cedures validated for the determination of
regulated MTs and their structural derivatives
(3- and 15-acetyl deoxynivalenol, nivalenol,
fusarenone X — DON group (trichothecenes B);
HT-2 toxin, T-2 triol, diacetoxyscirpenol — T-2
toxin group (trichothecenes A); aflatoxins B2,
G1, G2, sterigmatocystin (STC) — AFL B1 ana-
logues; zeranol, taleranol, a- and [-zearale-
nol — ZEA analogues), Alternaria MTs (alter-
nairol (AOH), its methyl ester (AME), altenu-
ene, tentoxin (TEN)), as well as ‘emergent’
MTs (EMTs: enniatins A and B (Enn A and
B), beauvericin (BEA)) [7-10]. The number of
surveys concerning the occurrence of non-
regulated MTs in plant commodities and food
products is increasing. Meanwhile, the toxic
effects produced by these MTs and their com-
binations are explored insufficiently. Data on
combined chronic dietary exposure to small

doses of MTs are insufficient. This determines
the relevance of extensive research on plant
products that belong to mass consumption
segment including tea.

Traditional C. sinensis tea is a popular
drink all over the world; it is usually associ-
ated with beneficial health effects. However,
subtropics favorable for tea cultivating, are
also suitable for mold fungi development and
toxins production. Concentrations of FBs,
OTA, AFLs, ZEA, trichothecenes and citrinin
detected in tea were reported at dozens and
even hundreds of pg/kg. Literature data on
analytical methods used for the determination
of MTs in tea, their occurrence and legislation
were summarized in [11]. At present, only
AFL BI or total AFLs in tea are subject to
regulation in some countries. Maximum levels
(MLs) for these toxins were set in Argentina,
India, Sri-Lanka, Japan and China. MLs vary
from 5 to 30 ug/kg. Five pg/kg is set as ML
for AFL B1 in dry tea at in the CU countries
(Russia, Kazakhstan, Belorussia, Armenia,
Kirgizia) (CU TR 021/2011").

Herbal teas are becoming increasingly
popular. They often contain medicinal herbs
(mint, chamomile, nettle, liquorice, wild dog-
rose etc.) and are specified by manufacturers as
“health-related products”. However, there are
reports on the detection of MTs and their pro-
ducers in foodstuff of herbal origin. AFLs, OTA
and Alternaria toxins were detected in herbal
food supplements of similar composition [12].

In previous studies, the authors obtained
data on the levels and frequency of mold con-
tamination of more than 50 tea samples (black
and green C. sinensis tea, herbal tea) [13].
The maximum levels of contamination in all
Camellia sp. tea samples were due to fungi of
the Aspergillus genus, among which the As-
pergillus species of the Nigri section domi-
nated. These species were the major fungi
found in herbal teas. Alongside Penicillium sp.,
Alternaria sp., Fusarium sp., and Cladospo-

"'CU TR 021/2011. On food products safety: The Technical Regulations of the Customs Union / approved by the Deci-
sion by the Customs Union Commission on December 9, 2011 No. 880. KODEKS: the electronic fund for legal and reference
documentation. Available at: http://docs.cntd.ru/document/902320560 (20.11.2019).

2 CU TR 015/2011.0n safety of grains (last edited on September 15, 2017): The Technical Regulations of the Customs
Union / approved by the Decision by the Customs Union Commission on December 9, 2011 No. 874. KODEKS: the elec-
tronic fund for legal and reference documentation. Available at: http://docs.cntd.ru/document/902320395 (20.11.2019).
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rium sp. were also detected. Certain species
from this group are able to produce toxins.
Thus MTs synthesized by those mold fungi can
be found in herbal infusions. An issue related to
microbiological regulations concerning mold
fungi established for tea and the possibility of
changing them in order to harmonize national
standards with international requirements is be-
ing discussed in the RF at present. So far, there
has been no full-scale study on the occurrence
of wide range of MTs in C. sinensis and herbal
tea distributed on the RF market. The present
research is aimed at filling this gap.

Our research goals were (1) to screen
C. sinensis and herbal tea for a wide range of
MTs: regulated (AFLB1, B2, G1, G2; OTA,
DON, FBI1, FB2, T-2, ZEA), their derivatives
and structural analogues (DAS, T-2 triol,
NeoS, HT-2 toxin; 3- and 15-AcDON, NIV,
FusX; a—, B—ZEL,a—, B—ZAL), and emergent
MTs (STC, MPA, MO, EnnA and B, BEA,
AOH u AME, TEN). (2) To reveal possible
correlations between MT contents and fungal
contamination of studied tea samples (3) we
also examined the toxigenic properties of tea
microflora in vitro under conditions as close to
real as it was only possible.

Samples: We examined 77 tea samples.
30 samples were semi-finished (not packed) tra-
ditional black and green teas (C. sinensis) from
six tea-producing regions (Vietnam, India, Indo-
nesia, Kenya, China and Sri-Lanka). They were
obtained from wholesalers. 22 samples were tra-
ditional packed green and black teas (C. sinen-
sis) and teas with additives. Two samples were
Pu'er tea. 23 samples were herbal tea: mono-
component ones: Sudan rose (Hibiscus sab-
dariffa), fermented Ivan-tea (Epilobium angus-
tifolium), thyme (Thymus serpyllum), mint
(Menthae piperita) and chamomile (Chamomi-
lae vulgaris) and multi-component ones. The
composition of the latter is presented in Table 1.

Methods: 29 MTs were detected by
UHPLC-MS/MS consisting of UHPLC Vann-
quish system (equipped with a binary pump,
autosampler, and thermostat) combined to tri-
ple quadrupole mass-spectrometer with heated
electrospray source TSQ Endura conducted by
Xcalibur 4.0 QF2 Software (all Thermo Scien-
tific, the USA).

40

Table 1

Composition of multi-component herbal
tea samples

Sample

No. Components

2 |lvan-tea (E. angustifolium), currant (Ribes sp.)

8  |Hawthom berries (Crataegus sp.), white
mistletoe leaves (Viscum album), melilot
(Melilotus officindlis), motherwort (Leonu-
rus cardiaca), valerian root (Valeriana

officinalis)

9  |Echinacea (Echindcea purpurea), origanum
(Origanum vulgare), brandy mint (Méntha
\piperita), nettle (Urtica sp.), thyme (Thymus
serpyllum), chamomile (Chamomilae vulga-
ris), wild rose (Rosa sp.), sage (Salvia offici-
nalis), violet (Viola sp.), licorice (Glycyr-
rhiza sp.)

10 |Thyme (Thymus serpyllum), St. John’s wort
(Hypericum perforatum)

11 |Chamomile (C.vulgaris), brandy mint
(M.piperita), everlasting leaves (Helichrysi
arenarii), tansy flowers (Tanacetum sp.),
coriander berries (Coriandrum sativum),
holy-thistle (Silybum marianum), mint
(Méntha sp.), melilot (M.officindlis), wild
rose berries (Rosa sp.), inula root (Inula sp.),
hawthorn berries (Crataegus sp.)

12 |Marigold (Bidens tripartita), sarcarolla

(Caléndula sp.), everlasting (Agrimonia eu-

\patoria), chamomile (C.vulgaris), St. John’s

wort (H.perforatum), birch leaves (Betula
endula)

14 |lvan-tea (E. angustifolium), cowberry (Vac-
cinium vitis-idaéa)

19 |Ground lemon (Cymbopogon citratus),
lemon myrtle (Backhousia citriodora), gin-
ger root (Zingiber officinale), licorice root
(G.gldbra), dried lemon peel (Citrus limon)

20 |Chamomile (C.vulgaris), mint (Méntha sp.)

36 |lvan-tea (E. angustifolium), sea-buckthorn
(Hippophaé sp.)

38 |Ivan-tea (E. angustifolium), linden (Tilia sp.)

Analytes were separated on a reversed-
phase column Titan C18, 2.1*100 mm, 1.9 pym
(Supelco, PA, USA), under gradient elution.
The mobile phases were constituted of: (A)
methanol-water (10/90 % vol.); (B) methanol-
water-acetonitrile (10/10/80 % vol.). Both
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phases were modified with 1mM ammonium
formate and 0.1 % formic acid. The gradient
scheme was as follows: from the start to 1 min. -
0% B; from 1 to 2 min. - a linear growth to
15 % B; from 2 to 5 min. - to 30 % B; from
5to 13 min.- up to 70 % B; from 13 to 14 min. -
90 % B; from 14 to 16.5 min. - 95 % B; up to
17 min. - growth to 100 % B and then reten-
tion for 3 minutes; from 20 to 20.5 min. —
a decrease down to 0 % B; equilibration — until
22 minutes. Mobile phase flow: 0.4 ml/min.
The column temperature was set to 30 °C. In-
jection volume: 2—4 pl. Run time: 22 minutes.
Analytes were detected in the MRM mode.
Limit of quantification (LOQ) was determined

by 10c criterion. Recovery was determined for
spiked green tea. Summarized method parame-
ters are provided in Table 2.

Neat standards of AFL B1, AFL B2, AFL
G1, AFL G2, STC, T-2 and NT-2 toxins,
DAS, NIV, DON, 3- and 15-AcDON, FusX,
FB1, FB2, ZEA, a- and B-ZEL, a-ZAL, OTA
were supplied by Sigma-Aldrich (Russia,
Moscow). AOH, AME, BEA, EnnA, EnnB,
MPA, MO, NeoS, T-2 triol, TE were obtained
from Fermentek (Jerusalem, Israel). Stock stan-
dards solutions were prepared in acetonitrile
(AFLs, STC, trichothecenes, ZEA and its ana-
logues, OTA, MPA), methanol (Alternaria MTs,
Enns, BEA, MPA, MO) or water-acetonitrile

Table 2
HPLC-MS/MS method characteristics summary
. . Daughter ions, m/z LOQ, Reco-
No.| MT |tg,min| Parention, m/z | RF, V (colli{:; ion eneray, V) uerke | very, %
1| MO | 07 | [MHT [97 | 54 41* (12), 80 (23) 800 76
2| Niv | 18 | MH]T [313] 100 125 (10), 177 (10) 1,000 81
3 DON 29 [M—i—H]+ 297 | 100 203 (18), 231 (12),249 (11) 1,250 63
4 | FusX 3.6 [M+H]" | 355 | 103 175 (20), 229 (16), 247 (12) 100 30
5 | NeoS 3.9 |[M+NH, | 400 | 79 |185(17),203(17),215(18),305(10)| <10 75
6 | AcDON| 46 | [M+H] [339] 97 203 (17), 213 (18), 231 (13) 250 94
7 | T-2triol | 4.8 |[M+NHJ] | 400 | 76 215 (10), 263 (13) 250 75
8 | AFLG2 | 6.2 [M+H]" | 331 | 170 189 (41), 245 (30), 313 (24) 4 79
9 | AFLG1 | 6.6 | [M+H] [329] 150 200 (41), 243 (26), 311 (21) 4 85
10| AFLB2 | 6.8 | [M+H] |315]| 170 243 (39), 259 (29), 287 (26) 4 85
11| DAS | 69 |[M+NH,] |384]| 89 247 (14), 307 (10), 349 (10) 20 95
12| AFLB1 | 73 | [M+H] [313] 166 213 (45), 241 (37), 285 (22) 4 85
13] AOH | 80 | [M+H] |259| 100 128 (44), 184 (30), 213 (27) 1,000 87
14 HT-2 | 80 |[[M+NH.] |442] o1 215 (10), 263 (10) 500 77
15| FBI 80 | [M+H] | 772 217 334 (40), 352 (36) 400 44
16 | a-ZAL | 8.3 [M+H]" | 323 | 66 189 (22), 305 (10) 125 76
17| TE 83 | [M+H]" | 415 130 302 (13), 312 (19) 4 78
18| B-ZEL | 8.5 [M+H]" | 321 | 88 189 (20), 303 (10) 1,000 88
19 MPA | 89 | [M+H] |321| 113 207 (22), 275 (16) 50 101
20| a-ZEL | 95 | [M+H]" |321] 65 189 (22), 303 (11) 1,000 84
21| T2 97 |[M+NH,] | 484 | 137 215 (17), 305 (13) 10 100
221 FB2 | 97 | M+tH] | 706 | 150 318 (36), 336 (36) 100 73
23] OTA | 104 | [M+H] |404| 123 221 (35), 239 (24), 358 (14) 2.5 78
24| AME 10.5 | [M+H]" | 273 | 150 185 (40), 199 (40), 258 (30) 750 87
25| ZEA 10.5 | [M+H]" |319| 90 185 (20), 283 (10),301 (10) 150 86
26| STC | 109 | [M+H] [ 325 152 253 (44), 281 (36), 310 (24) 4 78
27| EnnB | 151 [[M+NH.,] | 657 | 142 [196(30),214 (31),527 (27), 640 (17)| 2.5 73
28| BEA | 155 |[[M+NH,] | 801 | 215 244 (32), 262 (30), 784 (17) 25 80
29| EmnA | 162 |[[M+NH,] | 699 | 255 210 (24), 228 (24) 6 92

Note: daughter ions selected for quantitative analysis are given in bold. Method was verified for

C. sinensis black tea.
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(50/50 % vol.) (FB1 and FB2). Stock individual
standard solutions were used for the construction
of the multi-analyte standard solution. All the
standards solutions were stored at -18 °C.

Dry tea sample preparation. A represen-
tative portion (10-20 g) of dried tea sample
was ground. 1 g of tea powder was extracted
with 10 ml acetonitrile-water-formic acid
(80/20/0.5 % vol.) by shaking and ultra soni-
cating for 30 minutes total; centrifuged for
10 minutes at 10,000 rpm. 1 ml of supernatant
was diluted with 1 ml of the mobile phase A.
After mixing, the diluted sample was centri-
fuged. 1.5 ml of supernatant was transferred
into a chromatographic vial for analysis.

Screening toxins production in vitro. The
nutrient medium constituted of agar with strep-
tomycin (200 mg/l) and 6 % of ground dried tea
as an only substrate. We used microbiologically
clean green tea (<10 CFU/g of mold fungi and
bacteria), tested negative for MTs. The sub-
strate was ground in a mill with sterile dispos-
able grinding chambers and then aseptically
added to melted hungry agar at 40+1 °C. Wash-
outs of dried tea samples (10 g of tea in 90 ml
of a sterile phosphate buffer) were used as
inoculates. 1 ml of inoculates was placed into
Petri dishes and imbedded with a nutrient
medium. Cultivation lasted for ten days at
24 °C in the dark. Next Petri dish contents
(substrate mycelium) were thoroughly ho-
mogenized. 1 g of substrate mycelium ob-
tained via this procedure was used for the ex-
traction of mycotoxins.

Preparation of substrate mycelium samples
for MTs analysis. 1 g of substrate mycelium was
thoroughly mixed with 5 ml of water-acetonitrile-
formic acid (refer to ‘Dry tea sample prepara-
tion’). MTs were extracted in an ultrasound bath
for 30 minutes and then centrifuged for 10 min-
utes at 4,000 rpm. After that 1 ml of supernatant
was diluted with 1 ml of the mobile phase A,
properly mixed and centrifuged for 10 minutes at
10,000 rpm. 1.5 ml of supernatant was transferred
into a chromatographic vial for analysis.

Results results. Screening of mycotox-
ins in tea samples.

Screening of mycotoxins in tea samples.
We examined MTs in samples of traditional
unpacked loose C. sinensis tea from six tea-
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producing regions: China, India, Indonesia,
Sri-Lanka, Vietnam, and Kenya. All but four
samples from China were black teas. Eight of
29 analytes were detected, almost all below
LOQ: AFLs group (AFL G2 and STC); tricho-
thecenes (FusX, NeoS, T-2); Fusarium toxins
(EnnB and BEA); MPA - a widely spread
plant products contaminant (Table 3). 20 of
30 samples (66.7 %) were MTs positive. BEA
was found in 18 samples out of 30 (60 %), oc-
currence of other MTs was much lower. Black
tea samples from Vietnam and Indonesia were
the most contaminated with MTs traces; then,
in the descending order, tea samples from In-
dia, China, Kenya, and Sri-Lanka. Only one
green tea sample from China was found to be
positive for MTs. We did not detect any samples
contaminated with regulated in tea AFL B1.

The results correlated with mycological
studies of these samples [13]. Samples from
Sri Lanka, Kenya and China characterized by
low levels of mold contamination (<10° CFU/g)
revealed low diversity of detected MTs. On the
contrary, the higher diversity of detected MTs
was noted for samples from Indonesia and In-
dia containing higher levels of mold ((1.5-2.3)
10° CFU/g). Samples from Vietnam were the
exception: they proved to be microbiologically
pure (<10° CFU/g), while number of detected
MTs was comparable with that found for tea
samples from Indonesia. The direct depend-
ence of the content of MT and their producers
was more characteristic of fresh samples. As
storage proceeds, the viable forms of mold
gradually die out. They are not detected within
mycological analyses, while the MTs synthe-
sized by them remain in tea.

Screening of MTs in samples of packed
(loose and bagged) green and black C. sinen-
sis tea and tea with additives revealed the oc-
currence of 12 MTs. Emergent MTs were de-
tected in 20 of 24 (83 %) examined samples.
BEA and MPA were the most frequent ones;
they were detected in 13 out of 24 samples
(56 %). AcDON and FusX were revealed in six
and five samples correspondingly. NeoS,
STC, Enn B, AME and TE were sporadic
(Table 4). Contamination levels of BEA, MPA
and TE in black and Pu'er tea were compa-
rable with quantities occurring in other plant
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Table 3
MTs in unpacked loose C. sinensis tea samples from six tea-producing regions
Vietnam, Indonesia, India, China, Sri-Lanka, Kenya,
Mycotoxin n=>5 n=>5 n=>5 n=>5 n=>5 n=>5

112]3]4]5]1]2]3]4]5]1]2]3]4]5] 1 2*[3*]a*[s*[1]2]3]4]5]1]2]3]4]5
MTs regulated in other food products
T-2 SB[ [ L - [T [ [T [ [
Structure analogues of regulated MTs and emergent MTs:
AFL G2 e e e e e i e e e e e e e e e e e e e e e e e e e e e e
STC ===+ ]+]=]=-]-
FusX —|=|=l+|F] ===+ = === = |=|=|=|=|=|=|-|=|=|-1+]|=|—-|-
NeoS o et et et el et Bl Bl el
MPA e e e e e e el e e e et e e B P LU e e e e e e e e e e e e
EnnB —|=l++| == === |=|=|F[F|= = |=|=|=|=|=|=|=|=]=|-1=|=|-|-
BEA S (RS (RS (N ) ) R R U Y N R ) ) ) ) [N ey ) O e )
Absolute
occur-rence 12 11 8 5 2 2
of MTs, cases

Note: * — green tea samples are marked with;

“+” — MTs concentration is over LOD, but below LOQ);

“~* — MTs concentration is below LOD. The concentration of MPA in sample Nol from China is
equal to 200 pg/kg.

Table 4
MTs in packed (loose and bagged) C. sinensis tea samples
Packed tea samples (n — number of samples)
Green Green Black , Black with
Mycotoxins loose, bagged, Blacliloose, bagged, Pu_er, thyme, bagged,
_ > n=10 7S n=2 N
n=1 n=3 n==6 n=2
Number of positive (*LOD) samples
Total positive 1 | 3] 7 | 6 | 2 | 1
MTs regulated in food products
AFL B1 — — 1 — — —
T-2 1 — — 1 — —
Structure analogues of regulated MTs
AFL G2 — — — 1 —
STC - — 1 — — 1 (4.4 pg/kg)*
AcDON — 2 3 — 1 -
FusX - - 2 3 - -
NeoS — — 2 — — —
Emergent MTs
3 2
MPA - 3 4 (200 pg/kg)| (<3040 pg/ke) !
BEA — 2 4 (6.0 ug/kg) 5 1 1
EnnB - - - - - 1
AME — 1 — — — —
TE — — - 1(10) — -
Note: “—“— MTs were not detected (below LOD); * — concentration over LOQ is specified in brackets.
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commodities [7, 14]. Traces of AFLs were de-
tected in two samples of black tea. STC was
detected in two black tea samples (loose tea
and bagged black tea with thyme). Its concen-
tration in the latter sample was 4.4 png/kg. It
should be noted, that STC is a biogenic pre-
cursor of hazardous AFL B1, and IARC lists it
as a potential carcinogen [15].

Analysis of Pu'er tea samples did not re-
veal the expected variety of MTs; however, we
should note that there were not enough ana-
lyzed samples to consider the obtained data
applicable to the whole group of such prod-
ucts. Traditionally Pu'er is produced via ex-
tended fermentation of green tea that can last
over 10 years; during this period, an initial mi-
crobiome is transformed, and it can create fa-
vorable conditions for accumulation of such
MTs as patulin [16], AFL, DON [17], and
OTA [18]. Hence it is not a coincidence that
the first Pu'er brewing is not recommended for
consumption. However, a traditional procedure
is replaced with pile fermentation at present. It
is less time consuming and lasts about 48 days
[18]. Within the present study, one, about
3,040 pg/kg of MPA, was detected in one
sample of Pu'er tea. MPA is produced by
Penicillium spp. [19] and can accumulate in a
product after harvesting in case storage condi-
tions are improper [20]. Safety requirements

for tea subjected to long fermentation, like
Pu'er, are not defined clearly to-date. The
microbiological standards recommended for
teas by Tea & Herbal Infusions Europe (THIE,
2018) do not cover Pu'er [21].

Thus, according to the microbiological
survey reported in [13] and screening of MTs,
all studied C. sinensis tea samples, including
those with additives, meet the established MLs
concerning fungal and MTs contamination.

Twelve samples of mono-component and
11 samples of and multi-component herbal tea
samples were studied. Eight out of 12 (66.6 %)
mono-component herbal teas (thyme, mint,
Ivan-tea, and hibiscus tea) proved to be posi-
tive for ten out of 29 examined MTs (Table 5).
Emergent MTs prevailed. The highest occur-
rence was noted for BEA and MPA; then, in
descending order: EnnB and TE, AME, Enn A,
DAS, FuzX and STC. As for MTs regulated in
food products, two Ivan-tea samples were
positive for DON (<LOQ). Thyme and Ivan-
tea turned out to be the most contaminated.
Thyme samples contained nine MTs that are
not subjected to control. It was the highest di-
versity in mono-component herbal tea sam-
ples. Moreover, five of them were in quantities
exceeding LOQs. Supposedly, thyme was the
source of STC detected in bagged black tea
with the addition of this herb (Table 4).

Table 5

MTs in mono-component herbal tea samples

Mono-component herbal tea
Mycotoxin Thyme,n=4 | Ivantea,n=5 | Mint, n =2 | Hibiscus, n=1
Number of MT-positive (>*LOD) samples
Total positive 4 | 3 | 1 | -
MTs regulated in food products
DON | - | 2 | - | -
Structure analogues of regulated MTs
STC 1 (24 ng/kg) * — — —
FusX 1 — — —
DAS 1 — — —
Emergent MTs
MPA 2 (2100 pg/ke) 2 — —
BEA 2 (<4 pg/kg) 1 1 -
EnnA 1 - - -
EnnB 2 (226 pg/kg) 1 — —
AME 2 — 1 —
TE 2 (213 pg/kg) - 1 —
Note: “—“ — MTs were not detected (below LOD); * — concentration over LOQ is specified in brackets.
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Microbiological testing of mono-compo-
nent herbal tea samples [13] revealed that
thyme and mint samples were the most con-
taminated with mold fungi. Two samples of
thyme and two samples of mint herbal tea did
not meet existing standards as mold fungi con-
centration reached 10° and 10° CFU/g corre-
spondingly. All other samples proved to be safe.
Ivan-tea samples provided interesting cases of
fungi-bacteria competition. Low fungal con-
tamination (about 50 CFU/g) was coupled with
high spore-forming bacteria concentration (up
10°® CFU/g). Some spore-forming bacteria are
known to be antagonistic to mold fungi. Their
co-occurrence results in mutual competition for
the substrate [22]. Thus, MTs found in Ivan-
tea samples indicate that fungal contamination
preceded bacterial. Therefore, low quantities
or even absence of any viable mold fungi de-
tected via mycological analysis do not neces-
sarily mean that samples are MTs-negative.

On the other hand, pronounced fungal con-
tamination usually implies MTs occurrence.
The group of multi-component herbal teas
included 11 samples (Table 1). They proved to
be highly contaminated with MTs: 10 (91 %)
out of 11 samples were positive for 18 out of
29 examined analytes (Table 6). Six (54 %)
samples contained seven or eight MTs simul-
taneously. MTs content was considerably
higher in these samples than in any other ex-
amined in the present study. The most fre-
quently detected emergent MTs were MPA
and Alternaria metabolite TE. They were
found in 7 out of 11 samples; BEA, EnnB and
STC were detected in six samples; AME - in
five; EnnA - in three; B-ZEL - in two samples.
AFL G1, T-2-triol, DAS, ZEA, and FusX were
detected sporadically. As opposed to other ex-
amined tea products, multi-component herbal
tea samples contained a variety of regulated
MTs such as AFLBI1, OTA (2 ug/kg), DON,

Table 6

MTs in multi-component herbal tea samples

Multi-component herbal tea
Mycotoxin | No.14 | No.2 | No.36 | No.38 | No.20 | No.19 | No.8 | No.9 | No.10 | No.11 | No.12
MTs regulated in food products
AFLB1 — - - — - + - — — — —
OTA — — — — — 2.0% — — — — —
DON — — — — — + — — — — —
T-2 - - + - — — - - - — 9.2
FB2 — — — — — — — — 100 — —
ZEA — — — — — — 190 — — —
Structure analogues of regulated MTs
AFLGI1 — — — — — 3.2 — — — — —
STC — — — — - + 8.0 s 10.0 9.2 9.6
FusX — — — + — — — — — — —
T-2 triol — — — — — — — — — — +
DAS — — — - - — — — — + —
B-ZEL — — — — + — — + — — —
Emergent MTs
MPA - — + + + + 770 690 | 1760 | 440 | 2240
BEA — — — — — 20.4 6.0 5.6 5.6 8.0 8.0
EnnA - 2.8 — — - - - + - + -
EnnB — — — — — 13.6 | 224 | 52.0 | 34.0 | 55.0 | 36.0
TE - + — — 5.6 — 6.0 5.2 5.2 9.2 6.4
AME — — — — - - + + + + +
Note: “+” — MTs concentration is over LOD, but below LOQ; “—“ — MTs concentration is below

LOD. * — concentration exceeding LOQ is in pg/kg.
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T-2 (9.2 pg/kg), FB2 (100 pg/kg), ZEA (190
ng/kg). They occurred in quantities close to
maximum levels (ML) set by regulations for
food products in CU. Thus, five pgkg of
OTA, 200 pg/kg of FBs and 50 ng/kg of T-2
toxin are MLs for these MTs in some cereals
for children (CU TR 021/2011). Five pg/kg of
OTA is ML for coffee beans set in the EU.

Combined contamination of herbal tea
samples with multiple MTs indicates that toxi-
genic fungi pounced on herbs both during
vegetation, processing and storage. “Field
fungi”, such as Fusarium spp. are responsible
for DON, T-2, T-2 triol, DAS, ZEN, b-ZEL,
EnnA and B, BEA, FBs accumulation. Alter-
naria spp. also invade herbs “in fields” and
produce AOH, AME, TE. “Storage” fungi are
Aspergillus spp. (AFB1, AFGI1, STC, OTA)
and Penicillium spp. (MPA, OTA). This is fol-
lowing the results of the mycological study of
these herbal tea samples [13].

Five samples of multi-component herbal
teas (No. 8-12) turned out to contain from
seven to eight different MTs together with
high mold fungi contents (10°~10° CFU/g).
Eight MTs were detected in sample No. 19,
meanwhile, fungal contamination was low
(50 CFU/g). At the same time, the concentra-
tion of spore-forming bacteria was high
(8:10° CFU/g) in this sample. Similar results
were obtained for Ivan-tea samples. They were
discussed above in the paragraph, devoted to
mono-component herbal tea. Sample No. 19
case also supports the idea that original mold

fungal contamination was later suppressed by
bacteria development. Therefore, even if a tea
sample complies with the microbiological safety
requirements fixed in the CU TR 021/2011, this
does not mean that they do not contain MTs.

The increase in the number of detected
MTs corresponded well with the growing
number of components (see Tables 1 and 6).
MTs variety in herbal tea was much higher as
compared to C. sinensis tea samples. This is in
accordance with literature data. For example,
12 MTs were discovered in 60 herbal tea sam-
ples marketed in Latvia. Co-occurrence of up
to eight MTs was noted in 90 % of the sam-
ples. EnnB, DON, AFBI1, OTA, and ZEA were
detected the most frequently [23]. Survey car-
ried out in in Spain revealed 99 % of 84 medi-
cal and aroma herbs samples were contami-
nated. OTA, FBs, AFLs, ZEA, T-2 toxin,
DON and citrinin prevailed [24]. A wide vari-
ety of MTs was detected in meadow herbs and
hay from European Russia regions: 16 MTs
were detected including T-2, DAS, DON,
ZEA, FBs, AOH, roridine A, AFL B1, STC,
cyclopiazonic acid, emodin, OTA, citrinin,
MPA, PR-toxin and ergot alkaloids [25].

Table 7 summarizes the occurrence of
MTs in the examined C. sinensis and herbal tea
samples. We detected emergent MTs in all
kinds of studied tea. BEA, MPA, EnnB, TE,
and FusX were detected the most frequently.
We should note that structurally similar BEA
and Enns are widely spread and occur in almost
all types of plant raw materials and foods. For

Table 7
The occurrence of MTs in C. sinensis and herbal tea samples
MTs-positive|  Quantity of o .
Tea samples, % | detected MTs Mycotoxins in decreasing order of occurrence

C. sinensis unpacked 70 3 BEA>FusX>EnnB> STC>MPA>T-2>
(semi-finished) (AFL G2, NeoS)*

. . (BEA, MPA) >AcDON>FusX> (T-2, NEOS) >
C. sinensis packed 83 12 (EnnB, AME, TE, STC, AFL B1 and G2)
Mono-component 66.7 10 (BEA, MPA) > (EnnB, AME, TE) >DON>
herbal tea ) (EnnA, DAS, FusX, STC)
Multi-component MPA>TE> (BEA, EnnB, STC) >AME>EnnA>
herbal tea p 91 18 (T-2, B-ZEL) >AFL B1>AFL G1> (DON, FB2,

OTA, T-2 triol, DAS, ZEA, FusX)

Note: MTs with equal occurrence are put in brackets.
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example, BEA was detected in 80 % of tested
food, while Enns — in 63 %. A risk assessment
carried out by EFSA in 2014 demonstrated that
there might be a concern with respect human
health effects and chronic dietary exposure to
BEA and Enns [9].

Although MTs are detected in low quanti-
ties, there is a potential risk that cumulative
effects might appear. Toxic impacts that occur
due to multiple mycotoxins being consumed
simultaneously can become obvious both via
additive effects and synergetic ones and in the
latter case, overall toxicity can be higher than
a simple sum of individual toxicities [26]. Ad-
ditive effects are described for structurally
similar compounds. Results obtained via re-
search on individual and combined toxic ef-
fects produced by B-trichothecenes (DON,
NIV, 3- and 15-AcDON, DON-3-glucoside
and Fus-X) on epithelial cells in a human
stomach (GES-1) allowed assuming that their
simultaneous occurrence in food products even
in low doses can be more or less toxic than a
prediction based on data obtained for individ-
ual MTs [27]. The same goes for other struc-
tural MT analogues from the same species or
family when their effects and toxicity profile
are similar, for example, FBs or Enns. Syner-
gic effects are described for OTA and AFLs;
thus, low mortality due to mycotoxicosis
caused by OTA grows considerably when it is
combined with AFLs [28]. BEA, DON, and
T-2 produce high toxic effects and therefore,
their combined exposure can induce certain
diseases in people, especially in case exposure
is long-term [29]. Overall, in most cases, a com-
bined consumption of MTs results in additive or
synergetic effects, and it causes more significant
health risks for people and animals [30].

Nominally all the examined tea samples
corresponded to hygienic standards. The con-
centration of AFLBI did not exceed ML of
5 ng/kg. Still, the co-occurrence of several MTs,
especially highly toxic ones, in low doses can
cause health risks for people in case of long-
term exposure. The obtained data indicate the
necessity to assess health risks associated with
combined MTs contamination of food, in par-
ticular, plant raw materials used in manufactur-
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ing specialized food products for babies, dietary
products, herbal food supplements, C. sinensis
teas with additives, herbal tea, spices, etc.

Examination of toxin production by tea
microflora in vitro. Contamination of tradi-
tional C. sinensis teas with mold fungi tends to
be neglected, by regulatory authorities as well.
This is often due to the fact that the risks
caused by tea and tea raw materials being con-
taminated wuth MTs are rather low if produc-
tion, transportation, and storage conditions
correspond to the fixed humidity and tempera-
ture [31]. Another opinion is that the lack of
growth factors and the content of polyphenolic
compounds in tea prevent MTs production
even in case there is high mold contamination
[32]. Nevertheless, the results of studies of tea
samples from various regions confirm that
hazardous MTs such as FB, OTA, AFL, T-2,
ZEA can be detected in such products in large
quantities [11]. For example, 82 % black and
green tea samples obtained from retail outlets
in Italy were contained OTA, and in 50 %
cases its quantity amounted to 7-21 pg/kg
(with predominant A. niger and A. tubingensis).
These concentrations exceeded the MLs set for
other food products, the consumption volumes
of which are comparable to teas, in particular,
coffee (5 pg/kg) [33]. Research performed in
Switzerland revealed that black mold fungi
were one of the most widely-spread ones in
22 samples of herbal teas and isolated strains of
A. niger and A. awamori produced FBs in vitro
[34]. Several studies have reported the produc-
tion of toxins in vitro on several types of model
culture media by certain strains of Aspergillus
sp. and Fusarium sp. which were isolated from
plant raw materials including tea made of me-
dicinal herbs [34-36]. The results of these
studies show that the types and levels of MTs
accumulation by producing fungi in model nu-
trient media are substrate-specific and do not
always reflect toxin production in natural con-
ditions adequately. In nature, different mold
fungi compete with each other and exo-
metabolites (MTs) are their weapon used in
fighting for a substrate.

We examined a possibility of MTs pro-
ducing directly in tea substrate in vitro under
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conditions closest to reality with excess hu-
midity. Green tea was the only substrate, and
MTs producers were a consortium of mold
fungi that naturally present in certain tea sam-
ples. To do that, we selected tea samples with
the highest contamination from those previ-
ously examined ones; they were multi- and
mono-component teas contaminated with mold
fungi in quantities equal to 10°~7-10* CFU/g
which was higher than MLs. We made wash-
outs out of them (a part of tea and 9 parts of
water); wash-outs were used to inoculate an
agarized nutrient medium with green C. sinen-
sis tea. We used sterile water as an inoculate in
a reference sample. Incubation lasted for ten
days; then MT were extracted from the sub-
strate and analyzed.

As a result, we revealed that MTs, emer-
gent alongside with regulated ones, which had
not been detected in initial dry tea samples,
accumulated in extracts from a nutrient me-
dium. Their production was up to: FB1 —

294 nug/g; FB2 — 4.8-5,694 nug/g;, ZEA —
128 ng/g; STC — 14.4 pg/g; EnnB — 1.8 ng/g;
BEA — 1.36-9.0 pg/g; MPA — 23-303 pg/g;
AME — 158 pg/g of a nutrient medium (Table 8).

Obtained results confirmed that toxigenic
species of molds from tea samples are capable
of accumulating different types of MTs, in-
cluding emergent ones, simultaneously. It is
possible under favourable conditions (humid-
ity - temperature) in a plant substrate with tea
leaves as the only nutrient component. This
supports the idea that fungal contamination of
C. sinensis can result in contamination of teas
with MTs.

Conclusions. C. sinensis and herbal tea
samples were screened for 29 MTs. The results
revealed that black and green C.sinensis tea
samples, both bought in retail outlets and ob-
tained from wholesalers, were contaminated
with mycotoxins only at low (trace) quantities.
A much wider spectrum of MTs, including
regulated in other kind of food and emergent,

Table 8
MT production by mold fungi contaminants of selected tea samples in vitro
Sample Mycotoxins detected
Nop Species of viable mold fungi in initial dry tea samples [13] in a nutrient medium in vitro
) Content, pg/’kg | <LOQ (traces)
) Aspfzrglllus sections Nigri, Mucor sp., Fusarium sp., Alter- EnnB-1.8 TE
naria sp.
3 Aspergzl{us sp., Penicillium sp., Mucor sp., Fusarium sp., BEA-90 AME
Alternaria sp.
Aspergillus sections Nigri,Mucor sp., Fusarium sp., Alter- FB1-294; FB2-218;
4 . BEA
naria sp. ZEA-128
Aspergillus sections Nigri, Mucor sp., Penicillium STC, T-2, BEA,
5 . . FB2-952
sp.,Fusarium sp., Alternaria sp. DAS
6  |Aspergillus sections Nigri, Mucor sp., Alternaria sp. STC-14.4; FB2-4.8| B-ZEL, AME
Penicillium sp., Aspergillus sp., Aspergillus sections Nigri, AFLBI1, BEA,
7 ) : . MPA-23
Mucor sp., Epicoccus sp., Fusarium sp., Alternaria sp. T-2
3 Aspe.r(.gzl'lus sections ng{fl, Mucor sp., Fusarium sp., BEA-136 B
Penicillium sp.,Alternaria sp.
9 Penicillium sp.,Aspergillus sections Nigri, Aspergillus sp., FB2-5,624; EnnA and B,
Mucor sp., Fusarium sp. Alternaria sp. MPA-303 BEA
10 Penzcz'llzum sp.,Aspergillus sections Nigri, Aspergillus sp., MPA-45 B
Fusarium sp.
1 Penicillium sp.,AtvpergllluSS-p., Aspergillus sections Nigri, AME-158 BEA
Mucor sp.,Fusarium sp. Epicoccussp.,Alternaria sp.
12 Aspergillus sections ngrz, Aspergillus sp., Penicillium B AFLB1 BEA
sp.,Mucor sp., Fusarium sp. ’
Substrate|Not detected — —
Note: Substrate: “clean” C. sinensis green tea; “—“ — MTs were not detected (<LOD).
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was detected in herbal tea samples. Twelve
MTs were detected in quantities over LOQs.
Neither of 77 samples contained AFLBI1 in
quantities higher than fixed standards (<5 pg/kg).

Co-occurrence of regulated and emergent
MTs in C. sinensis and herbal teas can be a po-
tential health hazard under long-term exposure
taking into account cumulative effects even at
low levels. More representative monitoring
and data accumulation is essential for assess-
ing health risks associated with MTs in such
products.

Comparison of fungal and mycotoxin
contamination in the studied tea samples re-
vealed that low fungal contamination doesn’t
necessarily mean the absence of mycotoxins.
Conversely, an increase in the number and va-
riety of fungal species leads to a greater vari-
ety of metabolites.

Toxigenic properties of microflora that oc-
curred in teas were examined in vitro in condi-

tions that were as close to real ones as it was
only possible; we applied green C.sinensis tea
leaves as a substrate. Our experiment con-
firmed the ability of toxigenic mold fungi to
accumulate different types of MTs and EMTs
simultaneously in significant amounts compa-
rable to MLs established for foods of plant
origin (ng/kg): FB1-294 pug/kg; FB2-5,624
ng/kg; ZEN-128 pg/kg; STC-14.4 pg/kg;
AME-158 ng/kg.
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Our research goal was to assess nutrition rations (menus) offered to children at pre-school children facilities after
they had raised the costs of their services.

We performed hygienic assessment of cycle menus in order to establish whether they conformed to the existing stan-
dards; the assessment was performed in 28 pre-school children facilities in different districts of a large Russian city. All the
calculations were made with our own software program called “Menu” that contained a database on a chemical structure of
food products and product charts for dishes and culinary products.

Model menus offered to children at pre-school children facilities were able to satisfy their needs in macro-nutrients
(by 102-127 %), vitamins (by 102—176 %), and minerals (by 102—162%). However, vegetable fats were not provided in suffi-
cient quantities (20 %). We revealed that there was a deficiency of certain products in a ration and it amounted to 10 % re-
garding vegetables and wheat flour; more than 20 %, potatoes; more than 30%, sour milk drinks and vegetable oil. We also
revealed that there were discrepancies between a stated quantity of a product and its actual provision in a ration or dishes
and culinary products were not provided in a quantity stated in an official menu, sometimes the same dishes were offered to
children for two days. Greater payments made by parents to a pre-school facility for taking care of their children didn’t re-
sult in better nutrition provided by such facilities.

Our research results revealed that any sanitary-epidemiologic surveillance aimed at preventing risks of alimentary de-
pendent diseases should concentrate on eliminating deficiency of certain products (sources of essential nutrients such as
animal proteins, vegetable fats, food fiber, and vitamins). Optimizing nutrition in pre-school facilities will require certain
social and preventive activities.

Key words: nutrition, pre-school children facilities, menu, chemical structure, a set of products, nutrient charts for
dishes, age-related needs, elimination of products deficiency.

The RF President Order No. 240 issued
on May 29, 2017 fixes that the decade from
2018 to 2027 is The Decade for Childhood.
The order stipulates activities that should be
implemented in this decade and make for the
next generation in Russia to be healthy [1].
Providing children and teenagers with healthy
nutrition is a vital component in the process.

At the same time, in many regions in the
country there have been persistent violations
detected at pre-school children facilities
(PSCFs) and related to nutrition provided for
children who attend such facilities. These vio-
lations generally involve deficiency of certain
products in daily rations such as sources of
full-fledged proteins or, on the contrary, ex-
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cessive consumption of macaroni, cereals,
confectionary, and sugar. These violations can
probably result from food products being not
affordable due to insufficient budgetary alloca-
tions provided for pre-school children faculties
as inflation processes and growing prices for
food products are not taken into accounts
when budgets are drawn up [2].

In 2018 municipal authorities fixed new
differentiated charges for services provided by
pre-school children facilities in a large indus-
trial city in Russia (Perm); to be exact, the
charges doubled"?. Given that, it seems inter-
esting to assess daily menus and establish
whether they conform to existing hygienic re-
quirements and are sufficient for providing
children with rational nutrition

Our research goal was to assess daily ra-
tions (menus) provided for children at pre-
school children facilities after charges for their
services had been increased in 2018.

Data and methods. We assessed nutrition
provided for children at PSCFs using cyclic
menus (drawn up for 10-20 days); menus were
in free access on PSCFs official web-sites. The
first stage in our research involved preliminary
assessment of existing nutrition rations in
28 PSCFs located in seven administrative dis-
tricts in the city; overall, 10,202 children aged
3-7 attended those facilities; 28 examined
PSCFs accounted for 20 % of the total munici-
pal PSCFs located in the city.

At the second stage we selected nutrition
rations provided for children who attended
PCFs and daily spent 10-12 hours there. We
applied calculation procedures to examine nu-
trition rations. Cyclic menus (their nutrient and
biological value, to be exact) offered at PSCFs

were analyzed as per basic parameters fixed in
the existing regulatory documents, SER
2.4.1.3049-13° and Methodical Guidelines
2.3.1.2432-08 MR*. We calculated product
sets, chemical structure and energy value for
each ration with “Menu” software package
which we had developed ourselves. The pack-
age contained a database on chemical struc-
tures of food products based on the reference
book called “Chemical structure of food prod-
ucts made in Russia” [3] as well as on techno-
logical charts and nutrient-grams for dishes
and culinary products that took into account
losses involved in cooking processes and were
created on the basis of “A collection of tech-
nological standards, precipices, and culinary
products for pre-school children facilities”
[4], a manual which was to be obligatory ap-
plied at PSCFs.

The third stage involved processing all the
obtained data and developing recommenda-
tions on adjusting nutrition rations provided
for pre-school children. Obtained results were
drawn up to form a database with Excel; they
were statistically processed with Statistica 6.0
applied software package; we calculated cer-
tain parameters used in descriptive statistics.

Results and discussion. Cyclic (draft)
menus were approved only by a head of a pre-
school children facility at all 28 examined
PSCFs as it is not obligatory to submit them
for approval to Rospotrebnadzor authorities
(SER 2.4.1.3049-13, item 15.3). Children are
provided with 4 or 5 meals a day at a PSCF, a
breakfast, brunch (not always), lunch, mid-
afternoon snack, and dinner; such scheme is
optimal when children spend 12 hours a day in
a PSCF; each meal conforms to hygienic stan-

"'On Approval on differentiated charges to be paid by parents (legal representatives) for educational and nursing services
provided by municipal pre-school children facilities dealing with childcare and education in Perm for 2015: The Regulation by
Perm City Administration dated October 31, 2014 No. 801. KODEKS: the electronic fund for legal and reference information.
Available at: http://docs.cntd.ru/document/432445827 (20.11.2019).

2 On Approval on differentiated charges to be paid by parents (legal representatives) for educational and nursing services
provided by municipal pre-school children facilities dealing with childcare and education in Perm for 2019: The Regulation by
Perm City Administration dated October 25, 2018 No. 829. KODEKS: the electronic fund for legal and reference information.
Available at: http://docs.cntd.ru/document/550218824 (20.11.2019).

* SER 2.4.1.3049-13. Sanitary-epidemiologic requirements to organizing and maintaining proper functioning of pre-
school children facilities. KODEKS: the electronic fund for legal and reference information. Available at: http:/

docs.cntd.ru/document/499023522 (20.11.2019).

*MR 2.3.1.2432-08. Standards fixed for physiological needs in nutrients and energy for various population groups.
Available at: https://rospotrebnadzor.ru/documents/details.php?ELEMENT ID=4583 (20.11.2019).
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dards as per nutrition structure. However, as
we assessed a total volume of dishes included
into all meals, we revealed that helpings and
culinary products were somewhat smaller in
their mass in 10 pre-school children faculties
(36 % of the examined PSCFs) and it more
frequently happened with evening meals.

Dishes included into a ration should be
variable to provide children with all the neces-
sary nutrients in maximum quantities. Never-
theless, we revealed that some dishes were re-
peatedly offered to children during two subse-
quent days (for example, semolina and wheat
cereal, shchi, mashed potatoes, boiled maca-
roni, omelet, stewed cabbage, cutlets made of
fish and poultry) and it violated requirements
fixed in SER (item 15.5).

We analyzed nutrient structures of rations
and revealed that calorie contents as well as
contents of proteins, fats, and carbohydrates
corresponded to age-related standards at all the
examined PSCFs (Table 1).

Thus, calculated protein quantity in nutri-
tion rations amounted to 65-73 g (median value
was equal to 68 g); fats, 6671 g (median value,

68 g); carbohydrates, 256276 g (median value,
266 g); energy value, 1,883-2,025 kcal (median
value, 1,972 kcal). Macronutrients ratio was
close to a recommended standard, 1:1:3.9. Tak-
ing into account additional meals consumed by
children at home, we can assume that theoreti-
cally their meals contain necessary nutrients in
more than sufficient quantities.

Contributions made by specific nutrients
into overall energy value (12-15 % by pro-
teins; 30-32 %, by fats; 55-58 %, by carbohy-
drates) of examined menus corresponded to
a basic principle of rational nutrition, notably,
achieving proper balance between all the com-
ponents (the 2™ level).

But still, we should note that we detected
vegetable fats deficiency (74 % of SPN or not
more than 20 % of the overall fats, the stan-
dards being not less than 30 %), that is the 3™
level of proper balance was not achieved.

Besides, there was another problem related
to vitamin and mineral contents of meals pro-
vided for children; although they were sufficient
for completely satisfy age-related physiological
needs, they were still imbalanced (Table 2).

Table 1

Calorie contents and chemical structure of rations provided for children at pre-school children facilities

Nutrients Absolute value (n = 28) SPN’ % of SPN (n = 28)
Calorie contents, kcal 1,972 (1,883; 2,025) 1,800 110 (105; 113)
Proteins, g 68 (65; 73) 54 127 (121; 135)
Animal proteins, g 40 (38; 43) 35 114 (109; 122)
Fats, g 68 (66; 71) 60 114 (110; 118)
Vegetable fats, g 13 (12; 14) 18 74 (68; 78)
Carbohydrates, g 266 (256, 276) 261 102 (98; 106)

Note: SPN* means standard physiological need.

Table 2

Contents of certain vitamins and minerals in rations provided at pre-school children facilities

Nutrients Absolute value (n = 28) SPN % of SPN (n = 28)
Thiamin (B;), mg 0.9 (0.9; 1.0) 0.9 102 (98; 108)
Riboflavin (B,), mg 1.5(1.4;1.5) 1.0 147 (140; 153)
Vitamin C, mg 64 (58;79) 50 129 (116; 157)
Vitamin A, ug RE 0.9(0.4;1.2) 0.5 176 (87; 237)
Vitamin E, mg 8.7(8.3;9.3) 7.0 124 (118; 133)
Calcium, mg 911 (889; 938) 900 101 (99; 104)
Phosphor, mg 1,284 (1,223; 1,318) 800 160 (153; 165)
Magnesium, mg 287 (272; 295) 200 143 (136; 147)
Iron, mg 16 (15;17) 10 161 (153; 169)
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Table 3

A set of products used to make up rations at pre-school children facilities

E3

Products Absolute value in grams (n = 28) RC % of RC (n=28)
Wheat bread 85 (77;97) 80 106 (97; 122)
Rye bread 50 (45; 50) 50 100 (90; 100)
Wheat flour 24 (20; 27) 29 82 (70; 92)
Potato flour 3(2;5) 3 100 (73; 153)
Macaroni 12 (11; 13) 12 98 (89; 108)
Cereals and bans 51 (47; 58) 43 118 (109; 135)
Potatoes 189 (177;207) 234 80 (76; 88)
Vegetables 295 (275; 317) 325 90 (85; 98)
Fresh fruits and berries 120 (107; 135) 114 105 (94; 118)
Dried fruits and berries 15 (11; 19) 11 132 (103; 173)
Fruit, vegetable, and berry juices 100 (93; 100) 100 100 (93; 100)
Meat 65 (58; 75) 60.5 107 (96; 123)
Poultry 32 (27; 38) 27 119 (98; 141)
Sausage 7(6;7) 7 102 (81; 103)
Fish fillet 41 (35;49) 39 106 (89; 125)
Milk 346 (309; 372) 270 128 (114; 138)
Sour milk products 103 (74; 144) 180 69 (49; 96)
Curds 40 (38;43) 40 101 (95; 108)
Cheese 6(5;,7) 6,4 95 (77, 103)
Cream 9(7;12) 11 80 (67;113)
Eggs 24 (20; 27) 24 98 (85; 112)
Butter 32(29; 33) 21 151 (138; 159)
Vegetable oil 7 (6; 8) 11 64 (53; 69)
Confectionary and bakery 21(19;23) 20 106 (96; 115)
Sugar 53 (48; 55) 47 112 (103; 117)

Note: RC* means recommended consumption as per SER 2.4.1.3049-13.

A child’s body should be provided with
calcium and phosphor in proper quantities. In-
sufficient consumption of calcium causes
higher rachitis risks and can aggravate the dis-
ease; excessive calcium quantities can result in
pathologic calcification of the kidneys and
other internal organs. Consequently, when as-
sessing nutrition rations provided for children,
we should take into account adhering to proper
ratios between calcium and phosphor contents
as it is a significant preventive factor. We es-
tablished that calcium to phosphor ratio was
1: 1.4 in the examined ratios and it didn’t con-
form to hygienic recommendations (1: 0.88).
Median value for phosphor quantity in rations
was equal to 1,284.0 and it was substantially
higher than the recommended one (800 mg).

Table 3 contains data on a daily set of
products offered by PSCFs. Cyclic menus of-
fered by PSCFs where children daily spend

more than 8 hours should contain all the nec-
essary products according to the requirements
fixed in the sanitary legislation. However, our
quantitative assessment of food products con-
sumption (as components in cooked dishes and
recalculated as per raw products) revealed that
there was deficiency of certain products whereas
others were present in excessive quantities
Regardless of a city district, children were
offered the same products in quantities higher
than recommended: cereals, beans (19 % ex-
cess), milk (28 %), dried fruits (32 %), butter
(51 %), and poultry (19 %). Unnecessary sur-
plus could reach 100 % in some PSCFs. On the
contrary, vegetables and potatoes were pro-
vided to children in quantities lower than rec-
ommended consumption, deficiency reaching
from 10 to 20 % accordingly. Vegetables were
provided in insufficient quantities in only two
PSCFs whereas potatoes were provided in low
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quantities in half of all the examined PSCFs.
We should also note that most menus contained
certain products in rather low quantities such as
sour milk products (31 % deficit), sunflower oil
(36 %), cream (20 %), and wheat flour (18 %)
which were used as ingredients to cook dishes.

Taking into account a consideration that
documentary data can differ from actual con-
sumption due to children refusing to eat some
dishes and culinary products (it is confirmed
by substantial quantities of food wastes accu-
mulated at PSCFs) [5], we can assume that it is
allowable to have some products provided in
quantities higher than recommended consump-
tion. But on the other hand, excessive quanti-
ties of certain products displace other products
from rations resulting in their deficit and it un-
doubtedly violates hygienic requirements.

We should also note that optimal macro-
nutrients contents are provided both due to
some products offered to children in quantities
within recommended consumption limits and
due to above-mentioned products offered in
excessive quantities. But quantitative nutrient
structure of food can’t be adequate as there is
deficit of its significant components. Thus, for
example, in case flour, potatoes, and vegeta-
bles are not provided in proper quantities, car-
bohydrates can be obtained from excessive
quantities of cereals and sugar. When we ex-
amined a set of products in order to determine
animal proteins sources, we established that
sour milk products were not provided in
proper quantities; it is rather bad as such prod-
ucts are, among other things, a significant fac-
tor that creates microbiocenosis in the intes-
tines. Detected low quantities of vegetable fats
result from insufficient use of sunflower oil
whereas butter is provided in significantly ex-
cessive quantities and it makes overall fat con-
sumption conform to hygienic requirements.

Excess vitamin quantities detected as per
calculations should be considered conforming
to the standards. Leading experts think that
actual macronutrient quantities can be lower
due to losses occurring when products and first
stored and then processed while being cooked

[6]. Moreover, such quantities don’t mean it is
not necessary to perform additional vitamin
fortification of dishes. As it is known from lit-
erature, even if rations have vitamins in suffi-
cient quantities, their concentrations are usu-
ally low in blood of children who are chroni-
cally exposed to adverse environmental factors
which is typical for large industrial cities,
Perm being one of them [7].

Our research revealed that a draft menu
didn’t always meet the requirements fixed for
food variety. And we should take into account
that there are additional factors that prevent as-
sessing actual repeatability, for example, an actual
ration can deviate from data stated in a cyclic
menu as per a list of offered dishes and culinary
products as it was detected via social control pro-
cedures performed at PSCHs in the city and
aimed at assessing how nutrition was organized”.

Therefore, despite each PSCF has a draft
menu approved by its head and placed on its
web-site for free access, we still managed to
detect certain violations that contradicted sani-
tary legislation and principles of rational
(healthy) nutrition provided for children.

A probable reason for such a situation can
be absence of obligatory procedures requiring
all draft menus to be approved or inspected by
Rospotrebnadzor bodies.

Another, and the most significant, reason
is absence of qualified staff; usually staff who
are involved in developing and adjusting draft
menus are rather low-skilled. We can’t com-
pletely exclude a consideration that existing
standards for food products consumption
might be imperfect at the moment [8].

Given the fact, that nutrition quality is
closely connected with economic factors as it
was proven in a research work that focused on
analyzing nutrition in families [9] another rea-
son for improper draft menus can be insuffi-
cient financing.

Another question which we would like to
find an answer to in our research is whether an
increase in charges for PSCFs services had any
positive influence on quality of nutrition pro-
vided for children in them. To do that, we

5 The Report on activities performed by Perm Regional Civic Chamber in 2016. Perm Regional Civic Chamber. Avail-

able at: http://oppk.permkrai.ru/docs (28.11.2019).

56

Health Risk Analysis. 2020. no. 1



Analyzing nutrition rations at pre-school children facilities in a large industrial city in Russia

should return to our previous research that was
accomplished prior to the increase in charges
during a period when they remained steady
(2014). Data taken from menus indicated that
children were similarly provided with all the
necessary nutrients and energy according to
their physiological needs, excluding vegetable
oils, and they were offered all basic products
in quantities equal to 90-118 % of recom-
mended consumption [5]. However, apart from
other deficit, present day rations contain sig-
nificantly lower quantities of sour milk drinks
(by 1.7 times, t-test=2.78, p<0.05), curds
(2.5 times, t-test = 3.1, p<0.01), and macaroni
(by 3 times, t-test = 18.8, p<0.01). As prices are
constantly growing, even higher charges that
parents have to pay for PSCFs services can’t
provide sufficient funding for such organiza-
tions and it influences nutrition quality and
structures of product sets used to cook dishes.

There are unified requirements to organiz-
ing nutrition in pre-school children facilities in
Russia; still, authors of various research works
prove that products sets do not conform to hygi-
enic standards in various regions in the country
and in some cases even macro-and micro-
nutrients contents are imbalanced. Insufficient
quantities of vegetables, fruit, fish, milk, and
milk products are a prevailing violation in struc-
tures of product sets [10-13]. Taking into ac-
count persistent violations detected in rations
provided for pre-school children at home
[14-16] optimization of nutrition at pre-school
children facilities should become a top priority.
Imbalanced and irrational nutrition provided for
children is a pressing issue in other countries
[17-20]. The Russian Federation adheres to its
decisiveness to achieve stable welfare as regards
food consumed by population, including nutri-
tion provided for children, as our country signed
the Rome Declaration on Global Food Security
in 1992 among 159 world countries.

Conclusions. We analyzed nutrition rations
(menus) provided for children who attended pre-
school children facilities in a large industrial city
in Russia. Our analysis revealed that draft menus
offered at PSCFs can satisfy age-related needs
in macronutrients (by 102-127 %), vitamins
(102-176 %), and minerals (by 102—-126 %), but
vegetable oils are provided in insufficient quanti-
ties (20 % of recommended consumption), and
calcium and phosphor consumption is not bal-
anced well. Vegetables and wheat flour were
provided in quantities that were by 10 % lower
than recommended; potatoes and cream, by
20 %; sour milk drinks and sunflower oil, by
30 %. We also detected situations when dishes
and culinary products were provided with their
weight being lower than it was stated in a menu;
sometimes the same dishes were offered to chil-
dren during two subsequent days. Consequently,
higher charges that parents had to pay for educa-
tion and childcare provided by pre-school chil-
dren facilities are not a key factor that can result
in improved quality of nutrition at PSCFs. At
present, in order to prevent risks of alimentary-
dependent diseases, sanitary and epidemiologic
surveillance should be oriented at detecting and
eliminating any food product deficiency (espe-
cially regarding food products that provide people
with essential nutrients such as animal proteins,
vegetable fats, dietary fibers, and vitamins). It is
also necessary to update regulatory and methodi-
cal documents that stipulate how to organize nu-
trition; to develop and implement up-to-date cy-
clic menus with the help of experts; to train medi-
cal personnel employed at PSCFs how to adjust
rations; it is also very important to provide state
support for priority projects focused on eliminat-
ing vitamin and mineral deficiency in nutrition.
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ASSESSMENT OF OCCUPATIONAL HEALTH RISK FOR WORKERS EMPLOYED
AT CONTEMPORARY RUBBER PRODUCTION

E.T. Valeeva, L.K. Karimova, R.R. Galimova, N.A. Muldasheva, A.A. Distanova

Ufa Research Institute of Occupational Health and Human Ecology, 94 Stepana Kuvykina Str., Ufa, 450106,
Russian Federation

The paper dwells on the results obtained in assessing occupational health risk for workers employed at rubber produc-
tion, the assessment was based on examining both a priori and a posteriori parameters. It was shown that workers were exposed
to a set of factors related to working environment and labor process including hazardous chemicals, in-plant noise, adverse
microclimate, as well as physical overloads. Chemical factor played the leading role as there were various chemicals in working
area air such as benzene in concentrations equal to 1.2-3.0 MPC (maximum single concentration amounted to 4 MPC); di-
chloromethane in concentrations equal to 0.2—1.5 MPC average monthly (maximum single ones equal to 2 MPC). Overall work-
ing conditions assessment for workers with different occupations employed at rubber production belonged to 3.2 hazard cate-
gory. Workers who glued parts of articles together ran high risks of occupational diseases; risks were average for spreading
machine operators and vulcanizers. Total occupational diseases index amounted to 0.83 for workers who glued articles and to
0.80 for spreading machine operators and vulcanizers and it meant that occupational risk was high. We also revealed that cer-
tain diseases were occupationally induced and the dependence was significant, it was true for segmental disorders in the vegeta-
tive nervous system with sensitivity failure in hands for gluing workers (RR — 10.3, CI = 95 %, EF — 90 %), musculoskeletal
system diseases (RR — 2.5, CI = 95 %, EF — 55 %), and skin and subcutaneous tissue diseases for spreading machine operators
and vulcanizers (RR — 2.6, CI =95 %, EF — 61 %). We ranked occupations as per related occupational health risks and re-
vealed that workers who glued articles had the highest integral occupational risk assessment.

Occupational risk assessment gave grounds for developing a risk-oriented program that included priorities and ways
to prevent damage to health of workers employed at rubber production such as managerial and medical and prevention ac-
tivities as well as social support and protection.

Key words: occupational risk, health, workers, hazardous occupational factors, working conditions, rubber produc-
tion, occupational diseases, occupationally induced diseases, prevention.

Three are certain branches in the economy of
the Russian Federation that determine its scientific,
technical, and economic development; chemical
industry is a leading one among such brunches.
Among other productions, it includes rubber and
plastic products manufacturing. Chemical produc-
tions usually involve emitting multi-component
chemical admixtures into working area air, as it is
well-known in occupational hygiene, and it creates
risks for workers’ health [1-4].

Rubber products (module pneumatic con-
structions or constructions used in rescue work,

for example) are usually made of rubber cloths
and such manufacturing requires formed mate-
rials, engineering constructions, tanks for stor-
ing oil, glues, and sealants. Cloth rubberizing is
a basic process in rubber production and it in-
volves applying glues that are a solution of rub-
ber mixtures in solvents (petrol, dichloro-
methane, benzine, etc.).

Workers that glue parts of engineering
constructions together (hereinafter called glu-
ers) and spreading machine operators (herein-
after called spreading operators) are two basic
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occupational groups in workshops where rub-
ber cloths and glues are manufactured. Gluers
are mostly women; spreading operators, men.
Overall assessment of working conditions re-
veals that working conditions for gluers corre-
spond to 3.1 hazard category (the chemical
factor being the leading one); working condi-
tions for spreading operators, 3.3 hazard cate-
gory (the leading factor is labor hardness).

All technical equipment applied in rub-
ber production is placed in enclosed space.
A whole set of hazardous occupational factors
influences workers’ health; these factors are
related to industrial environment and labor
processes and are potentially harmful. They
occur due to high temperatures in workshops
and open processes; use of toxic multi-com-
ponent rubber mixtures and glues; production
equipment that generates a lot of noise.
According to official statistics, occupational
morbidity among workers employed in chemi-
cal industry has been higher than on average in
the country over recent years (1.17 cases per
10,000 workers in the RF; 2.16 cases per
10,000 workers in manufacturing); it calls for
assessing working conditions and predicting
damage to workers’ health basing on proce-
dures for occupational risks assessment.

Prevention of occupational and work-
related diseases as well as workers’ health
preservation is a vital task the occupational
medicine is to solve [5-9].

Our research goal was to assess occupa-
tional risks of health disorders among workers
employed at rubber production via examining a
priori and a posteriori parameters in order to give
grounds for a risk-oriented prevention program.

Data and methods. We analyzed and as-
sessed occupational risks according to Guide

2.2.1766-03" using hygienic and medical and
biological parameters [10, 11].

Violation of hygienic standards (concen-
trations exceeding MPC) was assessed in ac-
cordance with the Guide 2.2.2006-05>. To as-
sess a priori health risks, we took data obtained
via the Specific assessment of working condi-
tions (SAWC)’, industrial control procedures
accomplished according to SR 1.1.1058-01%,
and targeted scientific research as well [12]. We
assessed occupational risks for specific occupa-
tional groups with the same working conditions
and used it a basis for assessing group occupa-
tional risks.

We examined health of 370 workers em-
ployed at rubber production; 210 out of them
were female gluers (84.5 %); and the rest
were male spreading operators (15.5 %).

Workers were distributed as per their age
and working experience length; the results
were as follows: 17.7 % had 5-10 years of work-
ing experience; 59.6 %, 11-15 years; 22.7 %,
15 years or longer. 46.0 % workers were
39-49 years old; 24.0 %, 30-38 years old;
21.0 %, 50 years and older; 9.0 %, 20-29 years
old. Our reference group was made up of
130 inspectors from the quality control depart-
ment; they were comparable with workers
from the examined occupational groups in
terms of their age and working experience.

A posteriori risk assessment was performed
as per medical and biological parameters, nota-
bly occupational and work-related diseases.

We calculated intensive parameters of oc-
cupational morbidity for a specific occupa-
tional group taking into account a number of
first detected occupational diseases per 10,000
workers with the same occupation. Rubber
production involves combined exposure to

P 2.2.1766-03. The Guide on assessment of occupational risks for workers' health. Organizational and methodical grounds,
principles, and assessment criteria. KonsultantPlus. Available at: https://consultant.ru/document/cons_doc LAW_ 130907/

(02.10.2018).

2P 2.2.2006-05. The Guide on hygienic assessment of factors related to working environment and labor process. Konsul-
tantPlus. Available at: http://www.consultant.ru/document/cons_doc LAW 85537/ (15.02.2018).

3 On 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. KonsultantPlus. Available
at: http://www.consultant.ru/document/cons_doc LAW_ 158398/ (10.04.2018).

* SR 1.1.1058-01. How to organize and perform industrial control over adhering to sanitary rules and accomplishing sanitary and
anti-epidemic (preventive) activities. KonsultantPlus. Available at: http://www.consultant.ru/document/cons _doc LAW 33872/

(10.04.2018).
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hazardous occupational factors; given that, it is
necessary to assess not only each occupational
disease separately but their combination as
well. In such cases, to assess occupational
risks, we took an integral parameter for occu-
pational diseases frequency and gravity, a so
called occupational diseases index (Iocc) that
was a an inverse value of risk category (Cr)
and hardness category (Ch); it was an one-
number index that combined Cr and Ch pa-
rameters as a probable risk level [13, 14].

Besides, we assessed how strong a cause-
and-effect relation was for health disorders and
occupational factors.

We assessed an extent to what diseases were
occupational or work-related depending on rela-
tive risk (RR), 95 % confidence interval (CI), and
etiological fraction (EF).

Ultimate assessment of occupational risks
that could cause health disorders in workers
employed at rubber production was performed
taking into account hygienic and medical and
biological parameters basing on occupational
risk categories; those categories took into ac-
count classes of working conditions, occupa-
tional morbidity, and urgency of activities
aimed at reducing risks. Urgency of such ac-
tivities was determined on the basis of occupa-
tional risk categories. Assessment results were
communicated to workers, employers, and
other concerned parties.

Our research focused on assessing occu-
pational risks for health of workers em-
ployed at rubber production and dealing with
either materials rubberizing or products as-
sembling.

Results and discussion. We analyzed
our research results and revealed that workers
employed at contemporary chemical produc-
tions were exposed to a set of occupational
factors and labor process; it included toxi-
cants (predominantly solvents such as benzine
or dichloromethane), intense in-plant noise,
adverse microclimate, and physical overloads
as well.

Workers from basic occupational groups
(gluers, spreading operators, and vulcanizers)
were exposed to chemical factors, namely ben-
zine in concentrations equal to 1.2-4.0 MPC and
dichloromethane, 0.2—1.5 MPC taken as per av-
erage monthly values; maximum single exposure
to benzine could reach 4 MPC; dichloromethane,
2 MPC. Both these substances produce acute
targeted neuro-, hepato-, and gematotoxic effects
as well as irritant ones™ > [15-19].

Besides, maximum permissible noise lev-
els and microclimate parameters (so called
(HIS or heat stress index) at workplaces of
spreading operators and vulcanizers corre-
sponded to hazard category 3.1-3.2.

Workers with basic occupations had to lift
and move weights during their work shifts; they
were exposed to local physical loads (weights
lifted and moved manually (kg); (single) lifting
and moving a weight followed by other work
tasks (up to 2 times per hour, hazard category
3.1); body bending (forced posture at an angle
exceeding 30°), (times per a shift)), hazard
category 3.2); all the above substantiated as-
sessing such working conditions as hazardous
(3.1-3.2) according to Guide 2.2.2006-05.

Ultimate assessment of working condi-
tions for workers with basic occupations em-
ployed at the examined production allowed
ranking them as hazard category 3.2 (Table 1).

Exposure to hazardous occupational fac-
tors and factors related to labor process caused
occupational and work-related diseases.

Chronic intoxications were mostly de-
tected among gluers (30 %) who dealt with
making large engineering constructions and
were exposed to combined effects produced
by a mix of solvents in concentrations which
were 2—4 times higher than MPC; they also
occurred among spreading operators (7.5 %).
Clinical signs of solvent-induced intoxica-
tion included disorders in the vegetative
nervous system (VNS) as per segmental type
with initially occurring vegetative-sensory
disorders in hands.

SHS 2.2.5.3532-18 Maximum permissible concentrations (MPC) of hazardous substances in working area air. Konsul-
tantPlus. Available at: http://www.consultant.ru/document/cons_doc LAW 296440/ (24.01.2018).

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

ISSN (Eng-online) 2542-2308 61



E.T. Valeeva, L.K. Karimova, R.R. Galimova, N.A. Muldasheva, A.A. Distanova

Table 1
Occupational factors and occupational risks occurring at rubber production
Occupational factor Spreading operator Vulcanizer Gluer
Chemical, benzine, higher Csm 3.6 2.6 4.0
than MPC Cavs. 1.6 1.2 1,2-3,0
Dichloromethane, C,, 0,2 04 1.2-1.5
Com. 0,3 0.5 2
Working conditions category 3.1 3.1 3.2
Noise, Higher than MPL, dB By 5 By 5 Not detected
Working conditions category 3.1 3.1 2.0
Microclimate (increased HSI, °C) By 0.4 By 1.2 Not detected
Working conditions category 3.1 3.2 2.0
Labor process hardness 3.2 3.2 3.1
Overall working conditions assessment 3.2 3.2 3.2
Risk category Average Average Average

Note:
Cav.s. means average shift concentration;
Cms maximum single concentration.

Occupational diseases caused by physi-
cal overloads occurred as a rule under work-
ing conditions belonging to hazard category
3.2 as per labor process hardness. Occupa-
tional diseases with predominant damage to
the vegetative nervous system and muscu-
loskeletal system were diagnosed in 28.6 %
cases; they were hand polyneuropathy, facio-
scapulohumeral periathrosis, epicondylitis,
and radiculopathy. Occupational sensorineu-
ral hearing loss was diagnosed in 2.2 %
cases.

Occupational risk parameters, depending
on risk category and occupational diseases
gravity, indicate that gluers run high risks of
occupational diseases; spreading operators and
vulcanizers, average risks. Overall occupational
diseases index that took into account each oc-
cupational disease amounted to 0.83 for gluers
and to 0.8 for spreading operators and vulcaniz-
ers and it allowed ranking occupational risks as
high (Table 2). We detected that occupational
diseases frequency and gravity depended on
working conditions category.

Table 2

Occupational risk categories for workers employed at rubber production depending
on occupational morbidity index (OMI)

Occupation Nosology C* | D;* | OM index* |Risk category
i:acmgcapulo.humeral periathrosis without 5 3 0.16 average
unctional disorders
Spreading operator, [radiculopathy without functional disorders 2 3 0.16 average
vulcanizer initial epicondylitis 2 3 0.16 average
hand polyneuropathy 2 3 0.16 average
sensorineural hearing loss 2 3 0.16 average
Overall OM index 0.80
mild chronic intoxication with a mix of 1 ) 0.52 extremely
Gluer organic solvents (benzene, dichloromethane) ) high
hand polyneuropathy 1 3 0.33 high
Overall OM index 0.85
Note:

* — C,; and D, mean risk category and (occupational) disease gravity;

OMI means occupational morbidity index.
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Chronic non-infectious diseases that were
the most frequently diagnosed in workers em-
ployed at rubber production included disorders
in the vegetative nervous system as per seg-
mental type; musculoskeletal system diseases;
skin and subcutaneous tissue inflammations
occurring due to skin micro-injuries; as well as
biliary dyskinesia, and primary hypertension.

Having assessed an extent to which the
diagnosed diseases were occupationally in-
duced, we revealed that it was high for disor-
ders in the vegetative nervous system as per
segmental type with sensory disorders in hands
among gluers (RR-10.3, 95 % CI, EF-90 %);
musculoskeletal system diseases (lumbodynia)
(RR 2.5, 95 % CI, EF-55 %), and skin and
subcutaneous tissue diseases among spreading

operators and vulcanizers (RR -2.6, 95 % CI,
EF- 61 %) (Table 3).

Complex clinical and hygienic research
gave grounds for ranking occupations as per
occupational risks of health disorders taking
into account for basic criteria: working condi-
tions; occupational morbidity; a share of peo-
ple who had signs of occupational disorders;
an extent to which chronic non-communicable
diseases were occupationally induced.

The highest integral assessment of occu-
pational health risks was determined for glu-
ers. Results obtained in assessing health of
workers employed at rubber production as per
medical and biological parameters were ad-
justed with overall assessment of working
conditions (Table 4).

Table 3

An extent to which diseases occurring in workers employed at rubber production
are occupationally induced

Leading
. hazardous factor, 0
Occupation . . Nosology RR | EF,% | Extent
working condi-
tions category
Spreading operator | labor hardness |musculoskeletal system diseases 2.2 55 high
Vulcanizer (3.2) skin and subcutaneous tissue diseases 2.6 61 high
chemical disorders in the vegetative nervous 103 90 almost
Gluer (3.2) system as per segmental type completely
) biliary dyskinesia 1.8 44 average
Note:
RR means relative risk;
EF means etiological fraction.
Table 4
Integral assessment of occupational risks for workers employed at rubber production
A priori risk A posteriori risk = E o - €
£ p i T Es|_E¢
s 2 ) >< Occupationalcondi- | 2 & & 8 | B € 3
S, o0 o [3) S p & EI) a9 S8 B
§ §1§ ?D 4 a 3 E 4 g; tionality of diseases %'5 g 3 e %%
o ST 8| ¥ 8 ~ ~ 2 3 Q ¢
= § B3 S = % S RR Extent |5 % © .z
above extremely extremely extremely
Gluer 3.2 |average average 0.5 high 4.9-7.6 high high
Spreading above 243
operator, 3.2 |average 0.33| high | 2.5-3.9 high high
: average
vulcanizer
Note:
RR means relative risk;
%00 1s given per 10,000 workers.
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High occupational risks made it necessary
to develop a risk-oriented program that in-
cluded priority strategies and procedures for
preventing damage to workers’ health (mana-
gerial medical and preventive activities and
social protection) (Figure 1). The program was
then tested at a plant that manufactured rubber
engineering products and implemented at cor-
porate and individual levels. The corporate
level covered providing safe working condi-
tions based on applying technological charts
for uninterrupted flow-production, wide use of
automated lines, supply-and-exhaust mechanic
ventilation with rational air inflow that al-
lowed reducing benzine and dichloromethane
concentrations in working area air. The indi-
vidual level involved preventing complex ex-
posure to solvents via using efficient individ-
ual protection means including specific cloth-
ing and footwear, benzine-resistant gloves, and
skin protective creams.

Medical examinations play a significant
role within prevention activities aimed at pre-
venting occupational and work-related diseases
[20]. When workers are hired, they are to have
a preliminary medical examination; when they
perform their work functions, they should have
periodical medical examinations (PME). Medi-
cal examinations are performed according to
requirements fixed by the RF Ministry for Pub-
lic Healthcare and Social Development issued
on April 12, 2011 No. 302n°. An obligatory
condition for performing periodical medical
examinations is that workers with long work
experience are to be examined at a center for
occupational pathology every five years; should
initial signs of any occupational pathology be
detected in a worker, he or she should have an-
nual periodical examinations at such centers.

It seems rational to divide workers em-
ployed at rubber production into three groups
for periodical examinations with determining
necessary prevention activities for each group.

The 1* group includes healthy workers.
They are to have periodical medical exami-
nations.

The 2™ group includes those workers who
ran risks of occupational diseases and are to
have annual medical examinations and im-
prove their health at sanatoriums once a year.

The 3" group includes:

a) workers suffering from occupational
diseases. They are to visit medical establish-
ments more frequently and if a repeated ex-
amination is required, they are to visit a center
for occupational pathologies and have an out-
patient or in-patient hospital treatment;

b) people with work-related diseases.
They are to visit medical establishments and
improve their health in sanatoriums; in case of
necessity they are to have an out-patient or in-
patient hospital treatment.

It is very important to provide timely
and rational employment for workers suffer-
ing form occupational and chronic non-
communicable diseases who can’t perform
their work tasks under hazardous working
conditions; it is a key component in a system
of medical and preventive, social, and reha-
bilitation activities. Medical examinations
and recommended treatment as well as
health-improving procedures are to be regu-
lated according to a health group a worker
belongs to; these health groups are deter-
mined as per results obtained via PME ac-
cording to the Order by the RF Public
Healthcare Ministry issued on October 26,
2017 No. 869n’.

® On Approval of the list of adverse and (or) hazardous occupational factors and work tasks that require obliga-
tory preliminary and periodical medical examinations of workers and the procedure for performing obligatory prelimi-
nary and periodical medical examinations of workers employed at workplaces with hard work and adverse and (or)
hazardous working conditions: The Order by the RF Ministry for Public Healthcare and Social Development issued on
April 12, 2011 No. 302. KonsultantPlus. Available at: http://www.consultant.ru/document/cons_doc_ LAW 120902/

(24.01.2018).

" On Approval of the procedure for medical examinations of specific adult population groups: The Order by the RF Minis-
try for Public Healthcare and Social Development issued on October 26, 2017 No. 869n. KonsultantPlus. Available at:
http://www.consultant.ru/document/cons_doc_ LAW_ 284986/ (24.01.2018).
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Conclusions.

1. We determined that there were several
hazardous industrial factors and labor process
factors at rubber production; they were haz-
ardous chemicals, in-plant noise, adverse mi-
croclimate, and physical overloads. Overall
assessment of working conditions for workers
employed at rubber production ranked them as
belonging to 3.2 hazard category.

2. Working conditions existing at up-to-
date rubber productions directly induce occu-
pational diseases and are potentially hazardous
for workers’ health.

Gluers ran high risks of occupational dis-
eases; spreading operators and vulcanizers,
average risk. Total occupational morbidity in-
dex corresponded to high occupational risk.

3. We detected cause-and-effect relations
between working conditions and frequency of

specific chronic non-communicable diseases:
there was significant occupational conditionality
of disorders in the vegetative nervous system as
per segmental type with sensory disorders in
hands among gluers; hand polyneuropathy, faci-
oscapulohumeral periathrosis, epicondylitis, and
radiculopathy of skin and subcutaneous tissues
among spreading operators.

4. A program for managing risks for
workers’ health was developed and imple-
mented basing on occupational risk catego-
ries; the program included managerial and
medical and preventive activities as well as
social support and protection.

Funding. The research was not granted any
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ASSESSING OCCUPATIONAL RISKS FOR WORKERS EMPLOYED
AT HEAT-POWER ENGINEERING ENTERPRISES

M.V. Kuleshova, V.A. Pankov

East-Siberian Institute of Medical and Ecological Research, 12 a the 3rd micro-district, Angarsk, 665827,
Russian Federation

Our research goal was to assess occupational health risks and analyze whether it was possible to assess occupational risks
for workers employed at heat-power engineering enterprises applying the same procedures as those used in the our research.

Our research involved basic occupational groups of workers employed at a heat-power engineering enterprise. They
were power generating unit drivers, repairmen, and electricians responsible for electric machinery repair and maintenance.
Hygienic assessment of working conditions was performed according to the valid regulatory and methodical documents.
Occupational morbidity was analyzed on the basis of data arrays that contained data taken from Reports on occupational
diseases (intoxications). Occupational risks were assessed as per Fine Kinney risk assessment method, matrix method, and
Guide R 2.2.1766-2003; we also performed a semi-quantitative risk assessment.

Labor performed by power generating unit drivers belonged to 3.2 hazard category as per related hazards, its hard-
ness, and intensity; repairmen, 3.3 hazard category, electricians responsible for electrical machinery repair and mainte-
nance, 3.3 hazard category. Occupational morbidity among workers employed at enterprises dealing with energy production
and distribution in Irkutsk region was analyzed over 2000-2018; the analysis revealed there was a decrease in first diag-
nosed occupational diseases and the most frequent nosology was sensorineural hearing loss. Occupational risk assessment
performed as per different procedures indicates that obtained results are rather ambiguous. Semi-quantitative risk assess-
ment, Finn Kinney method, and the “Finnish” model turned out to be subjective but it is still possible to apply them provided
that it is done by highly qualified experts in the sphere of labor safety and occupational risks management. The most objec-
tive risk assessment procedure allows assessing probability of damage to health applying parameters that describe devia-
tions in adverse or hazardous occupational factors from maximum permissible concentrations and levels and a cause-and
effect relation with risk (Guide G 2.2.1766-03).

Key words: workers employed at heat-power engineering enterprises, working conditions, occupational morbidity, sen-
sorineural hearing loss, occupationally morbidity, occupational risk, risk assessment procedures, occupational risk factors.

Any labor process involves a worker be-
ing exposed to industrial (occupational) fac-
tors that can cause occupational accidents and
work-related diseases [1, 2]. As per data pro-
vided by the International Labor Organiza-
tion, work-related diseases and occupational
accidents annually result in more than 2.2
deaths [3]. More than 300 million occupa-
tional accidents and more than 150 million
occupational disease cases are registered an-
nually all over the world. At present great ef-
forts are being taken to make working condi-
tions safer for workers and a promising trend

© Kuleshova M.V., Pankov V.A., 2020

here is implementation of prevention activi-
ties based on occupational risks (OR) analysis
and assessment.

At present in the RF different types of OR
are controlled and accounted; they are risks
caused by injuries with various degrees of sever-
ity including those with lethal outcomes; risks of
damage to health caused by a work-related dis-
ease; risks caused by industrial accidents and
emergencies at hazardous industrial objects
[4-6]. Experts employed by federal institutions
use a procedure that ranks economic activities as
per categories of occupational risks'; the proce-
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! On obligatory social insurance against industrial accidents and work-related diseases: The Federal Law issued on July
24, 1998 No. 125-FZ. Garant. Information and legal database. Available at: https://base.garant.ru/12112505/ (30.11.2019).
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dure is based on calculation of expenses caused
by all the detected work-related disease cases
and industrial injuries in a branch [7]. This cal-
culated parameter is an economic one in its es-
sence and is applied to determine volumes of
insurance payments; therefore, it can’t be used to
communicate work-related risks of health dam-
age to workers.

There are multiple publications on man-
aging OR; however, in order to manage risk
properly, it is necessary to assess health risks
for workers.

At present there is no unified and conven-
tional procedure for OR assessment. Given
that, various schemes and procedures for OR
assessment are applied; they all have certain
advantages and drawbacks and are used de-
pending on specific tasks to be solved and
available information’. However, it is obvious,
that efficient OR management, in an organiza-
tion, region, or a country as a whole, requires
cohort, group, and population parameters of
occupational risk that will allow ranking occu-
pations, organizations, or branches as per risk
levels [4, 8].

As it is well known, OR assessment usu-
ally involves a five-stage procedure that in-
cludes identification of hazards that result in
risks; risk assessment and risk “ranking”;
working out preventive activities; implemen-
tation of protection and preventive activities;
monitoring [9]. At the stage when hazards are
identifies, one can use legal and normative
acts, instructions, standards, reports on in-
spections aimed at checking adherence to la-
bor protection requirements, statistical data
on injuries, reviews of past accidents and in-
juries, data on occupational and qualification
properties and health of workers, monitoring
results, and other reliable information sources
[4, 5, 8—11]. OR assessment can be performed
with variable techniques and procedures, and
sometimes a combination of those is applied.
Basically, there are three groups of tech-
niques and procedures:

— statistical procedures based on deter-
mining how probable specific risks are or on
examining statistical data on risks;

— expert techniques based on collecting,
examining, and generalizing risk assessment
results;

—calculation and analytical procedures
that allow assessing a risk in case there are no
statistical data on it and obtaining a quantita-
tive assessment [5].

Use of statistical procedures allows ob-
taining the most reliable risk assessment pro-
vided that there is thorough monitoring and
reliable data. Expert techniques can be applied
practically in any activity sphere; however,
their universality can sometimes be extremely
low, especially when a risk is analyzed in a
specific situation. Calculation and analytical
procedures are the most widely spread and
simple in use.

When assessing risks, one can apply both
direct and indirect techniques; choice on them
depends on available statistical data, purposes,
and qualifications and professional skills of
personnel responsible for labor protection. Di-
rect quantitative risk assessment is possible
only in a case when there are accumulated data
on occupational injuries and their gravity.
However, in real life conditions data on health
damage are frequently either insufficient or
unavailable. Should there be not enough data
for statistical analysis, we should use direct
qualitative assessment based on analysis that
takes into account scores given to working
conditions by experts or assessment teams.
Some direct techniques for risk assessment are
Fine-Kinney method; a technique applying
weighing coefficients; a matrix method when
ranking parameters related to gravity and
probability are given in a matrix; Monte-Carlo
modeling and Bayesian technique that apply
mathematical tools of probability theory. Indi-
rect techniques for health risk assessment ap-
ply parameters that characterize deviations in
existing parameters from their standard values

2 GOST R 12.0.010-2009. The system of occupational safety standards (SOSS). Systems for labor protection manage-
ment. Hazard determination and risk assessment. KODEKS: the electronic fund for legal and reference information. Available

at: http://docs.cntd.ru/document/1200080860 (30.11.2019).
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and have a cause-and-effect relation with risks.
Indirect techniques for risk assessment are a
technique involving use of control “checklists”
that contain a list of hazards or risks; inter-
viewing; assigning risk into categories as per
categories of working conditions; analyzing
true causes of accidents; ELMERI method.

There aren’t sufficient data in literature on
how to calculate OR for workers in multiple
brunches of industry and transport [12-14],
including workers employed at heat power-
stations [15, 16].

Our research goal was to assess occupa-
tional health risks and analyze whether it was
probable to apply certain risk assessment tech-
niques to assess actual risks for workers from
basic occupational groups existing at a heat-
and-power enterprise.

Data and methods. We accomplished our
research on basic occupational groups existing
in heat-and-power engineering; chosen occu-
pations included power generating unit driv-
ers; repairmen; electricians responsible for
electric machinery repair and maintenance.

Working conditions were hygienically as-
sessed in conformity with the existing stan-
dards and procedures accepted in the RF (sani-
tary rules and standards; State Standards; me-
thodical guidelines). We examined working
conditions for workers employed at a heat-
and-power enterprise and analyzed the ob-
tained results.

Occupational morbidity was analyzed us-
ing a database containing data from Occupa-
tional diseases (intoxications) charts drawn up
over 2000-2018 in Irkutsk region’.

OR was assessed as per Fine-Kinney
method [17, 18]; matrix method [19, 20];
Guide R 2.2.1766-2003 “Assessment of occu-
pational health risks for workers™; we also
performed a semi-quantitative risk assessment
[20]. We also analyzed workers’ health as per
data obtained via periodical medical check-ups

(n=63, average age was 39.6£1.5; average
working experience was 13.6+1.5 years) and
calculated to what extent health disorders were
work-related. Our reference group was made
up of people who were not exposed to hazard-
ous occupational factors and factors related to
labor process; they were comparable with the
test group in terms of their age and length of
working experience (n=50). Authenticity of
relative risk parameters was assessed with x>
criterion.

Results and discussion. Occupational fac-
tors were examined at workplaces of power
generating unit drivers; repairmen; electri-
cians responsible for electric machinery re-
pair and maintenance. Hygienic assessment of
working conditions revealed that noise reached
88—100 dBA and it was 7-13 dBA higher than
the hygienic standard in average- and high-
frequency ranges. As workers from these occu-
pational groups didn’t have a permanent work-
place, we calculated equivalent noise levels for a
work shift. They amounted to 83 dBA for power
generating unit drivers; 93 dBA, for repairmen;
92 dBA, for electricians responsible for electric
machinery repair and maintenance.

Equipment applied at a heat-and-power
enterprise (transporters, mills, turbogenerators,
and grinders) produces not only noise, but also
overall vibration that is equal to 81-83 dB.

Microclimate at workplaces (tempera-
ture, relative humidity, and air speed) con-
formed to hygienic standards during warm
seasons. As for cold seasons, temperature de-
viated from hygienic standards during them
and was 8.0-14.0 °C; relative humidity and
air speed were within acceptable limits. [1lumi-
nation mostly conformed to hygienic standards
and amounted to 60-310 luxmeter-candela.

Ash and coal dust concentrations in work-
ing area air didn’t exceed MPC at basic work-
places and amounted to 1.05-5.90 mg/m’ and
7.1-14.3 mg/m’ accordingly.

? On improving the system for investigating and accounting occupational diseases in the Russian Federation (with
alterations and supplements): The Order by the RF Public Healthcare ministry dated May 28, 2001 No. 176. Appendix 5.

An occupational disease (intoxication) chart.

Garant.

Information and legal database. Available at:

http://base.garant.ru/4177627/c9¢989f1€999992b41b30686f0032f7d/ (30.11.2019).
4P 2.2.1766-03.0ccupational hygiene. Guide on assessing occupational health risks for workers. Organization and
methodical basics, assessment principles and criteria: Guide. Moscow, 2003, 18 p.
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Hardness of labor process for workers
with the examined occupations was deter-
mined by dynamic physical loads with pre-
dominantly used hand, arm and shoulder mus-
cles when a weight was moved from a place to
place over 1 meter (up to 7,000 kg*min); static
loads when a weight was held with two arms
(more than 70,000 kg*sec); uncomfortable
and/or fixed body pose (up to 50 % of a work
shift); body bends (more than 100 per a shift);
moving around due to necessities related to a
technological process (up to 8 km horizontally
and up to 2.5 km vertically); all these factors
ranked working conditions into 3.1 and 3.2
hazard category (hard physical labor). Labor
intensity (intellectual, sensory, and emotional
loads; monotony and working regime) were
acceptable (average labor intensity).

According to parameters characterizing
hazards, labor hardness, and labor intensity,
working conditions correspond to 3.2 hazard
category for power generating unit drivers;
3.3 hazard category, for repairmen; 3.3 hazard
category, for electricians responsible for elec-
tric machinery repair and maintenance; higher
hazard category is due to workers being ex-
posed to high noise levels.

Apart from occupational factors, working
environment, and workplace ergonomics, risk
factors can also occur due to moving machin-
ery and mechanisms, moving parts of indus-
trial equipment, surfaces of equipment and
tools, and a workplace being located high
above the ground or workshop floor.

We analyzed occupational morbidity in
Irkutsk region in “Energy production, transfer,
and distribution” over 2000-2018 and revealed
that there was a decrease in detected occupa-
tional disease cases; over recent years they
amounted to 1.7-6.9 cases per 10,000 workers
employed in the branch. We also analyzed the
structure of occupational morbidity and re-
vealed that sensorineural hearing loss was a
basic nosology detected in workers with the
examined occupations (RR =18.92, EF =95 %,
x> =16.71 for repairmen; RR = 13.16, EF =92 %,
x* =742 for electricians; RR = 28.57, EF =97 %,
x> = 16.95 for power generating unit drivers).

We calculated OR as per Fine-Kinney
method based on analyzing three factors: an
extent to which a worker was exposed to im-
pacts exerted by adverse factor at a work-
place (P), a probability of a threat to health
occurring at a workplace (V), and conse-
quences for a worker’s health and/or safety
in case such a threat comes to life (C) [14, 17].
The calculation revealed that OR for the ex-
amined workers was rather serious (substan-
tial) (R =108) and it required planning and
accomplishing activities aimed at reducing
this risk (Table 1).

Semi-quantitative risk assessment calcu-
lated as per the formula R + Q x p where Q is
a probability of a damaging event and p is
consequences, severity, or a volume of losses
[20] revealed that OR was acceptable for all
three examined occupational groups (R <40
scores) (Table 2).

Table 1
Occupational risk assessment as per Fine-Kinney method
A stage 1n assessment
Occupation A worker being | Probability of | Consequences Comments
P exposed to adverse| a threat at for a worker’s | Risk (R)
factors (P) workplace (V) | health (C)
Power generating unit Regular Very probable | Injury (TD) 108 Substantial
drivers 6 scores 6 scores 3 scores risk
Repairmen Regular Very probable | Injury (TD) 108 Subs.tantlal
6 scores 6 scores 3 scores risk
Electricians responsible . .
for electric machinery Regular Very probable | Injury (TD) 108 Subs.tantlal
: ! 6 scores 6 scores 3 scores risk
repair and maintenance
Note: TD means temporary disability.
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Table 2
Semi-quantitative occupational risk assessment
: o . Risk (R), Risk
Occupation Probability, Q Severity, p score level
. . Temporary disability
very probable
quer generating unit Very probable for less than 4 weeks 32 Acceptable
drivers 8 scores
4 scores
Temporary disability
. ry probable
Repairmen Very probable for less than 4 weeks 32 Acceptable
8 scores
4 scores
Electricians responsible Verv probable Temporary disability
: . Iy p
for electric machinery for less than 4 weeks 32 Acceptable
. . 8 scores
repair and maintenance 4 scores

We also applied a so called “Finnish” risk
management model to analyzed OR [19]; the
analysis revealed that risk index corresponded
to unacceptable risk for all the examined oc-

cupations (Table 3).
We assessed a p

tained via special assessment of working
conditions and sanitary-industrial control as
well as occupational morbidity index (ac-
cording to G 2.2.1766-03); the assessment

riori risk as per data ob-

revealed that OR taken as per working con-
ditions were average (substantial) for power
generating units drivers; and high (intoler-
able) for repairmen and electricians respon-
sible for electric machinery repair and main-
tenance (Table 4).

We calculated occupational morbidity in-
dex and revealed that risks were extremely
high for all three examined occupational
groups (Table 5).

Table 3
Occupational risk assessment as per “Finnish” model
. Frequency Hazard Risk Risk
Occupation . . o
of accidents category index criterion
quer generating unit Probable Substantial B Unacceptable
drivers B 2
Repairmen % w 2B Unacceptable
Electricians responsible _ .
for electric machinery % W 2B Unacceptable
repair and maintenance
Table 4

Working conditions and occupational risk categories

Working conditions cate-

. Occupational Urgency of activities
Occupation goy asp erO(S} 2.2.2006- risk category aimed at reducing risks
Power generating unit 3.2 (hazardous, Average (substantial) Activities aimed at re-
drivers the 2™ degree) risk ducing risks are required
. 3.3 (hazardous, High (intolerable) Urgent acj[ 1V1t1§ s aimed
Repairmen rd . at reducing risks are
the 3™ degree) risk -
required
Pl o |3 ndows, | High ottty | Uil
Y the 3" degree) risk &

repair and maintenance

required
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Table 5
Occupational morbidity index and occupational risk categories
Occupation Occupational Occupational Urgency of activities aimed
p morbidity index risk category at reducing risks
Power generating unit 0.5 Extremely high It is forbidden to start or continue
drivers ) (intolerable) risk any work before risks are reduced
Repairmen 05 Extremely high It is forbidden to start or continue
P ' (intolerable) risk any work before risks are reduced
Electr1c1qns resp(?ns1ble Extremely high It is forbidden to start or continue
for electric machinery 0.5 . - .
. . (intolerable) risk any work before risks are reduced
repair and maintenance

I

Diseases of the
eye and its
accessory
apparatus

Circulatory
system diseases

Digestive organs
diseases

Endocrine
system diseases

Power generating unit B Repairman

Respiratol

¥ Musculoskeletal
organs diseases

TUrogenital N
system diseases

system diseases

SKin diseases

a Electrician responsible for electrical

driver machinery repair and maintenance

Figure 1. Frequency of chronic common diseases revealed in workers due to periodical
medical examinations (per 100 workers)

In addition to a priori assessment of occupa-
tional risks as per working conditions, we ana-
lyzed frequency of common chronic diseases
revealed in workers due to periodical medical
examinations and assessed to what extent they
were work-related (as per Guide 2.2.1766-03).

We established that power generating
unit drivers, repairmen, and electricians re-
sponsible for electrical machinery repair and
maintenance most frequently suffered from
diseases of the musculoskeletal system and
connective tissue; most common diseases
were low-back pains, neck pains, and pains in
the thoracic spine (75.7 cases, 68.4 cases, and
85.7 cases per 100 examined workers accord-
ingly) (Figure 1).

We revealed almost complete occupa-
tional causality of these nosologies among
workers with the examined occupations
(RR=7.57, EF =87 %, x> =36.22; RR = 6.84,

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

EF =85 %, x” = 21.44; RR = 8.57, EF = 88 %,
x*=18.00 accordingly). Besides, we estab-
lished practically complete occupational cau-
sality of diseases of the eye and adnexa its ac-
cessory apparatus for repairmen and electricians
(RR =22.97, EF =96 %, x* =22.42; RR = 13.16,
EF = 92 %, y* = 7.42 accordingly). We should
note that there was also almost complete occu-
pational causality for all three occupational
groups regarding health disorders in the endo-
crine system, namely, obesity, diabetes melli-
tus, and diffuse thyroid gland enlargement
(RR =27.03, EF =96 %, x*=28.69 for re-
pairmen; RR = 14.29, EF =93 %, Xz =4.18 for
power generating unit drivers; RR =15.79,
EF =94 %, x> =10.17 for electricians). Circu-
latory system diseases were also rather widely
spread among workers from the examined oc-
cupational groups as per data obtained via pe-
riodical medical examinations; despite that,
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comparative analysis didn’t reveal any statisti-
cally significant discrepancies from the refer-
ence group as per these nosologies.
Conclusion. Therefore, our research re-
vealed that applying different procedures for
assessing OR for workers employed at a heat-
and-power enterprise yielded somewhat con-
tradictory results. OR assessment as per Fine-
Kinney method and “Finnish” model doesn’t
involve either instrumental or laboratory
measurements or clinical, physiological,
medical-biological, and epidemiologic re-
search; however, it does allow determining
whether there is a risk to get injured. Besides,
semi-quantitative OR assessment, Fine-
Kinney method, and “Finnish” model have a
serious drawback as they employ rather sub-
jective approach to occupational risk assess-
ment; at the same time, they should be given
some attention, especially provided that there
are skilled experts in labor protection and OR
management who have relevant knowledge in
specific industrial brunches. In our opinion,
the most objective procedure for assessing
occupational health risks is a procedure that

allows assessing probability of damage to
health and employs such parameters that
characterize deviation of occupational and
industrial factors (concentrations, doses, lev-
els, etc.) from hygienic standards and have a
cause-and-effect relation with risks. When
OR are calculated as per this procedures, ex-
perts take into account factor values, duration
of exposure to them, and workers’ health;
however, should there be no long-term occu-
pational morbidity in an organization, it be-
comes rather difficult to qualitatively assess
OR. Besides, OR assessment as per Guide
2.2.1766-03 doesn’t allow assessing risks of
injuries but at the same time it is quite possi-
ble to assess to what extent diseases are work-
related or occupational and it provides much
better insight into OR essence.

Funding. The research was accomplished due
to funding provided for finding solutions to tasks
fixed by state authorities for the East Siberian In-
stitute for Medical and Ecological Research

Conflict of interests. The authors declare
there is no any conflict of interests.

References

1. Levashov S.P., Shkrabak V.S. Professional'nyi risk: metodologiya monitoring i analiza [Occupa-
tional risk: monitoring and analysis methodology]. Kurgan, Izdatel'stvo Kurganskogo gosudarstvennogo

universiteta Publ., 2015, 308 p. (in Russian).

2. Kokangiil A., Polat U., Dag suyu C. A new approximation for risk assessment using the AHP and
Fine Kinney methodologies. Safety Science, 2017, no. 91, pp. 24-32. DOI: 10.1016/].5s¢i1.2016.07.015

3. Sait Mezhdunarodnoi organizatsii truda [The World Health Organization official web-site]. Avail-
able at: https://www.ilo.org/moscow/areas-of-work/occupational-safety-and-health/ WCMS_249276/lang--

ru/index.htm (30.11.2019) (in Russian).

4. Malyshev D.V. Metod kompleksnoi otsenki professionalnogo riska [A complex procedure for
occupational risk assessment]. Problemy analiza riska, 2008, vol. 5, no. 3, pp. 40-59 (in Russian).

5. Professional'nyi risk. Teoriya i praktika rascheta [Occupational risk. Theoretical and practical as-
pects of calculating it]. In: A.G. Khrupachev, A.A. Khadartsev eds. Tula, Izdatel'stvo Tul'skogo gosu-
darstvennogo universiteta Publ., 2011, 330 p. (in Russian).

6. Khrupachev A.G., Khadartsev A.A., Kamenev L.I., Panova V., Sedova O.A. Metodologicheskaya

kontseptsiya professional'nogo riska i ego kolichestvennaya otsenka [A methodological concept for occupa-
tional risk and its quantitative assessment|. Natsional'nye interesy: prioritety i bezopasnost', 2010, vol. 92,
no. 35, pp. 6980 (in Russian).

7. Simonova N.I., Denisov E.I. Otechestvennye i mezhdunarodnye podkhody k otsenke i uprav-
leniyu professional'nymi riskami. Zakonodatel'stvo Rossiiskoi Federatsii i normativno-pravovye akty,
kasayushchiesya professional'nogo riska [Domestic and international approaches to assessing and man-
aging occupational risks. The RF legislation and legal and regulatory documents related to occupational
risks]. Aktual'nye problemy «Meditsiny truday: sbornik trudov NII meditsiny truda. In: N.F. Izmerov ed.
Moscow, Reinfor Publ., 2010, 416 p. (in Russian).

74 Health Risk Analysis. 2020. no. 1



Assessing occupational risks for workers employed at heat-power engineering enterprises

8. Levashov S.V. Otsenka professional'nykh riskov v RF i za rubezhom [Occupational risk assess-
ment in the RF and abroad]. Problemy analiza riska, 2012, vol. 9, no. 6, pp. 5466 (in Russian).

9. Risk Assessment Tool. Available at: https://osha.europa.eu/en/publications/risk-assessment-tool
(30.11.2019)

10. Bukhtiyarov 1.V., Bobrov A.F., Denisov E.I., Eremin A.L., Kur'erov N.N., Losik T.K., Pochta-
reva E.S., Prokopenko L.V. [et al.]. Occupational risk assessment methods and their information support.
Gigiena i sanitariya, 2019, vol. 98, no. 12, pp. 1327-1330. DOIL: 10.18821/0016-9900-2019-98-12-1327-1330

11. Bulavka Yu.A. Current state and development of methodology of expert assessment of occupational
workplace risk. Vestnik Polotskogo gosudarstvennogo universiteta. Seriya B, 2013, no. 3, pp. 156-163
(in Russian).

12. Kowalczyk A., Chodota 1., Kulczycka K., Stychno E. Characteristics of selected methods of
risk assessment. Journal of Education, Health and Sport, 2018, vol. 8, no. 9, pp. 1703—-1714. DOI:
10.5281/zenodo.1438817

13. Khairullina L.I., Tuchkova O.A., Zinnatullina G.N. Assessment of professional risks in indus-
trial enterprises: examples of registration of professional risk cards. Nauchnye Trudy KubGTU, 2019,
no. 3, pp. 504-511 (in Russian).

14. Bednarzhevskii S.S., Korol' Zh.V. Application of Fine-Kinney Method for Occupational Risk
Assessment. Perspektivy nauki, 2013, vol. 43, no. 4, no. 74—77 (in Russian).

15. Denisov E.I. Noise at a workplace: permissible noise levels, risk assessment and hearing loss
prediction. Health Risk Analysis, 2018, no. 3, pp. 13-23. DOI: 10.21668/health.risk/2018.3.02.eng

16. Kochakova A.A., Ivanova M.V. Otsenka professional'nogo riska rabotnikov predpriyatii TEK
[Occupational risk assessment for workers employed at heat-power engineering enterprises]. Nauka i
obrazovanie segodnya, 2019, vol. 41, no. 61, pp. 32-34 (in Russian).

17. Oturak¢i M., Dagsuyu C., Kokangiil A. A New Approachto Fine Kinney Method and an Implementa-
tion Study. Alphanumeric Journal, 2015, vol. 3, no. 2, pp. 083—-092. DOI: 10.17093/aj.2015.3.2.5000139953

18. Latypova R.R., Khait D.D., Kandybko A.P. Foreign experience of assessment of risks. Aktu-
al'nye problemy ekonomiki i upravleniya, 2018, vol. 19, no. 3, pp. 75-77 (in Russian).

19. Murtonen M. Otsenka riskov na rabochem meste — prakticheskoe posobie [Assessing risks exist-
ing at a workplace: a practical guide]. Tampere, Subregional'noe byuro MOT dlya stran Vostochnoi Ev-
ropy i Tsentral'noi Azii, Publ, 2007, 65 p. (in Russian).

20. Nimetulaeva G.Sh. Evaluation methods for occupational and environmental risks in occupational
safety and health. Gornyi informatsionno-analiticheskii byulleten', 2016, no. 5, pp. 75-93 (in Russian).

Kuleshova M.V., Pankov V.A. Assessing occupational risks for workers employed at heat-power engi-
neering enterprises. Health Risk Analysis, 2020, no. 1, pp. 68-75. DOI: 10.21668/health.risk/2020.1.07.eng

Received: 04.12.2019
Accepted: 09.02.2020
Published: 30.03.2020

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163  ISSN (Eng-online) 2542-2308 75



HEALTH RISK ANALYSIS IN EPIDEMIOLOGY

UDC 616.2-022.6-053.37-058.86
DOI: 10.21668/health.risk/2020.1.08.eng

DYNAMICS OF ACUTE MORBIDITY AND RISK FACTORS THAT CAUSE
FREQUENT ACUTE RESPIRATORY TRACT INFECTIONS IN INFANT
CHILDREN DURING THEIR FIRST YEAR IN A FOSTER FAMILY

0.Yu. Kocherova', E.N. Antysheva', V.V. Chubarovsky?, O.M. Filkina', E.A. Vorobeva'

'V N. Gorodkov's Ivanovo Scientific Research Institute for motherhood and childhood, 20 Pobedy Str., Ivanovo,
153045, Russian Federation

National Medical Research Center for Children's Health, BId. 1, 2 Lomonosovskiy Ave., Moscow, 119991,
Russian Federation

Our research goal was to study dynamics of acute morbidity and reveal risk factors that caused frequent acute respira-
tory tract infections (acute RTIs) in infant children during their first year in a foster family (FF).

We examined health of 100 infant children at the moment they were adopted and after a year spent in a foster family; we
also examined psychological peculiarities their foster mothers had. Our control group included 90 infant children of the same
age who lived with their blood parents and their mothers. We studied social and biological case histories and performed clinical
examinations of children. Psychological examinations of foster mothers and parent-child relations in families were performed
with mini MMPI tests, procedures developed by Yu.A. Alyoshina, L.Ya. Gozman and E.M. Dubovskaya; A.Ya. Varg, V.V. Stolin;
E.G. Eidemiller and V.V. Yustitskis. We applied Wald’s sequential analysis to draw up an expectancy table.

Our research allowed us to reveal that infant children who had spent a year in a foster family were more frequently as-
signed into “often ill” category than children who lived with their blood parents. Adopted children tended to suffer from com-
plicated acute RTIs more frequently. We detected several risk factors that could cause frequent acute respiratory infections, they
were a child being born in the second or more delivery; reduced or drastically reduced resistance at the moment a child was
adopted; a foster family being a one-parent one, insufficient amount of time spent by a foster mother with a child; such person-
ality traits in a foster mother as impulsivity, masculinity, eccentricity, emotional immaturity, parents being primarily oriented at
autonomous activities, a significant psychological distance between foster parents and a child; parents not treating a baby as an
infant and ignoring its needs. We developed a forecast for acute respiratory tract infections in children during their adaptation
in a new family taking into account not only biological factors, but also social and psychological ones.

Key words: risk factors, acute respiratory tract infections, children, infancy, foster families, social and biological case
history, a psychological profile of a mother, parent-child relations.

Abandoned children who are deprived of A number of children who are left without
parent care need help; it is a key priority of parent care in their infancy is growing. 75 %
any state to provide it. Activities performed in of all children who are annually placed in or-
the sphere and aimed at supporting such chil- phanages are infants younger than 12 months;
dren are vital components in social policies [1]. such children are abandoned by their mothers
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in maternity hospitals in 96.4 % cases [2, 3].
Practically all such children initially have un-
favorable conditions for formation of their
health. Many authors stress that such children,
as a rule, are unwanted and have burdened so-
cial and biological case history; they are often
born by mothers who are too young; smoking
mothers; mothers who drink alcohol and take
drugs during pregnancy; mothers who pursue
asocial lifestyle; there are also impacts exerted
by disorders in their intrauterine development
and diseases in the neonatal period [4—6].

Early and long-term separation from a
mother produces grave negative effects on a
child’s health and development, causes neu-
rotic and affective disorders; a child experi-
ences fear and aggression and doesn’t trust
anyone [7-9]. Infant children tend to react on
the somato-vegetative level and children who
are left without parent care obligatorily have
various signs of neuropathic syndrome (in-
creased overall and vegetative excitability,
proneness to digestive and sleep disorders, ab-
sence of any skills to keep oneself tidy, and
lower resistance) [7, 10, 11].

Issues related to health of orphans who
were raised in state orphanages have been
given considerable attention in scientific lit-
erature. As per data provided by many au-
thors, from 25 % to 47 % orphans raised in
state orphanages belong to “often sick™ cate-
gory [4, 5,12, 13].

It was proven that orphans and children
left without parent care who were adopted by
foster families (FF) had better health than
children who were left in orphanages; how-
ever, even after being adopted, such children
were still behind their counterparts who lived
with their blood parents as per many parame-
ters [3, 9, 14, 15].

Adaptation to a new family to a great ex-
tent depends on a child’s age; parents’ per-
sonal traits; relations existing in a foster fam-
ily; somatic and mental health of a child and
foster parents; parents’ psychological compe-
tence [16, 17].

According to available data, children who
had been adopted by a foster family developed
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rapidly during the first year after adoption; it
was especially true for physical and neuropsy-
chic development. However, there were great
difficulties related to children adapting to fos-
ter families in 17.5 % cases [16, 18, 19].

Children still are not fully adapted to a
foster family after the first year spent in it de-
spite more favorable micro-social conditions
there than in an orphanage. Adopted children
tend to have lower resistance that results from
negative impacts exerted by biological and so-
cial factors on infants (burdened heredity; un-
favorable clinic course of pregnancy and birth;
irrational nutrition and improper care; asocial
parents being cruel or careless; a child being
raised in an orphanage and it leading to social
deprivation). An adopted child is placed in a
new micro-social environment and it makes
him or her feel afraid and diffident, dependent
on external circumstances and unknown peo-
ple; any affection to foster parents is to occur
under such unfavorable conditions [18-20].
We revealed that infant children still had lower
resistance during their first year spent in a fos-
ter family [21].

There are no sufficient data on health of
infant children adopted by foster families in
scientific literature; besides, available data are
rather contradictory. It calls for a longitudinal
study and search for new biological, social,
and psychological markers that can be used as
predictive criteria. Implementation of predic-
tion technologies will allow performing pre-
vention activities in due time.

Our research goal was to examine dy-
namics of acute morbidity and determine risk
factors that cause frequency acute respiratory
tract infections (RTIs) in small children during
their first year in a foster family.

Research techniques. We examined health
of 100 children aged 1-3 at the moment they
were adopted by a foster family and after they
spent 1 year in that family; we also examined
psychological peculiarities of their foster
mothers. Our reference group was made up of
90 children of the same age who lived with
their blood parents and their mothers. To draw
up our prediction, we divided children who
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lived in foster families into two groups; the 1%
one included children who suffered from acute
RTIs 6 times per year or even more often, and
the 2™ one was made up of children who
didn’t have RTIs or had them so often (less
than 6 times per year).

We examined social and biological case
histories via taking data from medical docu-
ments, questioning and interviewing parents.
All the children had clinical check-ups and
their medical documents were examined; we
questioned foster parents using our own struc-
tured clinical-statistic chart.

All the examinations were performed with
obligatory adherence to ethical standards fixed
in Helsinki Declaration (1975, supplemented
in 1983 and 1989). Parents (legal representa-
tives) of all children gave their informed vol-
untary consent to medical intervention and
personal data processing.

We accomplished psychological examina-
tion on foster mothers in order to reveal their
personal traits and it was done with mini
MMPI test; attitudes accepted by a married
couple were revealed with a procedure devel-
oped by Yu.A. Alyoshina, L.Ya. Gozman and
E.M. Dubovskaya; parent — child relations
were studied with procedures developed by
A.Ya. Varg and V.V. Stolin; family relations
were examined with procedures developed by
E.G. Eidemiller and V.V. Yustitskis.

All the data were statistically processed
with MS Excel XP and Statistica 6.0.

We applied Wald’s sequential analysis to
draw up our expectancy table. First, we proved
that there were authentic discrepancies in fre-
quency of an examined factor among children
who were often sick with acute RTIs, who
were sick on rare occasions, and who didn’t
fall sick; having done that, we calculated pre-
dictive quotients (PQ) for each factor gradation.
Predictive quotient was calculated as per the fol-
lowing formula: PQ =10 Ig (P1/P2) provided a
factor was present; PQ =10 lg (1-P1/1-P2) pro-
vided that a factor was absent, where P1 and P2
were frequencies of an examined factor in
groups that were being compared. A positive
value meant a forecast was unfavorable.
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Results. Most small children (71 %)
were ranked as “sick on rare occasions” at the
moment they were adopted by a foster family;
a number of “often sick” children was 6.3 times
higher than a number of children who didn’t
fall sick (25 % against 4 %).There were al-
most no changes in a number of children in
all three groups after they had spent a year in
a foster family (71 % against 70 %; 25 %
against 24 %; 4 % against 6 %). However, a
number of children who were ranked as “of-
ten sick” was 2.7 times higher among chil-
dren from foster families than among children
who lived with their blood parents (8.8 %
against 24 %, p =0,007); a number of chil-
dren who didn’t fall sick was 2.8 times lower
among children from foster families than
among those who lived with their blood par-
ents (16.6 % against 6 %, p = 0,033).

We analyzed peculiarities related to
clinical course of acute RTIs among children
from different groups and revealed that 87 %
small children suffered from acute RTIs with
complications at the moment they were
adopted by a foster family. Complications
were predominantly diseases in the lower
respiratory tracts, such as acute bronchitis,
acute obstructive bronchitis, tracheobronchi-
tis (80 %), and pneumonia (19 %). Besides,
there were such complications as acute con-
junctivitis (37 %), acute otitis (33 %), ob-
structing laryngotracheitis (12 %), and pha-
ryngitis (5 %).

After adopted children spent their first
year in a foster family, there was a descending
trend in a number of acute RTIs with compli-
cations (87 % against 77 %), and an ascending
one for acute RTIs without any complications
(13 % against 23 %). As for structure of occur-
ring complications, there was an authentic de-
crease in frequency of acute bronchitis, acute
obstructive bronchitis, tracheobronchitis (80 %
against 58 %, p=0.007), and pneumonia
(19 % against 7 %, p = 0.035), whereas a share
of pharyngitis increased by 4 times (5%
against 20 %, p =0.007), and there was an as-
cending trend in frequency of acute otitis
(33 % against 47 %).
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Children who were adopted by foster
families had acute RTIs without complications
two times less frequently than children who
lived with their blood parents (46 % against
23 %, p=20.001); they suffered from acute
RTIs with complications authentically more
frequently (54 % and 77 %, p=0.001). Chil-
dren from foster families more frequently had
such complications as acute bronchitis, acute
obstructive bronchitis, tracheobronchitis (58 %
against 39 %, p =0.034), acute conjunctivitis
(33 % against 24 %), and acute otitis (47 %
against 34 %).

Therefore, after their first year in a foster
family, children were more frequently ranked
as “often sick” than children who lived with
their blood parents; children from foster fami-
lies more frequently suffered from acute RTIs
with complications which were predominantly
diseases in the lower respiratory tracts. So, it is

important to predict frequent acute RTIs for
children who are adopted by foster families.

Basing on analysis of social, psychologi-
cal, and biological factors, we revealed the
most significant risk factors; they were a
child being born in the 2" and the subsequent
births; reduced and extremely reduced resis-
tance at the moment a child is adopted; a fos-
ter family being one-parent; a foster mother
not spending enough time with a child; a fos-
ter mother being emotionally unstable (she
had such personality traits as impulsivity,
masculinity, eccentricity, and emotional im-
maturity); parents being predominantly ori-
ented at autonomous activities; a significant
psychological distance between parents and a
child; parents not treating a baby as an infant
and ignoring its needs.

We created an expectancy table to predict
frequent acute RTIs (Table).

An expectancy table to predict frequent acute RTIs in small children during
their first year in a foster family

Risk factors PQ
Biological factors
A child being born in the 2™ or subsequent births
- yes +2.30
- no -3.49
Reduced and extremely reduced resistance at the moment a child is adopted
- yes +3.65
- no -3.17
Social factors
One-parent foster family
- yes +3.36
- no -1.87
A foster mother spending with a child not more than 6 hours a day
- yes +1.58
- no -6.69
Psychological factors
Personality traits of a foster mother (mini MMPI test):
Self-conceit, impulsiveness
- yes +6.88
- no -2.54
A desire to stress decisiveness and masculinity; difficulties in interpersonal communi-
cation
- yes +4.49
- no -2.74
Eccentricity
- yes +10.80
- no -1.48
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Emotional immaturity, hypomania

- yes +4.45
- no -2.15
Parents — child relations (procedure by A.Ya. Varg and V.V. Stolin).

A significant psychological distance between parents and a child

- yes +8.75
- no -3.39
Treating baby as an infant

- yes +1.10
- no -13.63
Ignoring baby’s needs (U scale in family relations analysis)

- yes +7.20
- no -1.13
Parents being predominantly oriented at autonomous activities (test developed by

Yu.A. Alyoshina, L.Ya. Gozman and E.M. Dubovskaya)

- yes +2.20
- no -4.26

Note: PQ means predictive quotient.

To predict acute RTIs, a pediatrician
from an orphanage takes data from a child’s
case history and applies an expectancy table
to determine whether risk factors are present
or absent. A psychologist at a support center
for foster families should accomplish a psy-
chological examination of a foster mother
with specific test and reveal probable psycho-
logical risk factors.

Should a sum of all PQs be equal to +13
scores or higher, it means a child is going to
be often sick with acute RTIs. Should this
sum be equal to -13 scores or lower, it means
absence of acute RTIs. Should the PQs sun be
between -13 and +13 scores, it means there
are not enough data in this case to make any
prediction.

When a forecast for a child from a risk
group is unfavorable, a pediatrician prescribes
differentiated preventive activities; in case of
necessity a consultation and examination by an
immunologist is required; a pediatrician also
develops and implements an individual pro-
gram aimed at supporting a foster family as it
will allow reducing risks of frequent acute
RTIs; such programs require psychologists’
participation.

Conclusions.

1. Small children, even after a year spent
in a foster family, more frequently fall sick
with acute RTIs than children who live with
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their blood parents. They also more frequently
suffer from RTIs with complications which are
predominantly diseases in the lower respira-
tory tracts. Therefore, when children are
adopted by foster families, it is important to
predict frequent acute RTIs.

2. Significant risk factors that cause fre-
quent acute RTIs among children adopted by
foster families are as follows: a child being
born in the 2nd and the subsequent births;
reduced and extremely reduced resistance at
the moment a child is adopted; a foster fam-
ily being one-parent; a foster mother not
spending enough time with a child. Psycho-
logical risk factors are such personality traits
of a foster mother as impulsivity, masculin-
ity, eccentricity, and emotional immaturity;
parents being predominantly oriented at
autonomous activities; a significant psycho-
logical distance between parents and a child;
parents not treating a baby as an infant and
ignoring its needs.

3. We developed a procedure for predict-
ing acute RTIs in small children during their
first year in a foster family. Implementation of
prediction technologies will allow accomplish-
ing preventive activities in due time.
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ON EPIDEMIOLOGIC RISKS, THEIR CATEGORIES AND PREDICTORS
IN SANITARY-EPIDEMIOLOGIC (BIOLOGICAL) EMERGENCY SITUATIONS
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Nowadays sanitary-epidemiologic (biological) emergency situations can be overlooked, especially at an initial stage in
epidemiologic risks realization and the consequent development of epidemic process. A clear example here is how Ebola
epidemics started in the Western Africa (2013-2016).

Our research goal was to obtain actual data on any existing crucial combinations of epidemiologic risk categories and
predictors as emergency situations precursors.

Our basic research procedure was a complex epidemiologic one. Our work was based on analyzing official data pro-
vided by the World Health Organization, WHO Regional Office for Africa, as well as taken from multiple research works and
monographs.

We analyzed two epidemics caused by infectious agents belonging to the I° pathogenicity group, Ebola epidemics in
the Western Africa (2013-2016) and pneumonic plague epidemic in Madagascar (2017). Both those epidemics were charac-
terized with such potential emergency situations properties fixed in the International Health Regulations (2005) as unexpect-
edness, unusualness, and gravity. We showed that each epidemic had its own crucial combination of epidemiologic risk cate-
gories and their functionality and predictors that were emergency situations precursors. Those combinations occurred just at
the very beginning of the epidemics development, after epidemiologic risks had manifested and an epidemic process started
to develop intensively and extensively. We assume that should a data base with data on such combinations be created, moni-
toring over them and targeted activities aimed at their elimination will allow enhancing a preventive potential of the Interna-

tional Health Regulations (2005) as regards emergency situations.

Key words: sanitary-epidemiological (biological) emergency situation, epidemiologic risk, epidemiologic risk catego-
ries, predictors, epidemic process, International Health Regulations (2005), Ebola virus disease epidemic in West Africa
(2013-2016), pneumonic plague epidemic on Madagascar (2017), prevention and control of emergency situations.

Eliminating Ebola epidemics in the
Western Africa in 2013-2016 was a rather
painful experience and lessons learnt from it
were critically analyzed and assessed by the
WHO experts; these assessments can be found
in official reports issued after several sessions
of the World Health Assembly, mostly the 68th
(A68/22 — 2015) and the 69th (A69/21 — 2016).
It became obvious that WHO activities aimed
at managing emergency situations (ES) in pub-
lic healthcare needed reforming; it was also
necessary to adopt the WHO program on ES in
public healthcare within streamlining and en-
hancing implementation of the International

© Udovichenko S.K., Toporkov V.P., 2020

Health Regulations (IHR, 2005) in WHO
member states. The above-mentioned lessons
as well as results obtained via scientific re-
search on the matter [1] revealed that an epi-
demic onset in Guinea Republic was actually
missed; the epidemic was registered by public
healthcare officials on the local, regional, na-
tional and international levels when it was al-
ready too late; its subsequent etiological veri-
fication was too protracted. All the above men-
tioned resulted in steady growth in the epidemic
process spreading into large settlements, cities,
and other countries as well; overdue announce-
ment by the WHO that there was an interna-
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tionally significant ES in public healthcare; the
epidemic becoming a priority threat to the na-
tional securities of countries in the grip of it
and the security of the overall international
society as well.

Bearing all this in mind, it calls for de-
veloping a set of activities aimed at early de-
tection and, consequently, timely prevention
of such ES. At present such a set can be most
easily developed basing on creating a meth-
odological base in addition to methodical in-
struments for ES verification outlined in the
IHR (2005). This methodical base would al-
low detecting and monitoring over the earliest
and the most dangerous combinations of epi-
demiologic risk categories and predictors that
were “catalysts” for an epidemic process de-
velopment.

Initial realization of an epidemiologic risk
is known to underlie any epidemic event
(a sporadic infectious disease case, an outbreak,
an epidemic, a pandemic). An epidemiologic
risk is a potential possibility that an epidemi-
ologic situation will deteriorate. Russian epide-
miologists V.D. Belyakov and B.L. Cherkasskiy
differentiated an epidemiologic risk into 4 cate-
gories it was made up of; they were “risk terri-
tory”, “risk factors”, “risk period”, and “risk
groups” [2, 3].

“Risk territory” is a territory where an in-
fectious agent occurs and persists; there are
landscape-ecological and natural-biocoenotic
conditions necessary for its circulation; people
can get infected there, and an epidemic process
can then develop. “Risk factors” are animated
and non-animated nature objects that contain
an infectious agent and a person gets infected
when contacting them; it results in a threat that
an epidemic process will develop. “Risk pe-
riod” is a period during which there is a long-
term or seasonal growth in a quantity of an in-
fectious agent in risk factors and people are
most likely to get infected and an epidemic
process is most likely to develop. “Risk
groups” are population who are (permanently
or temporarily) on a risk territory including an

epidemic focus and who are, due to various
circumstances, most likely to contact risk fac-
tors, infected people, infection sources, and
infectious agents.

Nowadays when epidemiologic diagnos-
tics is accomplished in real life conditions, an
epidemiologic risk is assessed taking into ac-
count all categories it is made of; any targeted
(risk-oriented) sanitary-preventive (anti-epide-
mic) activities or activities within epidemi-
ologic control, to be exact, should be aimed at
minimizing these categories. Thus, a complex
assessment of an epidemiologic risk is accom-
plished when it is necessary to provide sani-
tary-epidemiologic welfare of mass events
with international participation and to prevent
any ES; such assessment should be accom-
plished as per all the components of an epide-
miologic risk without any differentiation of
their functional significance and for any infec-
tious disease that can be potentially dangerous
in terms of ES occurrence. When calculating
potential epidemic threats related to a mass
event with international participation, one
should take into account both external threats
(actually existing and additionally imported)
and internal ones'.

Naturally, probability and fast realization
of an epidemiologic risk as a whole or its sepa-
rate categories to a great extent depend on bio-
logical properties of infectious agents and
them belonging to I-II pathogenicity groups;
their ability to induce an epidemic process
with aggravated clinical course and high le-
thality; extensive and intensive manifestation;
and their overall ability to disseminatingly cir-
culate in nature and a human society accord-
ingly on the ecosystem and socio-ecosystem
levels in an epidemic process [4]. But still,
bearing in mind the experience gained in
eliminating Ebola epidemic in the Western
Africa, we can assume that significant epi-
demic events, like epidemic or pandemics, that
is, internationally significant sanitary-epide-
miologic (biological) ES occur and develop
provided that there are extraordinary combina-

"M.A. Patyashina Scientific grounds for providing sanitary-epidemiologic welfare of international mass events and their
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tions of functional peculiarities related to sepa-
rate categories included into an overall epide-
miologic risk and specific predictors that are
“catalysts” for an epidemic process develop-
ment over time and space.

As for predictors that are able to result in
faster ES occurrence, there are such analogues
to them in epidemiology as social and natural
factors that activate an epidemic process” and,
consequently, increase a probability that it will
grow significantly enough to become an ES.
Among them there are geophysical phenomena
or natural disasters (earthquakes, floods, or
droughts); biological events (mass spread of
small rodents on vast territories and those ro-
dents being carriers of dangerous infectious
agents). There are also social factors (predic-
tors) such as ethnical military conflicts, high
migration activity of population, intense traffic
flows between territories, etc. A principally
significant predictor is relevant development
and structural and functional organization of
epidemiologic monitoring, epidemiologic sur-
veillance, and epidemiologic control. It means
that there are efficient organizational, epide-
miologic and diagnostic (clinical-epidemio-
logic diagnostics and etiological verification),
medical, preventive, and anti-epidemic activi-
ties and measures accomplished and taken in
case of well-known infectious diseases. It is
also necessary to have an algorithm for fast
creation of such a set of activities and meas-
ures to control new emerging nosology forms
as they constantly appear all over the world
(predominantly in Asia and Africa) and to
meet the requirements fixed in the IHR (2005)
and developed basing on accomplishing re-
sponse activities in case of such epidemic
events. In particular, the List No.l in the Ap-
pendix 2 of the IHR (2005) contains a model
that describes a new infectious disease with
maximum possible destructive potential that
threatens the whole international society. This
new infectious disease is flu of a new sub-type
which is unknown at the moment but predicted

by the WHO to cause pandemic as it is expected
to have high lethality typical for A (H5NI) bird
flu and to be easily transferred from a person
to person as it is the case with seasonal flu.

All the hypotheses regarding occurrence
of infectious agents with such combinations of
biological properties that make them a poten-
tial threat of an ES, relevant clinical and epi-
demiological signs of infectious diseases, epi-
demiologic risk categories and predictors
(ES precursors) are to be initially examined on
examples of epidemics that have occurred over
recent years. It is advisable to choose epidem-
ics that were caused by infectious agents be-
longing to I pathogenicity group® and had such
properties as unexpectedness, unusualness, and
gravity; these properties were, according to the
IHR (2005), typical ES-preceding signs and
epidemics that had them could cause a poten-
tial threat of an ES on national and interna-
tional levels. Examples of such epidemics are
an Ebola epidemic in the Western Africa
(2013-2016) and a wide-scale pneumonic
plague epidemic in Madagascar in 2017.

Our research goal was to obtain actual
data on critical combinations of epidemiologic
risk categories and predictors as precursors of
epidemic process development and occurrence
of a sanitary-epidemiologic (biological) ES.

Data and methods. We applied a complex
epidemiologic procedure in the present work.
Our information resources to obtain data for
analysis were official reports by the WHO,
WHO Regional Office for Africa, scientific pa-
pers and monographs. The text was designed on
a PC with installed Microsoft Windows 7 Pro-
fessional and Microsoft Office 2017.

Results and discussion. The Ebola epi-
demic in the Western Africa is of special im-
portance for assessing combinations of epide-
miologic risk categories and predictors. It oc-
curred in 2013-2016 and predominantly spread
in three countries, namely Guinea, Liberia, and
Sierra Leone. The epidemic was defined by the
WHO as a grave large-scale internationally sig-

2 Guide on infectious diseases epidemiology. In: N.I. Briko, G.G. Onishchenko, V.I. Pokrovskiy eds. Moscow, “Medical

Information Agency” Publ., 2019, vol. 1, 2019, 880 p.

3SR 1.3.3118-13. Safety of work with microorganisms belonging to the I-II pathogenicity (hazard) groups issued on No-
vember 28, 2013 No, 64. Moscow: The Rospotrebnadzor’s Federal Center for Hygiene and Epidemiology Publ., 2014, 195 p.
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nificant ES in public healthcare. Scientific
works treated it as an internationally signifi-
cant ES in the sphere of biological safety.
28,616 people got infected and fell sick,
11,310 of them died (lethality was equal to
39.5 %) [5]. Such a great number of sick peo-
ple registered in such a short period of time
(mostly in 2014-2015) is incommensurable
with much smaller numbers of infected and
sick people detected in Africa over compara-
bly long-term periods of time.

Prior to the epidemic in the Western Af-
rica, Ebola outbreaks were registered mostly in
the Central Africa (the Democratic Republic of
Congo, Gabon, and Congo), and the Eastern
Africa (Southern Sudan and Uganda) [6].
Since Ebola was first described in 1976 and up
to 2012 there were 24 outbreaks and single
disease cases, the overall number of sick peo-
ple amounted to 2,433, 1,581 out of them died
(lethality was equal to 65 %). In 2014, 2017,
2018-2019 there were 4 Ebola outbreaks in
the Democratic Republic of Congo, overall
number of sick people amounted to 3,049 and
2,050 out of them died (WHO data on Sep-
tember 03, 2019).

Ebola epidemic process in the Western
Africa has already been analyzed with the fo-
cus on step-by-step development of an ES in
the sphere of biological safety and efficiency
of methodical tools provided in the IHR
(2005) for early detection, timely communi-
cation, and taking relevant measures aimed at
eliminating the said epidemic, especially at
initial stages in its development. It seems
logical to examine combinations of epidemi-
ologic risk categories and predictors and their
dynamics during the said epidemic as an ES
as per 4 stages in its development that were
previously identified.

The 1% stage was characterized with lo-
cal outbreaks in a zone where initial conta-
gion occurred and epidemiologic risk was re-
alized in Guinea. As per its phenomenological
characteristics, it was a typical natural-focus
infection starting with the first infected per-
son (it was a two-year old boy who fell sick
on December 02, 2013 and died on December
06, 2013 in Meliandu village in Gekedu pre-
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fecture in south-eastern Guinea). Ebola virus
is thought to circulate in nature in Guinea
thanks to bats, and small predator rodents be-
longing to viverrids family can be an interlink
in a mechanism of infection transfer to people.

An initial outbreak was limited to rural
population and forest zones [7]. It was charac-
terized with grave clinical course of the dis-
ease, high lethality, and high frequency of an-
thropogenic transfer of the infectious agent,
medical personnel being involved into the epi-
demic process, and the infection being a hospi-
tal-acquired one. Such features are a sufficient
reason for verifying this epidemiologic situa-
tion with IHR (2005) tools as unexpected, un-
usual, grave, and potentially hazardous in
terms of ES occurrence. But any signs hinting
at a probable future ES were not verified due
to the outbreak being local and occurring in
remote places; therefore, its social and eco-
nomic significance was practically impercepti-
ble at that stage. Partially it was due to national
and international public healthcare experts both
in the Western Africa and the African continent
as a whole traditionally paying the greatest at-
tention to the most significant and gravest is-
sues related to diseases with serious social and
economic consequences, such as malaria,
HIV/AIDS, tuberculosis, B type hepatitis, etc.

Only on March 10, 2014 hospitals and
medical institutions located in Gekedu and
Macenta settlements passed data on the out-
break to the Guinea Ministry for Public Health-
care and Hygiene; on March 12 the information
was given to the local office of “Doctors with-
out Borders” international nongovernmental
organization that had been operating in Guinea
since 2010 within a project aimed at fighting
against malaria [8]. Practically at the 1* stage in
the outbreak there were certain predictors that
allowed forecasting it would most likely de-
velop into an epidemic and then ES. They were
as follows:

— a moment an outbreak started in forest
zones and rural areas was totally missed and it
made for the epidemic process spread into
large settlements and cities;

— changes occurring in Ebola syndromes
such as a substantial decrease in frequency of
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hemorrhagic fever syndrome and an increase
in frequency of diarrhea symptoms in the
clinical picture of the diseases in the Western
Africa in comparison to the Central Africa;

— too much time required for clinical and
epidemiological diagnostics and etiological
verification of the disease (first cases were
communicated in January 2014) due to changes
in syndromes;

— public healthcare experts not being ready
to verify ES signs fixed in the IHR (2005);

— national and international public health-
care institutions being predominantly preoccu-
pied with finding solutions to epidemiological
problems existing in Africa that were urgent,
large-scale and resource-consuming and not
being ready for a probable Ebola outbreak in
the Western Africa;

— underestimation of landscape-ecological
and natural biocoenotic complexes existing in
Guinea that were favorable for Ebola spread
among animals and occurrence of all epidemi-
ologic risk categories taking into account re-
sults of seroconversion among people which
indicated Ebola infectious agent might have
circulated in Guinea and other Western Afri-
can countries in the past [9—11].

The second stage was characterized with
the disease spreading from its initial epidemic
focus into large cities and Conakry, the capital
of Guinea, where Guinea international airport
was located and, consequently, there was a
risk that the disease could spread internation-
ally. The basic predictor at the stage was a de-
lay by the WHO in declaring there was an ES;
the declaration was made 4 months after the
outbreak started even though there were prac-
tically all signs fixed in the IHR (2005) and,
therefore, such a delay is hardly explainable. It
made it impossible to adequately mobilize all
sources and efforts to fight against progressive
development of the epidemic process in cities
in Guinea and first disease cases in Liberia.

At the 3" stage the disease spread into
neighboring countries (Liberia and Sierra
Leone) and there was an actual large-scale ES
in public healthcare which remained unde-
clared by the WHO but already had interna-
tional significance due to integral effects pro-
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duced by predictors at the 1% and 2™ stages.
“Risk groups” category became more and
more significant at this stage, due to ethnic pe-
culiarities, rumors, and conjectures regarding
Ebola outbreak that had never previously oc-
curred in cities and it made for faster infection
spread, and to negative attitudes towards anti-
epidemic activities, especially when deceased
patients were buried [12].

At the 4™ stage morbidity grew explo-
sively in Guinea, Liberia, and Sierra Leone,
spread into other countries on the continent
(Nigeria, Senegal, and Mali) and beyond it
(European countries and the USA). The pre-
dictor at the stage was late declaration by the
WHO that the Ebola epidemic in the Western
Africa was an internationally significant ES in
public healthcare (8 months after the epidemic
started), when the epidemiological situation
reached a critical point next to actual spread of
the disease beyond any control. We should
also mention such a background predictor as
insufficient range and efficiency of medica-
tions for treating and preventing Ebola. At this
stage “risk groups” category remained the
most significant one; it was sue to population
who were exposed to the greatest risk to be
infected and fall sick not willing to come to
terms with the epidemic occurrence; people
didn’t want to cooperate when anti-epidemic
activities were performed and actually tried to
prevent them and fight against medical per-
sonnel who took enormous efforts to eliminate
Ebola and prevent its spread [13—14].

Therefore, at the 4™ stage in the Ebola epi-
demic in the Western Africa that was an inter-
nationally significant sanitary-epidemiological
(biological) ES there occurred the most critical
complex of biological properties that the infec-
tious agent had (viral nature and I pathogenicity
group), epidemiologic risk categories, and
predictors; it is hardly possible to theoreti-
cally imagine a more critical complex in
terms of threats to global security and to see
how these threats find their realization in real
life conditions.

We analyzed one more epidemic event; it
was the pneumonic plague outbreak in Mada-
gascar in 2017. It started on August 23, 2017
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and by December 12, 2017 there were 2,529 reg-
istered disease cases, most of them (1,945 or
77 %) being pneumonic plague cases. Pneu-
monic plague was detected in 57 districts in
the country out of total 114 (50 %), including
non-endemic [15]. All the above data indicate
there was a pneumonic plague epidemic in
2017 in Madagascar and it occurred when the
overall epidemiologic situation in the world in
terms of plague was more than favorable
(3 cases detected in the USA).

The epidemic situation in 2017 in Mada-
gascar had certain unusual features; the most
significant one was that an annual number of
people who got infected with pneumonic
plague and a period of its growth (practically
3.5 months) turned out to be the highest in the
world over the last 96 years. A pervious event
in the historical periodical series was a pneu-
monic plague outbreak in Manchuria in
1920-1921 when several tens of thousands peo-
ple got infected with the disease and died [16].

Today we can consider an epidemic
situation that existed in Madagascar prior to
the outbreak in 2017 quite “normal”. Accord-
ing to the WHO data, from 2000 to 2016
there were 9,869 registered disease cases,
their annual average quantity being equal to
580. There were two peaks in morbidity dur-
ing that period, the 1* one occurred in 2000
when 1,333 people got infected with plague
and 63 out of them died; the 2" one was in
2004, 1,214 disease cases and 98 deaths ac-
cordingly. Starting from 2010 Madagascar
has been occupying the 1*' place in the world
as per morbidity with plague [17]. A share of
people who have pneumonic plague varies
from 2 to 25 % [18]. All the plague cases in
Madagascar are caused by Y.pestis strains that
belong to the eastern type of biological
plague agents. Overall, a rather unfavorable
epidemic situation in terms of plague that ex-
ists in Madagascar is due to poorly organized
and inefficient epidemiologic surveillance.
However, the pneumonic plague outbreak that
occurred in 2017 can’t be explained only by
epidemiologic surveillance being insufficient.
Obviously, unusual functional peculiarities of
epidemiologic risk categories had their own
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specific role in the epidemic process devel-
opment.

According to data provided by the WHO
Regional Office for Africa and results obtained
via operative epidemiologic research, the
pneumonic plague outbreak started on August
23, 2017, when a 31-year old man from Ta-
matave visited Ankazobe area on the Central
plateau (a territory which was enzootic as per
plague) and then had symptoms of a disease
that was similar to malaria. When he went to
Tamatave through Antananarivo using public
transport (a fixed-run taxi), he suddenly felt
himself seriously sick and was taken to Mon-
moranga district hospital where he died and
was buried without any safety precautions tak-
ing during the burial. Overall, 31 people con-
tacted him and got infected with the disease;
later 4 out of them died. The Madagascar Pub-
lic Healthcare Ministry officially informed the
WHO about the pneumonic plague outbreak
on September 13, 2017 after a 47-year old
woman had died from a respiratory disease in
Soavinandriana Hospital in Antananarivo on
September 11, 2017. This secondary case was
the reason to start epidemiologic research that
allowed detecting the above-mentioned trav-
eler who had been the first to get infected with
the disease.

According to the above data, formal step-
by-step defects in accomplishing epidemi-
ologic surveillance oriented at timely detec-
tion of people who got infected with plague
(and not epizooty) were as follows: experts
missed the first person who got infected and
fell sick with bubonic plague on a territory
which was enzootic as per this infection; they
neglected bubonic plague complications with
the secondary pneumonic type and a death
caused by the secondary pneumonic plague in
hospital; the first person who died from the
disease was buried without any safety precau-
tions; a secondary pneumonic plague case and
lethal outcome in hospital in Antananarivo
was also missed.

So, defects in epidemiologic surveillance
in 2017 resulted in two interrelated pneumonic
plague cases and the disease being transferred
from an enzootic territory into Antananarivo.
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Those events could be interpreted as being
quite usual for Madagascar, especially bearing
in mind that the epidemiologic situation as per
plague had already been rather unfavorable in
2000-2016.

But still, there were several signs that the
pneumonic plague epidemic was large-scale
and developed too rapidly; they were a large
cluster of registered pneumonic plague cases
among people who had contacted the first in-
fected person (secondary cases); occurrence of
tertiary cases and avalanche-like growth in
pneumonic plague cases without any clear epi-
demiologic links registered in different parts of
the country including areas which were not
endemic as per plague and large cities (Anta-
nanarivo and Tuamasino).

As for epidemiologic risk categories, “risk
groups” category should be the first focus of
attention, in particular, the first infected person
being unusually active; he was already sick
with pneumonic plague and still moved around
Antananarivo on his own for a long period of
time taking public transport (a fixed-run taxi).
Pneumonic plague in people usually tends to
have grave clinical course and rapidly occur-
ring lethal outcome. A closed space inside a
vehicle and too many passengers getting on
and off it created critically significant condi-
tions for absolutely efficient transfer of the
plague microbe from the first infected person
to all people around him. The situation can be
compared to an aerosol chamber where conta-
gion of all live objects placed into it amounts
to 100 %. It was the “aerosol chamber effect”
that allowed creating a critical “pool” of people
who fell sick with pneumonic plague; later on it
developed into a full-scale epidemic and ES.

The first infected person, being a source
of the infection, was simultaneously a risk fac-
tor in urban environment that became an an-
thropogenic risk territory, and all urban popu-
lation who contacted the infected person be-
came a risk group. When we speak about risk
factors in this case, we, above all, should bear
in mind the meaning of the word “factor” that
is Latin in its origin and means “doing, mak-

ing”, a driving force of any process, in this
case, an epidemic one”.

Unusual functional properties of “risk ter-
ritory” category were determined with the epi-
demic process spreading into large cities with
high population density, developed transport
infrastructure, and high migration activity of
the population. Usually functionality of a risk
territory in Madagascar is restricted to the
Central plateau region that is endemic as per
plague [19, 20] and where multiple cases of
predominantly bubonic plague occur among
population living in rural areas.

Epidemiologic significance of ‘risk group”
category is due to risk territories extending into
urban areas, and as a result urban population
being involved into the epidemic process and
most pneumonic plague cases being registered
exactly among people living in cities. 68 %
people who got infected and fell sick with
pneumonic plague were detected in Antanana-
rivo. Usual functionality of “risk groups” cate-
gory in Madagascar is related to rural popula-
tion that account for more than 80 % diseases
cases and predominantly suffer from bubonic
plague that is annually aggravated with the sec-
ondary pneumonic plague in limited number of
cases [21].

Unusual functionality of “risk period”
category is due to an earlier start of an epidemic
season, on August 23, 2017 (the date when the
first person with pneumonic plague was regis-
tered) and the plague outbreak occurring in cit-
ies already in September; it was probably the
reason why the first person with plague wasn’t
noticed and plague spread into Antananarivo
earlier than it was expected. It then led to a
rapid spread of the diseases, a lot of people fal-
ling sick with pneumonic plague, relatively
rapid development of the process into a large-
scale epidemic and ES. Usual functionality of
“risk period” category in Madagascar is related
to a seasonal growth in morbidity with plague
that normally occurs in October and lasts up to
late April.

When speaking about the pneumonic
plague epidemic in Madagascar in 2017, we

*The foreign words dictionary. The 18th edition. Moscow, Russkiy yazyk Publ., 1989, 624 p.
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should also remember that there could have
been a potential predictor of its extremely un-
favorable development. This predictor was
plague microbes being resistant to antibiotics
that were recommended to be used within the
National Anti-plague Program. It had already
happened in Madagascar in 1995-1998 [22].
In 2017 all plague microbe strains were sensi-
tive to antibiotics and it was extremely impor-
tant for establishing epidemic control over the
disease.

Conclusion. We took two epidemics
caused by infectious agents belonging to I
pathogenicity group as our examples; both
epidemics had specific features at the moment
they started that were fixed in the IHR (2005)
and considered to be signs of a future ES; to be
exact, the epidemics were unusual, unexpected,

and grave. We detected specific functionalities
of epidemiologic risk categories and their com-
binations with predictors that were obvious ES
precursors. Obtained data give grounds for
more profound research on examples of a wider
range of epidemic events in order to reveal the
whole variational series of critical combinations
of epidemiological risk categories and predic-
tors; to create a relevant database; to monitor
necessary data and work out targeted activities
that would allow enhancing preventive poten-
tial of the IHR (2005) as regards emergency
situations.
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RISK-ORIENTED APPROACH IN ANALYZING EPIDEMIOLOGIC
SITUATION WITH INCIDENCE WITH TICK-BORNE ENCEPHALITIS
ON ENDEMIC TERRITORIES
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Sverdlovsk region is a zone with a strenuous natural-anthropogenic focus of virus tick-borne encephalitis (TBE). Inci-
dence with the disease has decreased by 5 times over the last 20 years due to mass vaccination among population. Since
2015 incidence with TBE has remained steady at fewer than 3 cases per 100,000 people. However, over the last 10 years
incidence with TBE has been decreasing at a significantly slower rate due to a considerable growth in number of immune
people (from 68 % in 2007 to 84.99 % in 2018). Analysis revealed that probability of the disease after a person had been
bitten by a tick was quite different on different territories in the region.

Our research goal was to develop a procedure for ranking administrative territories as per risks of clinical TBE oc-
currence among people bitten by ticks.

We took a number of people bitten by ticks per one TBE case as our risk parameter. Our analysis revealed that aver-
age regional risk reached its maximum values (1:40-1:50) in years prior to implementation of mass vaccination against
TBE. As a number of immune people grew, risk fell by 6 times (just 1 TBE case per 319 bitten people in 2018). Average re-
gional risk was taken as to be equal to 1. We ranked administrative territories as per their risk index values (a ratio of a
territorial risk to average regional one).

We showed that ranking of TBE-endemic territories as per their risk index allowed implementing a differentiated ap-
proach to planning and organizing efficient prevention.

Key words: virus tick-borne encephalitis, epidemic process, incidence, mass vaccination, people bitten by ticks, dis-
ease risk index, risk index, ranking of endemic territories.

Over the last 50 years there have been tion becoming involved into the epidemic
considerable changes in epidemiology of virus process as a major risk group [1-4]. It resulted
tick-borne encephalitis (TBE) due to occur- in changes in vaccination strategies involving
rence of anthropogenic foci around cities lo- implementation of extended vaccinal preven-
cated on endemic territories and urban popula- tion up to mass immunization among popula-
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tion taking into account risks of contagion
with TBE virus on this or that territory; those
risks manifested themselves via levels of mor-
bidity [5—8]. Impressing results of mass pre-
ventive vaccination against TBE among popu-
lation were first achieved in Austria; when
more than 80 % population were vaccinated
against TBE, it allowed reducing morbidity by
15 times [9-11].

In the Russian Federation risks of TBE
contagion among population differ signifi-
cantly both on TBE-endemic regions and on
specific territories within those regions [12].
The Urals Federal District is a region where
morbidity with TBE is rather high; Sverdlovsk
region is included into this Federal District.
The whole territory of the region is a zone
with intense natural-anthropogenic focus of
tick-borne infections, virus tick-borne en-
cephalitis (TBE) being one of the most signifi-
cant [13]. Over more than 70 years of observa-
tion (1944-2018) there have been significant
cyclic fluctuations in morbidity with TBE de-
tected in Sverdlovsk region [14]. These cycles
occur due to biological factors (periodical
changes in numbers of natural tick carriers);
weather and climatic factors (air temperature
and humidity during a period when ticks are
most active); and socioeconomic factors as
well [15-17].

From 1956 to 1999 rises and falls in mor-
bidity took their turns with 3—4 year intervals
and their turns coincided with periods during
which ticks were most active. After 1999 mass
immunization among population was imple-
mented, and dynamics of morbidity changed.
Thus, from 1999 to 2011, duration of cycles
involving rises and falls in morbidity with
TBE taking their turns grew to 6 years; from
2012 to 2018 there was a clear trend in mor-
bidity stabilizing at a low level with insignifi-
cant annual fluctuations (2.4-3.6 per 100 thou-
sand people) [18].

A considerable amount of people who get
infected and fall sick with TBE during annual
rises in morbidity with TBE in spring and
summer are those who haven’t been vacci-
nated or their vaccination hasn’t been com-
pleted. Over the last 25 years picks in morbid-
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ity with TBE were detected in 1993, 1996,
1999, 2005, and 2011 (24.0, 42.9, 19.3, 10.1,
and 6.1 per 100 thousand people accordingly).

Morbidity with TBE among population
living on endemic territories is well-known to
directly depend on ticks being most active in
spring and summer. There is a regular de-
pendence between a number of people apply-
ing for medical aid due to tick bites and mor-
bidity [12].

Over the last 20 years the epidemiologic
service of the Regional Rospotrebnadzor Of-
fice in Sverdlovsk region has been actively
performing targeted prevention activities and it
has allowed achieving substantial results as
regard reducing morbidity with TBE [19].

Since 1996 mass vaccination against
TBE has been implemented within the re-
gional prevention program; due to it starting
from 2000 there has been a persistent de-
scending trend in morbidity [20]. Since 2015
morbidity with TBE has remained insignifi-
cant, namely lower than 3 cases per 100 thou-
sand people. In 2017 a share of regional
population vaccinated against TBE reached
87.4 %. However, even now TBE cases are
registered on 80 % of all administrative terri-
tories in the region. Average long-term mor-
bidity (ALTM) with TBE amounts to 2.85 per
100 thousand people and it is by 1.65 times
higher than on average in the country (1.72 per
100 thousand people). Annually up to 5 % of
all people sick with TBE are those who have
completed their anti-TBE vaccination. Having
analyzed the structure of TBE clinical forms
among vaccinated and non-vaccinated people,
experts revealed that a specific weight of fo-
cal forms was by several times lower among
vaccinated people than among non-vaccinated
ones, and in some years (2011-2013) 100 % of
vaccinated people had only fever TBE. Nev-
ertheless, lethality among people suffering
from TBE has been varying from 0.6 to 2.7 %
over a long period of time.

We analyzed dynamics of the TBE epi-
demic process in Sverdlovsk region over the
last 20 years; the analysis revealed that mass
vaccination among population that started in
1998 allowed reducing morbidity with TBE in

ISSN (Eng-online) 2542-2308 93



A.G. Sergeev, V.A. Mishchenko, I.P. Bykov, V.V. Romanenko, L.G. Chistyakova, A.V. Alimov

Sverdlovsk region by more than 8 times by
2018 (down to 2.35 per 100 thousand people).
At the same time, morbidity on 11 administra-
tive territories was still 1.5-2 times higher than
on average in the region; it was more than
2 times higher on 6 territories.

In 2018 84.99 % people living in Sverd-
lovsk region were vaccinated against TBE.
On half of administrative territories the figure
was even higher as more than 90 % people
living there were vaccinated. However, over
the last 10 years, in spite of a considerable
growth in a share of vaccinated population
(from 68 % in 2007 to 84.99 % in 2017), re-
duction in morbidity with TBE has slowed
down considerably.

Except from 1996 and 2011, when there
was a drastic rise in activity of ticks (2,027.8
and 1,325.7 bitten people per 100 thousand
accordingly), over 1995-2018 a number of
people bitten by ticks varied from 489.7 (the
minimum in 2002) to 983 (the maximum in
2015) per 100 thousand people. A square
where annual acaricide treatments took place
increased by 10 times from 2000 to 2018
(from 969 hectares in 2000 to 9,498 hectares
in 2018); however, it didn’t result in any de-
crease in number of people bitten by ticks
(565 and 749 per 100 thousand people in 2000
and 2018 accordingly). It indicates that a sys-
tem of planning and organizing acaricide
treatments on endemic territories needs sub-
stantial revising and adjusting.

A share of vaccinated people in Yekater-
inburg (88.88 %) is higher than on average in
the region (84.99 %). At the same time mor-
bidity with TBE among population living in
Yekaterinburg is annually higher than on aver-
age in the region (average long-term morbidity
is 3.94 and 2.85 per 100 thousand people ac-
cordingly). About 30 % of the overall region
population live in Yekaterinburg. The Yekater-
inburg city square amounts to 0.6 % of the
overall region territory, but people living in
Yekaterinburg account for about 50 % of all
patients with TBE (average long-term morbid-
ity is equal to 55 out of 118 TBE cases in the
region). The above data indicate it is necessary
to analyze why people living in Yekaterinburg
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are not efficiently protected from TBE even
though there is annual mass vaccination.

Comparative analysis performed with
maps that showed how territories in the region
were ranked as per such parameters as morbid-
ity with TBE and average numbers of ticks
revealed that morbidity with TBE among
population living on this or that territory didn’t
correlate with high, average, or low numbers
of ticks on it in most cases. Thus, zones with
high quantities of ticks were located on the
south and west-south of the region whereas
terrorizes where morbidity with TBE among
population was high were located along the
meridian from north to south in sub-zones of
mid-latitude and southern taiga. The analysis
also revealed that a number of people bitten by
ticks didn’t correspond to morbidity with TBE
on most territories, that is, a probability (risk)
that a manifested disease could occur after a
tick bite was different for population living on
different territories.

Our research goal was to analyze long-
term dynamics of the TBE epidemic process in
Sverdlovsk region and, basing on the analysis
results, to work out a procedure for ranking
administrative territories as per a risk of a mani-
fest disease among people bitten by ticks.

Data and methods. We took necessary
data from the State Statistical Report Form No. 2
“Data on infectious and parasitic diseases” filled
in by the Rospotrebnadzor’s Federal center for
Hygiene and Epidemiology, Sverdlovsk regional
office. Data on a number of people bitten by
ticks and a share of population who got vacci-
nated against TBE were obtained from annual
reports on sanitary-epidemiologic welfare of the
population issued by the Rospotrebnadzor
Sverdlovsk Regional Office.

We took probability of a manifest TBE
case after a tick bite as our risk parameter. We
calculated average regional risks of manifest
TBE among bitten people and those for specific
administrative territories via finding a ratio be-
tween a number of bitten people and morbidity
with TBE per 100 thousand people on a given
territory.

We calculated risk index via determining
a ratio between a risk calculated for an admin-
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istrative territory and the average regional risk
which was taken as being equal to 1.

Results and discussion. Collective immu-
nity among population living on a given terri-
tory, share of infected ticks in a local tick popu-
lation, and virulence of circulating TBE strains
are basic factors that determine how high a risk
of TBE occurrence is after exposure. This pa-
rameter is integral as it allows objectively as-
sessing whether population living on a given
territory is well-protected. Therefore, determin-
ing a risk of TBE occurrence in people who
were bitten by ticks in different years and on
different territories provides additional data for
epidemiologic analysis and efficiency assess-
ment for specific and non-specific prevention of
the disease.

We can examine dynamics in such risks
taking into account mass vaccination against
TBE on the example of Sverdlovsk region.
Figure 1 shows long-term dynamics of mor-
bidity with TBE and risks of the diseases oc-
currence in people bitten by ticks.

As we can see from the data given above,
risk was on average equal to 1 TBE case per
50 bitten people prior to mass vaccination and
during first years after it has been started
(1995-2002). This value is well in line with
results obtained via monitoring over shares of
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infected ticks in populations in Sverdlovsk re-
gion which were on average equal to 2 %.

In 2018 risk decreased by 7.6 times in
comparison with the period prior to vaccination
(from 1:42 to 1:319). Over the same period of
time morbidity went down by 5 times (average
long-term morbidity being equal to 14.6 and
2.85 per 100 thousand people accordingly).

Figure 2 shows long-term dynamics of
risks taking into account growing shares of
people who got vaccinated against TBE in the
region.

As we can see from the data given above,
after 60 % of population got vaccinated, risk
of the diseases started to fall dramatically.
However, as more than 70 % of population
got vaccinated in 2008, it leveled off at
1:200-1:250 (there were no statistically sig-
nificant discrepancies, p > 0.05). Therefore, an
increase in a share of population who got vac-
cinated over the last 10 years from 73 % to
85 % didn’t have any significant influence on
risk of TBE occurrence after a tick bite. But
still, there was a persistent descending trend in
morbidity. From 2008 to 2014 morbidity with
TBE varied from 6.1 to 3.4 per 100 thousand
people, and starting from 2015 it stabilized at
fewer than 3 cases per 100 thousand people
(Figure 1).
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Figure 1. Long-term dynamics of morbidity with virus tick-borne encephalitis in Sverdlovsk region
(per 100 thousand people) and risk of the disease (number of bitten people per 1 disease case)
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Figure 2. A share of people living in Sverdlovsk region who got vaccinated against virus tick-borne
encephalitis and risk of the disease (number of bitten people per 1 disease case)

Figure 3 shows long-term dynamics of a
number of bitten people and the risk of TBE
occurrence among them.

As we can see from the given data, risk
didn’t change significantly from 2008 to 2018
even though there were considerable fluctua-
tions in numbers of people bitten by ticks. It
indicates there is no correlation between a
number of people bitten by ticks and risks of
TBE among those who were bitten.

Risk-oriented approach to analyzing epi-
demiologic situation with TBE allows spotting
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out administrative territories where there is
certain divergence in parameters related to a
number of bitten people and morbidity with
TBE, in particular:

— territories where a number of bitten
people is high but there are no TBE cases;

— territories where a number of bitten
people is high but morbidity with TBE is close
to average regional values;

— territories where morbidity is high but a
number of bitten people is close to average
regional values.
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Figure 3. Long-term dynamics of a number of bitten people per 100 thousand people living
in Sverdlovsk and risk of virus tick-borne encephalitis among them
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Table 1

Parameters showing numbers of people bitten by ticks and morbidity with virus tick-borne
encephalitis in specific municipal districts in Sverdlovsk region in 2017

A number of people| A ratio of a number of Morbidity | A ratio to average
Territory bitten by ticks  |bitten on a specific territory| with TBE |regional morbidity
/o000) to average regional one (*/o000) with TBE

Sverdlovsk region 715.00 1.00 2.75 1.00
Asbest district 1,528.50 2.10 1.50 0.50
Revda district 740.40 1.04 4.60 1.67
Polevsk district 855.60 1.20 7.10 2.60

Table 2

Risk of TBE occurrence among people bitten by ticks and a share of vaccinated people
in specific municipal districts in Sverdlovsk region in 2017

Territory Risk of manifest TBE Risk index -A share of people
among bitten people vaccinated against TBE (%)
Sverdlovsk region 1:260 1.0 87.4
Asbest district 1:1,019 0.3 96.3
Revda district 1:160.9 1.6 86.5
Polevsk district 1:120.5 2.2 73.1

The procedure includes:

1. Calculating average regional risk of
TBE occurrence and risks for specific adminis-
trative territories via finding a quotient from
dividing morbidity with TBE per 100 thousand
people by a number of people bitten by ticks
on a given territory.

2. Calculating risk index via calculating a
ratio between risk for a given administrative
territory and average regional risk that is taken
as being equal to 1.

3. Ranking administrative territories as
per risk index:

— high risk (index is > 1.3);

— moderate risk (index is 0.70 < 1.0 < 1.3);

— low risk (index is < 0.70).

Should a territory be ranked as having
high risk index, it is advisable to pay special
attention to analyzing volumes and quality of
vaccinal prevention, urgent immune TBE pre-
vention, and examining collective immunity
among population on such a territory.

In case risk is moderate (morbidity with
TBE is equal to average regional one or higher
and a number of bitten people is high), it is
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necessary to analyze volumes and efficiency of
acaricide treatments as well as efficiency of
sanitary-educational activities among popula-
tion aimed at commutating how to keep safe in
the forest and prevent tick bites.

Tables 1 and 2 contain an example on how
to present and analyze data on risk-oriented ap-
proach to ranking territories that are endemic as
per TBE.

As we can see from data given in the ta-
bles, a probability of catching TBE among
people bitten by ticks can be different on dif-
ferent territories where a share of people who
got vaccinated against TBE is also different.
Thus, people living in Asbest district run the
lowest risks of TBE even though a number of
people bitten by ticks on that territory was 2.1
times higher than on average in the region, but
still morbidity with TBE amounted to 1.5 per
100 thousand people and it was 1.8 times
lower than on average in the region (2.75 per
100 thousand people). Therefore, a risk of
manifest TBE occurrence was 3.3 times lower
in Asbest district than in the region as a whole
and it indicates that a high share of vaccinated
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people (96.3 %) exerts significant influence on
morbidity with TBE; on the contrary, there is
no correlation between a number of people bit-
ten by ticks and a number of TBE cases.

It means that it is advisable to implement
specific and non-specific prevention activities
on the territory; they should be scheduled and
focus on selective immunization of risk groups
with the highest risks of manifest TBE occur-
rence, namely, those age cohorts where a share
of vaccinated people hasn’t reached its target
level (95 %). It is also necessary to pay special
attention to assessing quality of performed
acaricide treatments and sanitary-educational
activities aimed at informing people about the
necessity of timely immunization against TBE
and rules of safe behavior in the forest that
will protect them from tick bites.

In Revda district in 2017 morbidity with
TBE amounted to 4.6 per 100 thousand people
and it was 2 times higher than on average in
the region although numbers of people bitten
by ticks were relatively similar, 740.4 on the
territory against 715.0 per 100 thousand peo-
ple on average in the region. At the same time
risk of manifest TBE occurrence among peo-
ple bitten by ticks was 1.6 times high in Revda
district than on average in the region. A share
of people who got vaccinated against TBE was
quite similar in Revda district to that in the
region, 86.5 % against 87.4 %. In this case, it
is clear that not enough people have been vac-
cinated in Revda district and it is advisable to
take additional efforts aimed at scheduled im-
munization among children combined with
immunization among adults who haven’t been
vaccinated in due time; it is also necessary to
perform stricter control over timely revaccina-
tion among vaccinated people and to examine
intensity of collective immunity against TBE.

In Polevsk district in 2017 there was a
high risk of manifest TBE, 2.2 times higher
than on average in the region; also a number of

people bitten by ticks was by 20 % higher, and
morbidity with TBE was 2.6 times higher
against on average in the region. Only 73.1 %
people living on the territory were vaccinated
against TBE. All the above indicates that a low
share of vaccinated people can’t have any sig-
nificant influence on a further decrease in
morbidity with TBE in Polevsk district as the
latter directly depends on a number of people
bitten by ticks.

Therefore, a leading prevention activity in
Polevsk district should be scheduled immuni-
zation among children accomplished within
the Regional prevention vaccination schedule
and mass immunization among those adults
who haven’t been vaccinated in due time. Not
less than 95 % people should be vaccinated
against TBE in all age cohorts.

To sum up all the above stated, we can
conclude that a risk parameter gives an objec-
tive assessment of new TBE cases probability
among population living on a specific territory
and allows choosing priority prevention activi-
ties (specific or non-specific prevention)
aimed at decreasing morbidity with TBE.

Conclusions:

1. Determining post-exposure risk of TBE
occurrence on different territories (a number of
people bitten by ticks per 1 TBE case) allows
obtaining additional significant data for epi-
demiologic analysis and planning efficient
prevention activities.

2. Ranking territories that are endemic as
per TBE as per risk parameter allows objec-
tively assessing whether population living there
is well protected and implementing differenti-
ated approach to planning and organizing effi-
cient prevention activities.
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Contamination of antibiotic-resistant bacterial pathogens in raw food is becoming an increased health risk in numerous
countries, including Vietnam where raw herbs and vegetables are used daily in many dishes as a flavor enhancer and a source
of vitamin and nutrients. However, raw vegetables can also be a reservoir of various foodborne pathogens such as Pseudomo-
nas spp. and Enterobacteriaceae. In this study, we evaluated the extent of Pseudomonas spp. contamination in 180 ready-to-eat
(RTE) vegetables samples from restaurants in Hanoi, examined their antibiotic susceptibility profiles and determined the ability
to produce f-lactamase enzymes of Pseudomonas spp. strains. Our results showed that 21.67 % (n = 39) of ready-to-eat vegeta-
bles samples in Hanoi were contaminated with Pseudomonas spp.. Of those, sixteen samples were determined to be f-lactamase
producing strains including Pseudomonas putida, P. mendocina and P. aeruginosa. Further analysis revealed six strains
(37.50 %) producing extended spectrum [-lactamase (ESBL) enzyme, five strains (31.25 %) producing ampC pB-lactamase en-
zyme and five strain (31.25 %) producing both ESBL and ampC f-lactamases. It can be concluded that ready-to-eat vegetables
in Hanoi would be a source of contamination of f-lactamase producing Pseudomonas spp. that could pose a threat to public

health in the community.

Keywords: food, ready-to-eat vegetables, contamination of antibiotic-resistant bacterial pathogens, Pseudomonas

spp., health risks.

Ready-to-eat raw vegetables have be-
come a favorable product among many con-
sumers thanks to their high vitamin contents
and low energy. In Vietnam, vegetables are
common food in the daily life. According to
the World Bank’s report (2017), the con-
sumption rate of vegetables in Vietnam is
0.4 kg/day/person, therefore, it can be esti-
mated that 2,800 tons of vegetables are con-
sumed everyday in Hanoi [1]. With a con-
sumption of about 1 million tons per year,
Hanoi must use supplies from vicinity prov-
inces in the Red River Delta. However, vege-

tables can become a source of bacterial con-
tamination to animals and humans due to pol-
luted irrigation water and improper washing
before they are sold at a marketplace. Thus, it
is difficult to control hygiene and monitor
safety for food product.

Pseudomonas spp. are versatile gram-
negative bacteria that occur in various habi-
tats such as soil, water and living organisms
including animals, insects and human. In
the genus, P. aeruginosa are a risk to human
health as they cause serious diseases such as
septicemia, liver damage or necrosis at in-
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jured sections. Other Pseudomonas species
including P. fluorescens, P. luteola, P. pu-
tida, and P. stutzeri possess lower toxicity,
but they can cause many infectious diseases
in immune-compromised patients [2, 3].
Pseudomonas spp. often invade host tissue
and cause infection and septicemia in im-
mune-compromised hosts such as patients
suffering from HIV/AIDS, cystic fibrosis,
bronchiectasis and severe chronic obstruc-
tive pulmonary, burn, or patients after ma-
lignant or urinary removal [4]. Recently,
pathogenic Pseudomonas spp. have become
one of the prominent public health concerns
due to their fast-evolving multi-drug resis-
tance. Studies on disease treatment in patients
show difficulties in combatting high multi-
drug resistant Pseudomonas spp. [5].

Studies on bacteria extracted from raw
vegetables sold at different markets and res-
taurants that have antibiotic resistant agents
have been previously reported [5]. The
prominent group of antibiotic resistant bacte-
ria contaminants from raw vegetables is
Pseudomonas spp. They are well known to
have multiple antibiotic resistances due to
gene scarring genetic factors that originated
from other Gram-negative bacilli families
such as FEnterobacteriaceae through gene
exchange [6]. Among these, the B-lactamase
producing strains especially extended-
spectrum PB-lactamase (ESBL) and plasmid-
encoded B-lactamase (AmpC) producers are
of greatest interest. The emergence and
spread of B-lactamase have become a signifi-
cant global health problem, as they inactivate
a wide group of antibiotics used in various
hospital treatments [3]. However, until now,
there have been no data on Pseudomonas spp.
and B-lactamase producing Pseudomonas spp.
in ready-to-eat vegetables in Vietnam. In this
study, we aim to evaluate the presence of
B-lactamase producing Pseudomonas spp. in
ready-to-eat raw vegetables from restaurants
in Hanoi.

Materials and methods. Vegetables
sampling. A total of 180 ready-to-eat raw
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vegetables samples were collected at restau-
rants in six urban districts of Hanoi from
July to October, 2018. Six districts includ-
ing CauGiay, Hoang Mai, Ha Dong, Dong
Da, Hai Ba Trung, Long Bien were selected
based on the high rate of population. After
being acquired from restaurants, vegetables
samples were finely-sliced without any fur-
ther washing but brown-leaf removing. For
every sample, the amount of 25 grams of
sample was added into 225 mL of buffered
peptone water (BD, America). The mixture
was then homogenized for 30 seconds using
a homogenizer. Weight 25 grams of each
finely-sliced leaf-sample and homogenizing
for 30 seconds using homogenizer. The
mixtures were then diluted to desired con-
centration by using peptone (0.1 %) saline
diluent.

Bacterial isolation and identification.
Pseudomonas spp. are extracted with a con-
ventional method according to ISO 13720:
2010 [7]. Briefly, 0.1 mL of homogenized
sample was spread on Pseudomonas CFC/CN
(Merck, Germany) agar supplemented with
CFC Selective supplement (Merck, Germany)
and the plates were incubated under aerobic
conditions at 25 'C for 44 + 4 hours. After
incubation, colonies were confirmed using
Oxidase Strips (Merck, Germany). Oxidase-
positive colonies identified as Pseudomonas
spp. E. coli ATCC25922 (ATCC, America)
were used as negative control while
P. aeruginosa ATCC 27853 (ATCC, Amer-
ica) strain was used as the positive control.
Confirmed Pseudomonas spp. strains were
further analyzed using Vitek®MS system
(BioMerieux, France) to identify their spe-
cies. Vitek®MS procedure was performed ac-
cording to manufacturer’s recommendations.

Identification of pf-lactamase produc-
ing Pseudomonas spp. To determine Pseu-
domonas spp. producing p-lactamase, sus-
ceptibility testing with disc diffusion method
was performed and interpreted following the
technique recommended by the World
Health Organization and the guidelines by
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the American Institute for Testing and Clini-
cal Standards (CLSI) [8, 9]. The antibiotics
being examined included cefotaxime (CTX,
Liofilchem, Italy), cefotaxime combined
with clavulanic acid (CTL, Liofilchem, It-
aly), ceftazidime (CAZ, Liofilchem, Italy)
and ceftazidime combined with clavulanic
acid (CAL, Liofilchem, Italy). The strains
are confirmed to be extended-spectrum
B-lactamase (ESBL) producing ones when
the observed CTL or/and CAL resistance
zones are at least 5 mm greater than the ob-
served CTX and CAZ resistance zones.

The presence of AmpC B-lactamase en-
zyme was determined by testing strains
against cefotaxime (CTX, Liofilchem, Italy),
cefotaxime combined with cloxacillin (CTC,
Liofilchem, Italy), ceftazidime (CAZ, Liofil-
chem, Italy) and ceftazidime combined with
cloxacillin (CAC, Liofilchem, Italy) follow-
ing CLSI guidelines. When the observed
CTC or/and CAC resistance zones are at
least 5 mm greater than the observed CTX
and CAZ resistance zones, the tested bacteria
are confirmed to be AmpC [B-lactamase pro-
ducing strains.

Results and discussions. Pseudomonas
spp. in raw vegetables. The obtained results
revealed that 39 over 180 samples of ready-to-
eat vegetables collected at restaurants (Grilled
duck, bun cha, bread, spring rolls, pho, vermi-
celli, and noodle) were found to be positive
with Pseudomonas spp. assuming oxidase-
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positive colonies. The finding of this study re-
vealed that Pseudomonas spp. were prevalent
(Figure 1).The difference in Pseudomonas spp.
prevalence among sampling locations (dis-
tricts) was not significant (P > 0.05).

Similar to our results, the prevalence of
Pseudomonas spp. on ready-to-eat vegetable
was also reported in former studies in several
countries such as Italy (n =24), India (n =12
isolates were collected from tomato, cucum-
ber and potato), and Nigeria (n = 82) [5, 10,
11]. Pseudomonas spp. are known to be the
most common bacteria involved in spoilage
of many kinds of foods, due to their very
simple nutritional requirements and metabolic
versatility that allows them to live in variable
environments. The soil and irrigation water
contamination may cause the prevalence of
Pseudomonas spp. in ready-to-eat vegetable.
Numerous studies have demonstrated that wa-
ter plays important role in directly introduc-
ing bacteria into food during pre-harvest and
postharvest stages [12—14]. It is during the
pre-harvest phase that vegetable might be
contaminated with Pseudomonas spp. due to
infected irrigation water. Furthermore, for
postharvest processes, ranging from storage
and washing before selling, might lead to
contamination.

Identified Pseudomonas spp. by using
Vitek®MS. The obtained colonies were identi-
fied on the Vitek®MS. We detected 3 strains
of Pseudomonas spp. including opportunistic
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Figure 1. Percentage bar chart illustrating the prevalence of Pseudomonas spp.
on ready-to-eat vegetable in restaurant in Hanoi
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pathogens (Pseudomonas aeruginosa, Pseu-
donasmendocina and Pseudomonas putida).
Among them, P. putidaare accounted for the
majority with 36 out of 39 strains (92 %).
There were also 2 strains of P. aeruginosa
(5 %) and 1 strain of P. mendocina (3 %)
(Figure 2).

The identification results show a similarity
of more than 90 % compared to the source li-
brary of the VITEK MS identifier system, from
99.4 % to 99.9 % for P. putida and 99.9 % for
P. aeruginosa and P. mendocina (Figure 3).

The results in this study are similar to
those obtained in the previous research on
Pseudomonas spp. presence in raw vegetables
by Caldera et. al. (2016), and the study by
Franzetti et. al. performed on vegetable sam-
ples collected in Milan in 2007 as well [10, 15].
Another study conducted by Devarajan et. al.
(2017) in Congo, India and Switzerland re-
vealed occurrence of 141 strains of Pseudo-
monas spp. in untreated hospital wastewater
samples and domestic wastewater sources;
P. putida (42 %) and P. aeruginosa (39 %)
were the majority in detected Pseudomonas
spp. Another study by Kittinger et. al. con-
ducted in 2016 on water of the Danube river
(Austria) showed that 66.0 % (n = 520) iso-
lates were identified as Pseudomonas putida
and 27.1 % were Pseudomonas fluorescens, 2
Pseudomonas aeruginosas strains, and less
than five other Pseudomonas strains. A large

number of Pseudomonas spp. was also found
in raw and fermented vegetables in previous
studies [16, 17]. The presence of animal dung
containing Pseudomonas spp. used as a fertil-
izer or accidentally in the soil can be a source
of contamination of Pseudomonas spp. on
vegetables. Moreover, in most developing
countries as well as Vietnam, wastewater is
discharged from sewage directly into rivers
and lakes that are used as irrigation water
sources for cultivation, leading to Pseudomo-
nas spp. occurrence in raw vegetable products.
Meanwhile, should improper cleaning steps be
applied at restaurants they are not effective
enough and don’t allow removing bacteria
from food products making ready-to-eat vege-
tables infected.

B Pseudomonas putida
0 Pseudomonas aeruginosa
B Pseudomonas mendocina

Figure 2. Percentage of Pseudomonas spp.
isolates in this study
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Figure 3. Pseudomonas aeruginosa spectrum of isolate from ready-to-eat vegetable
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Table 1
Pseudomonas spp. producing B-lactamase enzyme
Pseudomonas District Vegetables ESBL | AmpC ESBL
spp. &AmpC
P. aeruginosa Saw-leaf, Perilla leaf, Vietnamese basil + + +
P. putida CauGiay |Thai basil + - -
P. putida Buttercrunch lettuce, Vietnamese basil, Mint leaf + + +
P. putida Hoang Perilla leaf, mint leaf - + -
P. putida Mai Vietnamese Balm, Perilla leaf, mint leaf, cucumber + - -
P. putida Cilantro, Vietnamese Balm, Buttercrunch lettuce - + -
P. putida Mint leaf, Buttercrunch lettuce + - -
- Ha Dong |—
P. putida Vietnamese Balm, Buttercrunch lettuce - + -
P. putida Mint leaf, Lettuce, Vietnamese Balm + - -
P. putida Dong Da |Buttercrunch lettuce, Perilla leaf, Cilantro - + -
P. putida Green Onion, Mint leaf + + +
P. putida Hai Ba |Thai basil, Saw-leaf + + +
P. aeruginosa | Trung |Thai basil, Saw-leaf + + +
P. putida Cilantro, Green onion + - -
- Long
P. putida Bien Buttercrunch lettuce - + -
P. putida Buttercrunch lettuce, Perilla leaf + - -

Note: + Positive
- Negative

3.3 Pseudomonas spp.producing f-lac-
tamase enzyme. 39 identified strains of
Pseudomonas spp. were used for antimicro-
bial testing corresponding to each f-
lactamase enzyme. The results showed that
16 strains of Pseudomonas spp., which were
detected in vegetables from restaurants in 6
districts, produced PB-lactamase enzyme, of
which 6 strains produced an expanded spec-
trum of B-lactamase enzyme (ESBL), 5 Pseu-
domonas strains produced enzyme [-lactamase
AmpC, and 5 strains produced enzyme ESBL
and AmpC as well. Whole 16 strains, were P.
putida and P. aeruginosa, in which 2 P. aerugi-
nosa and 3 Pseudomonas putida produced both
ESBL and B-lactamase enzyme (Table 1).

In the study conducted in Nigeria in 2016
by Odumosu et. al. P. aeruginosa were de-
tected in 54 out of 82 vegetable samples;
10 out of these 54 strains were identified with
ESBL enzymes [5]. The result of Odumosu’s
study is higher than ours, due to the difference
in geography, sample size, conditions of culti-
vation and sanitation as well. Despite of the
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fact that ready-to-eat vegetables are a good
source of vitamins and nutrients, they can also
be a source of pathogenic contamination haz-
ardous for humans and transfer antibiotic-
resistant bacteria to them.

Conclusion. The study showed prevalence
of 16 Pseudomonas spp. strains producing
B-lactamase enzyme in 180 samples of ready-
to-eat vegetables collected in Hanoi. The num-
ber of Pseudomonas member found in ready-to-
eat vegetable in our study was lower than in
former studies from some countries worldwide.
The difference in geography, sample size and
sample collection location might lead to differ-
ent results among studies.

It is necessary to conduct further studies on
genetic characteristics and ability to transfer
antibiotic resistant genes to other gram-negative
bacteria in same ecological conditions.
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The authors describe a procedure for assessing risks of the measles virus being imported and spread in certain RF
regions, they also give results of test risk assessment in 2018 in relation to the FIFA World Cup 2018.

Risks of the virus being imported and spread in the country were assessed in accordance with a score estimation pro-
cedure aimed at assessing both internal and external risks. The procedure was developed basing on the document issued by
the WHO “Rapid risk assessment for acute public health events. WHO-2012".

We detected risk factors that could make for the measles virus being imported and factors that made for secondary
spread of the virus once it was imported. All the RF regions were assessed as per each factor and assigned into three catego-
ries, namely regions with high, average, and low risks of the measles virus being imported and spread. We visualized the

results and presented them on maps.

As per our research results, “risk territories” are RF regions located at the state borders as well as regions where epide-
miologic surveillance over measles is inefficient and there hasn’t been sufficient immunization against the disease. These re-
gions are Moscow city, Saint Petersburg, Voronezh region, Moscow region, Kaliningrad region, Samara region, Amur region,
Rostov region, Sverdlovsk region, Krasnodar region, the Chechen Republic, Dagestan, Primorye, and Khabarovsk region.

Applying risk assessment in epidemiology involves developing such a technique for examining and forecasting an epi-
demiologic situation which will allow determining influence exerted on them by risk factors. This procedure enables ranking
problems as per their significance and minimizing or eliminating possible risks.

Key words: risk assessment, epidemiology, measles, risk-oriented surveillance, infectious diseases being imported into

a country, aerogenic contagion, FIFA World Cup, tourism.

Social and economic structure of the
contemporary world society involves grow-
ing inter-continental and inter-state migra-
tion as well as intensifying international re-
lations; it exerts significant influence on
spread of communicable diseases from coun-
try to country [1].

Mass international events play a substan-
tial role in tourist flows becoming more and
more intense. Such events are trade fairs, con-
gresses, festivals, exhibitions, and sport events
and they usually involve short-term but mass
inflow of participants or sport fans from a
great number of countries including those that

are endemic as per extremely dangerous quar-
antine infections. Therefore, it is truly vital to
promptly assess epidemiologic risks in the
contemporary world with life in it becoming
faster and faster.

Respiratory viruses occupy the most sig-
nificant place in human infectious pathology
as they tend to cause mass communicable dis-
eases. Wide spread of acute viral respiratory
infections makes it necessary to develop rapid
and efficient procedures for predicting new
mass contagions in order to improve epidemi-
ologic surveillance and accelerate elimination
of viral infections.
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Measles is one of the most contagious
diseases among known communicable ones.
Almost 100 % people are susceptible to this
infection and vaccination remains the most
efficient way to fight against measles. People
who were not vaccinated remain susceptible to
measles during their lifetime and can catch it
at any age. As per data provided by the WHO,
the situation with measles is unfavorable in
many countries all over the world [2].

The WHO European Office felt inspired
with successes achieved in eliminating polio-
myelitis; its experts developed and implemented
a strategic program aimed at preventing measles
and congenital rubella in the Europe in 2002.

The basic goal of the program was to
eliminate measles and to prevent congenital
rubella by 2010' [3—4]. Prior to these initia-
tives aimed at eliminating measles and rubella,
562,000 children died annually all over the
world due to complications caused by measles.

As per data provided by the WHO, as
more and more people got vaccinated, an ap-
parent descending trend appeared in morbidity
with measles in different regions in the world.
Predicted long-term morbidity with measles
was so low that it allowed believing measles
would be eliminated completely in 2015. De-
spite significant successes achieved due to ini-
tiatives aimed at eliminating measles and ru-
bella, 115,000 children, mostly those younger
than 5, annually die from these diseases all
over the world. It is approximately 314 people
per day or 13 deaths per hour.

Initially, experts planned to eliminate mea-
sles in 2010-2015; but now elimination seems to
move into distant future. Morbidity with measles
registered in Europe in 2016-2018 was consid-
ered by the WHO as epidemic. Thus, in 2018
approximately 60 thousand measles cases were
registered in European countries. In 2018 high
morbidity was registered in Ukraine (1,209.25
per 1 million people), Serbia (579.3 per 1 mil-
lion people), Albania (499.6 per 1 million
people), Georgia (563.8 per 1 million people),

Monte Negro (322.6 per 1 million people), and
Greece (196.8 per 1 million people) [5-8].
43 % patients were adults older than 20. Mea-
sles epidemic process in Russia also became
more active. Morbidity with measles grew by
3.5 times in 2018 against 2017 and amounted
to 17.3 per 1 million people (4.9 in 2017).
2,538 measles cases were registered. Low pro-
tection against the infection among adult popu-
lation is the basic reason for this growth. Over
recent years European countries have faced cer-
tain difficulties including a reduction in scales of
scheduled immunization, stably low immuniza-
tion among marginal population groups, troubles
with vaccine supplies, and inefficient perform-
ance by epidemiologic surveillance authorities.

Countries take complex measures aimed
at eliminating existing outbreaks and prevent-
ing new ones. Such measures include more
intense communication about the problem with
the society; immunization among medical per-
sonnel and other adult population groups who
run high risks of the disease; elimination of
any obstacles preventing a person form being
vaccinated; better planning and material sup-
port for vaccine supplies [9].

In the present work the authors first se-
lected and then analyzed criteria for assessing
external and internal risks of measles viruses
being imported onto the RF territory.

Our research goal was to work out a
procedure for a score estimate of risks that a
communicable disease would be imported and
then spread in the country; the next goal was
to assess risks of measles virus being imported
and spread in certain RF regions.

The following tasks were to be solved:

— to work out criteria for assessing exter-
nal and internal risks that an epidemiologic
situation as per measles would deteriorate;

— to assess external risks that measles vi-
rus would be imported onto the RF territory, in
particular, migration flows and communica-
tions with countries where the situation with
measles is adverse;

! “The Program “Elimination of measles and rubella in the Russian Federation” (2016-2020)” (approved by Rospotreb-
nadzor on December 28, 2015, The RF Public Healthcare Ministry on December 31, 2015). Laws, codes and legal acts of the
Russian Federation. Available at: https://legalacts.ru/doc/programma-eliminatsija-kori-i-krasnukhi-v-rossiiskoi-federatsii-2016/

(10.06.2019).
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— to assess internal epidemiologic risks that
measles virus would spread, in particular, quality
of epidemiologic surveillance over measles and
number of people vaccinated against the disease;
to reveal “risk territories” (RF regions that were
the most susceptible to risks of measles virus
being imported and spread across them);

— to develop a draft procedure for score
estimate of risks that measles virus would be
imported and spread.

Data and methods. We took data from the
Federal Statistic Service on population migra-
tion; data from the Statistic Form No. 2 “Data on
infectious and parasitic diseases” over 2015-2018;
data from the Statistic Form No. 6 “Data on
children and adult groups vaccinated against
communicable diseases” over 2015-2018; data
on a number of border checkpoints in RF regions
where people can cross the RF State Border;
data of “The national vaccination schedule” on
mass events with international participation.

We applied a procedure for score estimate
of external and internal risks. When selecting
criteria and working out our risk assessment
procedure, we followed the Guide entitled
“Rapid risk assessment of acute public health
events” developed by the World Health Or-
ganization (WHO) in 2012 [9]. A direct choice
on these or those assessment criteria depended
on properties of data that characterize an epi-
demic process and risk factors in their quanti-
tative equivalent; such data were to be used in
operative risk assessment and therefore they
should be available, reliable and easy to obtain
in due time. Digital values that characterized
factors of a communicable diseases import and
spread were taken from state observations and
other open data sources. Each risk factor was
given a score estimate, from 0 (minimum) to 2
(maximum) depending on how active it was.
We chose this exact factor gradation based on
epidemically significant values in order to
make the model simpler and calculations more
rapid. A similar procedure for score estimate
of parameters was used by several researchers
to quantitatively assess potential epidemi-
ologic threats; in particular, when mass sport
events took place [11-13]. Each RF region
was assessed as per all the criteria for assess-
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ing external and internal risks. Then those
scores were summed up and ranked as per
their value; after that we calculated sigma
(standard deviation) and a rank was assigned
to each region depending on its value. We cre-
ated a “calculator” based on Microsoft Excel
for scores being automatically distributed as
per input data and preset criteria. Having per-
formed all the necessary calculations, we di-
vided all the RF regions into three categories:
territories with high, average, and low risks of
measles virus being imported and spread; we
also visualized our results on maps with spe-
cific GIS software (Map Info 16 Pro).

Results and discussion. Risk assessment
is a systematic process of collecting, analyz-
ing, and documenting data in order to deter-
mine levels of examined risks. It gives grounds
for efficient measures aimed at reducing and
eliminating consequences of events that im-
posed direct threats for population health.

In order to assess risks related to measles
virus being imported and spread across the RF
territory according to the procedures devel-
oped by the WHO, we determined internal and
external risk factors that could make for dete-
rioration of the epidemiologic situation in the
country (Tables 1 and 2). Depending on values
of these factors, all the RF regions were to be
assigned into three categories:

— low risk territories (the lowest probability
that the epidemiologic situation would deteriorate
in comparison with other regions in the country);

— average risk territories (a risk that the
epidemiologic situation might deteriorate is
equal to average country level or differs from
it insignificantly);

— high risk territories or “risk territories”;
they are territorial units (geographic or admin-
istrative ones) where morbidity and/or its con-
sequences are higher or a certain epidemi-
ologic phenomenon is more prevailing than on
other comparable territories [14]).

International migration is a primary crite-
rion of external risks. According to official
Rosstat reports, annually people from countries
where the situation with measles is adverse
come to the Russian Federation (Table 3).
These data don’t include illegal migration and
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transit passengers from these countries. At pre-
sent world airlines annually transport more than
2 billion passengers and it creates greater op-
portunities for rapid spread of communicable
diseases and their carriers. Contemporary tour-
ism is one of the largest and most rapidly de-

veloping spheres in the world economy due
intensifying globalization and development
international transportations [15].

As per data taken from Rosturism report
entitled “Selected statistic data calculated ac-
cording to the official statistic methodology
for assessing a number of in and out tourist
trips”, annually more than 24 million foreign
citizens come to the Russian Federation as
tourists. In 2017 more than 39 million Russian
citizens made tourist trips abroad and it was by
25 % higher than in 2016.

to
of

Table 1

Criteria for external risk assessment

An international air border checkpoint to cross
the RF State Border

0 scores, absent; 1 score, cargos and goods movement;
2 scores, people movement.

An international motorway border checkpoint
to cross the RF State Border

0 scores, absent; 1 score, cargos and goods movement;
2 scores, people movement.

An international railway border checkpoint to
cross the RF State Border

0 scores, absent; 1 score, cargos and goods movement;
2 scores, people movement.

An international marine border checkpoint to
cross the RF State Border

0 scores, absent; 1 score, cargos and goods movement;
2 scores, people movement.

An international river border checkpoint to
cross the RF State Border

0 scores, absent; 1 score, cargos and goods movement;
2 scores, people movement.

Long-distance railways

0 scores, absent; 1 score, passenger transportation on
the RF territory; 2 scores, international passenger
transportations.

Migration

0 scores, migration is lower than on average in the
country; 1 score, migration is equal to that on average
in the country; 2 scores, migration is higher than on
average in the country.

Mass events with international participation to
take place in a region

0 scores, not scheduled; 1 score, one or more such
events are scheduled

Table 2

Criteria for internal risk assessment

Average morbidity with measles over
2009-2017

0 scores, morbidity is lower than 1 per 1 million peo-
ple; 1 score, morbidity is higher than 1 but lower than
5 per 1 million people; 2 scores, morbidity is higher
than 5 per 1 million people

Measles outbreaks in a region over the last year

0 scores, no measles outbreaks; 1 score, one or more
measles outbreaks

Number of people vaccinated against measles
in a region

0 scores, 97 % or more people vaccinated; 1score,
95-97 % people vaccinated; 2 scores, less than 95 %
people vaccinated

Territories (districts) in a region where less than
95 % population are vaccinated against measles

0 scores, no such districts; 1 score, one such district in
a region; 2 scores, more than 1 such district in a region

Number of infants younger than 1 year
per 100 thousand people over the last year

0 scores, fewer than 10,000 infants in a region;

1 score, more than 10,000, but fewer than on average
in the country (20,714);

2 scores, more infants than on average in the country
(20,714)

Deaths from measles over the last five years

0 scores, no deaths; 1 scores, there are deaths from
measles
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Table 3

Number of people who came to the Russian Federation from countries that are endemic
and adverse as per measles virus over 2010-2017

2010 | 2011 2012 2013 2014 2015 2016 2017
Ukraine 27,508 | 43,586 | 49,411 | 55,037 | 126,819 | 194,180 | 178,274 | 150,182
France 150 322 326 352 351 360 303 346
Greece 298 614 835 995 694 557 450 419
Germany 2,621 | 4,520 | 4,239 | 4,166 3,743 3,976 4,153 3,704
Bulgaria 214 371 353 419 346 392 293 238
Czechia 112 157 193 192 160 180 148 151
Spain 140 201 253 364 303 279 218 227
Serbia 159 600 576 943 860 682 589 769
India 110 1,390 | 1,068 1,451 1,850 2,894 4,768 5,622
Tajikistan 18,188 | 35,087 | 41,674 | 51,011 | 54,658 | 47,638 | 52,676 | 63,467
Kirgizia 20,901 | 41,562 | 34,597 | 30,388 | 28,543 | 26,045 | 28,202 | 41,165
Turkmenistan 2,283 | 4,524 | 5,442 | 5,986 6,038 6,539 7,242 8,734
The United Kingdom 125 166 182 221 185 273 226 375

Also, we took another external risk crite-
rion and it was activity of international migra-
tion in a region and reasons for its occurrence.
First of all, we considered its possible path-
ways or international border checkpoints
where the RF State Border could be crossed.
Then, we considered mass events with interna-
tional participation that took place in a region.

As per results obtained via score estimate,
all the regions were ranked and it allowed re-
vealing regions with the highest risks that mea-
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sles virus could be imported there in 2018. They
were Kaliningrad region (6 scores); Krasnodar
region (6 scores); Moscow city (5 scores); Saint
Petersburg (5 scores); Rostov region (5 scores);
Dagestan (5 scores); Primorye (5 scores); Mos-
cow region (4 scores); Khabarovsk region
(4 scores); Crimea (4 scores). 4 scores were a
threshold for assigning a region into high exter-
nal risk category.

For better visualization, analysis results
are given on a map in Figure 1.

. 7 §j////?;

Figure 1. RF regions distributed as per external risks of measles virus import in 2018

112

Health Risk Analysis. 2020. no. 1



Procedure for assessing risks of an infectious disease being imported and spread in the RF regions exemplified ...

GIS technologies are now a significant ele-
ment in epidemiologic surveillance. Medical-
geographic maps are a relatively new type of sub-
ject maps. Drawing up such a map requires spe-
cific knowledge and approaches [16]. Bearing in
mind, that a map is always a better visual than a
table, we applied a GIS software program Map
Info Pro 16 to create a specific cartographic
model as per results of our calculations; the model
gave a tentative picture of an actual situation.

When analyzing possible outcomes result-
ing from import of communicable diseases, it
is necessary to differentially assess probable
secondary spread of a disease and potential
threat that it could persist in new conditions as
probability of such outcomes is determined by
different sets of factors [17].

We selected several internal risk factors
that could make for a measles outbreak; they
were criteria describing quality of epidemi-
ologic surveillance in each specific region:

—average morbidity with measles per
1 million people over 2009-2018; measles
outbreaks in the last year;

—a share of people vaccinated against
measles in a region;

— districts within a region where less than
95 % people were vaccinated against measles;

— number of infants younger than 1 year
per 100 thousand people.

Sanitary-epidemiologic authorities can
influence external risks only indirectly; but as

High risk
Average risk
Low risk

for internals ones, obviously quality of sani-
tary-epidemiologic surveillance is a direct
responsibility of sanitary-epidemiologic au-
thorities and public healthcare organizations
in a RF region.

Certain RF regions ran the highest risks of
measles outbreaks in case the virus was im-
ported into them in 2018. They were Chechen
Republic (6 scores); Moscow city (5 scores);
Dagestan (5 scores); Ingushetia (5 scores);
Kabardino-Balkaria (5 scores); Karachai-
Cherkess (5 scores); Yakutia (5 scores);
Voronezh region (4 scores); Kaluga region
(4 scores); Moscow region (4 scores); Kras-
nodar region (4 scores); Astrakhan region
(4 scores); Rostov region (4 scores); Samara
region (4 scores); Sverdlovsk region (4 scores);
Tomsk region (4 scores); Amur region
(4 scores) (Figure 2). 4 scores were a thresh-
old for assigning a region into high internal
risk category.

Then we combined both groups of crite-
ria, determined combined risks, and ranked
territories as per them (Figure 3).

“Risk territories” in terms of measles vi-
rus import and transfer in 2018 were Moscow
city (10 scores); Krasnodar region (10 scores);
Dagestan region (10 scores); Rostov region
(9 scores); Moscow region (8 scores); Kalinin-
grad region (8 scores); Voronezh region
(7 scores); Saint Petersburg (7 scores); Che-
chen Republic (7 scores); Samara region

Figure 2. RF regions distributed as per internal risks of measles virus spread in 2018
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Figure 3. RF regions distributed as per external and internal risks of measles
virus import and spread in 2018

(7 scores); Sverdlovsk region (7 scores); Kha-
barovsk region (7 scores); Amur region
(7 scores). 7 scores were a threshold value to
assign a region into “risk territory” category.

We should note that Moscow city is the
only RF region where both external and inter-
nal risks are high. Obviously it is due to most
international communications being concen-
trated in the city.

Therefore, our research allowed us to re-
veal regions with high, average, and low risks
basing on score estimates given for external
and internal risk parameters. As expected,
border regions in the country turned out to be
risk territories with both external and internal
risks being high; the category also included
regions where epidemiologic surveillance
over measles was inefficient and not enough
people were vaccinated against the disease.

Having analyzed morbidity with measles in
RF regions in 2018 (data taken from the Statistic
Form No. 2 “Data on infectious and parasitic dis-
eases”), we revealed regions where morbidity was
higher than 5 cases per 1 million people (Table 4).

Then, we assessed whether the model was
relevant. To do that, we compared predictions
and actual morbidity on the assumption that if
actual figures differ from risk levels (being
lower), it can’t be interpreted as errors in re-
sults obtained with the prediction model.
Coincidence amounted to 68 %.
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Also, when comparing predictions with ac-
tual figures, we revealed three RF regions where
morbidity differed drastically from their risk
group. They were Kaluga region, Kostroma re-
gion, and Bashkortostan. Morbidity was unex-
plainably high in these three regions bearing in
mind criteria obtained for them via assessing risks
of the disease spread in case measles virus was
imported into them and data obtained via statistic
observations. It can be probably due to some un-
accounted factors or a dramatic deterioration of
epidemiologic surveillance over measles virus in
2018 in these regions. It can also indirectly imply
that statistic data are collected and present rather
improperly in these RF regions.

It was also important to analyze morbidity
in 11 regions (data taken from the Statistic
Form No. 2 “Data on infectious and parasitic
diseases”) where events of FIFA World Cup
2018 took place, namely:

e Moscow, 926 registered measles cases;

e Krasnodar region, 66 registered measles
cases;

e Saint Petersburg, 54 registered measles
cases;

¢ Rostov region, 49 registered measles cases;

e Samara region, 22 registered measles cases;

e Tatarstan region, 12 registered measles
cases;

e Sverdlovsk region, 8 registered measles
cases;

Health Risk Analysis. 2020. no. 1
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Table 4
Regions where morbidity with measles was higher than 5 cases per 1 million people in 2018
Morbidity Morbidity
RF region per 1 million RF region per 1 million

people people
Dagestan 89.42 Leningrad region 11.65
Kaluga region 85.85 Rostov region 11.60
Moscow city 74.42 Kalmykia 10.85
Moscow region 53.59 Kostroma region 10.84
Karelia 46.42 Astrakhan region 10.80
Adygei 39.70 Tula region 10.70
North Ossetia 34.16 Saint Petersburg 10.16
Ingushetia 33.04 Yamal-Nenets Autonomous Area 9.31
Chechen Republic 28.75 Bashkortostan 8.61
Stavropol region 26.76 Karachai-Cherkess 8.58
Transbaikalia 25.10 Penza region 8.23
Vladimir region 24.57 Primorye 7.82
Tambov region 24.11 Sevastopol 6.93
Novosibirsk region 19.40 Magadan region 6.90
Crimea 19.34 Samara region 6.88
Khanty-Mansi Autonomous Area 15.15 Kamchatka 6.35
Krasnodar regiom 11.81 Khabarovsk 5.26

e Volgograd region, 6 registered measles
cases;

¢ Nizhniy Novgorod region, 4 registered
measles cases;

e Kaliningrad region, 2 registered measles
cases;

e Mordovia, 1 registered measles case.

Seven out of these regions were “risk terri-
tories” as per measles virus according to the pre-
diction; four were assigned into “average risk”
category in terms of measles virus being im-
ported and spread across them. Undoubtedly, the
FIFA World Cup made a significant contribution
into an increase in morbidity with measles in the
regions but it was higher than 5 cases per 1 mil-
lion people in only five of them (Moscow city,
Krasnodar region, Saint Petersburg, Rostov re-
gion, and Samara region). Still we should point
out that, apart from the World Cup, other risk
factors were rather high in those regions. There-
fore, it can indirectly imply that epidemiologic
surveillance over measles virus was quite satis-
factory in those regions during a great mass
event with international participation.

Authenticity of the risk assessment was
determined according to the document devel-
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oped by the WHO and entitled “Rapid risk as-
sessment of acute public health events. WHO
2012”. It is very important to document level
of confidence in an assessment performed by
an assessment group as well as reasons for not
making an assessment more precise.

Precision of any assessment depends on
applied data being authentic, complete and
qualitative as well as on correctness of basic
assumptions regarding hazards, exposure and
context of an event.

Level of confidence in results obtained by
an assessment group is directly proportionate
to quantity of actual data on hazards, exposure,
and context of an event.

We can state that the level of confidence
in our assessment and its results is high due to
use of official statistic data, documents, and
statistic reports that were issued basing on data
obtained by authorities responsible for epide-
miologic surveillance over measles virus in the
Russian Federation.

Our procedure was developed on the basis
of the WHO document entitled “Rapid risk
assessment of acute public health events”; the
document was originally developed to assess
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risks related to spread of poliomyelitis across
the European countries. The procedure is
aimed at rapid operating risk assessment and
prediction how a situation will develop in a
year following the examined one. This proce-
dure for calculating risks that a communicable
disease will be imported and spread in RF re-
gions has some similarities with analogue pro-
cedures developed by Russian authors but it
also has some differences [18-20]. A differ-
ence is a complex approach to analyzing so-
cial, economic, demographic, and epidemi-
ologic risk factors. Another difference is that
our examination involved assessing risks re-
lated to import and spread of an infection that
could be managed via immune prophylaxis.
Most previous research accomplished by Rus-
sian scientists focused on mapping and reveal-
ing “risk territories” regarding natural foci in-
fections and parasitic diseases that are endemic
in their essence [16]. The procedure has cer-
tain drawbacks as it assigns RF regions only
into three categories, with high, average and
low risks; it also has a rather generalized na-
ture as it is designed for an operating assess-
ment and developing preventive activities as
the federal level.

The results which we obtained can be ap-
plied as independent data in activities performed
by Rospotrebnadzor authorities and aimed at
developing targeted plans of preventive meas-
ures in administrative districts assigned into
“risky territories” category. Such activities can
be related to creating stocks of anti-measles vac-
cine and medications for treating the infection;
making laboratory support ready for clinical ex-

aminations; organizing workshops on epidemi-
ology and clinical issues regarding measles in
order to increase epidemiologic suspicion among
primary medical personnel.

It is also advisable and highly desirable to
add various criteria to the procedure and apply
it to perform rapid assessment of other epi-
demic (biological) risks as it was shown on the
example of wild poliomyelitis virus.

The next stage in developing this predic-
tion model will be an attempt to assess risks of
measles virus as well as other communicable
diseases being imported and spread in 2019
and to create an online service for rapid calcu-
lation and public use of this analytical model.

Conclusion. Significant migration flows
and insufficient vaccination against measles
both in Russia and abroad create a threat that
measles virus can be imported, spread across
the RF territory and then persist in the country.

When a risk assessment is applied in epi-
demiology, it involves developing a proce-
dure for examining and predicting an epide-
miologic situation that will allow determining
influence exerted on it by risk factors. Such a
procedure provides an opportunity to rank
problems as per their significance and mini-
mize or even eliminate risks completely. In
other words, to manage a risk means to moni-
tor and assess it and implement systems de-
signed for managing risks.
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PECULIARITIES OF TOXIC EFFECTS PRODUCED BY DIISONONYL PHTHALATE
AND REGULATION OVERIT IN POLYMER MATERIALS AND MEDICAL PRODUCTS

V.A. Hrynchak, S.I. Sychik
Scientific Practical Centre of Hygiene, 8 Akademicheskaya Str., Minsk, 220012, Belarus

We chose diisononyl phthalate as our experimental research object; this compound is an isononyl ester of phthalic
acid based on n-butene (CAS No. 28553-12-0).

Our research goal was to establish peculiarities and regularities related to toxic effects produced by diisononyl
phthalate on experimental animals’ bodies and give scientific substantiation for fixing its permissible quantities that could
migrate from polymer materials and medical products.

We accomplished our research applying a set of toxicological, physiological, hematologic, biochemical, immunologic, cy-
togenetic, morphological, organoleptic, sanitary-chemical, and statistical techniques. We were the first to establish peculiarities
of toxic impacts exerted by diisononyl phthalate after intragastric introduction into white rates. Those impacts were dose-
dependent toxic effects produced both on a whole body and specific organs and systems with typical disorders in functional and
morphological parameters, cell differentiation, and an increase in number of cells with changes in their genetic apparatus.

We revealed that overall toxic effects as well as specific damaging ones produced by diisononyl phthalate on the endo-
crine and reproductive systems in experimental animals’ bodies became apparent via functional disorders in the thyroid
gland and gonads, embryogenesis, and offspring post-natal development. A chronic experiment allowed us to determine
quantitative regularities and how toxic effects produced by diisononyl phthalate manifested themselves; so we were able to
determine limiting parameters and a biological marker as well as fix a threshold of its hazardous impacts on a body, and
substantiate fixing permissible quantities that could migrate from polymer materials and medical products. Our experiment
results gave grounds for creating a hygienic standard for diisononyl phthalate that provided hygienic assessment and safe
distribution of materials and medical products made of polymers that contained the compound.

Key words: diisononyl phthalate, plasticizer, toxicity, hazard, biological effects, laboratory animals, hygienic stan-
dard, medical products.

Modern policies in the sphere of chemical
safety are aimed at reducing health risks caused
by exposure to hazardous chemical factors;
given that, it becomes vital to accomplish rele-
vant primary prevention and to work out hygi-
enic standards for such substances [1,2].
A special attention should be given to issues
related to new polymer-based materials and
products made of them being safely applied in
medical practices [3]. Polyvinylchloride (PVC)
is a widely used material; to produce it, phtha-
late plasticizers (PPs), or phthalic acid ethers,

© Hrynchak V.A., Sychik S.I., 2020

are applied as they make products made of PVC
more elastic and flexible. When products made
of PVC are used, PPs migrate into media that
contact them hence there are no covalent bonds
between a plasticizer and polymer molecules.
Phthalates migration from medical products
(blood storage containers, transfusion systems,
tubes, catheters, etc.) is especially hazardous
due to their direct impacts on internal media in
a patient’s body' [4-7].

Over many years low-molecular PPs have
been used in polymer products manufacturing;
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the most widely spread ones were dioctyl
phthalate (DOP) and dibutyl phthalate (DBP).
Both these substances had high migration ca-
pacities [8, 9]. Multiple research results indi-
cate that the said phthalates produce apparent
toxic effects under long-term exposure and
they primarily damage the reproductive and
endocrine systems [10-14]. There are differ-
ences in state regulations over phthalates ap-
plication in different countries including use of
health risk assessment and scopes of permissi-
ble migration from products; DOP and DBP
are completely forbidden in certain countries
or their use is significantly limited.

Search for alternative PPs with improved
technological properties and low migration ca-
pacities resulted in wide use of new high-
molecular plasticizers; diisonyl phthalate (DIIP)
is one of them. It has two isomers (CAS No.
68515-48-0 and No. 28553-12-0). Data taken
from literature indicate that DIIP isomer
CAS No. 28553-12-0 has a more branching
carbon chain and is more widely used nowa-
days in manufacturing PVC and products made
of it. The substance doesn’t have a complete
toxicological profile; regularities related to its
dose-dependent toxic and specific effects pro-
duced on a body, specifically on the reproduc-
tive and endocrine systems, under long-term
exposure haven’t been studied; safe scopes of
its migration from medical products haven’t
been substantiated.

Our research goal was to establish pecu-
liarities and regularities of toxic effects pro-
duced by diisonyl phthalate on experimental
animals and scientifically substantiate a stan-
dard for permissible scopes of its migration
from polymer materials and medical products.

Data and methods. All the experiments
were performed according to methodical

guides™ on 3 types of experimental animals:
106 white mice weighing from 18 to 22 grams;
352 random-bred white rats weighing from
180 to 210 grams; and 5 white rabbits weigh-
ing from 4.2 to 4.5 kilos.

We determined DIIP toxicometric pa-
rameters in acute experiments under intragas-
tric, intraperitoneal, epicutaneous, and inhala-
tion introduction into experimental animals.
Capabilities to cumulate were examined in a
sub-chronic experiment on white rats when
DIIP was introduced into the stomach in doses
varying from 100.0 to 10,000.0 mg/kg for
60 days. A chronic experiment that lasted
6 months involved intragastric DIIP introduc-
tion into white rats in doses varying from 0.01
to 1,000.00 mg/kg.

All the experiments were accomplished in
full conformity with the European Convention
for the Protection of Vertebrae Animals used
for Experimental and other Scientific Purposes
(ETS No. 123) and Good Laboratory Practice
(GLP) rules. Laboratory animals were taken
out of experiments according to requirements
fixed in the Use of Research Animals (1997).

Impacts exerted by DIIP on the reproduc-
tive function were examined as per a proce-
dure developed by A.A. Dinerman [15]. We
applied sagittal sections technique developed
by W. Wilson and modified by A.P. Dyban [16]
to determine and examine anomalies in inter-
nal organs of white rats embryos. Any possible
irritating effects produced on undamaged skin
and eye mucous membranes as well as sensi-
tizing effects were examined according to the
Guide No. 1.1.11-12-35-2004. We applied
Ames test to estimate mutagenic activity [17].
Meta-phase analysis of chromosome aberra-
tions in bone marrow cells and spleen cells
was performed on mice’. We examined ge-

2 Guide 2.1.5.11-10-199-2003. Substantiation of hygienic standards for chemicals contents in water taken from wa-
ter objects used for communal and drinking water supply. Approved by the Order of the Belarus Chief Sanitary Inspector
on December 12, 2003 No. 160. The collection of sanitary rules and standards on drinking water supply. Minsk, 2005,

Part 2, pp. 120-167.

* Guide 1.1.11-12-35-2004. Requirements to accomplishing experimental research for primary toxicological assessment
and hygienic standardization of substances. Approved by the Belarus Public Healthcare Ministry on December 14, 2004. Minsk,

2004, 43 p.

* Guide 055-1215. How to determine mutagenic effects produced by chemical products (chemical substances and their
mixtures). Approved by the Order of the Belarus Chief Sanitary Inspector on August 30, 2016. E.S. Yurkevich eds. Minsk,
Theoretical and practical center for hygiene Publ., 2015, pp. 10-15.
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netic structures of white rats’ leucocytes in
sub-chronic and chronic experiments via mak-
ing smears as per a procedure developed by
J.N. Mills [18]. Organoleptic and sanitary-
chemical parameters applied for determining
limiting hazard properties were examined ac-
cording to the Guide’.

All the obtained data were statistically
processed with conventional analysis techniques
applying MS Excel and STATISTICA 10 soft-
ware. Discrepancies between experiment and
control groups were taken as statistically signifi-
cant at p<0.05.

Experimental data on DIIP toxic proper-
ties can be applied when establishing safety
parameters as per acceptable health risk.

Results and discussion. We didn’t regis-
ter any intoxication and deaths among experi-
mental animals in acute experiments involving
intragastric DIIP introduction into animals of
both sexes in maximum possible doses. The
same results were obtained when DIIP was
either applied on skin or introduced intraperi-
toneally. We didn’t establish any potential
hazards caused by inhalation exposure and
subsequent acute intoxication in experiments
on mice due to low volatility of the substance.
We couldn’t calculate average lethal doses and
concentrations due to absence of any deaths in
the above mentioned experiments (Table).

We didn’t reveal any irritating effects
produced on undamaged skin and eye mucous
membranes of laboratory animals after a single
epicutaneous exposure to DIIP. We also didn’t
detect any sensitizing effects produced by
DIIP in experiments that modeled delayed hy-
persensitivity in white mice.

In another experiment DIIP was repeat-
edly introduced intragastrically into white rats
in doses equal to 10,000.00, 1,000.00, and
100.0 mg/kg; the substance didn’t have any
apparent cumulative properties that could be
equal to lethal effects but exerted general toxic
polytropic impacts. Disorders in the nervous

Table
Acute DIIP toxicity
Parameters Animal| - Dose, Classification
type | mg/kg
Average lethal rats
dose pqder intra- . ~5.000.0
gastric introduc- | mice IV hazard
tion category
dAveraged lethal low hazard®
oS¢ undet rats  |>2,500.0
epicutaneous
introduction
Average lethal rats VI toxicity
dose qnder in- . >3.000.0 category,
traperitoneal in- | mice relatively
troduction harmless [19]

system became apparent via changes in mo-
tor activity of laboratory animals: there was
2.9 times decrease in a parameter called
“passing through sectors” after exposure to
10,000.00 mg/kg of DIIP, but the parameter grew
by 1.8 times under exposure to 100.00 mg/kg
(p<0.05). We analyzed parameters of experi-
mental rats’ peripheral blood under exposure
to 10,000.0 mg/kg and revealed signs of iron-
deficiency anemia, namely, erythropenia, de-
creased haematocrit contents, lower erythro-
cytes volumes, lower hemoglobin concentra-
tion and contents in an erythrocyte. There was
also a statistically significant 3.0 times de-
crease in iron contents in blood serum under
exposure to the maximum dose and 2.4 times
decrease after the dose was 10 times lower
against the control group.

We revealed some disorders in the mineral
metabolism in a sub-chronic experiment when
DIIP was introduced into rats in doses equal to
10,000.0 and 1,000.0 mg/kg; there was 1.2—1.4
times decrease in calcium contents in blood se-
rum (p<0.05) due to its 5.2-8.6 times more in-
tense excretion with urine (p<0.05) against the
control group. Phosphor contents, on the con-
trary, grew by 30.6-33.3 % (p<0.05) as its ex-
cretion with urine went down by 2.3-9.1 times

3 Guide 1.1.10-12-41-2006. Hygienic assessment of medical products, medical appliances and materials used in their
manufacturing / Approved by the Order of the Belarus Chief Sanitary Inspector on November 22, 2006 No. 155. The collection
of regulatory documents on toxicology. Minsk, 2007, part. 3, pp. 27-93.

$GOST 12.1.007-76. Hazardous substances. Classification and overall safety requirement (Introduced on January 01,

1977). Minsk, BelGISS Publ., 2008, 8 p.
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against the control group (p<0.05) after expo-
sure to all experimental doses.

There were also disorders in kidney func-
tions after repeated exposure to DIIP in the
above mentioned doses; it became obvious due
to a statistically significant 1.9-3.9 times
growth in diuresis in the test groups together
with a decrease in uric acid contents (by
2.5-4.2 times), urea (by 1.5-2.1 times), and
creatinine (by 2.0-3.1 times) against the control
group. After exposure to DIIP in a dose equal to
10,000.00 mg/kg we revealed a 1.2 times de-
crease in kidneys volume in animals from the
test group (p<0.05) and a 1.7 times increase in
excretion of magnesium with urine (p<0.05)
against the control group. All the above men-
tioned changes were accompanies with struc-
tural disorders in the kidneys, in particular,
dystrophy and inflammation.

We analyzed enzyme activity of white
rats’ blood serum after DIIP doses were intro-
duced into them and statistically processed the
results; it allowed us to reveal that gamma-
glutamyl transpeptidase contents grew by
12.5-17.6 % (p<0.05), asparagine aminotrans-
ferase contents went down by 1.5 times, and
a-amylase contents grew by 1.4 times against
the control group at p<0.05.

We performed morphologic examinations
of experimental rats’ livers and revealed dys-
trophic changes in hepatocytes, interstitial hepa-
titis signs, and a 1.2-1.6 times increase in the
organ volume (p<0.05) under exposure to DIIP
in doses equal to 10,000.0 and 1,000.0 mg/kg.
Functional disorders in the spleen became obvi-
ous via hyperplasia of lymphoid follicles in
white pulp, hyperemia, and reactive proliferation
of red pulp together wuth 1.4 times growth in the
organ volume (p<0.05) against the control
group. Signs of gastritis and interstitial pan-
creatitis were also morphologically revealed in
animals from the test group.

We analyzed hormonal state of experi-
mental animals under sub-chronic oral expo-
sure to DIIP in doses ranging from 10,000.00
to 100.0 ms/kg and didn’t reveal any statisti-
cally significant changes. However, morphol-
ogic and morphometric examinations revealed
a dose-dependent decrease in the diameter of
the thyroid gland follicles that was 1.3-2.3 times
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smaller (p<0.05) and there were signs of diffuse
toxic goiter and hyperplasia of the adrenal cortex
as it became 1.3—1.8 times thicker (p<0.05).

We performed cytogenetic analysis of ex-
perimental rats’ peripheral blood after a sub-
chronic experiment was over; the analysis re-
vealed there was an increase in number of leu-
cocytes with morphological signs of necrotic
death; this number was 5.1-6.1 times higher
than in animals from the control group
(p<0.05) after exposure to DIIP in doses equal
to 10,000.0 and 1,000.0 mg/kg.

We performed a 180-day experiment on
white rats (6 test groups and 1 control group)
that involved intragastric DIIP introduction in
doses ranging from 0.01 to 1,000.0 mg/kg;
there were no external evidence of intoxication
or any behavioral disorders during the experi-
ment. As the experiment was over, we re-
vealed toxic effects produced by DIIP that had
poly-systemic nature; their evidence depended
on introduced doses. Thus, after exposure to
doses varying from 1,000.0 to 1.0 mg/kg, ex-
perimental rats had statistically significant
changes in their peripheral blood: leucopenia;
lymphocytes contents decreased by 1.5-2.0
times; monocytes, 1.3—1.4 times; granulocytes,
1.5-1.6 times; average hemoglobin concentra-
tion in erythrocytes went down by 5.0-5.8 %;
average thrombocytes volume, by 7.9-13.3 %;
thrombocytosis occurred after exposure to a
dose equal to 1,000.0 mg/kg.

Exposure to DIIP in doses ranging from
1,000.0 to 0.1 mg/kg resulted in renal toxic
effects that became obvious via lower iron ex-
cretion with urine, glycosuria occurrence, and
morphological changes in the kidneys such as
dystrophy of proximal tubules epithelium with
interstitial nephritis signs. Special attention
should be paid to more intense excretion of
magnesium from a body as its contents was
2.0-3.3 times higher in urine of animals from
all the test groups (p<0.05) against the control
group after exposure to all the experimental
doses varying from 1,000.0 to 0.01 mg/kg.

We analyzed biochemical parameters of
experimental animals’ blood serum under ex-
posure to DIIP in doses varying from 1,000.0
to 10.0 mg/kg and revealed a statistically sig-
nificant 2.1-5.4 times decrease in iron contents
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and 1.2-1.4 times decrease in phosphor contents
together with 2.0 times increase in calcium con-
tents against the control group at p<0.05.

DIIP produced obvious toxic effects on
the liver in doses equal to 1,000.0 and 100.0
mg/kg as the organ became smaller in its size
by 19.1 and 15.8 % (p<0.05), contents of high
density lipoproteins went down by 7.1 and
8.3 % accordingly (p<0.05), and urea contents
grew by 1.2 times (p<0.05); there were also
signs of interstitial hepatitis and dystrophic
changes in hepatocytes.

As for hormonal state of white rats after ex-
posure to DIIP in doses varying from 1,000.0 to
1.0 mg/kg, the most apparent changes were re-
vealed in contents of thyroxin and thyrotrophic
hormone in blood serum as they increased by
2.1-3.3 times and 1.8-2.5 times accordingly
against the control group (p<0.05). An increase
in free thyroxin contents was statistically signifi-
cant only after exposure to doses equal to
10.0 mg/kg and higher; free triiodothyronine,
after exposure to a dose equal to 1,000.0 mg/kg.
Pathomorphological disorders were revealed in
the thyroid gland of experimental animals after
exposure to DIIP in doses varying from 1,000.0
to 1.0 mg/kg; they were an increase in follicles
size and changes in their epithelium. There were
no such changes after exposure to smaller doses.

Anti-androgenic effects produced by DIIP
in doses varying from 1,000.0 to 1.0 mg/kg
became apparent via an authentic 2.6-3.9 time
decrease in testosterone contents in blood se-
rum of experimental animals and an ascending
trend in contents of progesterone, estradiol,
lutropin, and collicle-stimulating hormones
(p>0.05) against the control group.

We didn’t detect any changes in contents
of hydrocortisone and dehydroepiandrosterone
(adrenal cortex hormones) in blood serum of
experimental animals. Morphometric examina-
tions revealed that adrenal cortex increased by
3.0-3.8 times in experimental animals (p<0.05)
and the organ volume grew by 1.6 times under
exposure to DIIP in a dose equal to 1,000.0
mg/kg at p<0.05. We didn’t reveal any changes
in hormonal state of white rats under multiple
exposure to DIIP in a dose equal to 0.1 mg/kg
and it allows us to consider this dose as a non-
effective one as per a specific sign.
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We didn’t reveal any disorders in non-
specific humoral immunity as per contents of
complement components (C3, C4) and immu-
noglobulins A, G, and M in blood serum of
white rats after DIIP introduction in all series
of experiment.

We performed morphological examinations
of the gastric mucosa and pancreas mucosa of
rats under exposure to DIIP in doses varying
from 1,000.0 to 1.0 mg/kg and revealed reactive
hyperplasia in the gastric epithelium and chronic
gastritis occurrence with progressive 1.2-1.4
times growth in thickness of multi-layer pave-
ment epithelium of the gastric mucosa (p<0.05);
we also detected signs of interstitial pancreatitis
with Langerhans cells hyperplasia.

We performed cytogenetic analysis of
leukocytes taken from blood of experimental
animals after a chronic experiment was over
and established that DIIP in doses varying
from 1,000.0 to 1.0 mg/kg was able to produce
damaging effects on genetic structures such as
enhanced cellular proliferation with simulta-
neous growth in numbers of micronucleuses
and cells with necrosis signs and a decrease in
contents of young forms.

Consequently, the results obtained via
complex clinical-biological, morphological,
morphometric and cytogenetic research indi-
cate that DIIP doses which vary from 1,000.0
to 0.1 mg/kg and are intragastrically intro-
duced in chronic experiments produce general
toxic effects on a body. A dose equal to 0.01
mg/kg can be taken as chronic exposure
threshold and its limiting parameter is a
nephrotoxic effect related to excretion of mag-
nesium with urine (a biological marker). Toxic
effects produced on the endocrine system were
revealed under exposure to DIIP when it was
introduced into experimental animals in a dose
which was 100 times higher than the chronic
exposure threshold.

Experimental study of remote effects pro-
duced by exposure to DIIP on a body involved
examining reproductive toxicity (embryotropic,
teratogenic, and gonadotropic effects) as well as
occurrence of mutagenic and cytotoxic properties.

Exposure to DIIP after intragastric intro-
duction in a dose equal to 10,000.0 mg/kg dur-
ing pregnancy resulted in statistically signifi-
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cant 3.5 times growth in overall embryonic and
post-implantation mortality (up to 29 %) and oc-
currence of multiple (combined) malformations.

When introduced DIIP doses were reduced
to 100.0 mg/kg, there was also a decrease in
quantity of embryonic malformations (micro-
phthalmia in 4.8 %); there were no such malfor-
mations when doses went down to 10.0 mg/kg.

We observed post-natal development of
offspring born by female white rats that had
been exposed to DIIP in a dose equal to
10,000.0 mg/kg during pregnancy; mortality
among infants rats grew by 22.7 % (p<0.05).
We also examined hormonal state of male off-
spring on the 60™ day of the experiment after
exposure to DIIP in doses equal to 1,000.0 and
100.0 mg/kg and revealed functional disorders
in the thyroid gland and gonads. Those disor-
ders became apparent via a growth in crude
thyroxin contents (by 2.0 and 2.3 times,
p<0.05) and thyrotrophic hormone (by 2.1 and
2.3 times, p<0.05) in blood serum as well as a
decrease in testosterone concentration (by 2.3
and 2.9 times, p<0.05) accordingly against the
control. But still, there were no significant
changes in morphofucntional parameters of
male rats’ gonads (volumes of testicles and
appendages, overall sperm concentration, mo-
tile and immotile sperm concentration, average
velocity of motile sperm) [20, 21].

We didn’t detect any functional disorders in
pubescent male white rats in experiments involv-
ing research on effects produced on gonads after
2-month intragastric DIIP introduction in doses
varying from 10,000.0 to 100.0 mg/kg. However,
morphological research on testicles performed
after 60-daty exposure revealed a decrease in
spermatogenesis of experimental rats and reduced
sizes of testicular tubules together with reduced
number of layers and cellularity. At the same time
spermatogenesis ended with spermatocides and
spermatids. The same changes were detected
when exposure to DIIP in doses varying from
1,000.0 to 1.0 mg/kg was extended to 6 months.
Under exposure to the maximum experimental
dose a number of mature sperm in testicular tu-
bules of experimental animals went down by
5.4 times (p<0.05) against the control group.

Consequently, experiments allowed estab-
lishing that there was a cause-and-effect relation
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between reproductive function disorders in white
rats under exposure to DIIP and introduced
doses, 0.1 mg/kg being the non-effective one.

We estimated mutagenic effects produced
by DIIP with Ames test on Salmonella typhi-
murium strains TA 98, TA 100, TA 1535, TA 97,
and T4 102 in concentrations equal to 0.3, 0.6,
13., 2.5, and 5.0 mg/ml with metabolic activa-
tion and without it; the results indicated there
were no such effects. We analyzed cytogenetic
specimen of the bone marrow and spleen after
24 hours had passed from a single intraperito-
neal introduction of DIIP into white mice in a
dose equal to 2,000.0 mg/kg; we didn’t reveal
any increase in chromosome aberrations. We
also didn’t establish any discrepancies be-
tween the test and control groups as per quan-
tity of cells with apoptosis signs (interphase
death) and polyploids in the bone marrow.
However, spleens of white mice from the test
groups contained a statistically 5.0 times lower
number of cells with apoptosis signs and
4.0 times higher number of polyploids against
the control group (p<0.05).

Therefore, DIIP didn’t produce any
mutagenic effects as per number of chromo-
some aberrations after a single intraperitoneal
introduction into white mice; still, the sub-
stance caused changes in division, differentia-
tion, and death of cells in the spleen. It can
possibly occur due to active proliferating cells
in a body of a warm-blooded animal, including
embryonic ones, being most susceptible to cy-
totoxic effects produced by DIIP. It can be a
possible mechanism of embryotoxic (terato-
genic) effects produced by DIIP. Impacts on
the reproductive and endocrine systems re-
vealed in our experiments are secondary in
their nature and occur due to damaging effects
produced by DIIP on a body as a result of
structural and functional changes in cells.

Permissible DIIP migration into model
media (distilled water) is a parameter that de-
termines safety of polymer-based materials
and medical products. A safe standard was
calculated according to methodical approaches
on substantiating hygienic standards for
chemicals contents in water with determining a
limiting hazard criterion as per organoleptic,
overall sanitary, and toxicological parameters.
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We examined impacts exerted by DIIP on
standardized organoleptic and overall sanitary
water parameters under its maximum attainable
concentration in water that was equal to
0.6 mg/dm’. We didn’t reveal any impacts ex-
erted by DIIP in this concentration on such wa-
ter parameters as smell, taste, turbidity, color,
foaming, permanganate oxidability, susceptibil-
ity to being bromated, and some others. There-
fore, the tested concentration was non-effective.

At the same time, a threshold dose equal
to 0.01 mg/kg was established in a chronic ex-
periment on white rats that involved examin-
ing toxic effects produced by DIIP under in-
tragastric introduction as per a limiting pa-
rameter related to nephrotoxic impacts.

Maximum non-effective concentration cal-
culated as per toxic hazard criterion amounted to
0.02 mg/dm’ taking into account safety coeffi-
cient equal to 10, average human body weight,
and a volume of daily water consumption. How-
ever, it seems impossible to determine this DIIP
concentration in model media as contemporary
techniques for control over its contents have sen-
sitivity equal to 0.05 mg/dm’’. Bearing that in
mind, a standard for permissible DIIP migration
was substantiated and fixed; it contained a “non-
permissible” value (<0.05 mg/dm’) and it en-
sures sanitary-hygienic control and safe use of
polymer-based materials and medical products
that contain DIIP.

Conclusions. Complex toxicological and
hygienic research allowed obtaining complete
toxicological assessment of DIIP in acute, sub-
chronic, and chronic experiments under intra-
gastric introduction into experimental animals.
We determined polytropic nature of overall
toxic dose-dependent effects produced by DIIP
on organs and tissues and specific damaging
effects produced on the endocrine and repro-
ductive systems of experimental animals.
Chronic experiments allowed revealing quanti-
tative regularities and specific features of toxic
effects produced by DIIP; they also allowed
establishing a nephrotoxic limiting parameter
and biological markers of leading adverse im-
pacts exerted by DIIP on a body. We took a
toxicity criterion for substantiating and fixing
a standard for permissible DIIP migration from
polymer materials that could ensure relevant
hygienic assessment and safe use of polymer-
based materials containing DIIP and medical
products made of such materials.

Revealed peculiarities and regularities of
toxic effects produced by DIIP can be applied
to determine reference safe contents and con-
centrations as per acceptable health risk criteria.
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TNF GENE POLYMORPHISM AS A RISK FACTOR THAT CAN CAUSE
ARTERIAL HYPERTENSION IN PATIENTS SUFFERING
FROM GASTROESOPHAGEAL REFLUX DISEASE

o.V. Khlynoval, E.A. Shishkinal, V. Sakhenal, A.V. Krivtsovz,
G.N. Spasenkov’, N.I. Abgaryan’

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

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

3Cardiologic Clinic, 8 Sibirskaya Str., Perm, 614002, Russian Federation

Comorbidity of arterial hypertension (AH) and gastroesophageal reflux disease (GERD) is widely spread (from 20.6 %
to 29 %), despite that fact, risk factors that can cause AH in patients suffering from GERD have still not been examined
completely. Experts are discussing a role played by anti-inflammation cytokine of tumor necrosis factor alpha (TNFa) both
in AH occurrence and GERD pathogenesis as it is its activity that is to a great extent determined by a patient having certain
alleles of tumor necrosis factor (TNF) gene. Therefore, it seems vital to study TNF gene G3084 polymorphism in patients
with combined AH and GERD.

Our research goal was to study frequency and variants of TNF gene G3084 polymorphism relations with AH risk and
AH phenotypic peculiarities in patients suffering from GERD.

We examined 58 people who had AH (29 patients with isolated AH, average age being 53 [46; 62], and 29 patients
with combined AH and GERD, average age being 56 [51; 59]). Patients from both groups were comparable in terms of sex,
age, and examined factors of cardiovascular diseases risks. We applied allele-specific polymerase reaction with test systems
produced by “Sintol” LLC (Moscow) to determine G3084 (rs1800629) polymorphism of TNF gene. To assess relations be-
tween alleles and genotypes and disease risks, we calculated odds ratio (OR) with 95 % confidence interval (CI).

We revealed a relation between G308A4 polymorph marker of TNF gene and systolic blood pressure and disorders in
tolerance to dextrose among patients with comorbid AH and GERD. Patients with combined AH and GERD had unfavorable
allele A and G/A genotype authentically more frequently (OR 5.14; 95 % CI — 1.06-24.95; p = 0.03, OR 6.08; 95 % CI —
1.18-31.25; p = 0.02 accordingly).

We showed that G308A polymorphism was related to AH occurrence in patients suffering from GERD. These data con-
firm that endothelial dysfunction plays a significant role in AH pathogenesis among such patients.

Key words: arterial hypertension, gastroesophageal reflux disease, comorbidity, endothelial dysfunction, risk factor,
genetic polymorphism, TNF gene, arterial hypertension phenotype.

Over the last decades arterial hyperten- in 39—40 % population of the Russian Federa-
sion (AH) has been a most widely spread and tion [2]. Today more and more patients with
socially significant cardiovascular disease [1]. AH have one or more associated diseases and
As per data obtained via epidemiologic re- comorbidity and poly-morbidity tend to grow
search high blood pressure (BP) is registered among older patients. Concomitant pathology
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determines variability of clinical symptoms
that a basic pathology might have, influences
prediction and life quality of a patient and in
some cases makes it necessary to change
therapeutic tactics in treating a patient [3].
Cases in which AH combines with pancreatic
diabetes, ischemic heart disease, or chronic
kidney failure have been studied in detail and
given pathogenetic substantiation. But still, an
issue related to comorbid pathology regarding
AH and other socially significant diseases,
gastric ones in particular, is becoming truly
vital at the moment.

Gastroesophageal reflux disease (GERD)
is among the most frequent pathologies occur-
ring in the gastroduodenal area; it is widely
spread (up to 60 %) among adult population in
the RF. Results of a multicenter trial «Epide-
miology of Gastroesophageal Reflux Disease
in Russia» [4] indicate that 61.7 % men and
63.6 % women in Russian have heartburn that
is the primary GERD symptom. According to
foreign researchers, AH prevalence among pa-
tients suffering from GERD varies from
20.6 % t0 29 % [5].

The above data allow considering AH and
GERD comorbidity being quite possible; fre-
quent combination of the said nosologies al-
lows assuming there is a specific pathogenetic
regularity in their associated clinical course.

Apart from traditional risk factors that
cause AH and GERD occurrence and develop-
ment, a lot of attention is given to a pathoge-
netic role played by inflammatory mediators;
another issue under discussion is a relation be-
tween anti-inflammatory cytokines and endo-
thelial dysfunction occurrence together with
vascular walls becoming more rigid [6, 7].

Tumor necrosis factor alpha (TNFa) is a
multifunctional anti-inflammatory cytokine
that participates in regulating a wide range of
biological processes; its activity to a great ex-
tent depends on carrying specific alleles of
tumor necrosis factor (7NF) gene.

Therefore, TNF gene can be examined
among candidate genes that can take part in
AH occurrence among patients with GERD; it
can be interesting from a practical point of
view to examine polymorphism of the said
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gene in patients who suffer from combined
AH and GERD.

All the above mentioned determined the
research goal that was to examine prevalence
and variants of a relation between G308A
polymorphism in 7NF gene and a risk of AH
occurrence among patients suffering from
GERD as well as phenotypic peculiarities of
the disease.

Data and methods. Overall, 58 patients
with AH took part in the research; 29 patients
(the test group) also suffered from GERD. The
reference group was made up of 29 patients
who had only AH. All the patients were com-
parable in terms of their sex, age, and duration
of the main disease. The examination was per-
formed in the Cardiology and Prevention De-
partment of the Regional Cardiologic Clinic
(Perm). All the patients gave their written in-
formed consent to take part in the examination.
The research was also granted permission by
the local ethical committee of the E.A. Vag-
ner’s Perm State Medical University (Protocol
no. 8, October 02, 2018).

There were certain criteria for a patient to
be excluded from the research; they were AH
being only a secondary disease; cardiac infarc-
tion in a case history or exertion angina higher
than II category; pancreatic diabetes; chronic
kidney failure higher than C3a stage; hepatic
failure; chronic heart failure higher than IIA
category as per New York Cardiology Associ-
ates classification; malignant neoplasms of any
localization; absence of a written informed
consent to take part in the research.

AH was diagnosed according to recom-
mendations on AH given by the Russian
Medical Society for Arterial Hypertension (the
4™ edition) [8]. To initially screen GERD, we
applied GerdQ questionnaire (method sensitiv-
ity is 91.7 %; method specificity, 65.4 %)
which allowed diagnosing GERD during an
initial contact with a patient [9]. Later on
GERD was confirmed according to the up-to-
date clinical guidelines given by the Russian
gastroenterological association [10].

Laboratory and instrumental examination
of patients was performed in conformity with
the standard for providing medical and sani-
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tary aid to patients with primary AH (supple-
ment to the RF Public Healthcare Ministry
Order No. 708n issued on November 09,
2012). Additionally all the patients had their
blood pressure monitored for 24 hours unin-
terruptedly with devices produced by BPLab
(Russia) prior to any anti-hypertension ther-
apy was prescribed.

A smear from a cheek mucosa was taken
from each participant in the examination; it
was done with a dry sterile probe with a cotton
pellet. Then, allele-specific polymerase chain
reaction with the use of test systems produced
by “Syntol” LLC (Moscow) was applied to
determine G 308A (rs1800629) polymorphism
in tumor necrosis factor (7NF) gene.

The results were statistically processed
with certified computer software. All the ob-
tained data were given as Me (25; 75) where
Me was a median, 25 and 75 were 25" and 75"
percentiles. Non-parametric values were com-
pared with Mann-Whitney test. To statistically
analyze how frequencies of alleles and geno-
types were distributed, we applied contingency
tables with calculating y*. Discrepancies were
considered authentic at p<0.05. To assess a
relation between alleles and genotypes and a
risk of the diseases occurrence, we calculated
odds ratio (OR) with 95 % confidence interval
(CI). Conformity of genotypes frequencies dis-
tribution with Hardy-Weinberg principle was

determined with a specific software package
called “Calculator for calculating statistics in
case-control studies”.

Results and discussion. It was a simple
open comparative study. Median age of patients
from the test group was 56 (51; 59); in the ref-
erence group, 53 (46; 62) (p =0.392). Men pre-
vailed in both groups (82 % and 79 % accord-
ingly). Patients were comparable as per their
body mass index (BMI), smoking status, and
AH duration (p=0.733). Patients with the II
stage increase in blood pressure prevailed in
both groups (51.21 % among patients with AH
only and 55.55 % among patients with AH and
GERD combined), II stage AH (56.09 % and
59.25 %), the 3™ risk degree (48.14% and
43.9 %) accordingly. Having examined G308A
polymorphism, we determined that G/G and
G/A  genotypes prevalence amounted to
77.94 % and 22.05 % accordingly among pa-
tients with AH, frequencies distribution didn’t
deviate from Hardy-Weinberg principle
(x* =0.79, p=0.37). These results are well in
line with data obtained by other researchers and
don’t have any significant discrepancies from
distribution of genotypes in most European
populations [11, 12].

Table contains data on frequency of
G308A polymorph marker genotypes in TNF
gene among patients suffering from AH only
and AH combined with GERD.

Table

Distribution of -308GA (rs1800629) polymorph marker frequent alleles and genotypes
in TNF gene among patients from the test and reference group (multiplicative and
additive inheritance model) chi-square test, df = 1

. Distribution of alleles and genotypes
Tumor necrosis factor .
alpha gene (TNF) frequencies 2 P OR
Allcles and genotypes The test group The reference
(AH and GERD) n =29 | group (AH) n=29 value CI
G 49 (84.5 %) 56 (96.6 %) 4.92 | 0.03* | 0.19 ]0.04-0.94
A 9 (15.5 %) 2 (3.4 %) 5.14 ]1.06-24.95
G/G 20 (69 %) 27 (93.1 %) 0.16 |0.03-0.85
G/A 9 (31 %) 2 (6.9 %) 55 10.02% | 6.08 [1.18-31.25
A/A 0 0 1.0 10.02-52.10

Note: TNF is tumor necrosis factor alpha gene;
AH is arterial hypertension;

GERD is gastroesophageal reflux disease;

OR is odds ratio;

* means significance of discrepancies.
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Mutant allele A in TNF gene was deter-
mined in 15.5 % cases among patients who
suffered form both AH and GERD; in 3.4 %
cases, among patients who had AH only.
Therefore, adverse allele A prevailed among
patients with AH and GERD combined
(OR 5.14; 959% CI 1.06-24.95; p=10.03).
Prevalence of G/A heterozygotes among al-
lele A carriers was also authentically higher
among patients with comorbid AH and GERD
(OR 6.08; 95% CI 1.18-31.25; p=0.02)
(Figure). We didn’t reveal patients with A/A
genotype in either group.

%
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80 4---
70 $---
60 dhand
50 +---
40 -
30 {---
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10 1--

0

Aallele

G allele

GG genotype GA genotype

B AH only M AH combined with GERD

Note: TNF is tumor necrosis factor alpha gene;
OR is odds ratio;
* means significance of discrepancies

Figure. Frequency of G308A polymorph marker
alleles and genotypes in TNF gene among patients
with AH and AH and GERD combined

The next stage in our research was a
search for possible relations between G308A
genotype in TNF gene and clinical peculiari-
ties and risk factors that could cause AH in the
examined groups.

We didn’t establish any relations between
TNF gene G308A polymorphism and BMI,
lipid metabolism, TNF and C-reactive protein
contents in plasma, or echocardiographic pa-
rameters. At the same time, we revealed a rela-
tion between minor allele A and possible dis-
orders in carbohydrate metabolism. Heterozy-
gote genotype G/A in TNF gene was higher
(27.6 %) among patients with combined AH
and GERD and abnormal glycemia on an
empty stomach (dextrose contents in blood
plasma is 6.1-6.9 mmol/l) than among people
with normal glycemia (6.7 %, p=0.03). G/A
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genotype carriers among patients with com-
bined pathologies ran 5 times higher risk of
increased dextrose contents than their counter-
parts with G/G genotype (OR 5.33; 95%
CI 1.02-27.76; p = 0.03). We didn’t reveal any
similar discrepancies among patients who suf-
fered only from AH. Despite the fact that pa-
tients from both groups were comparable as
per an increase in their blood pressure and pre-
scribed medications, we revealed a relation
between minor allele A in 7NF gene and a
possibility of AH developing into severe one
(as per systolic AH). A risk of systolic blood
pressure rising higher than 150 mmHg was
almost 4 times higher among G/A genotype
carriers than those with G/G genotype (OR
3.92, CI 0.97-15.90; p =0.04) among patients
with combined AH and GERD. We didn’t re-
veal any similar discrepancies among patients
who suffered from AH only.

TNF gene is mapped on a shirt arm of the
6th chromosome (6r21.33) and belongs to a
locus of genes in the basic histocompatibility
complex. There are established relations be-
tween TNF gene polymorphism and pancre-
atic diabetes occurrence, insulin resistance
[13, 14], respiratory organs diseases, athero-
sclerosis [15, 16], and oncologic diseases.
There is also an established relation between
a polymorph variant of G308A in TNF gene
and an elevated risk of acute coronary syn-
drome and high risks of adverse coronary
outcomes after a cardiac infarction [17]. Sev-
eral research works dwelled on determining
precisely what relation existed between
G308A polymorphism and AH development.
A meta-analysis that included 2,224 works
[12] revealed a relation between carrying al-
lele A of polymorph G308A variant and an
elevated risk of AH occurrence (OR 1.45).
The same research indicated that a relation
with AH was 2 times stronger for AA geno-
type in TNF gene (OR 3.454).

A role played by TNF gene polymor-
phism in diseases occurring in the gastroduo-
denal area has also been proven. Foreign re-
searchers are now discussing a role played by
G308A polymorphism in occurrence of ero-
sive reflux-esophagitis and esophagus cancer;
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however, results obtained by them are still
contradictory and require further investigation
in the area [18, 19].

Allele variants of TNF gene are known to
regulate TNF expression. A role played by
TNF-a in cardiovascular pathology occurrence
is undisputable. There is evidence that TNF-o
contents in blood plasma go up proportionate
to blood pressure. There are also data in litera-
ture on a predictor role played by TNF-a in
GERD and Barrett’s esophagus development
as per long-term research data [20]. It was es-
tablished that when metaplasia progresses,
TNF-a expression grows in epithelial cells in
the esophagus [21].

An increase in TNFa contents produces
an instant cytotoxic effect easing off degranu-
lation of neutrophilic granulocytes and induc-
ing lipid peroxidation. It results in structural
integrity of endothelial cells being violated and
their functions being disrupted; a decrease in
vasodilators synthesis and release; an increase
in endothelin-1 and angiotensinogen produc-
tion. All this makes for endothelial dysfunc-
tion occurrence [22].

We didn’t reveal any relations between
G308A polymorphism in TNF gene and
TNF-a activity in blood plasma in our re-
search; it can be due to its low concentration
in the examined patients (0.085 (0; 0.525)
pg/ml). But we were the first to attempt to
reveal a relation between G308A polymor-
phism and a risk of AH occurrence in patients
suffering from GERD. The obtained data in-
dicate that AH occurrence in patients with
GERD is to a certain extent determined by a
patient carrying G/A genotype in TNF' gene.
It is quite possible to assume that endothelial
dysfunction in patients with GERD occurring

due to impacts exerted by G308A polymor-
phism can be a pathogenetic mechanism that
induces AH in such patients. Though, we es-
tablished relations between polymorphism
and systolic blood pressure and carbohydrate
metabolism disorders in patients with com-
bined AH and GERD; it allows us to assume
that G308A polymorphism in 7NF gene in-
fluences clinical and metabolic peculiarities
of AH in such patients.

Conclusion. Given high prevalence of
comorbid AH and GERD, it is rather necessary
to further search for any relations between mo-
lecular-genetic mechanisms of AH occurrence
in patients with both pathologies combined.
The results of the present work supplement
already existing data on AH and GERD co-
morbidity and highlight a significant role
played by endothelial dysfunction in patho-
genesis of the said nosologies. Allele A in
TNF gene (G308A) in a form of G/A het-
erozygote allows considering this genotype an
additional marker of specific AH phenotype
occurring in patients with GERD. Genetic pro-
file determination can be additionally applied
when patients with GERD are screened in or-
der to reveal those running elevated AH risks
among them. The results presented in this
work not only allow enhancing an insight into
a genetic component in AH occurrence among
patients with GERD but also give grounds for
working out prevention programs aimed at re-
ducing cardiovascular risks among patients
suffering from GERD.
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ECONOMIC LOSSES DUE TO ONCOLOGIC DISEASES RELATED
TO MODIFIABLE RISK FACTORS

A.V. Kontsevaya, Yu.A. Balanova, A.O. Myrzamatova,
M.B. Khudyakov, D.K. Mukaneeva, O.M. Drapkina

National Medical Research Center for Preventive Medicine, Bld. 10, Petroverigskiy lane, Moscow, 101990,
Russian Federation

As per data provided by the WHO, about one third of death cases due to cancer are caused by risk factors that can be
modified. Also, according to data provided by several authors, 4 modifiable risk factors cause 70% of malignant neoplasm
cases that could have been prevented. Malignant neoplasms occupy the 2" rank place in mortality structure in the Russian
Federation. A significant share of analyzed malignant neoplasms can potentially be prevented provided that risk factors are
corrected, therefore, investments into prevention should be a core in any activity aimed at public health improvement.

Our goal was to evaluate economic losses that occurred due to most common oncologic diseases related to behavioral
risk factors among population in Russia in 2016 (including costs borne by the public healthcare and losses in the economy).

Our analysis comprised direct expenses borne by the public healthcare or, in other words, money spent on oncologic
diseases treatment, direct funds allocated to pay disability allowances and temporary disability payments as well as indirect
losses in the economy associated with untimely deaths and disability among employable population.

Aggregated economic losses that occurred due to 10 most common malignant neoplasms included into our analysis
amounted to 241.3 billion rubles or 0.3% of the country GDP in 2016. Direct expenses accounted for 71.7% of the total
losses while GDP losses caused by untimely deaths and disability amounted to 28.3%. The highest direct expenses borne by
the public healthcare were due to colorectal cancer (52 billion rubles) and cancer in the trachea, bronchial tubes, and lungs
(50 billion rubles).

Our data indicate it is necessary to invest into oncologic diseases prevention and treatment. These investments can
produce a significant economic effect in long-term period thus making for economic growth.

Key words: economic losses, risk factors, oncologic diseases, public healthcare, expenses, economic losses, direct
costs, indirect costs.

Malignant neoplasms (MNs) take the 2nd
rank place in the structure of mortality in the
RF [1]. In 2017 in the RF a number of MNs
cases exceeded 600 thousand for the first
time [2] and the overall number of diagnosed
MNs is growing each year. But at the same time

as per data provided by the World Health Or-
ganization (WHO) [3], approximately one third
of all death cases due to cancer are caused by
5 primary risk factors. These factors are high
body mass index, fruit and vegetables con-
sumed in insufficient quantities, low physical
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activity, and alcohol intake; but the most sig-
nificant factor is tobacco smoking since ap-
proximately 22% death cases due to cancer are
related to it. As per data obtained by British re-
searchers, four modifiable risk factors (obesity,
smoking, excessive alcohol intake, and low
physical activity) are reasons for 70% of pre-
ventable MNs such as lung cancer, rectal can-
cer, breast cancer, etc. [4]. At the same time it is
these MNs localizations that cause high mor-
bidity and mortality in the RF [1]. A significant
share of MNs in these localizations is poten-
tially preventable should risk factors be cor-
rected; therefore, investments into prevention
should be given specific attention when activi-
ties aimed at public health improvement are
planned and implemented. Determination of
economic losses caused by risk factors and re-
lated diseases is a convincing argument for au-
thorities responsible for making decisions on
investments into prevention activities [5].

Economic losses caused by MNs are be-
ing examined in the EU, both overall and in
separate countries, the USA [6-8], Canada,
and some other states. Estimation of economic
damage caused by MNs is a bit complicated
due to difficulties related to taking into ac-
count all the components in such damage and
estimating costs on treatment, both in our
country and abroad. Methodical issues related
to estimating economic burdens caused by
MNs, first of all, estimating direct costs, are
described in the work by V.I. Ignatyeva [9].
There have been several research works per-
formed in the RF that focused on estimating
economic losses caused by certain MNs [10—-18],
but they were accomplished in different time
periods and are based on different methodo-
logical approaches; though some of them were
accomplished as per similar procedures by the
same authors [9, 14, 16, 18].

Our research goal was to estimate eco-
nomic losses that occurred due to main on-
cologic diseases related to behavioral risk factors
among population in Russia in 2016 (including
costs borne by the public healthcare system and
indirect economic losses).

Data and methods. Our analysis in-
cluded several oncologic diseases that were
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authentically related to behavioral risk factors
and caused high morbidity and mortality
among population in Russia (Table 1). They
are lung cancer; breast cancer; stomach can-
cer; pancreas cancer; kidney cancer; cervical
cancer; ovarian cancer; prostate cancer; rectal
cancer [19-24].

Table 1

Oncologic diseases included into the analysis

Number of cases
Oncologic disease I?O)(iéo in 2016 [1]
New | Overall
Stomach cancer Cl6 37,135 | 139,800
Rectal cancer C18-C21| 69,500 | 357,050
Liver cancer and in-
trahepatic biliary duc- C22 8,320 | 7,829
tules cancer
Pancreas cancer C25 18,517 | 18,511
Trachea, bronchial
C33,C34| 60,467 | 137,381
tubes, or lung cancer
Breast cancer C50 69,095 | 642,720
Cervical cancer C53 17,212 | 177,876
Ovarian cancer C56 14,017 | 108,188
Prostate cancer Col 38,371 | 202,604
Kidney cancer Co4 23,908 | 159,427

Our analysis included direct costs borne
by the public healthcare on treating oncologic
diseases; direct costs on permanent disability
and temporary disability payments; indirect
costs occurring in the economy and related to
untimely deaths and permanent disability
among employable population.

Data on direct costs borne by the public
healthcare in 2016 were determined on the ba-
sis of previous research on a cost of each dis-
ease in the analyzed group (Table 2). Basing
on literature data on expenses spent on treating
patients suffering from oncologic pathologies,
we recalculated direct costs borne in 2016.
Costs borne by the public healthcare and re-
lated to pancreas cancer are not included into
the calculations due to absence of relevant data
in the domestic research works.

To reduce data obtained for different
years to a level relevant for 2016, we ad-
justed direct medical costs according to ac-
tual inflation.

Health Risk Analysis. 2020. no. 1
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Table 2

Sources of relevant data for analyzing
direct medical costs on MNs borne in 2016
and related to modifiable risk factors

Year Direct
Oncologic | ICD-10 medical costs
. of the . Source|
disease code analvsis| PET 1 patient
VSISl year (rubles)
Stomach Cl6 | 2013 | 262216 |[10]
cancer
Rectal cancer|C18—-C21| 2010 395,175 [11]
Liver cancer
and intra-
hepatic bil- C22 2008 446,252 [12]
iary ductules
cancer
Pancreas No data in domestic
C25
cancer research works
Trachea,
bronchial 35 341 5009 | 1202675 | [13]
tubes, or
lung cancer
Breast cancer| C50 2014 40,275 [14]
Cervical C53 | 2008 | 122,500 | [15]
cancer
Ovarian C56 | 2009 | 15460 | [16]
cancer
l;ffsmte an-| o6 2009 | 10758 | [17]
Ici‘rdney AN ced4 | 2009 | 34455 | [18]

Calculations were performed as per the
following formula:

COSTamei6 = COSTameo™ Ing * Iny * ... * Inye, (1)

where

COSTdmeis are reduced direct medical
costs in 2016;

COSTdmeo are direct medical costs at the
moment research was performed;

Ing is growth rate for consumer prices in-
dexes (CPI) in the RF in the year in which di-
rect medical costs were analyzed;

In; and In;s are CPI growth rates over
years up to 2016.

Costs borne by the public healthcare per
1 patient in 2016 calculated according to the
above procedure were multiplied by a number
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of people who suffered from an analyzed on-
cologic disease in 2016 (Table 1).

To calculate number of people with dis-
ability as per a specific nosology, we multiplied
an overall number of people who were recog-
nized as being disabled for the first time as per
data provided by the Rosstat in 2016 [25] by a
share of this specific MN in the overall number
of the first diagnosed MNs with the given local-
ization (Report Form No. 7 “Data on malignant
neoplasms in 2016). When determining a dis-
ability group, we took into account stages of
MN: Stage IV meant a person had the 1* dis-
ability group (the highest payments); Stage III,
the 2™ disability group; Stages I and II, the 3™
disability group accordingly. When calculating
annual economic losses related to disability
payments, we took 6 months as it was an aver-
age period during which patients received such
payments and average disability payment
granted for disabled people by the RF State
Pension Fund in 2016 [26].

To calculate a number of days of tempo-
rary disability (TD) and a number of people
with it as per a specific nosology, we took data
from the Statistic Report Form No. 16-td is-
sued in 2016.

Indirect costs (economic losses) included
costs of products that were not manufactured
as a lost contribution into the country GDP due
to untimely deaths and disability among em-
ployable population.

Mortality was analyzed basing on data
provided by the WHO and data on MNs-
related mortality provided by the Herzen’s Na-
tional Medical Research Center for Radiol-
ogy” of the RF Public Healthcare Ministry [1].
To calculate potential years of life that were
lost, we multiplied an absolute number in a
specific age group by a number of years that a
person failed to live to reach 72 years of age in
each specific age group. Losses related to un-
timely deaths among employable population
included non-manufactured GDP due to years
of life in a relevant age group that were lost
due to deaths caused by MNs taking into ac-
count employment rates. Future losses were
calculated with the use of ‘net present value”
with 3% discounting.
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GDP losses due to disability were deter-
mined according to the following procedure:
first, we calculated a number of people with
persistent disability in each disability group
taking into account employment rates; then a
calculated number of disabled people among
employable population was multiplied by GDP
net present value per capita.

Data were statistically analyzed with Mi-
crosoft Excel 10.0.

Results and discussion. To determine
economic losses related to MNs, we calculated
the following parameters: number of deaths
among people younger than 72; potential years
of life lost before a person reached 72 years of
age; number of days during which a person
was temporarily disabled; number of tempo-
rary disability cases (Table 3).

Table 3

Number of deaths, lost years of life, duration
and number of temporary disability cases

related to MNs in 2016
Tempo- |Number
INumber| lYears rary dis- | of tem-
ost be- ...
MN of fore age ablh.ty porary
deaths of 72 duration | disabil-
(in days) |ity cases
Stomach cancer | 16,341 (106,058| 607,616 | 17,134
Rectal cancer | 18,690 (112,533|1,137,183| 32,067
Liver cancer
and intrahepatic | ¢ 514135 97¢ | 136,135 | 3,839
biliary ductules | ™’ ’ ’ ’
cancer
Pancreas cancer | 10,470 | 66,338 | 302,982 | 8,544
Trachea, bron-
chial tubes, or | 34,619 |205,530| 989,382 | 27,899
lung cancer
Breast cancer 14,204 1104,565|1,130,556| 31,880
Cervical cancer | 5,174 | 53,600 | 281,629 | 7,941
Ovarian cancer | 5,150 |37,925| 229,351 | 6,467
Prostate cancer | 4,831 |22,233| 627,840 | 17,704
Kidney cancer | 5,394 [32,888| 391,191 | 11,031

Trachea, bronchial tubes and lung can-
cer caused the greatest number of overall
deaths (34 thousand); a number of lost years
of life was also the greatest for this nosology
(205 thousand). Rectal cancer, stomach can-
cer, and breast cancer also caused a signifi-
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cant number of deaths and lost years. Cervi-
cal cancer caused a relatively low number of
deaths (5 thousand) but a related number of
lost years of life was rather great (53 thou-
sand) due to people dying from this cancer at
a relatively young age. Temporary disability
was the longest in case of breast cancer, rec-
tal cancer, and cancer in the trachea, bron-
chial tubes and lungs (approximately 1 mil-
lion days for each nosology).

Economic losses caused by MNs included
into the analysis are given in Table 4. The
greatest direct costs borne by the public health-
care were caused by rectal cancer (52 billion
rubles) and trachea, bronchial tubes and lung
cancer (50 billion rubles). Breast cancer caused
substantially lower costs (20 billion rubles) as
direct costs on treating 1 breast cancer case
taken from initial data were substantially lower
than costs on treating rectal cancer or lung can-
cer (Table 2). Overall direct costs also turned
out to be the greatest for rectal cancer and tra-
chea, bronchial tubes and lung cancer (56 and
54 billion rubles accordingly).

Lung cancer caused the highest GDP
losses due to untimely deaths (18.5 billion ru-
bles), and it was practically two times higher
than losses caused by rectal cancer (10 billion
rubles). Untimely deaths caused by stomach
cancer and breast cancer also resulted in sig-
nificant GDP losses (9 billion rubles and 8 bil-
lion rubles accordingly).

Overall costs borne by the public
healthcare in 2016 on treating 10 analyzed
MNs related to modifiable risk factors
amounted to 152 billion rubles; overall direct
costs taking into account permanent and
temporary disability payments were equal to
173 billion rubles.

Overall GDP losses related to 10 MNs
amounted to 65.7 billion rubles; GDP losses
caused by disability amounted to 2.6 billion
rubles.

Total economic losses caused by 10 MNs
included into our analysis amounted to 241.3
billion rubles or 0.3% RF GDP in 2016.

In 2016 in the RF the greatest economic
losses were caused by malignant neoplasms in
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Table 4

Economic losses due to oncologic diseases caused by modifiable risk factors
in the Russian Federation in 2016 (million rubles)

. ICD-10 Dire;ct Tempqrgw Pgnngngnt Tptal GDP 1os§es Gl?iiécgses Total Total
Disease medical | disability | disability | direct |due to dis- . GDP |costs and
code . untimely
costs | payments | payments | costs ability deaths losses | losses

Stomach cancer Cl6 11,140.0 | 733.3 1,264.1 [13,137.5| 282.9 8,926.4 |9,209.4 |22,346.9
Rectal cancer C18-C21 | 52,173.7 | 1,372.4 | 2,4884 |56,034.5| 454.9 | 10,064.3 [10,519.2]66,553.7
Liver cancer and
intrahepatic biliary|  C22 5,656.5 164.3 366.2 | 6,186.9 | 106.7 3,016.6 |3,123.3]9,310.3
ductules cancer
Pancreas cancer C25 — 365.7 881.7 1,247.3 | 230.8 5,684.9 |5915.8|7,163.1
Trachea, bron-
chial tubes and C33,C34 | 50,626.6 | 1,194.1 | 2,487.2 |54,307.8| 628.7 | 18,564.6 |19,193.3|73,501.2
lung cancer
Breast cancer C50 20,9039 | 1,3644 | 2,541.0 [24,809.3| 314.5 7,950.7 |8,265.3(33,074.6
Cervical cancer C53 4,362.8 339.9 618.2 |5320.9 85.8 3,160.6 |3,246.3 | 8,567.2
Ovarian cancer C56 1,049.2 276.8 4933 | 1,819.2 | 126.8 2,886.5 |3,013.2]4,832.3
Prostate cancer Co61 54314 757.7 1,3949 | 7,584.2 | 233.2 2,491.2 |2,724.4110,308.5
Kidney cancer Co4 1,146.9 472.1 9859 ]2,604.8 | 126.7 2,908.1 |3,034.75,639.6
Total 152,491.0| 7,040.7 | 13,520.9 |173,052.5] 2,591.0 | 65,653.9 |68,244.9(241,297.4
the trachea, bronchial tubes and lungs Figure 2 shows the structure of economic

(73.5 billion rubles); rectal cancer took the
2" rank place (66.5 billion rubles); breast
cancer took the 3" rank place (33.1 billion
rubles) (Figure 1).
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Breast cancer — 33075
Stomach cancer _ 22 347

Prostate cancer — 10:309

Liver and biliary ductules |
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Kidney cancer ™ 5 640 |
0 20000 40000
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Figure 1. Economic losses due to MNs caused
by modifiable risk factors (million rubles)

283 % 71,7 %

M Indirect costs

M Direct costs

Figure 2. Structure of economic losses due
to oncologic diseases caused by modifiable risk
factors in 2016
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losses due to 10 MNs caused by modifiable
risk factors; thus, direct costs accounted for
71.7% of the total losses whereas GDP losses
due to untimely deaths and disability ac-
counted for 28.3%.

Oncologic diseases cause substantial losses
borne by public healthcare systems in different
countries all over the world. Our analysis re-
vealed that total economic losses caused by
10 MNs included into the research amounted to
241.3 billion rubles or 0.3% RF GDP in 2016.
Expenses borne by the public healthcare ac-
counted for the biggest part of these losses
(more than 70%). It differs from the results ob-
tained via analyzing economic losses caused by
cardiovascular diseases in 2016: the analysis
was performed as per a similar procedure and it
revealed that indirect economic losses pre-
vailed in that case, primarily due to untimely
deaths [27]. When compared, economic losses
in the RF caused by oncologic diseases turned
out to be smaller than those caused by cardio-
vascular diseases. However, one should take
into account that our analysis didn’t include all
oncologic diseases; it focused only on those
caused by modifiable risk factors of chronic
non-communicable diseases. In its turn, mortal-
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ity due to oncologic diseases is lower and high
morbidity occurs among older people and it de-
termines not so significant losses due to em-
ployable population being disabled permanently
or temporarily.

In the EU overall expenses on MNs
amounted to 126 billion euro in 2009; 51 billion
euro or 40% were direct expenses borne by pub-
lic healthcare systems; losses due to untimely
deaths amounted to 42.6 billion euro; losses due
to temporary disability, 9.43 billion euro; ex-
penses on so called “informal relatives’ help”,
32.2 billion euro [6]. Our research examined
costs as per other components, besides, a signifi-
cant share of indirect costs in the EU could be
due to high GDP in European countries.

In 2012 in Canada 7.5 billion dollars were
spent by public healthcare solely on treating
oncologic diseases [28].

In Russia in 2016 malignant neoplasms in
the trachea, bronchial tubes and lungs ac-
counted for the highest economic losses among
all the examined MNs; the 2™ place belonged
to rectal cancer; the 31 place, breast cancer.
Lung cancer also caused the greatest economic
losses in the EU (15% out of expenses on all
MNs), breast cancer (12%) and rectal cancer
(10%) followed. Therefore, relative economic
burdens related to MNs with various localiza-
tions turned out to be quite similar.

There was a research work performed in
Canada that focused on estimating economic
losses due to MNs caused by such risk factors
as smoking, obesity, low physical activity,
and excessive alcohol intake [29], and it is
similar to approaches adopted in the present
work as we assessed losses due to not all
MNs but only the most significant ones and
caused by modifiable risk factors. In Canada
economic losses due to MNs caused by such
risk factors amounted to 9.6 billion dollars,
including 1.7 billion dollars direct costs and
8.0 indirect ones; that is, structure of eco-
nomic losses turned out to be different from
that described in the present work. It can also
be due to high GDP in Canada. It was also
stated in the same research that a decrease in
risk factors prevalence would allow prevent-
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ing 13.2% MNs and reduce economic losses
by 1.3 billion dollars a year.

When economic losses due to MNs are
calculated, actual damage, as a rule, tends to
be underestimated thanks to several factors.
Thus, for example, not only a patient loses
his or her productivity but the same goes for
his or her family members as they have to
quit job or take some time off to take care of
a sick relative. Our research didn’t cover
such issues due to absence of any data. Im-
material losses related to pain and anxiety,
social limitations and poorer life quality are
also very difficult for estimating; therefore
they are hardly ever included into any calcu-
lations [7]. So, the present work also has cer-
tain limitations as economic losses due to
MNs caused by modifiable risk factors are
underestimated thanks to absence of data on
certain components and impossibility to in-
clude them into any analysis. Besides,
though most components in losses were cal-
culated as per a unified procedure (indirect
GDP losses, permanent and temporary dis-
ability payments), direct expenses borne by
the public healthcare were calculated basing
on results obtained via previous research
works that could differ both methodologi-
cally and as per time periods and it could ex-
ert significant influence on their results.

Nevertheless, it is the first research work
accomplished in the RF that focused on esti-
mating economic losses due to 10 MNs with
different localizations caused by modifiable
risk factors over a calendar year. These data
can give grounds for planning investments into
preventing and treating the analyzed MNs in
order to reduce burdens occurring due to on-
cologic diseases. It is economic arguments that
are the most significant for authorities respon-
sible for decision-making and selecting activi-
ties aimed at improving population health and
determining investment volumes. Besides, cal-
culation results can be applied for determining
economic losses caused by risk factors related
to the given MNs.

Conclusion. Total economic losses caused
by the analyzed MNs amounted to 241.3 billion

Health Risk Analysis. 2020. no. 1
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rubles and it was equal to 0.3% RF GDP in
2016. Direct expenses borne by the public
healthcare prevailed in the structure of losses
(more than 70%) and they were primarily caused
by rectal cancer (52 billion rubles) and trachea,
bronchial tubes and lung cancer (50 billion ru-
bles). The obtained data determine the necessity
to invest into preventing and treating oncologic

diseases. Such investments can result in signifi-
cant economic effects in a long-term period thus
making for the economic growth.

Funding. The research was not granted any
financial support.

Conflict of interests. The authors declare
there is no any conflict of interests.

References

1. Zlokachestvennye novoobrazovaniya v Rossii v 2016 godu (zabolevaemost' i smertnost')
[Malignant neoplasms in Russia in 2016 (morbidity and mortality)]. In: A.D. Kaprin, V.V. Starin-
skii, G.V. Petrova eds. Moscow, Moskovskii nauchno-issledovatel'skii onkologicheskii institute
imeni P.A. Gertsena — filial «Natsional'nogo meditsinskogo issledovatel'skogo tsentra radiologii»
Minzdrava Rossii Publ., 2018, 250 p. (in Russian).

2. Sostoyanie onkologicheskoi pomoshchi naseleniyu Rossii v 2017 godu [The existing situa-
tion with providing oncologic aid to population in Russia in 2017]. In: A.D. Kaprin, V.V. Starinskii,
G.V. Petrova eds. Moscow, Moskovskii nauchno-issledovatel'skii onkologicheskii institute imeni
P.A. Gertsena — filial «Natsional'nogo meditsinskogo issledovatel'skogo tsentra radiologii»
Minzdrava Rossii Publ., 2018, 236 p. (in Russian).

3. Plummer M., De Martel C., Vignat J., Ferlay J., Bray F., Franceschi S. Global burden of
cancers attributable to infections in 2012: a synthetic analysis. Lancet Glob. Heal, 2016, vol. 9,
no. 4, pp. 609-616. DOI: 10.1016/S2214-109X(16)30143-7

4. Parkin D.M., Boyd L., Walker L.C. The fraction of cancer attributable to lifestyle and envi-
ronmental factors in the UK in 2010. Br. J. Cancer, 2011, vol. 105, no. 2, pp. 77-81. DOI:
10.1038/bjc.2011.489

5. Bloom D.E., Cafiero E.T., Jané-Llopis E., Abrahams-Gessel S., Bloom L.R., Fathima S.,
Feigl A.B., Gaziano T. [et al.]. The Global Economic Burden of Non-communicable Diseases. Ge-
neva, 2011, pp. 15-31.

6. Luengo-Fernandez R., Leal J., Gray A., Sullivan R. Economic burden of cancer across the
European Union: a population-based cost analysis. Lancet Oncol, 2013, vol. 14, no. 12, pp. 1165-1174.
DOI: 10.1016/S1470-2045(13)70442-X

7. Andrade P., Sacristan J.A., Dilla T. The Economic Burden of Cancer in Spain: A Literature
Review. Health Econ. Outcome. Res., 2017, vol. 3, no. 1, pp. 1-8. DOI: 10.4172/2471-268X.1000125

8. Yabroff K.R., Lund J., Kepka D., Mariotto A. Economic Burden of Cancer in the United
States: Estimates, Projections, and Future Research. Cancer Epidemiol. Biomarkers. Prev., 2011,
vol. 20, no. 10, pp. 2006-2014. DOI: 10.1158/1055-9965.EPI-11-0650

9. Ignat'eva V.I., Derkach E.V., Omel'yanovskii V.V., Avksent'eva M.V. Methodological prob-
lems of evaluating the economic burden of malignant tumors in Russia. Meditsinskie tekhnologii.
Otsenka i vybor, 2017, vol. 28, no. 2, pp. 79—86 (in Russian).

10. Khvastunov R.A., Ivanov A.l. Rasprostranennaya adenokartsinoma zheludka: prognoz,
klinicheskoe techenie, lechenie, farmakoekonomicheskie aspekty [Wide-spread stomach adenocarci-
noma: forecast, clinical course, treatment, and pharmaceutical and economic aspects]. Lekarstvennyi
vestnik, 2014, vol. 4, no. 56, pp. 10—14 (in Russian).

11. Pavlysh A.V., Kolbin A.S., Kasimova A.R. Harmacoeconomic analysis of the use of ox-
aliplatin chemotherapy for colorectal cancer. Real (actual) clinical practice data. Farmakoeko-
nomika. Sovremennaya farmakoekonomika i farmakoepidemiologiya, 2014, vol. 7, no. 3, pp. 26-29
(in Russian).

12. Bazin 1.S., Omel'yanovskii V.V., Krysanov 1.S., Ivakhnenko O.I. Social and economic bur-
den of hepatocellular carcinoma in the Russian Federation. Kreativnaya khirurgiya i onkologiya,
2011, no. 4, pp. 22-25 (in Russian).

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163  ISSN (Eng-online) 2542-2308 139



A.V. Kontsevaya, Yu.A. Balanova, A.O. Myrzamatova, M.B. Khudyakov, D.K. Mukaneeva, O.M. Drapkina

13. Krysanov L.S., Sveshnikova N.D., Tsfasman F.M. Cost-effectiveness of drugs for smoking
cessation in Russia. Meditsinskie tekhnologii. Otsenka i vybor, 2011, no. 2, pp. 16-22 (in Russian).

14. Ignat'eva V.I., Gretsova O.P., Stenina M.B., Omel'yanovskii V.V., Derkach E.V., Dom-
brovskii V.S. Social and Economic Burden of Breast Cancer in the Russian Federation. Meditsinskie
tekhnologii. Otsenka i vybor, 2016, vol. 4, no. 26, pp. 32—49 (in Russian).

15. Shakhanina I.L., Namazova-Baranova L.S., Krasnopol'skii V.I., Kozachenko V.P., Prilep-
skaya V.N., Shchurov D.G., Tolkushin A.G. Economic analysis of a vaccine against human papil-
lomavirus in Moscow. Epidemiologiya i vaktsinoprofilaktika, 2010, vol. 54, no. 5, pp. 69-74
(in Russian).

16. Ignat'eva V.I., Derkach E.V., Omel'yanovskii V.V., Avksent'eva M.V. Ekonomicheskoe
bremya zlokachestvennykh novoobrazovanii yaichnikov v Rossiiskoi Federatsii [Economic burden
related to malignant neoplasms in the ovaries in the Russian Federation]. Onkoginekologiya, 2009,
pp. 29-34 (in Russian).

17. Derkach E.V., Ignat'eva V.I., Shirokorad V.I., Omel'yanovskii V.V., Avksent'eva M.V. So-
cial and economic burden of prostate cancer in Russia. Meditsinskie tekhnologii. Otsenka i vybor,
2012, vol. 8, no. 2, pp. 34—45 (in Russian).

18. Ignat'eva V.I., Derkach E.V., Omel'yanovskii V.V., Avksent'eva M.V. The Social and Eco-
nomic Burden of Cancer in the Russian Federation. Meditsinskie tekhnologii. Otsenka i vybor, 2013,
no. 4, pp. 73—-80 (in Russian).

19. Weisman M., Cannon G., Butrum R., Martin G., Higginbotham S., Heggie S., Jones C.,
Fletcher M. Food, Nutrition, Physical Activity, and the Prevention of Cancer: a Global Perspective.
Washington DC: American Institute for Cancer Research (AICR), 2007, 167 p.

20. Xi B., Veeranki S.P., Zhao M., Ma C., Yan Y., Mi J. Relationship of Alcohol Consumption
to All-Cause, Cardiovascular, and Cancer-Related Mortality in U.S. Adults. J. Am. Coll. Cardiol,
2017, vol. 70, no. 8, pp. 913-922. DOI: 10.1016/j.jacc.2017.06.054

21. Kyu H.H., Bachman V.F., Alexander L.T., Mumford J.E., Afshin A., Estep K., Veerman J.L.,
Delwiche K. [et al.]. Physical activity and risk of breast cancer, colon cancer, diabetes, ischemic heart
disease, and ischemic stroke events: systematic review and dose-response meta-analysis for the Global
Burden of Disease Study. BMJ, 2013, vol. 9, no. 354, pp. 13857. DOI: 10.1136/bm;.i3857

22. Duan P., Hu C., Quan C., Yi X., Zhou W., Yuan M., Yu T., Kourouma A., Yang K. Body
mass index and risk of lung cancer: Systematic review and dose-response meta-analysis. Sci. Rep.,
2015, vol. 5, no. 1, pp. 16938. DOI: 10.1038/srep16938

23. Norat T., Aune D., Vieira A.R., Chan D., Rosenblatt D.N. Systematic Literature Review
Continuous Update Project Report: The Associations between Food, Nutrition and Physical Activity
and the Risk of Pancreatic Cancer. Toulouse, 2010, pp. 131-156.

24. Luo A.J., Wang F.Z., Luo D., Hu D.H., Mao P., Xie W.Z., He X.F., Kan W., Wang Y. Con-
sumption of vegetables may reduce the risk of liver cancer: Results from a meta-analysis of case-
control and cohort studies. Clin. Res. Hepatol. Gastroenterol, 2015, vol. 39, no. 1, pp. 45-51. DOL:
10.1016/j.clinre.2014.08.003

25. Chislennost' lits, vpervye priznannykh invalidami. Dannye Mintruda Rossii, raschet Rosstata
s 1995-2017 gg. [A number of people who were established to be disabled for the first time. Data pro-
vided by the RF Labor Ministry and calculated by Rosstat over 1995 — 2017.]. Federal'naya sluzhba
gosudarstvennoi  statistiki. Available at: http://www.gks.ru/wps/wcem/connect/rosstat_main/ros-
stat/ru/statistics/population/healthcare/# (29.11.2018) (in Russian).

26. Srednii razmer naznachennykh pensii invalidov, sostoyashchikh na uchete v sisteme pen-
sionnogo fonda Rossiiskoi Federatsii (po sostoyaniyu na 1 yanvarya). Federal'naya sluzhba gosu-
darstvennoi statistiki. Available at: http://www.gks.ru/wps/wcm/connect/rosstat main/rosstat/ru/
statistics/population/disabi (11.12.2018) (in Russian).

27. Kontsevaya A.V., Drapkina O.M., Balanova Yu.A., Imaeva A.E., Suvorova E.I., Khudya-
kov M.B. Economic Burden of Cardiovascular Diseases in the Russian Federation in 2016. Ratsion-
al'naya farmakoterapiya v kardiologii, 2018, vol. 14, no. 2, pp. 156-166 (in Russian).

140 Health Risk Analysis. 2020. no. 1



Economic losses due to oncologic diseases related to modifiable risk factors

28. De Oliveira C., Weir S., Rangrej J. The economic burden of cancer care in Canada: a popu-
lation-based cost study. CMAJ, 2018, vol. 6, no. 1, pp. E1-E10. DOI: 10.9778/cmajo.20170144

29. Krueger H., Andres E.N., Koot J.M., Reilly B.D. The economic burden of cancers attribut-
able to tobacco smoking, excess weight, alcohol use, and physical inactivity in Canada. Curr. Oncol,
2016, vol. 23, no. 4, pp. 241-249. DOI: 10.3747/¢0.23.2952

Kontsevaya A.V., Balanova Yu.A., Myrzamatova A.O., Khudyakov M.B., Mukaneeva D.K.,
Drapkina O.M. Economic losses due to oncologic diseases related to modifiable risk factors. Health
Risk Analysis, 2020, no. 1, pp. 133—141. DOI: 10.21668/health.risk/2020.1.15.eng

Received: 12.11.2019
Accepted: 09.02.2020
Published: 30.03.2020

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163  ISSN (Eng-online) 2542-2308 141



ANALYTICAL REVIEWS

UDC 546.[62+284]: 552.524: 613.2
DOI: 10.21668/health.risk/2020.1.16.eng

NANOCLAYS IN FOOD PRODUCTS: BENEFITS AND POSSIBLE RISKS
(LITERATURE REVIEW)
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Nanoclays (NC) are aluminosilicates that consist of layers (nano-plates) being 1-2 nanometers thick and having a di-
ameter over 1 um, nanotubes, and nano-disks. Due to such structure and their ion-exchange and sorption properties as well
as gas permeability NC are widely used in industries, agriculture, and medicine. Gas-barrier composite packages are made
from hydrophobic NC modified with cation-active surface-active substances. A person can be orally exposed to NC due to
their migration from packages into food products and drinks, when NC are applied in medicine as enteric sorbents and anti-
bacterial preparations, they can be introduced with food additives and residual quantities of technological auxiliaries as
well as in case when food products and agricultural raw materials are accidentally contaminated with clays. Multiple re-
search works dwell on experiments with NC performed with model systems in vitro when NC turned out to be cytotoxic for
various cell types, and it was more apparent for hydrophobic NC than for their non-modified analogues. Minimum effective
NC dose varied from 0.001 to 1 mg/ml in various in vitro tests. In vitro research on NC toxicity yielded somewhat contradic-
tory results. Though NC didn’t seem to have apparent acute toxicity (IV hazard category, LDsy > 5,000 mg/kg), results ob-
tained via sub-acute and chronic experiments with their duration being up to 196 days and single clinical observations re-
vealed a number of both toxic and non-toxic effects. Organic NC modifiers were highly toxic in vitro. Besides, NC produce
anti-microbe effects and it may result in dysbiotic disorders when they are introduced orally. Model experiments revealed
that NC and their organic modifiers could possibly migrate from packages into food products. NC are able to free silicon
and aluminum that are partly biologically available. A contribution made by NC that are contained in packages into overall
exposure to toxic aluminum should be examined profoundly given an adverse situation caused by clay minerals being intro-
duced into a human body as components contained in food additives. Assessment of aluminum consumption with food rations
in Russia and several foreign countries revealed it was necessary to exclude potassium and calcium aluminosilicates, ben-
tonite, and kaolin (E555, E556, E558, and E559) from the list of additives that are permitted for use in food industry.

Key words: nanoclays, aluminum, food additive, exposure, biological availability, toxicity, intestinal microbiocenose, risks.

Introduction. At present food products
are manufactured with wide use of food addi-
tives and technological auxiliaries; they are
usually packed into innovative packaging. It
creates certain functional and economic advan-
tages that justify using these food additives
and technological auxiliaries provided that

food products still remain safe for health of
this and future generations. In this relation
technologists and hygienists are paying greater
attention to clay minerals applied in food
manufacturing including various non-modified
and chemically modified nanoclays (NCs).
Aluminum occurs in most clay minerals; this
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metal is known to produce overall toxic and
neurotoxic effects. So it is vital to have a
closer look at risks caused by this element mi-
grating into edible components of food prod-
ucts [1]. Besides, there are certain issues re-
lated to hypothetic toxic effects produced by
clays as nanomaterials and occurring due to
small sizes and peculiar physical and chemical
properties of particles they are made of (so
called “nano-toxicity”) [2, 3]. And finally, a
specific issue is hygienic assessment of syn-
thetic organic modifiers that are applied in
producing certain NCs.

In the present work we have analyzed and
generalized data on NCs application, effects
they produce on biological systems including a
human body and microorganisms, as well as
data on potential risks caused by NCs applica-
tion in food manufacturing. Our research tech-
nique was searching, selecting, and analyzing
literature sources (articles published in revised
scientific journals, theses, and monographs, as
well as reports issued by international organi-
zations) using open databases including Pub-
Med, Scopus, Google Scholar and RSCI; a pe-
riod selected for the research was 1993-2019.

Clays classification and structure. Clay
minerals are widely spread in the upper litho-
sphere, soils, and bottom sediments; they oc-

curred due to long-term physical-chemical and
biotic transformation of igneous volcanic
rocks [4]. There are such varieties of clays as
sedimentary rock as bentonite, kaolin, etc.;
apart from clay minerals, they contain signifi-
cant admixtures of quartz, cristobalite, calcite
(chalk and marble), rutile, and other minerals.
Clay minerals are divided into aluminosilicates
and silicates (complex silic acid salts) as per
their structure. The former are the most widely
spread among clay minerals; their classifica-
tion is given as a diagram in Figure 1 [5].
Bearing technological properties in mind,
phyllosilicates made from layered aluminosili-
cates structures are the most interesting, espe-
cially smectites in which these layers are com-
paratively weakly bonded to each other and
quite mobile. This peculiarity determines
physical and chemical properties of smectites,
namely their strong hydrophilic nature, ability
to swell in water, non-linear rheological char-
acteristics (thixotropy) and great adsorption
capability to various molecules and ions.
Montmorrilonite (MMT) is the most widely
spread smectite which can be found in natural
bentonite clays. Its chemical structure is
shown in Figure 2a. MMT is made of layers
(plates) with their diameter, as a rule, being
equal to 1-10 um and their thickness varying

Silicates

!

Tectosilicates
(three-dimensional)

Zeolites
Quartz
Feldspar

Phyllosilicates
(layered)

Others

' o

e {1+ «f+ «f+ v . e fs afe : i 1 5
1:1 Phyllosilicates m 2:1 Phyllosilicates 1 1 e 2;' with ribbons
in the structure
L o ot
Sepiolite
Palygorskite
Kaolinates l l
Talc- Smectites Vermicullites Chlorites Mica
.. rophyllite
Kaolinite |.3y P |
Halloysite Serpentines l 1
Dicktite Dioctahedral Trioctahedral Trioctahedral Dioctahedral
Nacrite v Montmorrilonite Saponite Biotite Muscovite
Chrysotile Beidellite Hectorite Ilite
Antigorite Nontronite Zaukonite Phengite
Lizardite Laponite

Figure 1. Silicates classification (as per data taken from [5])
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Figure 2. Chemical structure of montmorrilonite nanoclay (a) and its organically modified form (b)

within 1-2 nm depending on medium proper-
ties and as per data obtained with different
measuring techniques. A MMT plate is a
three-layer structure consisting of two sheets
made of conjugated silica-oxygen tetrahedrons
and a sheet made of aluminum ions between
them; all the sheets are octahedral-coordinated
with oxygen atoms in silicate tetrahedrons and
hydroxyl ions. An outer layer of each plate
consists of water molecules held by hydrogen
bonds. Interplanar spacing between MMT lay-
ers is significantly greater than a layer thick-
ness and is equal to approximately 7 nm in dry
MMT [6, 7].

Some Al’'ions in MMT are able to un-
dergo isomorphous substitution and be re-
placed with an uncertain number of bivalent
cations (Ca2+, Mg2+, F e%); due to the process,
a three-layer structure overall becomes nega-
tively charged. This charge is compensated for
with electrostatic binding within solvate shell
of a plate that contains one-valent cations
(usually Na"). These cations can be compara-
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tively easily exchanged for other positively
charged particles and it determines MMT hav-
ing cation-exchanging properties. Its empiric
gross-formula can be given as (M+x-nHzO)
‘[Al,xZx) Si14019(OH),], where M is a one-
valent cation (sodium), Z is bivalent cation
(magnesium, calcium, or iron), x <0.5. MMT
extracted from natural bentonite, as a rule,
contains insignificant admixtures of quartz
sand and mica and can also contain certain
toxic elements in trace quantities, for example,
Pb, Cd, Be, Ba, Sr, Ni and others.
Technological processing (making the
material hydrophobic) involves sodium in
MMT being replaced with ions of cation-
active surface-active substances (SAS) which
are aliphatic amines or quaternary ammonium
bases; that is, substances with such composi-
tion as R;R,R;CH;N'Hal’, where R; are ali-
phatic (from C1 to C16) or aromatic residues
or hydrogen, and Hal is chlorine or bromine
anion (Figure 2b) [7-9]. SAS molecules create
new bonds in interplanar space in MMT and
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displace water from it thereby replacing weak
hydrogen bonds between layers with even
weaker hydrophobic interactions; it results in
spontaneous MMT splitting into separate plates
and an organically modified NC is created
[7, 10]. Similar splitting is possible also with na-
tive watered MMT; however, it involves inten-
sive outer mechanic exposure (ultrasound).

Hydrophobic organically modified NCs
are basic raw materials applied in manufactur-
ing nanocomposites with organic polymers
which are used in packing and packages for
food products [5].

There are some other clay minerals that
are applied in food manufacturing and there-
fore should be given attention. One of them is
kaolinite, a phyllosilicate with its structure
close to MMT but the difference is that its
structure has only two layers instead of three,
one layer is silicon oxide and the other is alu-
minum oxide. Potassium prevails as an outer
cation in kaolinite as opposed to MMT where
this role belongs to sodium. Steric strains in
the structure of kaolinite plates make them
bend cylinder-like and the extreme case here is
a nanotube formation. Another mineral, so
called halloysite, is made of such aluminosili-
cate nanotubes. As opposed to carbon nano-
tubes, halloysite nanotubes are not closed; they
are composed of kaolinite layers folded into
rolls (Figure 3). A typical diameter of such
nanotubes amounts to 20-50 nm and their
length exceeds 1 pm. Another phyllosilicate is
laponite that is close to MMT in its chemical
structure but is made of nanoparticles (nano-
disks) with a rather small diameter (it is usu-
ally 25-30 nm) and 1 nm thick; it is prone to
swelling and thixotropic gels formation.

Other clay minerals that are given in
Figure 1 are applied in food manufacturing in
rather insignificant quantities and have low
practical importance.

Figure 3. Structure of halloysite nanotubes
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There are data in literature on probable
practical application of so called ‘“anionic”
clays that are artificial layered mineral materi-
als; they are usually created with other non-
metal element participating in their structure
instead of silicon (usually carbon) or with chlo-
ride anion [11]. Any issues related to biological
properties of those artificial materials might
have not discussed in the present work.

How clays are applied in food manufac-
turing. MMT and some other phyllosilicates
are widely used in various industries. There
are data on more than 100 different areas
where clays can be applied [5, 12].

NCs have high specific surface area and
ion-exchange properties; due to that their ad-
sorption capacity is also great and it provides
an opportunity to intercalate organic molecules
between their layers. Organically modified
NCs are easily built into volumes of hydro-
phobic organic polymers thus creating planar
structures (nanocomposites) [13]. A most sig-
nificant property of clay nanocomposites is
that NC plates are impermeable for gas mole-
cules (oxygen or carbon dioxide) as well as for
water; due to it gas or water molecules have to
overcome a much longer path in their diffusion
through a polymer [14] (Figure 4). Apart from
this barrier function, nanocomposites are usu-
ally more solid and rigid, have greater thermal
stability and resistance to swelling [15-18].
On the other hand, there are developments that
allow obtaining clay nanocomposites with
natural biopolymers (proteins or polysaccha-
rides) that are able to degrade biologically and
therefore are environmentally “friendly” [19, 20].
Biologically degradable nanocomposites with
antimicrobial properties were obtained via com-
bining vegetative polysaccharides, NCs and
natural essential oils [21, 22]. There are data
on creating a biological nanocomposites based
on montmorrilonite clay that had antioxidant
properties and contained silibin, an extract of
holy thistle [23]. Barrier properties typical for
nanoclays are widely used in producing film
packages and packing that are able to prevent
packed products from drying up and oxidation-
induced spoilage, as well as prevent carbon-
ated drinks from degassing [16, 24, 25]. Nano-
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Figure 4. A scheme that explains gas-barrier properties of nanoclays composites

composites based on clay with nisin are con-
sidered to be a useful compromise when this
preservative is applied to prevent food prod-
ucts from spoilage taking into account insig-
nificant migration of nisin from the nanomate-
rial into a food product [26, 27].

Overall, an effect produced by NCs and
their modified forms applied in packing mate-
rials is that food products become safer and
their quality improves [28]. NCs are becoming
more and more widely used in food products
packages and packing and this promising trend
is developing rapidly. As per data given in
[29] a market of nanocomposites applied in
food products packages and packing in the
USA was equal to 4.13 billion $ in 2008 and it
grew to more than 7 billion $ in 2014. Clay-
based composites accounted for the biggest
share in this market [30].

NCs can be also used as medication carriers
as it was discussed in a review [31]. Akbari A.M.
et al. revealed an opportunity to use montmorrilo-
nite clay as vitamin By, carrier [32].

Some other ways to apply clays in food
manufacturing are, for example, their use as
technological auxiliaries (filter media, adsorb-
ents, or flocculants) in manufacturing vegeta-
ble oils, beer, or non-alcoholic drinks. Clays,
especially in their nanoform, are efficiently
applied in this sphere due to their great adsorp-
tion capability regarding various ions and po-
lar organic molecules [33, 34]. We should note
that technological auxiliaries should be com-
pletely removed from ready food products dur-
ing a production process. As opposed to that,

food additives based on aluminosilicate clays
that act as carriers and anti-caking agents can
persist in certain food products. The legislation
existing in the RF and EAEU countries in
2019 allows using some aluminosilicates as
additives to food; they are sodium, potassium,
and calcium aluminosilicates (E554-E556),
bentonite (E558), and kaolin (E559)'. Stan-
dardized contents of the said food additives
(separately or in a combination) in spices and
products tightly wrapped in foil should not ex-
ceed 30 g/kg; sugar powder, 15 g/kg; cheese
and its substitutes, 10 g/kg; salt, 10 g/kg. Use
of aluminosilicate food additives in producing
pelleted food products and biologically active
additives (BAA), as well as sugary confection-
ary excluding chocolates (for surface treatment)
is regulated in accordance with technological
standards accepted by a manufacturer (according
to technological chats in quantities necessary to
produced desirable technological effects).

Use of clay minerals (MMT or kaolinite)
as additives to forage implies that these sub-
stances have certain enterosorbent properties;
it allows efficient preventing fusariose-induced
toxicosis and acidosis in animals and makes
for less active hepatic transaminases and lower
lactate and biogenic amines (histamine and
spermine) contents in blood serum [35, 36].

We should also note that so called “edi-
ble” clays are actually used as nutrition com-
ponents in certain regions. Some African and
Asian tribes with their socioeconomic and cul-
tural development being rather low tend to eat
mineral substances occurring in soils (so called

'CU TR 029/2012. The Customs Union Technical Regulations "Requirements to safety of additives to food, flavoring
agents, and technological auxiliaries" (last edited on 18.09.2014). Appendix 2. KODEKS: the electronic fund for legal and ref-
erence documentation. Available at: http://docs.cntd.ru/document/902359401 (14.02.2020).
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“pica” phenomenon) [37]. There is an opinion
that it helps them obtain certain mineral sub-
stances in additional quantities as these sub-
stances (potassium, magnesium, and iron) are
found in clays in a form that is partially bio-
logically available [38]. Besides, clays have
apparent enterosorbent properties and it can
make for prevention of enteric infections and
aflatoxicosis [39]. When bentonite was con-
sumed with food, it helped people living in
Ghana excrete aflatoxins and T2 toxin out of
their bodies [40]. It is interesting to note that
there are specially designed (and certified as be-
ing safe) traditional food products based on
“edible” African clay that are sold in some Afti-
can countries (Nigeria, Cameroon, Ghana, Togo,
the SAR, and others) as well as in the USA and
Western Europe [37]. As we can see from avail-
able literature sources, this phenomenon is al-
most absent in the RF and EAEU countries.

NCs toxicity for live organisms. Though it
is apparent that all the above mentioned ways
to apply NCs can produce truly favorable
technological effects, probable toxic impacts
exerted by both modified and non-modified
NCs on people and environmental objects can
cause potential risks [41].

Data obtained via experiments in vitro.
Experiments in vitro that were usually per-
formed on human and animal cells cultures ap-
plied as test objects (both primary cultures of
standard cells and transformed ones) allow ob-
taining data on cytotoxic properties of nanoma-
terials such as NCs; screening of presumably
the most toxic nanomaterials out of the exam-
ined group; and getting an insight into probable
nanotoxicity mechanisms [5, 42].

The WHO document [4] contains a re-
view of early research works (published in
1969-1996) in which their authors described
various effects produced by particles of MMT,
kaolinite, and other clays in in vitro systems.

Some research works revealed that native
MMT turned out to be cytotoxic. Four types of
aluminosilicates were toxic for the human um-
bilical vein endothelium (HUVE) under expo-
sure in concentrations varying from 0.01 to
0.1 mg/ml that lasted for 6-24 hours; toxicity
given in descending order: MMT > native ben-
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tonite > kaolinite > zeolite [43]. Kaolinite and
zeolite induced a dose-dependent increase in
fatty acids production and cell lysis. Two other
cell lines, neuroblastoma NIE-115 and oli-
godendrocytes ROC, were resistant to effects
produced by clays.

Non-modified MMT in a concentration
equal to 1 ml/mg in a 24-hour exposure resulted
in weaker survivability of ovary cells taken from
a CHO hamster [44]. The same results were ob-
tained for intestinal cells of INT-407 line [45].
Non-modified MMT, Cloisite Na trademark,
didn’t have any cytotoxic effects on transformed
intestinal epithelium cells Caco-2 after 24-hour
exposure in a concentration equal to 0.17 mg/ml,
didn’t cause any DNA breaks in them according
to comet assay and was not mutagenic for Sal-
monella spp. in Ames test [46]. As per data ob-
tained by Gao et al. [47] kaolin turned out to be
cytotoxic for a primary culture of rat’s lung
macrophages and its cytotoxicity was similar to
that of quarts; however, it caused less significant
damage to DNA. Along with nano-plates, some
data were obtained for nanotubes of native clays.
Verma et al. [48] applied transformed lung epi-
thelium cells A549 in their experiment and re-
vealed that tubular clay structures were less toxic
than nano-plates. An issue related to interpreting
these data is different chemistry of these nano-
materials; to be exact, nano-plates were MMT-
based, and nanotubes, halloysite. It should be
noted that, according to Vergaro et al [49], na-
tive halloysite nanotubes were cytotoxic for
HeLa and MCF-7 cells in a concentration
higher than 0.075 mg/ml. On the other hand,
Lai et al. [50] didn’t reveal any toxic effects
produced by halloysite nanotubes on intestinal
epithelium cells in concentrations varying
within 0—-0.1 mg/ml range.

Rawat et al. [51] compared cytotoxic ef-
fects produced by the natural MMT and syn-
thetic laponite on HEK (human embryo kid-
neys) cells and SiHa (uterine neck carcinoma)
cells as well as on E.coli culture. They also
showed that clay nano-disks (laponite) had
more apparent cytotoxic and antimicrobial ef-
fects than long nano-plates (MMT).

When an organic modifier consisting of
cation-active SAS is introduced into nanoclay
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in order to make it hydrophobic, it can lead to
considerable changes in cytotoxicity of the
nanomaterial. It is related to both changes in
physical and chemical properties of NC itself
(its hydrophobic properties, zeta-potential, and
aggregative stability) and, presumably, effects
produced by a modifier that migrates from NC
into biological media. Thus, organically modi-
fied MMT Cloisite 30B, as opposed to its na-
tive precursor, was genotoxic for Caco2 cells
and mutagenic for Salmonella sp. [46]. The
same effects were produced by Cloisite 30B
that was filtered through a 2-um thick mem-
brane and didn’t contain any clay; conse-
quently, occurring effects were most likely due
to a migrating modifier. Organically modified
Cloisite 93A nanoclay was more cytotoxic
than native MMT in a culture that contained
transformed liver cells HepG2 after a 24-hour
exposure [52].

An increase in cytotoxicity of organically
modified NCs depended on a modifier and its
essence. Thus, when a modifier was diethyl-
benzyldialkyl-ammonium based on fatty acids
obtained from tallow, it resulted in greater tox-
icity of modified MMT for certain cell lines
(Ramos, Burkitt lymphoma; A-549, lung ade-
nocarcinoma; HCT116, colorectal carcinoma;
SK-MEL 28, melanoma; HepG2, hepatocellu-
lar carcinoma; and HUVEC human umbilical
veil endothelium) than when a modifier was
dimethylalkyl-ammonium base [53]. Those
data were well in line with cytotoxic effects
produced by those modifiers themselves on the
said cell lines. Concentration of 50 % -
inhibiting (LCsy) didecyldimethyl-ammonium
saccharinate in a test with tetrazolium salts
(MMT-test) was within 1.44-5.47 mM range
for certain lines of human cells [54]. Native
MMT turned out to be less toxic than organi-
cally modified one (Cloisite 30B) in experi-
ments performed on HepG-2 and Caco-2 cells
[55, 56]. Threshold toxic concentrations of two
organically modified NCs varying in a modi-
fier structure changed from 8 to 30 pg/l. Modi-
fied NCs in concentrations higher than 30
pkg/l caused DNA fragmentation in cells of
both lines and depletion of reduced glutathione
resources in HepG-2 cells. Effective concen-
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trations of various hydrophobic NC modifiers
differed also according to data obtained from
[7, 55-58].

When bentonite was “activated” by the
treatment with sulfuric acid, it resulted in its
higher cytotoxicity for human B-lymphoblasts
[59, 60]. The process, together with reduced
ability of the cells to survive, also involved
greater oxidants production and damage to
DNA. Water extracts from clay didn’t appar-
ently have any genotoxic effects as it was re-
vealed in those experiments.

On the other hand, there are data that cer-
tain modifications of nanoclays don’t result in
their increasing cytotoxicity. Thus, Han et al.
[61] stated there was no damage done to
membranes and no reduction in survivability
of cells from 4 lines when they contacted or-
ganically modified calcium and magnesium
phyllosilicates. Native and functionalized hal-
loysite nanotubes had the same cytotoxicity
for HeLa and MCF-7 cells in concentrations
higher than 0.075 mg/ml [49].

There are relatively few assessments of
cytotoxicity that NC composites might have in
available literature. When MMT was built into
oligo co-polymer of styrene with acrylonitrile,
it resulted in its lower cytotoxicity [62]. The
same authors revealed [63] that a composite
that contained halloysite nanotubes with chito-
san was not cytotoxic for fibroblasts from
NIH3T3 line and was quite biologically com-
patible such as films made from pure chitosan.
L-929 fibroblasts were more adhesive and
grew better on chitosan without clay in com-
parison with chitosan that contained MMT in
quantity from 1 to 8 % [64].

Kevadiya et al. [65] stated that clay com-
posites were able to act as reservoirs for cyto-
toxic medications, and their side toxic effects
produced on normal cells could decrease
whereas medications could be delivered to
their destination more efficiently.

The fact that nanocomposites have different
toxicity may result from quantities of NCs and
organic modifiers that migrate from them. In
particular, Cloisite 30B nanoclay that contains
quaternary ammonium base can be extracted
from a biopolymer nanocomposite based on
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soya polysaccharide [66]. Cloisite 30 B NC was
cytotoxic for Hep 2, C26 and HTC cells in con-
centrations varying from 39.1 to 90.17 pkg/l.
Cloisite 30B particles migrated from packing
film into the liquid media in significant quanti-
ties. It was concluded that a nanocomposite with
such structure could be applied for packing dry
products only and it could protect them to a cer-
tain extent from bacterial contamination but not
from mold fungi.

It is rather alarming that people may be
exposed to aerosols occurring when packing
wastes with NCs in their structure are burnt at
combustion plants. Wagner A. et al. [67] per-
formed their experiments on BEAS-2B cells of
human lung epithelium and revealed that burn-
ing under 900 °C didn’t exert any significant
impacts on cytotoxicity of native MMT and
drastically reduced cytotoxicity of organically
modified Cloisite 30B nanoclay; it corre-
sponded to relevant burning out of its organic
component. The same authors performed simi-
lar experiments [68] to examine cytotoxicity of
solid products occurring after burning of a
polymer nanocomposite that contained three
different organically modified nanoclays. They
showed that combustion products that had
powder-like or spongy structures with their
particles size significantly exceeding 100 nm
didn’t produce any apparent cytotoxic effects
in a concentration up to 0.3 mg/ml. The au-
thors made a conclusion that although any or-
ganically modified NC was more cytotoxic
than native one its cytotoxicity went down
considerably during packing materials com-
bustion due to modifiers in its structure having
been burnt out.

Data obtained via in vitro tests allow
making assumptions as regards mechanisms of
cytotoxic effects occurring in direct contacts
between NC and cells. Thus, lysis occurred in
HUVE cells after 24-hour exposure to MMT,
bentonite, and kaolinite [43]. Short-term expo-
sure (60 minutes) to MMT and bentonite re-
sulted in complete lysis of neuronal cells [69].
Morphological changes appeared in HepG-2
and Caco-2 cells exposed for 24-48 hours to
organically modified Cloisite 93A NC in a
concentration varying from 0.05 to 1 mg/ml;
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among those changes were damages to mito-
chondria, nucleus, and endoplasmic reticulum
[55]. Degenerated mitochondria in HepG2 and
Caco-2 cells exposed to organically modified
NCs are consistent with data obtained via
MTT-test performed on many cell types ex-
posed to both modified and native halloysite
nanotubes [44, 45, 49, 50, 52, 55-58, 63]. Fatty
impurities in HepG-2 and Caco-2 cells cultivated
with C30B present during cultivation indicate
that lipid metabolism is violated [43]. All the
above stated facts allow one to assume that a
direct contact between non-modified MMT and
different cell types results in damage to them
with prevailing antioxidant stress caused by cata-
lytic synthesis of free radicals at interphase bor-
ders whereas the basic factor that makes organi-
cally modified clays toxic is their organic com-
ponent (a modifier) that produced membrane-
tropic effects [5].

Therefore, as per data obtained from nu-
merous research works, negative effects pro-
duced by NCs on different cells are undoubted.
But it is impossible to determine whether sig-
nificant these effects are in terms of toxic im-
pacts produced by NCs on a human body
without exact data on exposure scenarios,
quantities in which nanomaterials migrate
from package and packing into products and
NCs ability to penetrate through biological
barriers.

Data obtained via experiments in vivo. Re-
search works on clay minerals toxicity per-
formed in vivo are not so numerous as compared
to data obtained via in vitro systems; available
results are hardly comparable due to experimen-
tal models and tested objects being different
form each other. A review on early data on clay
mineral toxicity is given in works [4, 70].

Overall, exposure to clay materials can
stimulate both toxic and non-toxic response.
The latter can occur due to favorable effects
produced by clays as enterosorbents as they are
able to reduce burdens related to penetration of
aflatoxins, heavy metals and microbe metabo-
lites into a body; they produce antacidic effects;
and serve as a source of essential microele-
ments that can be consumed with them in cer-
tain additional quantities [5, 71, 72]. Most early
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works revealed that clays didn’t induce overall
toxic and histopatologic changes, both under
single exposure in an acute experiment [45, 73,
74] and in a sub-acute or chronic one lasting up
to 196 days [75-78] performed on rodents. For
example, Baek et al. [45] estimated LDsy of
non-modified MMT for mice and it amounted
to 41,000 mg/kg of body weight. Wiles et al.
[79] stated that MMT was not toxic or produced
negligible toxic effects on pregnant Sprague—
Dawley female rats and they didn’t reveal any
embryotoxicity either. However, previously
Patterson and Staszak (1977), cited as per [5]
revealed certain reproductive toxicity as there
was anemia in female rats and lower body
weight of newborn offspring after exposure to
kaolin in quantity amounting to 20 % in the
overall forage mass.

There have been few in vivo research works
on clay minerals toxicity in the last 10 years.
There was a suspicious case when cats got poi-
soned by bentonite after swallowing bentonite-
containing cat litter; they suffered from hypoka-
liemia and hypochromic anemia, lethargy and
muscle weakness. Orally introduced bentonite
resulted in lower calcium contents in bone tissue
of goats. Bentonite didn’t compensate for a de-
crease in calcium contents in shinbones of broil-
ers with alimentary deficiency. A 3-year old girl
who had been exposed to bentonite orally and
rectally as a home-made medication suffered
from severe hypokaliemia [40].

On the other hand, Maisanaba et al. [78]
didn’t reveal any increase in lipoperoxides, or
changes in activity of superoxide dismutase
(SOD), glutathione peroxidase (GPx), and glu-
tathione-S-transferase (GST) in the liver or
kidneys of rats after 40-day exposure to or-
ganically modified MMT; although, catalase
became more active, and there was an increase
in its protein contents and gene expression in
the kidneys. EFSA [76] gives some data on
chromosome aberrations revealed in rats that
were exposed to bentonite for 15 days. How-
ever, Sharma et al. [80] didn’t detect any
breaks in DNA chains in cells or any inflam-
matory response in the large intestine, liver or
kidneys of Wistar rats that had been twice ex-
posed to organically modified Cloisite 30B via
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a stomach tube in a dose 250-1,000 mg/kg of
body weight. This result is quite consistent
with data obtained by Hsu et al. [81] in their
experiments on Sprague—Dawley rats that were
subcutaneously exposed to a suspension con-
taining MMT nano-plates.

V.V. Smirnova et al. [82] performed their
experiments on male rats that were exposed to
non-modified hydrophilic NC “Nanoclay
Nanomer PGV via a stomach tube for 28 days
in a dose equal to 1 or 100 mg/kg of body
weight. A lot of biochemical and hematologic
parameters were then analyzed and the authors
didn’t reveal any changes in animals from the
test group that could be considered unfavor-
able. Moreover, exposure to NC had certain
effects indicating that antioxidant protection
system became more active (diene conjugates
contents in plasma went down and glutathione
peroxidase became more active). Clay con-
sumption didn’t stimulate liver cells apoptosis
or make intestinal walls more penetrable for
macromolecules.

There was an experimental model that in-
volved inducing hypercreatinemia in mice;
montmorrilonite applied within it reduced
creatinine contents in blood serum and acceler-
ated its excretion from the intestines. Bentonite
consumed by animals with renal failure made
for urea diffusion out of blood vessels into the
intestines and inhibited its absorption there
[40]. Mice suffering from hyperthyrosis were
given montmorrilonite and it reduced thyroxine
and triiodothyronine contents, made for longer
sleep, increased tolerance to hypoxia and re-
duced spontaneous motor activity [40].

Some researchers argue that absence of
toxic effects produced by NCs is probably due
to them being practically not biologically avail-
able under enteral introduction [80]. However,
Baek et al. [45], although they didn’t observe
any toxic effects produced by MMT in a dose
up to 1,000 mg/kg of body weight, still reported
that clay minerals could be absorbed in a body
during 2 hours with certain marker elements
(silicon and aluminum) accumulating in spe-
cific organs. Mascolo et al. [74] detected an in-
creasing accumulation of NCs marker elements
in rats’ urine and tissues, and the organs where
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they accumulated were distributed as per their
quantities given in the descending order in the
following way: kidneys > liver > heart > brain.
Reichardt et al. [83] showed that kaolinite could
dissociate into the intestine lumen and escaping
aluminum ions could be absorbed. Particles of
organically modified Cloisite 30B nanoclay can
be absorbed by epithelium cells in rats’ esopha-
gus [66]. However, Sharma et al. [80] didn’t
reveal any aluminum accumulation in the liver
and kidneys of rats that were exposed to modi-
fied Cloisite 30B nanoclay via gavage in a dose
equal to 1,000 mg/kg of body weight. EFSA
experts [76] believe that bentonite and sepiolite
are not absorbed in the gastrointestinal tract in
any significant quantities.

Organic NC modifiers that can be dissoci-
ated from MMT both within a product and after
being introduced into a body have their own
toxic effects. In particular, Melin et al. [84] de-
termined that quaternary ammonium bases
caused grave disorders in reproductive health of
mice. There was an experiment performed on
rats; they were intragastrically exposed to dide-
cyldimethyl-ammonium saccharinate via ga-
vage in a dose equal to 2,000 mg/kg of body
weight; the exposure resulted in death of all the
experimental animals [54].

Only three research works focused on as-
sessing clay nanocomposites toxicity. Thus, the
authors of [64] indicated that NC composites
didn’t produce and toxic effects in vivo and
were highly biologically compatible with poly-
urethane and chitosan. MMT nanocomposites /
chitosan had more significant biological com-
patibility in vivo than pure chitosan [81].
Maisanaba et al. [85] exposed rats to substances
that were extracted from a composite contain-
ing organically modified NC and poly-L-lactite
and turned into a model drink; they didn’t re-
veal any histopathologic or biochemical signs
of toxicity.

Interaction with chemical toxicants.
There are data in literature that allow assuming
nanoclays being able to reduce toxicity of
chemical toxicants when they are introduced
together with them as the former can act as
enterosorbents. Authors of some early works
[35, 86] reported that it was quite efficient to
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add non-modified clays into forage for agricul-
tural animals (chicken or pigs) in doses equal
to 0.1-0.5 % of the overall ration in order to
prevent adverse effects produced by aflatoxins
from group B that could be found in forage.
Simultaneously it was shown that NCs in the
mentioned doses didn’t deteriorate biological
availability of vitamins B, and A, phosphor,
and manganese although there was a slight de-
crease in biological availability of zinc when
the dose reached 1 % (and it was higher than a
recommended preventive one). Detoxication
became especially efficient in case of aflatoxi-
cosis when NCs were combined with such an-
tioxidants as selenium, methionine, and vita-
min E.

Afriyie-Gyawu et al. [39] examined clini-
cal materials taken in regions that were en-
demic in terms of aflatoxicosis in people. They
revealed that it was quite efficient to use NC
NovaSil as an enterosorbent and it didn’t result
in any risks related to vitamins A and E and
mineral substances becoming less biologically
available. Data obtained from the work by Ab-
del-Wahhab et al. [34] indicate that organi-
cally modified NC is able to absorb aflatoxins,
fumonizine, and zearalenone.

El-Nekeety et al. [87] exposed Sprague
Dawley rats to fumonizine B, and/or zearale-
none for 3 weeks; reference groups in their ex-
periment were given only usual food or food
with added MMT in a quantity equal to 0.5 %
of the overall provided food. After that the au-
thors determined nitrogenous and lipid metabo-
lism in blood plasma, LP products in the liver
and kidneys, antioxidant enzymes activity, lev-
els of carcinoembryonic antigen (CEA), alpha-
fetoprotein and IL-6, and morphological pa-
rameters of the liver and kidneys. All the de-
termined parameters indicated that MMT pro-
duced favorable therapeutic effects. There were
no signs of toxic effects on animals that were
given only MMT in the above-mentioned dose.

Therefore, high activity of NCs as entero-
sorbents for various toxic substances provides
certain opportunities for using NCs in treating
and preventing various intoxications both
among people and animals. It creates additional
exposure to both native and modified NCs.
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Antimicrobial activity. Some native clays
were used to treat wounds in ancient times,
long before their antimicrobial properties be-
came known to medical science [88]. Antim-
icrobial effects produced by clays can occur
due to both physical interactions with microbe
cells and emissions of various chemical com-
ponents. Physical antimicrobial effects are pre-
sumably determined by bacteria sticking to
clay particles and, as a result, microorganisms
fail to absorb necessary nutrients, they dis-
charge metabolites, and their cellular walls are
broken (Ferris et al., 1987, cited as per [5]).
Wherein this clays rather produce bacterio-
static effects and not bactericidal ones [89].

Antimicrobial effects produced by NCs
can be related to their ability to cause dysbiotic
disorders in case they are introduced orally.
Thus, Smirnova V.V. et al. [82] exposed Wis-
tar rats to non-modified MMT and revealed
lowering functional activity of symbiotic bifi-
dobacteria in exposed animals together with a
substantial (by 3 times) growth of yeast flora
in the caecum.

When assessing probable chemical anti-
bacterial effects produced by NCs, one should
bear in mind that though aluminosilicate parti-
cles are poorly soluble in water, they can still
release ions of metals (in particular aluminum
or iron) in a biological medium where organic
molecules are present; these released ions are
able to produce antimicrobial effects [88].
Wang et al. [90] revealed antimicrobial effects
produced on S. aureus and E. coli by exfoliated
NCs and their forms modified with cation-
active, anion-active and non-ionogenic SAS, as
well as by nanocomposites with polyurethane.

Composite films based on Salvia mac-
rosiphon sage seeds gluten and organically-
modified Cloisite 15A nanoclay demonstrated
their antimicrobial properties regarding E.coli
and S.aureus in test on agar [91]. A composite
formed from negatively charged bentonite NC
layers and monomolecular chitosan layers
turned out to have antimicrobial effects on
Pseudomonas syringe pv. tomato bacteria and
Fusarium solani f. sp. Eumartii mold fungus
that caused agricultural products spoilage [92].
It is assumed that such nanocomposites can
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also be so called “elicitors”, that is, substances
that non-specifically increase plants resistance
to pests and pathogens.

Antimicrobial effects produced by clay
minerals became widely used in clinical prac-
tices. Thus, patients suffering from diarrhea of
various etiologies (viral infection, food aller-
gies, spastic colitis, mucus colitis, and food
poisoning) were given bentonite orally and it
resulted in favorable clinical effects in 97 %
cases [93]. “Diosmectite” adsorbent that con-
sists of mnatural aluminosilicate-magnesium
clay is widely used in clinical practices to treat
diarrhea and irritable bowels syndrome. The
medication was shown to normalize stool due
to its ability to absorb toxins, bacteria, and vi-
ruses and to enhance barriers created by the
intestine mucosa thus reducing inflammation
and penetration of luminal antigens through
mucus layers. It also prevented adsorption of
bacteria, enterotoxins, viruses, and other po-
tentially diarrhea-inducing substances on cell
membranes [94]. “Diosmectite” is also rec-
ommended to prevent negative side effects
produced by radiation and chemical therapy as
well as to treat acquired immunodeficiency
syndrome involving chronic diarrhea [95].
When bentonite was prescribed to patients in a
dose equal to 3 g/day for 8 weeks, it resulted
in less apparent signs of irritable bowels syn-
drome against placebo [40].

Clinical research also revealed probable
side effects produced by clay-based medica-
tions. Diosmectine (smecta) caused constipa-
tions, though in rare cases, and the effect was
eliminated after a dose had been adjusted;
sometimes (better to say, rather rarely) there
were allergic reactions (nettle-rash, rash, itch,
and Quincke’s edema). Clays as enterosor-
bents have certain contraindications such as
bowel obstruction, fructose intolerance, im-
paired glucose and galactose absorption, inver-
tase-isomaltase insufficiency [95].

Therefore, plenty of data on antimicrobial
effects produced by NCs and their composites
not only substantiate their use in producing
medical appliances and medications but also
provide better insight into a probability that
biological effects produced by NCs become
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obvious due to their interaction with intestinal
microbiocenosis components under oral intro-
duction into a body.

Migration form packing materials. A most
significant role in assessing probable health
risks caused by NCs belongs to determining
quantities in which these nanomaterials and
their organic modifiers migrate from packing
materials [96, 97]. We should note that contra-
dictory results have been obtained in researching
the issue. Schmidt et al. [98] didn’t reveal any
clay migration from poly-L-lactite in 95 % etha-
nol within detection limits; and Bott et al. [99]
also didn’t detect any laponite migrating from
low-density polyethylene into SAS solution.
Xia et al. [100] detected only trace clay quanti-
ties (3—6 pg/l) migrating from polypropylene
and polyamide films into ethanol. According
to theoretical calculations made by Simon et
al. [101], particles with their diameter exceed-
ing 1 nm should not at all migrate from poly-
mer phases due to their significant viscosity.
However it is not the case with particles that
are located on an interphase surface or close to
it as well as with a situation when a polymer is
being destroyed. Probably it was the reason for
Avella et al. [19] to determine an increased
concentration of silicon in vegetables that con-
tacted a nanocomposite. However, it is rather
difficult to interpret these data as a packing ma-
terial used in that work was biologically de-
gradable. Farhoodi et al. [-102] revealed that
aluminum and silicon could migrate from PET
bottles in acid medium under 25 and 45 °C.
Other researchers showed that both aluminum
and silicon could migrate from nanocomposites
into water and water-ethanol media [103].

Echegoyen et al. [96] examined how alu-
minum migrated from containers consisting of
two various polyethylene composites with or-
ganically modified NCs. All the tests were per-
formed according to the EU Regulation
10/2011/EU that involved using 10 % ethanol
and 3 % acetic acid as model media under
70 °C for 2 hours or under 40 °C for 10 days.
Under given conditions, Al migrated from
samples in quantities varying from 2 to 51 ng
from 1 cm? of their surface; the authors applied
electronic microscopy and it allowed them to
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detect clay nano-plates in the model media.
Their structure was additionally confirmed via
energy dispersive spectroscopy. Xia et al.
[100] examined migration of clay particles, Si,
Al, and organic modifiers (quaternary ammo-
nium bases) from polypropylene (PP) compos-
ites and polyamide 6 (PA6) with organically
modified MMT into ethanol under 70 °C. It
was shown that more clay particles migrated
from PP films than from PA6 ones (0.15 and
0.10 mg/1 respectively); it was probably due to
weaker interaction between organically modi-
fied NC and the first polymer. Modifiers mi-
grated in ethanol in quantities being equal to
3.5 mg/l for PP films and 16.2 mg/l for PA6
ones. Treatment with ethanol also led to changes
in nanocomposite ultra-structure. Aluminum
migration from polyethylene nanocomposite
into 3 % acetic acid reached 5.16 pg/cm’ [96];
aluminum migration from PET-based nano-
composite into the same medium amounted to
0.34 mg/kg, and silicon, 9.5 mg/kg [102]. Bio-
polymer films made from wheat gluten emitted
up to 1 mg/kg aluminum and up to 4.5 mg/kg
silicon into water, 3 % acetic acid, 15 % etha-
nol and vegetable oil [104].

NCs can migrate from packing materials
not only under exposure to a medium that is
characteristic for a food product but also due
to weathering [105]. To assess this factor,
model clay nanocomposites were treated with
UV-radiation or ozone under 40 °C. Physical
and chemical properties of nanocomposites
changed rather slowly during the first 130
hours and clay migration was also slow; after
that, materials degraded rapidly and com-
pletely. Built-in nanoclays made an initial
composite more stable and durable; however,
they resulted in its faster degradation under
exposure to UV-radiation. Nanoparticles that
migrated from nanocomposites under weather-
ing were 2—8 nm in size. Their concentration
grew as treatment period got longer.

Therefore, contradictory data on migra-
tion of NCs and their components from pack-
ing materials indicate it is necessary to apply
an individual approach to assessing their safety
taking into account what structure an applied
nanocomposite has, under what conditions it is
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applied, as well as properties of products that
are packed in it.

Exposure and probable risks. People as a
biological species have always been exposed
to clays to a certain extent [106]; however, this
exposure obviously has increased over the last
two decades due to clay minerals being widely
used in technology and medicine. Inhalation
exposure accounts for the biggest part of the
total one; intragastric and subcutaneous expo-
sure follows [107, 108].

Occupational inhalation exposure usually
occurs predominantly when minerals are ex-
tracted, in agriculture, and at aluminum-pro-
ducing enterprises [5, 109]. This review
doesn’t include profound consideration of
such exposure.

Data on oral exposure of people to MMT,
kaolinite, and other clays are rather contradic-
tory [4]. When clays are introduced into poly-
mer materials, it can result to spontaneous ex-
posure to them and it requires assessing migra-
tion of both microparticles and nano-structured
clays from packing materials into food prod-
ucts [41]. Besides, NCs can penetrate the envi-
ronment in considerable quantities during a
product life cycle, for example, when wasted
packaging and packing materials are inciner-
ated at combustion plants [110]. Food addi-
tives and medications are other significant
sources of oral exposure to clays in developed
countries [111, 112]. Here we should mention
bentonite, montmorrilonite, kaolinite, and pa-
lygorskite that are used as antacids and anti-
diarrhea medications [113]. Some clays are
applied to prevent mycotoxicosis and aflatoxi-
cosis in people in regions where endemic risks
as per these health disorders are rather high
[39, 114].

Bearing probable risks analysis in mind,
we think that the most significant task here is
to examine exposure of people to aluminosili-
cate food additives as they can be result in
toxic aluminum being introduced into a human
body. As per EFSA assessment, five alumi-
num-containing food additives, between them
four should be treated as clays (acid sodium
aluminophosphate E541; sodium aluminosili-
cate E554: potassium aluminosilicate E556;
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aluminosilicate-kaolin E559), are consumed by
people from various age groups in quantities,
recalculated as per aluminum, varying from
2.3to 76.9 mg/kg per week on average for the
whole population and from 7.4 to 145.9 mg/kg
per week on average for 95 % population de-
pending on a scenario [1]. According to an al-
ternative scenario assuming that food products
with aluminum-containing food additives in
their structure are consumed in greater quanti-
ties, average consumption amounted to
18.6-156.2 mg/kg of body weight per week;
consumption for a 95 % population sampling
amounted to 5.3-286.8 mg/kg of body weight
per week [115]. Therefore, aluminum that is
contained in food additives is consumed by
people from various age groups in quantities
being considerably higher than its tolerable
weekly intake from all the possible sources
(TWI = 1 mg/kg of body weight) fixed by
EFSA [, 116] as well as its provisional toler-
able weekly intake (PTWI = 0-2.0 mg/kg of
body weight) fixed by JECFA [1, 117].

Results obtained by other authors confirm
that children, as a rule, consume aluminum with
food in greater quantities per a unit of their body
weight than adults though these data are a bit
different from EFSA estimates. According to it,
probable aluminum consumption by children
aged 3—15 in France amounted to not less than
0.7 mg/kg of their body weight per week in
97.5 %. This quantity was equal to 2.3 mg/kg of
body weight per week for pre-school children
aged 1.5-4.5. In Great Britain in 1988 children
aged 4-18 consumed aluminum in a quantity
equal to 1.7 mg/kg of body weight. In Germany
10 % of children aged 5-8 consumed aluminum
with food in a quantity being higher than 0.38
mg/kg of body weight per week. Potential con-
sumption of aluminum contained in food prod-
ucts for infants by children aged 0-3, 4-6, 7-9,
and 10-12 months amounts respectively to 0.1,
0.2, 0.43, and 0.78 mg/kg of body weight per
week [115, 117]. Research performed in China
allowed revealing that average aluminum con-
sumption by children in Shenzhen amounted to
3.272 mg/kg of body weight per week which
was even higher than PTWI = 2 mg/kg of body
weight per week fixed for adults [118].
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According to [119] aluminum contents in
various products for children aged 0—12 months
varied from 224 pg/l per day to 592 ng/l. Tak-
ing into account maximum recommended quan-
tities in which these products can be consumed,
aluminum consumption become unacceptably
high for children older than 6 months.

There was a piece of research accom-
plished in Spain; it revealed that milk-based
formulas for babies contained aluminum in
quantities equal to 0.24—0.69 mg/l, and soya-
based ones, 0.93 mg/l [120]. The obtained data
gave grounds for additional assessment of
aluminum consumption with such products
and it amounted to 0.2-0.6 mg/kg of body
weight per week for 3-mointh old children in
case milk-based food products were used, and
0.75 mg/kg of body weight per week for soya-
based products. Should these products be con-
sumed in significant quantities, aluminum con-
sumption grew to 0.3-0.9 mg/kg of body
weight per week and 1.1 mg/kg of body
weight accordingly [121]. These data on in-
creased aluminum contents in food products
for babies (milk products, biscuits, dried cere-
als, desserts, fish, fruit purees, mea, macaroni,
crackers, and vegetables) were confirmed by
numerous research works [113, 122, 123].

We should note that aluminum-containing
food additives are not included into the list of
those that are permitted to be applied in prod-
ucts for children in conformity with the CU
TR 029/2012 “Requirements to safety of addi-
tives to food, flavoring agents, and technologi-
cal auxiliaries”, Codex Standard 192-1995
“General Standard for Food Additives” ap-
proved by Codex Alimentarius, EU Regulation
No. 1333/2008 regarding use of food addi-
tives. Besides, EU Regulation No, 1333/2008
strictly forbids using aluminum-containing
food additives in ingredients for children nutri-
tion. Nevertheless, as analytic research indi-
cates, aluminum is detected in food products
for children; it can occur there due to “transi-
tion” from food raw materials (for example,

from powdered milk) as well as due to migra-
tion from package and packing materials.

Available data on aluminum toxicity and
quantities in which the element was consumed
with food products gave grounds for excluding
potassium aluminosilicate E555 and bentonite
E 558 from the list of food additives given in
the Codex Standard 192-1995 “General Stan-
dard for Food Additives”. However, an issue
related to aluminum consumption with food
additives probably exceeding maximum per-
missible levels still remains open. Therefore,
experts from the RF proposed discussing the
necessity to reconsider use of aluminum-con-
taining food additives that were permitted for
use in food industry at the 46 session of the
FAO-WHO Experts Committee (CCFA46)
held in Hong Cong on March 17-21 2014.
CCFAA46 voted for the proposal [124].

The last version of The EU Regulation
No. 1333/2008 that was edited in 2019 ex-
cluded several types of clays from the list of
food additives permitted for use in food indus-
try; excluded clays were sodium aluminosili-
cate E554, potassium aluminosilicate ES555,
calcium aluminosilicate E556, bentonite E558,
and aluminosilicate (Kaolin) E559 [125, 126].

Experts assessed aluminum consumption
with nutrition by RF population and revealed
that aluminum was consumed by all age groups
in quantities substantially exceeding maximum
permissible weekly levels that were equal to
0-2.0 mg/kg of body weight; aluminum con-
sumption was 2—8 times higher than maximum
permissible levels at the minimum calculated
consumption of aluminum-containing food ad-
ditives, and 30-95 times higher at the maxi-
mum calculated one. Given that, it seemed
well-grounded to exclude certain food additives
from the list of those permitted for use in food
industries; excluded food additives were so-
dium aluminosilicate (E554), potassium alumi-
nosilicate  (E555), calcium aluminosilicate
(E556), bentonite (ES558), and aluminosilicates
(kaolin) (E559)>. However, according to a deci-

% The draft decision by the EAEU Council. On making alterations No 2 into the Customs Union Technical Regulation
“Requirements to safety of food additives, flavoring agents, and technological auxiliaries” (CU TR 029/2012). The Eurasian
Economic Union. Available at: https://docs.eaeunion.org/pd/ru-ru/0103370/pd_17122018 (14.02.2020).
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sion made by the workgroup on making altera-
tions into the Customs Union Technical Regu-
lations “On Requirements to safety of additives
to food, flavoring agents, and technological
auxiliaries”, only four out of five food additives
were excluded from the list of those permitted
for use in food industry, namely E555, E556,
E558, and E559.

Conclusion. NCs are nanomaterials made
of aluminosilicate layers (plates) or, in some
cases, nanotubes and nano-disks. NCs struc-
ture, in particular nanometer-thick weakly
bonded layers in them, their ion-exchanging
and sorptive properties, as well as poor gas
permeability provide opportunities for their
wide use in industry, agriculture, and medi-
cine. Production of composite package and
packing materials usually involves using hy-
drophobic organically modified NCs.

People can be orally exposed to NC parti-
cles due to their migration from packing mate-
rials into food products and drinks; when NCs
are applied in medicine as enterosorbents;
when they are contained in food additives or
occur in residual quantities of technological
auxiliaries; due to spontaneous contamination
of agricultural raw materials and products with
clays. Numerous researches that involved us-
ing model in vitro systems revealed cytotoxic
effects produced by NCs on various cells as
well as their potential mutagenic effects on
microorganisms. As a rule, organically modi-
fied NCs tended to have greater cytotoxicity
than their non-modified analogues. Effects
produced by NCs on cells became apparent
through oxidant stress, depletion of reduced
glutathione resources, breaks in cell ultra-
structure (mitochondria swelling, changes in
endoplasmic reticulum), proteome and me-
tabolome shifts, cellular necrosis and lysis. NC
toxicity can probably have a mechanism that
involves generating reactive oxygen forms at
interphase boundaries as well as membrane-
tropic effects produced by cation-active SAS
that migrated from organically modified clays.
And here, as a rule, experts tend to neglect an-
other potentially significant mechanism that
involves migration of toxic aluminum ions
from NCs. Effective NC concentration in dif-
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ferent in vitro systems varies from 0.001 to
1 mg/ml; it is extremely doubtful that such NC
concentration could occur in organs or tissues
under systemic exposure (obviously, excluding
cases when NC clays are accumulated in lung
alveoli under chronic inhalation exposure).

Researches on NCs toxicity in vivo
yielded some contradictory results. NCs didn’t
produce apparent acute toxic effects on rodents
as it was indicated practically in each research
work. Results obtained via sub-acute and sub-
chronic experiments that lasted up to 196 and
single clinical observations were not so unam-
biguous. As opposed to original NCs, their or-
ganic modifiers were highly toxic when intro-
duced into animals in their free form; however,
a possibility that they could migrate from or-
ganically modified clay in vivo or in vitro still
remains disputable. Despite their low toxicity,
NCs are apparently able to release such micro-
elements as silicon and aluminum in vivo and
these microelements are partially biologically
available. Many NCs produce antimicrobial
effects and it indicates that dysbiotic disorders
can possibly result from their oral introduction.

Apart from toxic effects, NCs can also
exert various non-toxic impacts on a body re-
lated to enterosorption. Such impacts include
protection from adverse effects produced by
aflatoxins and, probably, other chemical con-
taminants in food products. According to
available data, orally introduced NCs don’t
exert any significant influence on provision
with vitamins; however, in certain cases they
are able to reduce provision with microele-
ments (such as zinc).

There are still significant gaps in assess-
ing NCs toxicity and related risks; they should
be filled via experimenting. Thus, effects pro-
duced by NCs in systems in vivo are character-
ized within insufficient dose ranges and it
doesn’t allow assuming there are no effects
that paradoxically occur not under exposure to
high doses but to low ones (as it was repeat-
edly shown in experiments with carbon nano-
tubes). Not enough attention has been given to
local effects produced by NCs in the gastroin-
testinal tract as per such parameters as mor-
phological changes in intestine mucosa, micro-
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biocenosis, and cytokine production by lym-
phoid tissue in the intestines. Influence exerted
by NCs on microelement state of a body hasn’t
been studied at all regarding a wide range of pa-
rameters (excluding such “marker” elements as
silicon and aluminum).

Contribution made by NCs contained in
packing materials into overall population ex-
posure to toxic aluminum should be thor-
oughly assessed due to already hazardous
situation resulting from clay minerals being
introduced into a body with food additives.
Assessment of aluminum consumption with
food by RF population revealed it was nec-
essary exclude potassium aluminosilicate

(E555), calcium aluminosilicate (E556), ben-
tonite (E558), and aluminosilicates (kaolin)
(E559) from the list of food additives per-
mitted for use in food industry.
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According to the official statistics, in Perm region a number of preterm births (PB) has declined by 1.5% over the
last 10 years; however, PB is still a leading cause for neonatal mortality. Despite a lot of already performed research
and studies that are being performed at the moment, there is still no clear understanding what etiological factors cause
PB. The paper contains a literature review of research that focused on PB risk factors. Certain factors are generally rec-
ognized and included into «Preterm birthy clinical report (2013), but literature data analysis allowed revealing addi-
tional PB risk factors. Cervical incompetence (Cl) is a generally recognized PB risk factor. In 2018 clinical recommenda-
tions were published; they contained a list of CI risk factors and some of them coincided with PB risk factors (bad habits,
extreme anthropometric parameters, peculiarities in obstetric and gynecologic case history, certain extra-genital dis-
eases, multiple pregnancy, application of assisted reproductive technologies, complicated pregnancy), some others are
considered to cause only CI (application of anti-tumor hormonal preparations, CI in family case history, abnormal devel-
opment and disorders in the structure of female genital organs, surgeries on ovaries in case history). We performed com-
parative analysis of PB and CI risk factors and it helped us substantiate a necessity to create a unified list of PB risk fac-
tors as it would allow optimizing not only procedures applied to rank female patients but also accomplishing relevant PB
prevention.

Key words: risk factors, preterm birth, cervical incompetence, clinical report, kiunuueckue recommendations, proce-
dures for female patients ranking, preterm birth prevention, literature review, comparative analysis.

Research works that focus on preterm
birth (PB) are performed quite continually
and are still vital due to PB remaining the
leading cause for neonatal deaths. We should
note that over the last 10 years number of PB
has reduced considerably. For example, ac-
cording to data provided by obstetric hospi-
tals, in Perm region preterm birth accounted
for 7.5 % in 2006 but the share declined to
6 % by 2017. In 2017 in Perm preterm births
cases accounted for only 4.7 % of the total
number of births [1]. However, the most im-
portant thing is not a decrease in PB as it is

but a change in delivery terms and a decrease
in number of too early PB. This task is also
being solved successfully despite new live
birth criteria that were adopted in 2012; one
of them is a pregnancy term being 22 weeks
and more'. We analyzed official statistic data
and revealed that there was a decrease in
number of too early PB (22-27 weeks) in
Perm region and they accounted for excep-
tionally low 0.5 % in 2017 against 1.6 % in
2006 [1]. All the achieved successes are un-
doubtedly due to new approaches imple-
mented into everyday practice by both neona-
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tologists and obstetricians and gynecologists;
these new approaches are regulated by federal
and regional regulatory documents.

Despite a great number of research works
accomplished in the past and being accom-
plished at the moment, etiological factor that
causes PB hasn’t still been assuredly identi-
fied; several factors are known to play their
roles in pathogenesis. They are activation of a
mother’s and/or fetus’ hypothalamo-pituitary-
adrenal axis; thrombophilia; uterine muscle
overstretching caused by fetal hydrops, mul-
tiple pregnancy, or uterine malformations;
local or systemic inflammation; ischemia; re-
jection of a transplanted fetus; etc. [2, 3]. It is
extremely difficult to comparatively analyze
results obtained by different authors due to
different design of their works (prospect and
retrospect studies; “case — control” studies;
groups under comparison being created as per
various risk factors, various PB types, and
fetus mass; differences related to criteria that
are included into a research work etc.) and
due to different statistical analysis techniques
applied in them (descriptive statistics; com-
parison between groups as per either absolute
or relative values; parametric and non-para-
metric analysis; comparison based on calcu-
lating odds ratio (OR), relative risk (RR),
x? criterion; regression analysis; etc.). Despite
all the difficulties related to comparative
analysis, we took an effort to estimate to what
extent various factors influencing PB have
indeed been examined so far.

Age. Chances that a woman might have
PB depend on her age. Thus, PB chances grow
insignificantly among women aged younger
than 30 (OR 1.2-1.59 [4, 5]; RR 1.0-1.7 [6]).
PB probability grows after a woman reaches
35 (OR 1.64-2.7); the worst forecast is for
women older than 40. Beta J. et al. note that
women who are 45 years old run approxi-
mately 2 times higher PB risks that those who
are just 20 [7].

But still, researchers tend to have dif-
ferent opinions on probable influence ex-
erted by a woman’s young age on PB risks.
Some experts state that PB risk grows for
women who are younger than 18 (by 2.2 %,
v*=7.7; p<0.01 [8]); other believe that
this increase in PB risks occurs when a
woman is younger than 20 (OR 2.144 [4];
by 9 % [9]; RR 2.5 [6]). There are also data
that there is no dependence between young
age and PB frequency [10]. Our colleagues
don’t confirm data on isolated impacts ex-
erted by a woman’s age on PB probability
in their works [11].

We should note that the clinic protocol
which is valid at present considers a woman’s
age younger than 18 and older than 34 to be a
risk factor that causes PB?,

Several researchers consider a woman
being an Afro-American a risk factor that leads
to a 2-time increase in PB frequency [7, 12].
But other researchers disprove this fact. And it
is disputable that this factor can have any sig-
nificance for our country, so at present it is not
included into the clinical protocol®.

Social factors. There are several works
where it is noted that low socioeconomic
status is a risk factor that can cause PB; the
same data can be found in the clinical proto-
col. However, there are no precise criteria
for assigning pregnant women into this risk
category”. Given that, it doesn’t seem possi-
ble to apply this factor in everyday medical
practice when a pregnant woman attends
regular medical check-ups. The same goes
for assessing impacts exerted by stress.
Gravett M.G. et al noted that when a preg-
nancy is full-term, expression of placental
adrenocorticotropic hormone is induced by
fetal hypothalamo-pituitary-adrenal axis; and
when a mother has a stress (either a physical
or mental one), it is induced by stress media-
tors including hydrocortisone and adrenal
and thus resulting in preterm expression of

% Preterm birth. Clinical recommendations (treatment protocol): The Letter by the RF Public Healthcare Ministry dated
December 17, 2013 No. 15-4/10/2-9480 / approved by V.N. Serov, the President of the RF Obstetricians and Gynecologists As-

sociation, 2013, 20 p.
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placental adrenocorticotropic hormone. It sti-
mulates placental estrogen and prostaglandin
synthesis and ultimately causes PB [13].
This risk factor is also included into the
clinical protocol but an obstetrician-gyneco-
logist can’t determine whether his patient
has a stress in her life without specific tests
which at present aren’t regulated by any
documents®. In our opinion, should these risk
factors be included, it could only make a
ranking system more complicated and pre-
vent from organizing efficient prophylaxis.

Next, we are going to dwell on certain
social factors that were given some attention
in literature but are not included into the pro-
tocol; still, their influence on PB risk is being
examined at the moment. Thus, for example,
there are data that unemployed women run
higher PB risks (RR 4.0 [6]), 1.7 times higher
risks [9]), and female students and clerks run
similar risks (RR 1.0 and 1.3 accordingly.
Casas M. et al analyzed 13 research works ac-
complished in Europe and revealed that PB
risks was insignificantly lower for employed
women (OR 0.86) but still depended on their
occupation. Thus, for example, PB risk was on
the contrary higher for women employed at
food-making enterprises (OR 1.5) [14].

According to Yu.A. Semyonov et al.,
education is a significant factor as it influ-
ences a woman’s behavior: how often and
regularly she attends a doctor, how precisely
she adheres to doctor’s recommendations, and
how persistent she is in pursuing healthy life-
style which is necessary for pregnant women.
Women with secondary education were met
almost two times more frequently than
women with higher education among those
who had preterm birth. These results are also
confirmed by a research work accomplished
by N.Yu. Katkova et al.; they showed that ab-
sence of higher education resulted in greater
PB risks (OR 4.64).

Yu.A. Semyonov et al. believe that mari-
tal status and age of coitarche also have their
influence. Single women run 2 times higher
PB risks; women who had their first sexual
intercourse when they were younger than

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

ISSN (Eng-online) 2542-2308

16 run 3 times higher PB risks. However, it is
the only research work available to us where
we managed to find some data on influence
exerted by age of coitarche [9]. Dyadichkina et
al. didn’t reveal any relation between marital
status and PB probability [5].

Several authors state that PB depends on
quality of prenatal observation; there is a
2.4 times growth in PB [15]; inadequate ob-
servation, OR 2.87-3.2; no observation at all,
OR 3.0-5.19 [16].

Data on impacts exerted by physical
loads are rather contradictory. Excessive
physical loads during pregnancy as well as
hypodynamia can influence PB frequency.
The problem is that there are no common ob-
jective parameters of physical activity that
can be applied when studying this risk factor
for pregnant women [17, 18].

Bad habits. According to the clinical pro-
tocol, if a mother has bad habits (alcohol, nico-
tine, or drug dependence), it is a risk factor
that can cause PB”.

Researchers adhere to practically the
same opinion regarding smoking as PB risk
factor (OR 2.33-5.57 [3, 5, 11]; risk is 5 times
higher [9]). Beta J. et al. noted that smoking
resulted in a higher risk of PB up to 34 weeks
(OR 1.81) [7].

Some authors believe that alcohol intake
is also a risk factor that causes PB but there are
no more precise results due to a small number
of observations and absence of common objec-
tive criteria (how much alcohol is consumed,
how often it is taken etc.) [5, 9, 19]. In every-
day medical practices doctors can rely only on
“yes / no” ranking, that is, whether a women
drinks alcohol during pregnancy or not.

Anthropometric parameters. Despite a
lot of talks on obesity being a real epidemic
nowadays, anthropometric parameters are
not included into a list of risk factors that
can cause PB?.

A lot of researchers revealed that a
mother having low height influenced PB risks
[6, 7, 20], but N.Yu. Katkova et al. didn’t re-
veal any dependence between a woman’s
height and PB frequency [3].
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Body mass deficiency leads to a growth in
PB risk depending on how apparent it is; thus,
BMI 17-18.5 kg/m” means RR equal to 0.8-1.22;
BMI 16-17 kg/m’, RR 0.7-1.41; BMI lower
than 16 kg/m’, RR 1.61-1.9 [6, 21].

Overweight and obesity results in 2.4
times higher PB risks [9], OR amounts up to
2.08 [5, 6, 22, 23].

Obstetrician and gynecological case
history. A lot of authors think that preterm
birth in case history plays the most signifi-
cant role [3, 5, 6, 9, 12, 16, 24], and should
there be two or more PB, it causes even
greater risks. This factor can be found in the
clinical protocol and is the most important
one for determining how to treat a patient; it
regulates preventive prescription of micro-
nized progesterone and it fully corresponds to
instructions attached to medications’. In this
relation there have been large-scale studies
over the last 5 years; they focused on examin-
ing efficiency of micronized progesterone
medications prescribed to prevent PB and
miscarriages [25, 26].

The clinical protocol also has data on
such risk factors as one or more miscarriages
at later terms and two or more medical abor-
tions”. Let us consider these factors in greater
detail. Procedures for medical abortion have
changes considerably over the last 10 years
and nowadays we have two clinical protocols
that regulate medical abortion at early and
later terms®*. Given that, we should revise our
attitude towards abortion being a PB risk fac-
tor and clarify that it depends on a procedure
applied to make an abortion.

When analyzing literature data, we noted
that an issue related to dependence between
abortions in previous pregnancy and PB
remained disputable. Some authors believe
that even one abortion or endometrectomy
results in higher PB probability, especially if

it is the previous pregnancy that was aborted
[6, 15, 24]. The worst forecast is given in
case of abortion in the previous pregnancy
which was also the first one (RR 3.0 [6]) and
two or more intrauterine interventions
(OR 5.3 [3]). However, other authors note
that it is only spontaneous miscarriage that
matters (OR 2.84 [5]), and that induced abor-
tions, ectopic and anembryonic pregnancies
in case history don’t result in greater PB risks
(5,9, 16].

J. beta et al. give the most detail descrip-
tion of influences exerted by obstetrician case
history in PB risks, but they focus only on
pregnancies that ended up on 16-30™ week and
31-36™ week, one or two abortions, and ab-
sence or occurrence of birth in due time (OR
from 2.33 to 18.73 depending on a combination
of events) [7].

Cone biopsy or uterine neck amputa-
tion that are mentioned in the clinical protocol
are also considered PB risk factors®.

All the factors that we are going to de-
scribe below are not included into the clinical
protocol; still, we think it is advisable to discuss
them as influence exerted by them is being
studied at the moment. PB probability is related
to a cesarean operation in previous births
(OR up to 2.2); it grows with each subsequent
operation and with stillbirth and / or early neo-
natal death in case history [6, 9, 11, 12].

A small break between pregnancies also re-
sults in insignificant PB risk growth; should it be
less shorter than 6 months, OR amounts to 1.71
[27]); 6-11 months, OR 1.2 [27]); shorter than
18 months, OR 1.37 [11]); and a break more
than 60 months results in OR varying from 1.1
to 1.5 depending on PB term [12]. A great
number of births (more than 4) is also included
into the clinical protocol as PB risk factor.

Polycystic ovary syndrome, infertility,
chronic inflammation in small pelvis organs,

3 Medical abortion. Clinical recommendations (treatment protocol): The Letter by the RF Public Healthcare Ministry dated
October 15, 2015 No. 15-4/10/2-6120 / approved by V.N. Serov, the President of the RF Obstetricians and Gynecologists Asso-

ciation, 2015, 35 p.

* Induced abortion at late terms due to anomalies in fetus development. Clinical recommendations (treatment protocol):
The Letter by the RF Public Healthcare Ministry dated December 04, 2018 No. 15-4/10/2-7839 / approved by V.N. Serov, the
President of the RF Obstetricians and Gynecologists Association, 2018, 43 p.
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and uterine myoma are also considered ad-
verse factors; however, they require further
research and their influences have not been
given sufficient proof [3, 5, 6, 9, 24].

Somatic pathology that is included into
the clinical protocol is pancreatic diabetes in
its grave form and grave extragenital pathol-
ogy. However, there are some research
works where it is stressed that greater PB
probability is caused not only by pancreatic
diabetes in case history before pregnancy but
especially when it is combined with smoking
(RR =5.99) [28].

Arterial hypertension before pregnancy
leads to higher PB risks depending on PB
type and term and should be taken into ac-
count as it is a proven risk factor that causes
preeclampsia [5, 12].

There are no unambiguous data on impacts
exerted by anemia. Some authors state that it
increases PB risks (RR 3.0 [6]), OR 1.2-1.8
depending on PB type [12]). At the same time,
Ahumada et al. didn’t confirm that such de-
pendence existed [16].

It was revealed that PB was related to auto-
immune diseases, such as rheumatoid arthritis
(OR 2.1), Crohn’s disease (OR 1.87), psoriasis
(OR 1.88) [29], and systemic lupus erythemato-
sus (OR 2.57-8.66 depending on how active a
disease was) [30].

Few research works focus on impacts ex-
erted by diffuse endemic goiter (OR 2.29) [5],
gastrointestinal tract diseases (1.6 times higher
risk [9]), mitral valve prolapse (OR 2.35 [5]).
It should be noted that N. Yu. Katkova et al.
didn’t reveal significant influence exerted by
somatic pathology on PB risk [3].

Current pregnancy and its course. If a
pregnancy is due to assisted reproductive tech-
nologies (ART), than there are great risks of
complications including PB; a significant role
here belongs to gynecological pathology that
resulted in infertility [7]. For example, accord-
ing to S.V. Rishuk et al., each 4-5" pregnancy
that is due to in vitro fertilization ends up in
preterm birth [31].

Multiple pregnancy also ends up in pre-
term birth more frequently (OR 2.4) [16, 32].
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The worst forecast is for multiple pregnancies
that are due to ART as PB probability for them
varies from 80 to 100 % [33, 34].

Both these factors (ART and multiple
pregnancy) are included into the clinical pro-
tocoal®.

Placental pathology. According to several
authors, placenta incompetence authentically
frequently occurs in women with preterm births
in case history and it can be due to a common
pathogenetic mechanism (RR 2.6 [24]; OR 14.5
[3]). At the same time Dyadichkina et al. didn’t
confirm such data [5]. We should note that pla-
centa incompetence in itself as well as ways
how to prevent and treat this pregnancy-related
complication are to be discussed more pro-
foundly. However, such a complication as fetal
hydrops which is caused by functional disor-
ders in fetus-placental complex is a commonly
recognized PB risk factor”. According to the
clinical protocol, only pathological placenta
location and premature detachment of a nor-
mally located placenta are PB risk factors”.

Patients that suffer from preeclampsia
run well-proven higher PB risk (OR 1.9 [16];
4.43 [35]; 6.9-89.7 depending on PB type [12]).
But the clinical protocol that is valid at the
moment doesn’t list preeclampsia among risk
factors that can cause PB in a current pregnancy;
probably, this disease should be assigned into
a category that includes grave extragenital pa-
thologies®.

Infectious diseases during pregnancy
induce a whole cascade of systemic inflam-
matory reactions and it is a pathologic sec-
tion in PB mechanism [3]. There are data on
impacts exerted by acute viral infections [5, 24],
urinary infections including inapparent bac-
teriuria [36, 37]; cervical-vaginal infections
(5,9, 24].

Parodentium diseases, together with all
the above mentioned infections, are also con-
sidered to be risk factors as pathogenic flora
from parodentium can occur in placenta tis-
sues [38]. N.N. Trigolos et al. confirmed that
oral cavity infections occurred 5 times more
frequently among women with PB [39], and
Gesase N. noted that PB occur more frequently
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among women with parodentium infections,
OR 2.32 [40].

The clinical protocol stresses that any
uterine bleedings during a current pregnancy
are a risk factor that can cause PB2, and it is
indisputable. On the contrary, a threatened
miscarriage during the first half of a preg-
nancy can still be discussed. Several domestic
researchers proved that a threatened miscar-
riage resulted in lower chances that a preg-
nancy would end up in due time (OR 2.45 [5];
x* = 5.41 [41]; RR 2.4 [24]), and a threatened
miscarriage in the second trimester caused
higher PB risks than the same threat in the first
one (RR 3.8 [24]; by 62.7 % [41]). However,
precise criteria for diagnosing “a threatened
miscarriage” were determined in 2016 only in
the clinical recommendations entitled “Miscar-
riage at early stages of a pregnancy: diagnos-
tics and treatment procedures™. A threatened
miscarriage involves scanty bloody discharge
from genital tracts. It allows stating that it is
uterine bleedings during a current pregnancy
that should be investigated in research works
as it will make for data obtained by different
authors being quite comparable.

A group of Chinese researchers per-
formed meta-analysis of research works that
focused on vitamin D deficiency; they re-
vealed that when vitamin D concentrations in
blood dropped lower than 20 ng/ml, PB risks
grew (OR 1.29) [42]. Flood-Nichols S.K. et
al. noted that there was no statistically sig-
nificant discrepancy between various groups
as per PB frequency when vitamin D concen-
trations in blood were lower than 30 ng/ml
[43]. It was also confirmed by L. Yang et al.
as they didn’t reveal any dependence be-
tween BP and vitamin D deficiency [44].
Nowadays medical experts are trying to de-
velop a project of clinical recommendations
on how to prevent and treat vitamin D defi-

ciency before pregnancy, during it, and after
childbirth as well.

Any relation between zinc deficiency
and PB probability is also to be discussed as
there is no unambiguous evidence on the
matter [45].

Surgeries and injuries are also factors
that can cause PB and it is indisputable?.

We should give special attention to pre-
term cervical maturation or cervical in-
competence as it is a commonly recognized
PB risk factor (OR 2.45 [5]; RR 39.8 for uter-
ine neck length being 25 mm and shorter in the
2" trimester [46]). In 2018 clinical recom-
mendations on cervical incompetence were
published; according to them, there are predis-
posing factors that can cause this pathology®.

Domestic researchers mention other risk
factors that cause cervical incompetence in
their works. N.A. Linchenko et al. stated that
a risk group as per cervical incompetence
probability included women with overweight,
obesity, 3 or more pregnancies, miscarriages
at later terms, with two or more intrauterine
interventions in case history, with chronic
inflammations in small pelvis organs, surger-
ies on ovaries, and infertility in case history
[47]. M.M. Padrul et al. determined only one
risk factor that resulted in discrepancies be-
tween groups with cervical incompetence
and without it; it was spontaneous late mis-
carriage or PB in case history (x> = 5.04) [48].
Yu.D. Kaplan et al. revealed several risk fac-
tors that could cause late spontaneous mis-
carriages and spontaneous PB among women
with treated cervical incompetence. They
were combined late spontaneous miscar-
riages and spontaneous PB in case history
and a threatened miscarriage during a current
pregnancy, a higher contribution being made
by this threat during the 2" trimester [49].
V.I. Chernyaeva et al. highlighted the fol-

3 Miscarriage at early stages of a pregnancy: diagnostics and treatment procedures. Clinical recommendations (treatment
protocol): The Letter by the RF Public Healthcare Ministry dated June 07, 2016 No. 15-4/10/2-34820 / approved by V.N. Serov,
the President of the RF Obstetricians and Gynecologists Association, 2016, 33 p.

% On clinical recommendations (treatment protocol) “Cervical incompetence”: The Letter by the RF Public Healthcare
Ministry dated December 28, 2018 No. 15-4/10/2-7991. KonsultantPlus. Available at: http://www.consultant.ru/docu-

ment/cons_doc LAW 320915/ (22.09.2019).
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lowing risk factors in case history that could
cause cervical incompetence: late abortions
and PB; two or more intrauterine interven-
tions; surgeries on uterine neck. They also
spotted out risk factors that were related to a
current pregnancy; they were a threatened
miscarriage; acute respiratory infections;
acute pyelonephritis; acute vulvovaginitis;
preeclampsia [50]. Taking into account
available literature data, it seems advisable

to compare existing research works on risk
factors that cause PB and cervical incompe-
tence (Table). As we can see from the Table,
risk factors causing PB and cervical incom-
petence coincide partly; some of them, how-
ever, cause only cervical incompetence. The
situation doesn’t seem adequate to us and
allows us to include risk factors that cause
cervical incompetence into the list of factors
that cause PB.

Risk factors that cause preterm birth and cervical incompetence (CI)

Risk factor Preterm birth CI
+ +
Senior age Beta!”! Wang , Dyadichkina®, Wong[11
Azbukina'® Report N o Is(atko[\l/(g
Laryusheva®, Wang!*!, Semyonov®, [Sujan
Young age Azlgukma Repor% ’ :
Low social and economic status Katkova Report
Stress Gravett'”] Report
Unemployed women Azbukina6 , Semyonov", Casas'"*!
Without higher education Katkova!, Semyonov[ ]
Single Semyonov'”’ Dyadichkina'”
Age of coitarche Semyonov'”’
. . Leneuve-Dorilas!, Ahumada-
Prenatal observation quality Barriog!®!
Physical loads Portela”! Silval™
Smoking Wong!""! Dyadlchklna Katkova®!
Semyonov!”), Betal”! Report
. Green''”, Sem OHOV[ !
Alcohol intake Dyadlchkma yReport
Intake of anti-tumor hormonal Report
preparations
African American Jelliffe-Pawlowski!'*, Beta!” Wong!'"!
Cl in the closest female relatives Report
Low body height Azbukina'®, Beta!”, Morisaki*”! Katkova'
Body mass deficiency Azbukina'® G1rsen 1l
. . Sem onov™, Dyadichkina®, Azbuki- Linchenko!*",
Overweight and obesity yKatkova yJu[22 Dudenhausenm] Report
3 or more pregnancies Nabeeva 4l Linchenko™”!
More than 4 births Report
Ahumada-Barrios!'® Jelhffe Paw- ,[4g]
o . lowskil' Dyadlchkma Katkova!” Padrul [50]
Preterm birth in case history UepnsieBa
Nabeeva 1| Azbukina!® Semyo—
’ Repor ¢ Report
Taglld] 2 ql0] [9]
Abortion at early stages ;Zizzzz[gorllas » Azbukina™, Is)i/?(}llioclllli\i]na,[s]
Spontaneous miscarriage at Dyadichkina”
early stages
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Risk factor Preterm birth Cl
+ - +
Linchenko!*"),
t iscarriage at lat Padrul’**!
Spontaneous miscarriage at later Beta”, Report adrul™™™, ol
stages Chernyaeva™™,
Report
Spontaneous miscarriages at later
stages + preterm birth in case his- Kaplan'*

tory

2 or more intrauterine

Linchenko™"!

. . Katkova!, Report Chernyaeval*,
Interventions
Report
Cesarean section in previous births  |Wong''"!, Jelliffe-Pawlowski''*!
Perinatal losses Azbukina'®, Semyonov!"”
A short break between pregnancies [Shachar”!, Wong!'"
Long breaks between pregnancies |Jelliffe-Pawlowski!'”
Hormonal disorders Azbukina'®!
Polycystic ovary syndrome Dyadichkina"’ Report
Hyperandrogenism Report
Lack of progesterone Report
Genital infantilism Report
Uterine malformations Report
Infertility Dyadichkina'™ Linchenko'"”
Inflammatory diseases in small Nabeeva! Semy0n0V[9] Dyadichkina[s], Linchenko[47],
pelvis organs ’ Katkova® Report
Surgeries on ovaries Linchenko!"”
Uterine myoma Nabeeva'**!
Surgeries on uterine neck Report Chernyaeva®™,
Report
Congenital shortening of uterine Report
neck
Uncured cervical raptures Report
Somatic pathology Report Katkova®
Arterial hypertension before Dyadichkina'™, Jelliffe-Pawlow-
pregnancy ski'"?!, Semyonov!”!
E:Irlls;eatic diabetes before preg- Jelliffe-Pawlowskil'?!, Borsari®®
Thyroid gland diseases Dyadichkina'
2 and 3 degree anemia Azbukina'®), Jelliffe-Pawlowskil'” g::rril:)zﬂ%- Report
Autoimmune diseases and colla- Bandoli®”, SkorpenBO] Report
genosis
Mitral valve prolapse Dyadichkina"’
Digestive tract diseases Semyonov'”
Assisted reproductive technologies [Beta!”, R°', Report
. Ahumada-Barrios'"®, Arkhipov*?,
Multiple pregnancy Report p Report
Assisted reproductive technolo- Egorova™, Perepelitsa™
gies + multiple pregnancy
Pathological placenta location Nabeeva'*", Report
Placenta incompetence Nabeeva'*!!, Katkova'”! Dyadichkina"’
Hydramnios Report Report
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Risk factor + Preterm birth - EI
. Ahumada-Barrios''”, Davies"”), 150]
Preeclampsia Jelliffe- Pawlowskl[u] Chernyaeva
Threat of miscarriage in the Dyadlchklna , Cherepakhin'*!, Kaplan'®
1* trimester Nabeeva>", Report Chernyaeva"”!
. . . [49]
;Fgrzeilrtn(;fsgrlscamage in the Cherepakhin'*"!, Nabeeval**, Report Iéﬁle) iir}l/aeva[so]
Katkova , Nabeeva*, Dyadich- Chernyaeva®™.
Infectious diseases kina®! Small B3¢1 Lait", Semyonov™”, y
Report
Report
[39] [40]
Parodentium diseases Akhil’gova®™, Trigolos™, Gesase
Report
~N [43]
Vitamin D deficiency Qin'* f{l;féﬁ\}llchds ’
Zinc deficiency Wilson'*
—_ Dyadichkina™, Nabeeva'**, Wulff!*®,
Cervical incompetence
Report

Therefore, in spite of multiple research
works that focus on PB etiology, the issue still
remains extremely vital. Should a complete list
of PB risk factor be created, it will allow opti-
mizing not only a system for ranking patients
as per their risk groups, but also performing
adequate PB prevention. Prevention activities
are first of all aimed at reducing a number of
extremely early pre-term births and at improv-

ing neonatal outcomes. This goal can be
achieved due to organizing a qualitative sys-
tem for predicting obstetrician complications
including pre-term birth.
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IRRATIONAL LIGHTING AS A HEALTH RISK OCCURRING IN THE ARCTIC
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We assessed health risks for operators who had to live in mobile houses in the Arctic regions. Inadequate lighting is a
most significant factor related to housing conditions that can cause various pathologies resulting in decreasing working
capacity. We revised data on impacts exerted by luminous and LED lighting on operators and it allowed us to determine
reasons for “aftereffects” produced by LED lighting regarding an increase in latency in No. 95 pattern electroretinogram
(PERG); this latency characterizes a situation with ganglionic cells in the visual analyzer. We put forward a hypothesis that
lower “inhibition” efficiency was caused by absorption of blue light within 380—450 nanometers range, and an increase in
PERG P50 amplitude was caused by an additional increase in Na', Ca" ions flows when ChR2 protein absorbed excessive
470 nm blue light against a blue light dose in a luminous lamp spectrum.

We showed that there were practically no changes in operators’ health after they had been exposed to dynamic LED
lighting, however, all the participants in the experiment had a W-like splitting in P100 peak in visually induced cortical po-
tentials as a response to stimuli with different angle sizes. When ganglionic cells are exposed to blue lighting, interaction
between their degrading mitochondria and astrocytes becomes very important. LED lighting results in damage to mitochon-
dria in ganglionic cells. Mitochondria are moved to the optic nerve head to be utilized where they are absorbed by astrocytes
and eliminated with their lysosome. Should a speed of degrading mitochondria inflow exceed a speed at which they are util-
ized, it will cause mechanic strains in fibers of the optic nerve head due to “mitochondria jam”; this, in its turn, can lead to

long-term disorders in the optic nerve head and glaucoma occurrence.
We formulated recommendations for the State Standard 23274-84 “Mobile houses. Electrical appliances. Overall
technical conditions” and advised applying semi-conductor white light sources in them as they had a biologically adequate

irradiation spectrum.

Key words: mobile houses, LED lighting, blue light, optic nerve, mitochondrion, astrocyte, glaucoma, biologically

adequate irradiation spectrum.

The Arctic zone is naturally essential for
the Russian Federation; development of the re-
gion is truly vital bearing in mind not only fu-
ture prospects but also outstanding economic
tasks the country is to solve at present. The
Arctic zone is an essential border outpost where
our northern borders are protected. Today, there
is a base built by the RF Defense Ministry on
Zemlya Aleksandry, an island belonging to the
Zemlya Frantsa-losifa archipelago. The base is
called «The Arctic trefoil». Overall, the De-
fense Ministry is planning to build 6 military
settlements, 13 airfields, a land aviation range,
and 10 technical facilities for radar stations and
targeting points in the Arctic zone. These bases
are planned to provide placement for several

© Kaptsov V.A., Deinego V.N., 2020

thousand military personnel; these people will
have to spend most part of a year in the region
during the polar night and live with artificial
light only with its spectrum not being similar to
that of sunlight.

Poor lighting quality is known to be able to
cause a shift in a circadian phase, especially
when it is combined with sleep disorders at
night. Poor lighting during a day can also cause
somnolence. A human body requires both peri-
ods with bright lighting and periods of darkness
during a day in order to maintain an optimal
daily rhythm. Should this rhythm be disharmon-
ized, it can result in both physiological changes
and health disorders and, consequently, lower
working capacity and intellectual abilities.

Valerii A. Kaptsov — Doctor of Medical Sciences, The Corresponding Member of the RAS, Head of the Occupational
Hygiene Department (e-mail: kapcovva39@mail.ru; tel.: +7 (499) 15-33-628; ORCID: http://orcid.org/0000-0002-3130-2592).
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Some say, that Diogenes, an ancient Greek
philosopher, was able to develop his talents due
to living in a tub. Dozen thousand people work-
ing in the Arctic zone have been living in com-
fortable and warm metallic «tubs», an all-metal
cylinder-like unified block; sometimes they felt
themselves being «contemporary Diogene-
ses...» [1].

Life-giving light makes a tub a true home
for a person and exerts favorable influence on
his or her health and creative abilities.

An idea to live in well-lit cylinder-like
houses turned out to be quite feasible and prac-
tical. It found its implementation in the arctic
zones, space, and sea depths. A cylinder-like
shape provides high security during transporta-
tion in areas without good roads, minimal
quantities of metal required to make it, mini-
mal labor and other costs as well.

TSUB-2M housing module has become
widely spread as it is equipped with all necessary
communal utilities and can provide accommoda-
tion for 4 people who work on shifts in the arctic
regions and other remote areas. TSUB-2M
houses are also used in the army where they
serve as accommodation for military personnel
in unpopulated areas. All-metal complete unified
blocks for military personnel have an advantage
related to their readiness to provide accommoda-
tion immediately as they are equipped with all
necessary appliances, such as folding sleeping
berths, tables, and sanitary units.

All the above mentioned peculiarities al-
lowed providing maximum possible comfort
for people living in TSUB-2M blocks in
northern regions with filament lamps being
their only light source.

Figure 1 shows a layout of a modern mo-
bile building that can provide accommodation
for 8 people; there are two basic models,
«CABA A8» 8x2.4 or «<CABA A8» 8x2.8 [2].

To light TSUB blocks, different lighting
sources were applied, starting from filament
lamps and on to luminous and energy-saving

lamps; they were then replaced by LED light-
ing. In 2018 a state standard GOST 23274-84'
was approved; its authors made provisions for
used of LED lighting. Item 3.4.4 in the said
document fixes that «to provide electrical light-
ing inside a building, one, as a rule, should use
lighting appliances with luminous and LED
lighting sources. It is also permissible to use
filament lamps in case it is impossible to use
the above mentioned lighting sources». But it
raises an issue whether it is truly advisable and
permissible to apply too bright LED lighting
sources in rooms with low ceilings as per
GOST 22853-867; according to the said docu-
ment, dimensions of container housing should
correspond to values given in Table 1.

—
.__| =
g 5 1 N

Figure 1. A possible TCUB layout for 8 people equipped
with two-tier sleeping berths and energy-saving lamps

It is very important to estimate whether
luminous and LED tubes are photobiologically
safe in case of mobile houses with low ceilings
(2,200 mm height); they should correspond to
IEC 62471:2013° standard. When a room
height is equal to 2,200 mm, lamps are too
close to human eyes. And when photo-safety is
estimated, it is very important to assess de-
pendence between basic luminance of a light-
ing source and a distance between it and hu-
man eyes. Such dependences were obtained
for a 200 mm distance and further on to
1,000 mm distance in works by F. Leccese et
al. [3]; the results are given on Figures 2 and 3.

' GOST 23274-84 Mobile buildings (inventory buildings). Electrical units. Overall technical conditions. GOSTs database.
Available at: https://allgosts.ru/91/140/gost_23274-84 (12.04.2019) (in Russian).

2GOST 22853-86. Mobile buildings (inventory buildings). Overall technical conditions. KODEKS: an electronic fund for
legal and reference documentation. Available at: http://docs.cntd.ru/document/gost-22853-86 (12.04.2019) (in Russian).

>GOST IEC 62471-2013. Photobiological safety of lamps and lamp systems. Normaks. The system of standards. Avail-
able at: http://www.normacs.ru/Doclist/doc/12080.html (12.04.2019) (in Russian).
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Table 1
ol . Length -
A building Width 3.000 | 6,000 | 9.000 | 12,000 Height
k3k 1 -
Eu‘;ﬁiefg g;:fh non-detachable 15 550 |+ + + — ot less than 2,200
Transported*** and towed with 3,000 N N N N The same 2,400
. 3,000 + + + +

detachable running gear

Note:

* means height of a room inside a block-container is a distance taken directly from the floor to the ceiling. Should
a ceiling be not rectilinear, height is taken as per an average value between the maximum and the minimum one;

** towed buildings are those equipped with their own non-detachable or detachable running gear;

*** transported building are those that are not equipped with a running gear (block-containers).

LED lamp Spectrum 8 wt; 4,000 K
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:) 90::0]“] 360 410 460 510 560 610 660 710 760 nm
3
D 40.000 h Peak at 448 nm: 52.4 mW/m?*nm

Luminous lamp Spectrum 18 wt; 4,000 K

%
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Figure 2. Overall features of a Led Tube lamp and a luminous lamp
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at a distance equal to 0.20 meters
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Figure 4 shows dependence between
weighted luminance Ly of blue light and a dis-
tance between a lighting source and the eye.

When a person’s height is 180—-190 cm and
a ceiling 1s 210-220 cm (2,100-2,200 mm),
aminimal permissible distance between the
eyes and a LED lamp that is photobiologically
safe should be not less than 50 cm. Such TSUB
dimensions are comparable to dwelling units at
space stations and cabins aboard a ship.
L.V.Bazyleva et al. [S5] and V.N. Bolekhan
et al. [6] state that working out optimal lumi-
nance regimes and giving scientific grounds for
a possibility of their long-term use in closed
objects is a vital practical task not only for the
space brunch but also for other spheres of hu-
man activities.

Nowadays it is well known that irrational
lighting is a most significant factor related to
dwelling as it can lead to development of vari-
ous pathologies accompanied with reduced
working capacities”.

A blue component (440—460 nm) has the
greatest photochemical activity regarding the
retinal pigment epithelium. This component
prevails in irradiation spectra of modern white
LEDs; therefore, many researchers consider
LED lamps being potentially hazardous [7].
Overwhelming majority of literature data indi-
cating that LED lighting is photochemically
dangerous have been obtained via experiments
on animals.

Thus, experiments performed on Japanese
quails (Coturnix japonica) revealed that expo-
sure to light from blue LEDs resulted in changes
in the choroid as well as photo-induced changes
in sub-cellular structures of the retinal pigment
epithelium. Those experiments also showed that
moderate blue LED lighting (440460 nm) led
to 1.5 times greater loads on the retina metabo-
lism in young animals (against filament lamps);
those loads resulted in accelerated ageing of the
retina and reduced functional activity of the
blood-retinal barrier structures [8].

Results of those experiments confirm a hy-
pothesis that a blue part in the spectrum has

more apparent ability to do photochemical dam-
age to the retina than yellow-green and red ones.

However, some foreign and Russian ex-
perts [8] believe that results obtained via ex-
periments on animals can’t be directly extrapo-
lated on people due to apparent morphofucn-
tional differences of their visual analyzers as
well as due to laboratory conditions not corre-
sponding to the natural lighting environment
people live in.

There have been few experiments involv-
ing human participants and they mostly fo-
cused on examining melatonin levels during
nighttime. The administration of the RF De-
fense Ministry Central Research Institute were
the first to raise an issue related to obligatory
certification of LED lighting sources as per
medical standards. But it turned out to be im-
possible to fulfill such a task in 2007 at the
expense of the RF Defense Ministry. In 2008
the US Department of Defense set a task to
perform a research work entitled SB082-055
«A Spectrally Dynamic Berth Light for Active
Circadian Cycle Management» [9]. The costs
on this research amounted to $98,990.00. The
research clearly indicated that working capaci-
ties of military personnel serving on a US
Navy ship changed considerably under short-
term exposure to blue part in the light spec-
trum [10, 11].

LED lighting sources used on US Navy
ships were developed by Energy Focus Com-
pany that signed a governmental contract
worth $ 1,600,000,000.00. Roger Buelow, the
leading researcher at the company, noted that
«The repeated DARPA research revealed how
a daily rhythm developed under influence ex-
erted by improved lighting provided for the
Navy. Those lighting sources regulated their
spectrum during a day in order to improve
sleep and performance and it is especially im-
portant regarding military personnel who are
to be ready to operate round the clock» [12].

A thesis for the Candidate of Medical
Sciences by A.E. Smoleevskii® is one of the
latest works focusing on impacts exerted by

* A.E Smoleevskii. Mental performance of an operator working under LED lighting with different spectral and energetic
properties: a thesis for Candidate of Medical Sciences degree. Moscow, GNTS RF-IBMP Publ., 2018, 133 p. (in Russian).
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LEDs on mental performance of an operator
that turned out to be quite interesting for us.

The research was performed in the RF
State Scientific Center — RAS Institute for
Medical and Biological Issues in 2014-2015;
it was a part of a long-term complex experi-
mental research program entitled «Tests of
LEDs for pressurized chambers that are to be
used in space crafts and assessment of psycho-
physiological effects produced by such use».
The research was accomplished on samplings
made up of healthy male volunteers; there
were two stages in it involving permanent and
dynamic lighting during 12 days.

Background parameters of mental per-
formance and psycho-emotional state were es-
timated under luminous lighting with its colo-
rity being equal to 4,000K («neutral white»
light). Lamps were located in a chamber with a
limited volume in such a way that they could
create lighting levels corresponding to the ex-
isting standards’ and were comparable to
lighting levels equal to 200 luxes created by
experimental LED lamps. After-effects: pro-
duced by LED light were also assessed under
luminous lighting.

The first stage involved assessing psy-
chophysiological effects produced by perma-
nent LED lighting created by board lighting
sources CCD301, CCD305, and CCD307.
CCD301 lighting sources were installed in toi-
lets and passages; CCD305 and CCD307 light-
ing sources, in dwelling and medical units.
Correlated color temperature (CCT) of the
lighting system amounted to 4,000K, and lu-
minance was equal to 200 luxes. Hence opera-
tional spectral and energetic properties of
CCD311 lighting sources changed within a
wide range, mental performance of operators
was assessed at two CCT values, 4,000-5,000K
and 8,000+800K".

Unfortunately, the thesis doesn’t contain
any data on spectral and energetic properties
of CCD301, CCD305, CCD307, and CCD311
LED lamps; there are only data on LEDs ap-
plied in lighting sources manufactured by

CREE and Seoul Semiconductor companies.
To hygienically assess spectral properties of
applied lighting sources, we have to rely on
spectra of LEDs produced by CREE (Figure 5).

100

80

Relative intensity (%)
{=3
S

400 450 500 550 600 650 700 750
Wave length, nm
— 5000-8300 K CCT

— 3500-5000 K CCT
2600-3500 K CCT

Figure 5. Spectra of LEDs produced by CREE

We can assume that spectra of applied
LED lamps had little difference from the LED
lamps produced by the said companies pro-
vided that «NII Mikropriborov» Scientific
Center LLC that produced those LED lamps
didn’t apply any specific procedures aimed at
adjusting LED spectra.

A spectrum of a LED lamp produced by
CREE Company and shown in Figure 5 allows
assuming that:

— this spectrum has an increased dose of
blue light against hygienically safe sunlight
under the same luminance;

— the maximum in the spectrum is at 450
nm blue light and it exerts negative impacts on
the retina (on synapses in the dendritic field of
ganglionic cells in the retina optic channel);

—blue light that produces its effects on
ganglionic cells in the eye is equal to 60% of
the maximum blue light value that is 450 nm;
so, effects produced on the hormonal system
(melatonin and hydrocortisone concentrations)
and comfortable sleep are not so apparent;

— bearing the eye physiology in mind, we
should remember that it is ganglionic cells and
their dendritic field that are the first to per-
ceive blue light. Excessive blue light dose ex-

>GOST R 50804-95. The dwelling environment of an astronaut in a manned space craft. Overall medical and tech-
nical requirementsio KODEKS: an electronic fund for legal and reference documentation. Available at: http://docs.

cntd.ru/document/gost-r-50804-95 (12.04.2019) (in Russian).
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erts its impacts on performance of ganglionic
cells that perceive signals from other photo-
sensitive retina cells reacting to light stimuli;

— there is a clear dip at 480 nm in the spec-
trum. Photon flow of 480 nm light-blue light is
responsible for managing the pupil diameter
and holding it closed. A dilated pupil exposed
to LED light can’t limit light flow with exces-
sive blue light dose.

Authors of the research work [13] revealed
dependence between the pupil diameter and
luminance for LEDs with their spectrum given
in Figure 5 (Figure 6).

¥=0,00345x +3,95 }
3 Y=0,00329x + 3,84

Pupil diameter, mm

10,094

"

0 50 100 150 200 250 300 350
Luminance, cd/M?
* 3000 K o 4500 K e 6500 K

Figure 6. Dependence between the pupil
diameter and luminance [13]

When overall illumination is equal to
200 luxes, luminance from a white sheet of
paper is equal to less than 100 cd/m”. It means
that the pupil diameter will be greater than
3.5 mm. When the eye is exposed to such il-
lumination and irradiation spectra, we can as-
sume there is an elevated risk of «after-effects»
in accommodative apparatus functioning, sto-
chastic effects in retinal cells functioning, and
changes in mental state of a person caused by
excessive doses of blue light (from 4,500K to
8,000+800K).

Table 2 contains aggregated data on
mental state of operators exposed to LED
lighting with different lighting regimes. The
examination was performed as per «Profile of
mood» procedure, a Russian analogue of
«Profile of mood states» questionnaire which
is widely used in isolation and space-related
experiments”,

The given data clearly indicate that LED
lighting exerts significant influence on mental
state of some operators and it can result in
negative consequences in small teams working
in closed spaces. It is truly important to under-
stand significance of these results for keeping
a favorable working atmosphere among people
fulfilling challenging tasks under grave condi-
tions in the arctic zones or in sealed cabins
(a space craft).

As per results obtained via completed
examinations, the author pointed out that
there was a decrease in certain functional pa-
rameters:

— relative accommodation reserves (by
14.3% as per median);

—aggregated field of vision border be-
tween blue and green color (by 6.3% and 9.1%
as per median accordingly) without any subjec-
tive symptoms occurrence. However, there was
a decrease in critical light flicker frequency in
25% operators after exposure to LED lighting
(Operator No. 3 by 4 arbitrary units, up to 42/42
after 38/38, Operator No. 6 by 3 arbitrary units,
up to 45/45 after 42/42)",

It is interesting to examine a pattern-
ERG (PERG) that characterizes functions of
the direct sight (P50) and ganglionic cells in
the retina (N95) [14], Pattern-electroretino-
gram (PERG) is the most sensitive test to de-
termine ganglionic cells function. When a
person suffers from primary open-angle glau-
coma (POAG), there is primary damage to
ganglionic cells [15]. The work [15] contains
data on (P50) and (N95) values in patients
with primary glaucoma. The research was ac-
complished in a consulting polyclinic of the
Republic Clinical eye Hospital in Kazan and
involved examining 21 patients suffering
from POAG. Aggregated results of the first
measurements are given in Table 3.

A form of PERG signal response was
standardized by ISCTV (International Society
for Clinical Electrophysiology of Vision)".
A standard response is given In Figure 7 that
shows P(50) and N95 levels characteristic for
primary glaucoma.

¢ Standards, Guidelines and Extended Protocols. International Society for Clinical Electrophysiology of Vision. Available
at: https://iscev.wildapricot.org/standards/ (12.04.2019) (in Russian).
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Table 2

Mental performance of operators working under LED lighting

Parameter scales

Number of operators with changes in their mental performance (changes
in parameters fixed in arbitrary units) in comparison with reference groups
(working under luminous lighting)

Mental performance under LED
lighting with permanent spectral
and energetic properties (permanent
LED lighting 4,000K)

Profile of moods specific for an operator
under LED lighting with changing spectral
and energetic properties (dynamic LED
lighting, 4,000-5,000K and 8,000+800K)

“Anger — hostility”

Increased by 3 a.u. in 2 operators
Decreased by 2—4 a.u. in 3 operators
No changes in 5 operators

Increased by 10-20 a.u. (by 2-3 times)
in 5 operators

Decreased by 2-3 a.u. in 2 operators
No changes in 1 operator

“Depression — gloom”

Decreased by 1-3 a.u. in 2 operators
Increased by 1-3 a.u. in 2 operators
No changes in 6 operators

Decreased by 3—6 a.u. in 2 operators
Increased by 1-3 a.u. in 3 operators
No changes in 3 operators

“Fatigue — inertia”

Increased by 2-9 a.u. in 4 operators
Decreased by 1-3 a.u. in 4 operators
No changes in 2 operators

Increased by 2-9 a.u. in 3 operators
Decreased by 2—4 a.u. in 3 operators
No changes in 2 operators

“Vivacity — activity”

Decreased by 2—8 a.u. in 6 operators
Increased by 1-6 a.u. in 3 operators
No changes in 1 operator

Decreased by 2—8 a.u. in 3 operators
Increased by 2-5 a.u. in 2 operators
No changes in 3 operators

“Stress — anxiety”

Increased by 1-4 a.u. in 4 operators
Decreased by 1-7 a.u. in 4 operators

Increased by 5-12 a.u. in 4 operators
Decreased by 1-3 a.u. in 2 operators

No changes in 2 operators

No changes in 2 operators

“Confusion — uncertainty

No changes in 4 operators

Increased by 3 a.u. in 1 operator
Decreased by 1-2 a.u. in 5 operators

Increased by 1-10 a.u. in 4 operators
Decreased by 1-2 a.u. in 3 operators
No changes in 1 operator

Integral mood parameters —
“Overall changes in mood”

No changes in 1 operator

Increased by 5-25% in 5 operators
Decreased by 15-20% in 4 operators

Increased by 30-230% in 5 operators
Decreased by 5-30% in 3 operators
No operators without changes

Table 3

PERG parameters in patients with primary
glaucoma

Prior to treatment
74733
118°.4.2

PERG parameters
P(50) Latency ms
N(95) Latency ms

Amplitude, pV

T1 7171 | L L ‘l': rcrrrrrrprz«
0 100 200
Time, ms

Figure 7. A standard response with given P(50) and N95
values characteristic for primary glaucoma [16, 17]
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V.V. Egorov et al. give normal PERG re-
sponses in their work [18] (Figure 8).

This response pattern contains two basic
components, a positive one approximately at
50-55 ms (P50) and negative one approxi-
mately at 85-90 ms (NO95).

Latency parameter is the most informative
in our case. It should be noted that latency re-
serve in a standard PERG NO5 parameter is
rather small and is equal to 23 ms; it is quite
comparable to that of P(50) parameter which is
equal to 24 ms. These reserve can be spent
over years in patients’ life.

Table 4 contains aggregated results ob-
tained via PRG examination from the research
work [18].

The given data show that latency time
grew from 2 ms to 19-28 ms as per N95 pa-
rameters under LED lighting with color tem-
perature being higher than 4,000K but lower
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Figure 8. Standard ERG pattern [18]

Table 4

Aggregated results of PERG examination

Cells sizes Cells sizes
Exposure 0.8° 03°
Operator Eye stage P50 Ne95 P50 Ne95
T(ms) T(ms) T(ms) T(ms)
right eye before 48.3 81.7 55.7 98.3
1 after 53.9 101.4 55.7 105.7
left eye before 52.8 96.5 50.4 95.5
after 52.1 108.1 55.3 105.3
right eye before 50.4 88.4 50 92.3
) after 50.4 108.1 58.1 111.8
left eye before 51.1 87.7 54.6 92.6
after 50.7 108.1 56 98.3
right eye before 53.9 108.5 54.2 97.9
3 after 57.1 98.3 50 89.5
left eye before 52.5 89.8 54.6 96.9
after 55.3 117.3 60 98.3
right eye before 53.2 92.6 53.5 96.9
4 after 52.5 108.8 53.9 98.3
left eye before 49.3 92.6 53.5 97.6
after 52.1 104.6 51.4 87.7

than 8,800K. This «after-effect» persisted in
measurements performed by experts from the
Clinical Eyesight Physiology Department at
Helmholtz’ Moscow Scientific Research Insti-
tute for Eye Diseases of the RF Public Health-
care Ministry”.

Examining biological effects produced
on a person by light remains a vital issue in
lighting hygiene. Experiments performed at
cellular, biological, and psychophysiological
levels allowed proving that artificial and natu-
ral light with the same intensity were still not
biologically adequate; this inadequacy per-
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sisted when illuminance from artificial
sources grew [19].

This fact indicates that it is necessary to
accomplish more profound research on study-
ing stable functions of hydrogen, sodium, and
chlorine ATPase in a scheme of sodium-
calcium-chlorine transport within cells (their
dendrites and mitochondria) [20] under expo-
sure to excessive dose of 450 nm blue light.

A change in ions concentration leads to
changes in water flows from cellular mem-
branes and changes in their pH [21]. Light ex-
erts substantial impacts on transfer of the said
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ions as it influences proteins in relevant recep-
tors. R.J. Sizemore et al. [22] and V. Shev-
chenko [23] state that such proteins as halor-
hodopsin, archaerhodopsin, and channel
rhodopsin are classic optogenetic instruments
(Figure 9). Halorhodopsin and archaerhodop-
sin are used to deactivate neurons and block a
nerve impulse transfer. Under exposure to
light halorhodopsin transfers negatively
charged chlorine ions into a cell thus hyperpo-
larizing a neutron. Archaerhodopsin pumps
protons (positive charges) out of a cell and it
naturally also hyperpolarizes a neutron. Both
halorhodopsin and archaerhodopsin are so
called “pumps”. Should there be an ion around
that they need (and there is almost always
one), then, having absorbed a quant of light,
these proteins actively transfer an ion from one
side of a membrane to another.
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Figure 9. Principles of classic optogenetic instruments
functioning: channel rhodopsin, halorhodopsin,
and proton pump (archaerhodopsin)
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Figure 10. An overall scheme showing synapses
placement between retina neurons [25] including
a scheme for GABA and chlorine ions transfer
as well as Glu and Na, Ca u K ions transfer
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Blue light with its wave length equal to
470 nm stimulates ChR2 protein for Na" and
Ca’ions transfer. And we should note here that
chlorine absorbs light with its wave length
ranging within 250-450 nm [24]. Chlorine
ions together with gamma-aminobutyric acid
(GABA) are agents that inhibit neuron conduc-
tion. Glutamine acid (Glu) is the basic excita-
tory mediator (about 40% of all neurons).
Gamma-Amino Butyric acid (GABA) is the
basic inhibitory mediator (also about 40% of
all neurons). A disorder in this balance (as a
rule, a decrease in inhibition) exerts negative
impacts on multiple nerve processes. Proper
CNS functioning is provided due to a fine bal-
ance between Glu and GABA that are neu-
romediators in the eye retina (Figure 10).

When chlorine ions absorb excessive blue
light dose, a decrease in chlorine ions concen-
tration appears, and, consequently,

2CI —2¢ — CLT,

excitement-inhibition efficiency goes down
and responses to an excitatory stimulus are de-
layed.

Ion exchangers function on neurons and
astrocytes membranes; they maintain a neces-
sary gradient in concentrations of chemicals
between intracellular and intercellular spaces in
physiological conditions (potassium ions K+
and glutamate accumulate inside a cell, and cal-
cium ions Ca2+, chlorine ions Cl—, and sodium
1ons Na+ accumulate outside it) [26, 27].

Astrocytes quantity is 20 times higher
than neurons quantity. Astrocytes participate
in hormone-induced restructure of synapses
that perform endocrine functions [28].

Experts from University of California,
San Diego School of Medicine, Johns Hopkins
University School of Medicine, and Kennedy
Krieger Institute revealed that certain neurons
passed a function related to utilizing mito-
chondria (tiny intracellular energy stations)
they no longer needed onto glia cells known as
astrocytes. Experts focused their attention on
axons of retina ganglionic cells or neurons that
transferred visual information from the eye to
the brain [29].
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Intra-neuronal ion stricture is a signifi-
cant factor that predetermines brain function-
ing. There is evidence that abnormal homeo-
stasis of CL-([CL-] 1) cellular concentration
together with Na+ u Ca2+ induces disorders
in neurons excitability and nerve transmission
thus making for occurrence of neurologic pa-
thologies [30-33].

All neurodegenerative diseases have sev-
eral common signs; they are a trend for pro-
gressing with slow functional degeneration; se-
lective loss of specific neuron populations due
to apoptosis; trans-synaptic degeneration (pri-
mary or secondary); common cell death
mechanisms such as oxidative stress and glu-
tamate toxicity’. «Garbage» accumulation in-
side cells can result in neurodegenerative proc-
esses [29]. Cells in the eye retina have dendritic
fields and we can assume that pathology of
synapse dendrites is one of the earliest glau-
coma signs. Ganglionic cells with changed
dendrites have a weaker response to visual
stimuli and it confirms that there is a direct rela-
tion between dendrite degeneration and visual
dysfunction, and that synapses are the most
vulnerable component susceptible to a degen-
erative process that results in cell death’.

As opposed to electroencephalogram that
shows brain cortex activity, visual induced
cortical potentials (VICP) are an aggregated
response from large neuron populations in the
cortex that occurs due to a synchronic impulse
flow induced by impacts exerted by an afferent
irritant that comes to them. A difference in po-
tentials that occurs between inter- and intracel-
lular medium and is registered on a neutron
membrane is determined by a difference in
Na', K" and CI ions concentration in extra-
cellular medium and neuron protoplasm.

The author of the work® noted that there
were practically no changes in VICP (visual
induced cortical potentials) amplitudes after
operators having spent some time exposed to
dynamic LED lighting; however, all the par-
ticipants in the experiment has a W-like split
in P100 peak as a response to stimuli with dif-

ferent angle dimensions. There are no data in
literature on similar changes in VICP mor-
phology in healthy people spending some time
in a pressurized object or being exposed to dy-
namic LED lighting, and it makes their as-
sessment rather difficult. Probably, this result
can be treated as evidence that dynamic LED
lighting has border influence on functional
state of the visual analyzer. In-depth study of
the given phenomenon and clarifying its rela-
tion with functional activity of the retina and
the brain will require a longer examination
with much greater number of volunteers par-
ticipating in it.

Mitochondria are organelles that perform
a lot of significant functions including those
related to providing cells with energy. Cells
remove damaged mitochondria via a process
that is called mitophagy. Mitophagy is a sub-
element in a process called autophagy; its aim
is to deliver damaged organelles to liposomes
for further degradation. Nevertheless, we have
revealed that a great number of mitochondria
leave neurons at a place called the optic nerve
head in order to be degraded by lysosomes of
the adjourning glia cells. This conclusion chal-
lenges an assumption that a cell necessarily
degrades its own organelles.

The most important function performed by
astrocytes is elimination of degrading mito-
chondria in ganglionic cells in order to maintain
their viability and provide reliable and sustain-
able functioning when the eye is exposed to
light loads. Absorption of ganglionic cells mi-
tochondria was studied in detail in works by
T.C. Burdett et al. [34], N.N. Osborne et al.
[35], and S. La Fee [36]. This interaction be-
tween mitochondria and astrocytes is funda-
mentally important when it comes to impacts
exerted on ganglionic cells by blue light.

The research performed by the author re-
vealed that application of LED lighting based
on «a blue crystal covered with yellow lu-
minophor» LED technology could in future
cause elevated risks of disorders in the visual
analyzer functioning. In particular, the author

"L.A. Panyushkina. Clinical and morphological peculiarities of the visual tract in patients suffering from glaucoma and
Alzheimer disease: a thesis for Candidate of Medical Sciences degree. Moscow, 2015, 106 p. (in Russian).
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states that «If layouts and dimensions of a
pressurized object allow long-term dwelling of
several crew members in one room, then peo-
ple should be provided with glasses with spec-
tral lenses. Such glasses allow not only facili-
tating adaptation of crew members to spectral
and energetic properties of a lighting system
but also reduce visual fatigue of an operator
during work with VDU»*. The author also
notes that «one should be cautions when using
LED lighting with additional occurrence with
a blue component in the irradiation spectrum
of a lighting source. Long-term regular use of
such lighting can result in morphofucntional
changes in the visual analyzer (damage to the
lens and eye retina); changes in mood (increased
excitability, irritability, anger, and hostility); in-
somnia (difficulties in falling asleep, disorders in
sleep structure and quality)»”.

This conclusion is especially important
hence personnel living in northern mobile set-
tlements and military personnel serving on ships
and submarines have to spend much longer time
under such conditions than a 12-day experiment.

It should be noted that the author used
lighting sources manufactured by foreign com-
panies; in our opinion, they will be unavailable
for use in northern military bases should there
be an increase in tensions between Russia and
other countries. However, in Russia experts
employed at Rospotrebnadzor’s Russian Scien-
tific Research Institute for Railway Hygiene
and «ELTAN» LLC have developed theoretical
grounds for a concept of «LED lighting sources
with a biologically adequate spectrum» that is
shown in Figure 11 [37].

The developed technology has been pat-
ented and it secures the priority Russia has in
creating energy-efficient LED lighting sources
with white light and biologically adequate spec-
tra. To reduce effects produced by low-intensity
“bluish” LED light, it is necessary to make a
white light spectrum of a LED lighting sources
close to a luminous lamp spectrum or, even bet-
ter, to the sunlight spectrum with hygienically
safe color temperature that is equal to 3,000K.

This white light spectrum has no disad-
vantages that are characteristic for any stan-
dard white LED (a blue crystal covered with
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yellow luminophor) such as a significant dose
of blue light and a dip at 480 nm with an in-
significant dose of red light. This spectrum is
uninterrupted and its structure corresponds to
that of the sunlight spectrum with safe color
temperature that is equal to 3,000K.

(1) 2

Luminous flux: 0,662 klm

2

=
slay

1 CCT:3105K
¢] CRI: 946
] x:0,4298
y: 04018

Spectral radiant power / mW/nm
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Wavelength / nm
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Figure 11. A light spectrum of updated retrofit lamps
created by «kELTAN» LLC

We think that application of semi-con-
ductor white light sources with biologically
adequate spectra will provide:

— a decrease in negative influence exerted
by light on the visual analyzed and the hormo-
nal system;

— conditions for additional energy saving
due to almost 2 times lower illuminance at
workplaces with preserving the required labor
productivity;

— stable light flow and required parame-
ters of lighting system reliability.

Conclusions:

1. An original technology has been devel-
oped in Russia; it allows creating white LED
lamps with biologically adequate light spectra.
World priority of the technology is protected
with a patent.

2. We recommend the authors of the
GOST 23274-84 «Mobile buildings (inventory
buildings). Electrical units. Overall technical
conditions» to make amendments into unit
3.4.4 of the said document and state the fol-
lowing: «as a rule, lighting appliances with
luminous lamps or white LED lighting sources
with biologically adequate light spectra are to
be used for electrical lighting of rooms inside
mobile housesy.
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3. A choice between LEDs with perma-
nent or dynamic spectral and energetic prop-
erties depends on specific conditions and
tasks to be solved: whether it is necessary to
optimize balance between CNS excitation and
inhibition or to achieve more apparent acti-
vating effects on most parameters of psycho-
emotional state.

4. It is necessary to accomplish wider
research on new lighting sources in relation to

tasks in the sphere of labor medicine, military
and communal hygiene, common and occupa-
tional pathology in order to preserve popula-
tion health and strengthen defense capacities
of the country.
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NEW LEGISLATIVE, REGULATORY AND
METHODOLOGICAL DOCUMENTS OF THE RUSSIAN
FEDERATION IN THE FIELD OF HEALTH RISK ANALYSIS

01.01.2020-31.03.2020

The Decision by the Board of the Eurasian
Economic Commission (EEC) dated December 17,
2019 No. 221. "On making alterations into the De-
cision by the Customs Union Commission dated
September 23,2011 No. 798"

The new edition contains list of standards, applica-
tion of which will provide voluntary conformity with
the requirements fixed in the Customs Union Technical
Regulations (CU TR) "On safety of toys" (TR CU
008/2011). The list of standards containing rules and
procedures for examination (tests) and measurements,
including rules for sampling, was amended.

The Decision by the Board of the Eurasian
Economic Commission (EEC) dated December 24,
2019 No. 236. "On the list of international and
regional (interstate) standards... and the list of
international and regional (interstate) standards...
containing rules and procedures for examination
(tests) and measurements, including rules for
sampling..., necessary for applying and meeting
the requirements of CU TR "On food safety'" (CU
TR 021/2011) and assessing conformity of objects
which are subject to technical regulation"

Starting from July 1, 2020, the updated lists of stan-
dards required for applying and meeting the requirements
of CU TR "On food safety" (CU TR 021/2011) have
been applied. Paragraph 2 of the Decision by the Cus-
toms Union Commission No. 880 dated December 9,
2011, which approved similar lists of standards, shall be
deemed invalid.

The Decision by the Eurasian Economic Com-
mission (EEC) Council dated 08.08.2019 No. 115
"On making alterations into CU TR "On food
safety" (CU TR 021/2011) published on the website
13.01.2020).

The requirements to food safety specified in the
Regulations of the Customs Union "On food products
safety" (CU TR 021/2011) have been enhanced. In
particular, the grounds for non-admission to circula-
tion and production (manufacturing) of food products
of unprocessed food (edible) raw materials of animal
origin have been established; the list of plants and
products of their processing containing psychotropic,
narcotic, potent or poisonous substances has been
supplemented.

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

ISSN (Eng-online) 2542-2308

The Decision by the Board of the Eurasian
Economic Commission (EEC) dated January 20,
2020 No. 12 "On the list of international and re-
gional (interstate) standards... and the list of in-
ternational and regional (interstate) standards
containing the rules and procedures for examina-
tion (tests) and measurements, including rules for
sampling, necessary for applying and meeting the
requirements of CU TR “On packaging safety”
(CU TR 005/2011) and assessing conformity of
objects which are subject to technical regulation"

Starting from July 1, 2020, the updated lists of
standards required for meeting and fulfillment of TU
CR requirements "On Packaging Safety" (CU TR
005/2011) are applied. Paragraph 2 of the Decision by
the Customs Union Commission No. 769 dated August
16,2011 "On approval of CU TR "On packaging safety"
on approving similar lists shall be deemed invalid. The
Decision shall enter into force on July 1, 2020.

The Decision by the Eurasian Economic Com-
mission (EEC) Council dated February 21, 2020 No.
18 "On making alterations into the Single List of
Products, which are subject to mandatory require-
ments within the Customs Union"

The single list of products, which are subject to
mandatory requirements within the Customs Union,
has included nicotine-containing products, fillers for
nicotine delivery systems, including nicotine-free
systems.

Recommendation of the EEC Board No. 4 of
26.02.2020 "On methodical guidelines for estab-
lishment and substantiation of hygienic standards
for the content of chemical impurities and biologi-
cal agents in food products by human health risk
criteria"

Instructions on establishing hygienic standards
for chemical impurities and biological agents in food
products have been prepared for EAEU Member
States. When developing hygienic standards for the
content of chemical impurities and biological agents in
food products, it is recommended to use methodical
guidelines on establishment and substantiation of hy-
gienic standards for the content of chemical impurities
and biological agents in food products according to
human health risk criteria (see EAEU official website:
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http://eec.eaeunion.org/ru/act/texnreg/depsanmer/regul
ation/Documents/My on establishment and substantia-
tion of hygienic standards.pdf).

The Decision by the EEC Board dated Janu-
ary 28, 2020 No. 19. "On the list of international
and regional (interstate) standards... and the list of
international and regional (interstate) standards...
containing rules and procedures for examination
(tests) and measurements, including rules for sam-
pling necessary for applying and meeting the re-
quirements of CU TR "Technical Regulations for
fruit and vegetable juice products" (CU TR
023/2011) and assessing conformity of objects
which are subject to technical regulation"

Starting from January 1, 2021, the updated lists
of standards necessary for implementation of the Cus-
toms Union Technical Regulation requirements
"Technical Regulation on Fruit and Vegetable Juice
Products" (CU TR 023/2011) are applied. Paragraph 2
of Decision by the Customs Union Commission of
December 9, 2011 No. 882, which approved similar
lists, shall be deemed invalid.

The Decision by the EEC Board dated March
03, 2020 No. 30 On the list of international and
regional (interstate) standards... and the list of
international and regional (interstate) standards...
containing rules and procedures of examination
(tests) and measurements, including rules for
sampling, necessary for application and meeting
the requirements of CU TR "On safety of per-
sonal protective equipment" (CU TR 019/2011)
and assessing conformity of objects which are sub-
ject to technical regulation"

The lists of standards required for implementing
and compliance with the requirements of CU TR "On
safety of personal protective equipment" (CU TR
019/2011) have been updated. Paragraph 2 of the
Decision by the Customs Union Commission No. 878
of December 9, 2011 on approval of the lists that
regulate similar legal relations has been considered
invalid. The decision shall enter into force upon
30 days from the date of official publication.

Federal Law No. 451-FZ of 27.12.2019 "On in-
troducing amendments to the Federal Law ""On spe-
cial assessment of working conditions"

Starting from January 1, 2020, the control over
entering information on Special Assessment of
Working Conditions (SAofWC) into Federal Gov-
ernment Information System will be strengthened. It
has been established that organizations are obliged to
submit information to FGIS and to obtain an identifi-
cation number for the forthcoming SAofWC, which
is assigned automatically, and is included in the re-
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port on its implementation. Employees’ comments
and objections to the assessment results, submitted in
writing, will be included in the report on implement-
ing the Assessment. The content and procedure for
transmitting information on SAofWC to the Ministry
of Labour of Russia have been established. In case of
revealing the facts of noncompliance with the estab-
lished requirements, the activity of organization con-
ducting SAofWC is to be suspended until violations
are eliminated. The rules for using measurement
methods, the composition of the harmful and/or haz-
ardous factors measured for the production environ-
ment have been specified.

Federal Law No. 486-FZ of 27.12.2019 "On
amendments to the Federal Act on compulsory so-
cial insurance against accidents at work and occu-
pational diseases and to Article 2.3 of the Federal
Act "On compulsory social insurance in the event
of temporary disability and in connection with
motherhood"

Starting from April 1, 2020, a mandatory pre-trial
procedure for disputes related to assignment of insur-
ance coverage for industrial accidents and occupational
diseases is introduced. It has been established that the
decision by the territorial body of the RF Federal Insur-
ance Service on the assignment (refusal in assignment)
of insurance coverage may be appealed against in court
after appealing to a higher body of the insurer. The ap-
peal shall be considered within ten working days from
the date of its receipt. The superior body of the insurer
shall be entitled to request the necessary information
from the competent authorities and organizations. The
applicant shall be notified of the decision within three
working days from its acceptance date.

Decree of the Russian Federation President
of 21.01.2020 No. 20 "On approving the Doctrine
for food security of the Russian Federation

The Russian Federation Doctrine for Food Se-
curity has been updated. The Doctrine reflects goals,
objectives and main directions of the state social and
economic policy in the field of ensuring food security
of the Russian Federation, takes into account recom-
mendations of the Food and Agriculture Organization
of the United Nations on the maximum share of im-
port and stocks of food resources, is the basis for the
development of normative legal acts in the field of
ensuring food security, development of agriculture
and fishery. The Doctrine contains food security in-
dices and indicators for assessing food security,
specifies the existing risks and threats, and outlines
the main tasks for implementing food security and
mechanisms and organizational bases for ensuring it.
The Decree of the RF President No. 120 of January
30, 2010, which approved a similar document of stra-
tegic planning in this area, has been declared invalid.
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List of instructions on the issues of sanitary
protection of water supply sources" (approved by
the RF President Decree No. Pr-244 of 13.02.2020)

The RF Government has been instructed to
strengthen legal regime of sanitary protection zones for
drinking and domestic water sources. It is charged to
make amendments to the legislation of the Russian
Federation, providing: unification of norms, regulating
land, water and other relations, arising at sanitary pro-
tection of drinking and domestic water supply sources;
registration of water supply systems, water intake and
other structures, placed in these zones, at establishing
sanitary protection zones; differentiation of the sani-
tary protection zones legal regime for the sources of
drinking and domestic water supply, zones (subzones)
of these zones taking into account geographical, eco-
nomic, ecological and other factors; determination of
terms and conditions for establishing sanitary protec-
tion zones of drinking and domestic water sources.

Resolution of the RF Government No. 1859
of 26.12.2019 "On approving the rules for grant-
ing and distribution of subsidies from the federal
budget to the budgets of the constituent entities of
the Russian Federation for the purpose of co-
financing expenditure obligations of the constitu-
ent entities of the Russian Federation arising from
the implementation of regional projects that pro-
vide for the formation of commitment to a healthy
lifestyle (HLS), and ensure the achievement of
goals, indicators and results of the federal project
"Formation of citizens motivation system for a
healthy lifestyle, including healthy eating habits
and abandonment of harmful habits"

Regions will be able to receive subsidies for
implementation of regional projects to build com-
mitment to HLS. The selection criteria for receiving
subsidies are as follows: the existence in the region of
socially oriented non-profit organizations and volun-
teer movements implementing measures to build citi-
zens' commitment to a healthy lifestyle; the rate inci-
dence of drug addiction disorders (mental and behav-
ioral disorders related to the use of psychoactive
substances), the value of which is higher than the
national average; and the indicator "Share of citizens
living a healthy lifestyle", the value of which is less
than 6.5 percent.

Resolution of the RF Government of 24.12.2019
No. 1792 "On approving the requirements for the
list of compensation measures aimed at improving
air quality in each territory of experiment on quot-
ing emissions based on air pollution aggregate calcu-
lations"

The requirements to the list of measures aimed
at improving air quality in the cities participating in
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the experiment on quoting pollutants emissions
(Bratsk, Krasnoyarsk, Lipetsk, Magnitogorsk, Med-
nogorsk, Nizhny Tagil, Novokuznetsk, Norilsk,
Omsk, Chelyabinsk, Cherepovets and Chita) are es-
tablished. The range of tasks for which the activities
shall be directed is established.

Resolution of the RF Government of 24.12.2019
No. 1806 "On creation and operation of the Federal
State Information System for monitoring atmos-
pheric air quality in the urban districts of Bratsk,
Krasnoyarsk, Lipetsk, Magnitogorsk, Mednogorsk,
Nizhny Tagil, Novokuznetsk, Norilsk, Omsk, Chely-
abinsk, Cherepovets and Chita"

A procedure has been established for the opera-
tion of the State Information System for monitoring
atmospheric air quality in the cities participating in
the experiment on quoting the pollutant emissions.
The users of the system are public authorities, local
self-government bodies, legal entities, individual en-
trepreneurs and citizens. Users' access to information
is ensured through the use of the Unified System of
Identification and Authentication.

Resolution of the RF Government No. 1956
dated 31.12.2019 "On approving the rules for
identification of consumer goods industry items
and peculiarities of implementing the State In-
formation System for monitoring the turnover of
goods subject to compulsory marking by means of
identification"

Starting from January 1, 2021, the compulsory
marking of the consumer goods industry items by
means of identification will be introduced. Partici-
pants in the turnover of the consumer goods industry
will be required, among other things: to get registered
with the information system; to ensure readiness of
their own soft- and hardware for information ex-
change with the information monitoring system; to
test them; from January 1, 2021 — to enter data into
the information system on marking of the consumer
goods industry items, as well as on the introduction
of consumer goods into circulation, their turnover
and withdrawal from circulation.

Resolution of the RF Government dated
31.12.2019 No. 1957 "On approving the rules for
marking perfume and eau de toilette items by
means of identification and peculiarities of intro-
ducing the State Information System for monitor-
ing the turnover of goods subject to compulsory
marking by beans of identification with respect to
perfume and eau de toilette"

Starting from October 1, 2020, applying identi-
fication means on perfumery products (perfumes and
eau de toilette items) will be mandatory. If there are
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any undistributed perfumery products, put into circu-
lation as of October 1, 2020, the turnover parties have
the right to sell them till September 30, 2021 without
marking.

The rules shall determine: a) circle of parties in
goods turnover and the procedure for their registration
in the information system; b) procedure for informa-
tion exchange in the system; c) procedure for goods
registration in the information system; d) characteris-
tics of identification means: structure and format of
identification codes, identification codes and verifica-
tion codes; e) procedure for providing identification
codes; f) procedure for applying means of identifica-
tion; g) procedure for providing data in the information
system; h) procedure for making changes in the data
contained in the monitoring information system, etc.

Resolution of the RF Government No. 31 of
22.01.2020 "On introducing amendments to the
Resolution of the RF Government No. 407 of May
13,2013"

The powers of Rosstandart and Rospotrebnad-
zor in exercising functions of surveillance to meet the
requirements of a number of technical regulations
have been differentiated.

Rosstandart is vested with the authority to exer-
cise state control (surveillance) over compliance with
the requirements: EAEU Technical Regulations
(EAEU TR) "Requirements for liquefied hydrocarbon
gases to be used as fuel" (EAEU TR 036/2016); "On
safety of oil prepared for transportation and/or use"
(EAEU TR 045/2017); "On safety of natural combus-
tible gas prepared for transportation and/or use
(EAEU TR 046/2018); "On restriction of using haz-
ardous substances in electrical and radio electronics
products" (EAEU TR 037/2016) with regard to elec-
trical and radio electronics products, which are sold
not for the needs of consumers.

Rospotrebnadzor is defined as a body exercising
state control (surveillance) over compliance with
EAEU TR requirements " On restriction of using
hazardous substances in electrical and radio electron-
ics products" (EAEU TR 037/2016) in respect of
electrical and electronic products sold exclusively for
personal, family, home and other needs not related to
business activities.

Resolution of the RF Government No. 215 of
28.02.2020 "On introducing amendments to
Clause 1 of the Resolution No. 836 of the RF Gov-
ernment dated June 29, 2019"

The experiment on marking by means of identi-
fication of certain types of dairy products has been
extended until March 31, 2020. The experiment is
held from July 15, 2019 in order to test the complete-
ness and sufficiency of marking mechanisms by
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means of identification of certain types of dairy
products to ensure countermeasures against illegal
import, production and circulating certain types of
dairy products, including of counterfeit, as well as to
increase collection of customs and tax payments.

Resolution of the RF Government No. 216 of
29.02.2020 "On introducing amendments to the
Resolution of the RF Government No. 860 of July
5,2019"

Terms of introducing mandatory identification
marking of footwear products have been extended. It
is established that application of identification means
on consumer packaging or on footwear products, or
product label of footwear products is mandatory not
from March 1, 2020, but from July 1, 2020. Start of
entering information on marking footwear goods into
the information monitoring system is postponed to
July 1, 2020.

Resolution of the RF Government No. 66 of
31.01.2020 "On amending the list of diseases that
threaten to People around Us"

Coronavirus infection (2019-nCoV) is included
in the list of diseases posing danger for the wider
public.

Order of Rospotrebnadzor No. 676 dated
02.09.2019 "On approving administrative policy
for the provision of ... public service to assess
quality compliance of socially-useful services by a
socially oriented non-profit organization: to pro-
vide assistance in obtaining food in the place of
temporary accommodation to persons recognized
as refugees in accordance with the Federal Law
Ne 4528-1 of February 19, 1993 "On Refugees'; to
organize and conduct advisory, methodical, pre-
ventive and anti-epidemic activities to prevent the
spread of HIV infection

The document defines, among other things, the
content, sequence and timing of administrative proce-
dures (actions), requirements to the procedure for their
implementation, including its electronic form, an ex-
haustive list of documents required to provide a public
service, an exhaustive list of grounds for refusal to
provide a public service. It is provided that there are no
grounds for refusal in accepting documents for render-
ing public service by the RF legislation. The period of
providing a public service is 30 days.

Resolution of the RF Chief State Sanitary
Doctor No. 20 of 05.12.2019 "On approving sani-
tary-epidemiological regulations and norms of
SanPiN 2.1.7.3550-19 '"Sanitary-epidemiological
requirements to the maintenance of territories of
municipalities' (registered with the Ministry of
Justice of Russia, No. 56981 dated 25.12.2019)
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Starting from January 1, 2020, the sanitary-epi-
demiological requirements to the maintenance of terri-
tories of municipalities (SanPiN 2.1.7.3550-19) come
into force. The document establishes requirements for
the accumulation, collection, transportation of produc-
tion and consumption waste, consisting of solid mu-
nicipal waste, including large waste, and liquid domes-
tic waste. Its observance is mandatory for regional
executive bodies, local authorities, citizens, individual
entrepreneurs and legal entities, whose activities are
related to the maintenance, servicing of municipal ter-
ritories, as well as waste management in the territories
of municipal entities. The requirements of Chapter V,
SanPiN comes into effect on March 1, 2020.

Resolution of the RF Chief State Sanitary
Doctor No. 2 of 24.01.2020 "On additional meas-
ures to prevent importation and spread of new
Coronavirus infection caused by 2019-nCoV"
(registered with the Ministry of Justice of Russia,
No. 57269 of 24.01.2020)

A set of actions to control coronavirus infection
has been approved. In the list of actions: strengthen-
ing the current disinfection programs in locations of
people mass accumulation; training healthcare work-
ers in the issues of clinics, diagnostics, treatment of a
new coronavirus infection; if necessary, transfer of
medical organizations to a strict anti-epidemic mode;
making arrangements for reception of patients sus-
pected to a new coronavirus infection disease in
medical organizations; arranging a pick-up and deliv-
ery to Rospotrebnadzor’ laboratory of a proper qual-
ity stuff from patients with a suspicion on a new
coronavirus; establishing medical monitoring of stu-
dents arriving from China; implementation of sani-
tary and quarantine control at checkpoints on RF
state border in a reinforced regime.

Resolution of the RF Chief State Sanitary Doc-
tor No. 3 of 31.01.2020 "On additional sanitary-and-
epidemic (preventive) actions on prevention of im-
port and spread of the new Coronavirus infection
caused by 2019-nCoV" (registered in the Ministry of
Justice of Russia by No. 57367 from 31.01.2020)

A set of measures to prevent coronavirus infection
spread has been defined. In particular, the executive
authorities of the Russian Federation subjects should:
ensure preparation of places for continuous medical
monitoring, taking into account the duration of such
monitoring for 14 calendar days; organize measures to
ensure an enhanced disinfection regime; provide con-
tinuous medical monitoring for 14 calendar days for
Chinese citizens who have a residence permit in Russia,
when they return from China. In case of symptoms that
do not exclude a new coronavirus infection, to carry out
their isolation and laboratory examination.
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Resolution of the RF Chief State Sanitary
Doctor No. 5 of 02.03.2020 "On additional meas-
ures to reduce risks of importation and spread of
a new Coronavirus infection (2019-nCoV)" (regis-
tered with the Ministry of Justice of Russia,
No. 57643 from 02.03.2020)

An additional set of mandatory measures to pre-
vent spread of the new coronavirus infection (2019-
nCoV) has been developed. The list includes, among
other things: organization of healthcare organiza-
tions’ activities with the priority of rendering primary
medical aid at home to patients with respiratory
symptoms, first of all to persons over 60 years of age,
provision of separate reception (filter-boxes) for pa-
tients with signs of acute respiratory viral infections,
community-acquired pneumonia; equipping ambu-
lance crews, medical organizations with pulse-
oximeters; departments of medical organizations —
with non-invasive lungs ventilation devices; main-
taining a minimum stock of antiviral drugs, including
those recommended for treatment of the new coro-
navirus infection, disinfectants and personal protec-
tive equipment in medical organizations and phar-
macy chains; medical supervision for a period of
14 calendar days of all citizens arriving from the Is-
lamic Republic of Iran and the Republic of Korea at
their place of residence. At manifestations of symp-
toms in them, which do not exclude the new coro-
navirus infection (2019-nCoV), to ensure their im-
mediate isolation and hospitalization in medical
units; providing a possibility for issuing sick leaves
without visiting medical organization to the persons
who have returned from territories where cases of the
new coronavirus infection (2019-nCoV) are regis-
tered; strengthening of sanitary-quarantine control in
the airports check points through the state border of
the Russian Federation.

Citizens who have returned from territories
where cases of new coronavirus infection (2019-
nCoV) are registered, are recommended to: transfer
data on a place and dates of their stay, and return,
their contact information by the "hot line" arranged in
the RF subject; at occurrence of the respiratory infec-
tion first signs — to remain at home (at a place of
stay) and immediately to address for medical aid.

MR 2.4.0162-19. 2.4 "Hygiene of children and
adolescents. Peculiarities of organizing nutrition for
children suffering from diabetes mellitus and other
diseases accompanied by dietary restrictions (in
educational and health-improving organizations).
Methodical recommendations' (approved by the
RF Chief State Sanitary Doctor on 30.12.2019)

Methodical recommendations (guidelines) in-
clude, among others, the following: a) a list of indus-
trial products that may contain hidden gluten; b) rec-
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ommended food intake sets for organizing meals for
children with diabetes; c) a set of operational charts
for meals for children with diabetes.

The Letter by Rospotrebnadzor No. 02/2037-
2020-32 dated 11.02.2020 "On sending interim rec-
ommendations for organization of observatory units"

Recommendations have been developed for or-
ganizing the operations of observatories to isolate
conditionally healthy persons coming from the terri-
tories, which are epidemiologically unfavorable in
terms of coronavirus. Only healthy people are to be
placed in observatories, i.e. specially adapted institu-
tions for isolation and medical supervision, for the
period of 14 calendar days. People under observation
are accommodated on a time-bound basis, in as small
groups as possible, with measures to exclude com-
munication with persons from other premises. Up to
four persons (members of the same family or, with
their consent, on the basis of gender) may be accom-
modated in one room.

Requirements have been established for the ob-
servatory premises, for the organization of its opera-
tions, for medical supervision and collection of mate-
rial from the people under observation, for the pur-
poses of biological safety, when working at the
observatory, and for the collection and disinfection of
medical waste.

The Letter by Rospotrebnadzor No. 02/2120-
2020-32 of 13.02.2020 "On recommendations for
cleaning and disinfection of motor vehicles"

Recommendations on disinfection to prevent
coronavirus infection spread have been developed for
persons providing services on transportation of pas-
sengers by road. The recommendations contain pro-
phylactic measures in respect of drivers, regulate the
procedure for preventive, focal (when a patient is
detected) and final (after the patient is removed, and
the cabin is free of people) disinfection of a vehicle,
and provide the permitted disinfectants and the pro-
cedure for their application.

The Letter by Rospotrebnadzor No. 02/2230-
2020-32 of 14.02.2020 "On preventive and disin-
fection measures in public catering organizations
and food units of educational organizations"

A list of preventive recommendations to prohibit-
ing the spread of coronavirus infection has been devel-
oped for catering establishments. The list includes,
among others: observance of personal hygiene, non-
admission to work of personnel with manifestations of
acute respiratory infections (fever, cough, runny nose);
provision of personnel with a stock of disposable
masks, disinfectant wipes, skin antiseptics for hands,
disinfectants; ventilation and wet cleaning with disin-
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fectants; avoiding use of dishes with cracks, chips,
broken edges, warped, damaged enamel.

It is recommended to equip public catering or-
ganizations and food establishments with modern
dishwashers with disinfectant effect using treatment
modes at temperatures not lower than 65° C for 90
minutes.

When a diseased are revealed after patient re-
moval and the premises are vacated, final disinfection
is carried out by specialized organizations.

The Letter by Rospotrebnadzor No. 02/3853-
2020-27 dated 10.03.2020 "On measures to prevent
new coronavirus infection (COVID-19)"

Guidelines have been developed for employers
to prevent new coronavirus infection (COVID-19)
spread among employees. Employers are recom-
mended, in particular, to ensure: facilities of hand
treatment with skin antiseptics or disinfectant wipes
providing control over the compliance with this hy-
giene procedure; control of employees body tempera-
ture at the entrance to organization (company) and
during the working day (according to indications),
with mandatory suspension from work of persons
with elevated body temperature and signs of infec-
tious disease; proper cleaning of premises using viru-
cidal disinfectants; disinfectants supply for at least
five days for cleaning premises and hands-treatment,
individual respiratory protection means (masks, res-
pirators), in case persons with infectious disease
signs are detected, to be available in organization.

Among other things, it is recommended to re-
strain any corporate events and employees participa-
tion in public events.

Order of the Ministry of Agriculture of Rus-
sia No. 634 of 19.11.2019 "On approving the form
and procedure for using graphic image (mark) of
a common pattern for organic products"

Starting from January 1, 2020, the procedure
has been approved for placing a mark of organic
products on goods. A manufacturer of organic prod-
ucts gets the right to use mark from the moment of
entering to the Unified State Register of organic
products manufacturers the information about the
manufacturer, types of organic products he produces
for the period, which does not exceed the validity
period of the conformity certificate for organic prod-
ucts. Graphical image (mark) is a white sheet on a
green background with the inscription ‘ORGANIC’
on top of the sheet and ‘ORGANIC’ — on bottom of
the sheet. The product manufacturer has the right to
place mark on packaging, consumer and/or transport
packaging of organic products or on any information
carriers attached thereto.

Health Risk Analysis. 2020. no. 1



New legal, regulatory and methodological documents issued in the rf in the sphere of health risk analysis

The Order of the Ministry of Natural Re-
sources of Russia No. 794 dated 22.11.2019 "On ap-
proving methodical guidelines for determining the
background level of air pollution"

Methodical recommendations for determining
the background level of air pollution have been ap-
proved. The background is determined by sampling
data from homogeneous series of observations at
observation points over a five-year period. The pri-
mary data for determining the background is the
results of measurements of one-time (20-30 min-
utes) concentrations of pollutants. The total sam-
pling volume from a series of one-time concentra-
tions at continuous observations is not less than
14 000 values, at discrete observations — not less
than 800 values. The background value for residen-
tial settlements, where observations over the air pol-
lution level are carried out annually during five
years in different observation points under a reduced
program, takes into account data of more than
200 observations per year.

The Order of the Ministry of Natural Re-
sources of Russia No. 804 dated 27.11.2019 "On
approving the method for determining emissions of
pollutants into the air from mobile sources for con-
solidated calculations of air pollution"

The procedure has been established for calculat-
ing pollutant emissions into the air from mobile
sources on the roads in summation. The results of
full-scale in situ surveys of the composition by type
of vehicles and traffic flows intensity, taking into
account the category of roads and vehicle types, are
used as input data for calculating maximum single
and gross (annual) emissions. For the projected roads,
the data on traffic structure and volume, according to
the project documentation, are used.

Recommendations on the implementation of in
situ surveys of traffic flow structure and intensity are
given.

The Order of the Ministry of Natural Re-
sources of Russia No. 811 dated 28.11.2019 "On
approving requirements for measures to reduce
emissions of pollutants into the air under unfavor-
able meteorological conditions"

Starting from 27 June 2020, the requirements
for emission reduction measures during the adverse
weather events (AWE) will be introduced. It is estab-
lished that business entities shall develop measures to
reduce emissions taking into account the hazard de-
gree of the forecasted AWE for all sources of emis-
sions at facilities with negative impact of I, II and III
categories subject to rationing in the field of envi-
ronmental protection. The recommended list of emis-
sion reduction measures is given.
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The Order of the Ministry of Natural Re-
sources of Russia No. 813 dated 29.11.2019 "On
approving the rules for aggregate calculations of
air pollution, including their updates

The procedure has been defined for calculating
ambient air pollution. Among other things, is has
been established as follows: the procedure for collect-
ing information for aggregate calculations; the proce-
dure for organizing activities on aggregate calcula-
tions; the requirements for the content of the citywide
emission data bank; the procedure for calculating
pollutants concentrations in the ambient air; recom-
mendations for assigning codes to road sections and
other facilities.

The Order of the Ministry of Natural Re-
sources of Russia No. 814 dated 29.11.2019 "On
approving the rules for quoting emissions of con-
taminants (excluding radioactive substances) into
ambient air"

The rules have been approved for establishing
quotas on pollutants emission into ambient air. The
following have been established: priorities in deter-
mining permissible contributions to the concentration
of pollutants in the air; procedure for determining
check-points for quoting emissions; mechanism for
calculating permissible contributions to the concen-
tration in quoting points; procedure for establishing
quotas on emissions.

The Order by the Ministry of Health of Rus-
sia No. 1032n dated 13.12.2019 "On amendments
to Annexes 1, 2 and 3 to the Order of the Ministry
of Health and Social Development of the Russian
Federation No. 302n of 12 April 2011 ""On approv-
ing the lists of harmful and/or hazardous produc-
tion factors and works for which preliminary and
periodic medical examinations (screenings) are
conducted, and the procedure for mandatory pre-
liminary and periodic medical examinations
(screenings) of employees engaged in heavy works
and works in harmful and/or hazardous working
conditions" (registered with the Ministry of Jus-
tice of Russia under No. 56976 dated 24.12.2019)

The procedure has been specified for identify-
ing diseases that hinder the continuation of work
related to the impact of harmful or hazardous pro-
duction factors. It is allowed to take into account
the results of examinations and/or preventive
medical checkups performed earlier (not later than
one year); a list of actions, which are necessarily
performed during preliminary and periodic exami-
nations, is introduced; it is allowed to provide in-
formation (with the consent of the examined per-
son) on examination results to the Russian Federa-
tion Social Insurance Fund.
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The frequency of compulsory medical examina-
tions at occupational pathology center for employees
engaged in heavy works and works in harmful or dan-
gerous working conditions (Classes 3.1-3.4, Class 4) is
once every five years. The same frequency of exami-
nations is established for employees with persistent
consequences of accidents at work.

The opportunity for compulsory periodic medi-
cal examinations by mobile medical teams is intro-
duced for employees with a total work record of five
years or more, if work site is located in the Far North
and areas equal to them.

The Order by the Ministry of Health of Rus-
sia No. 8 of 15.01.2020 "On approving the strategy
for the promotion of healthy lifestyle, prevention
and control of non-communicable diseases for the
period until 2025"

The Strategy provides: an analysis of the current
state of healthy lifestyles issue, prevention and con-
trol of non-communicable diseases in the Russian
Federation, the main goals, principles and objectives,
the main directions for the implementation of tasks,
prospects for promoting a healthy lifestyle, preven-
tion and control of non-communicable diseases,
mechanism for implementing the Strategy, the results
of implementing the Strategy.

"Interim methodical guidelines. Prevention,
diagnosis and treatment of a new Coronavirus
infection (2019-nCoV). Version 2 (03.02.2020)"
(approved by the Russian Ministry of Health, Ro-
spotrebnadzor)

Interim recommendations for the diagnosis and
treatment of a new coronavirus infection have been
updated. The recommendations are intended for phy-
sicians at infectious disease treatment and prevention
facilities, as well as intensive care physicians at the
infectious disease hospital. The annexes contain,
among other things, a list of possible medications for
treating coronavirus infection in adults.
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Letter by the Ministry of Education of Russia
No. 05-PG-MP-20965 of 28.10.2019 "On the occu-
pancy rate of groups of students in educational
organizations"

The Ministry of Education of Russia reports that
the recommendation norm setting the maximum oc-
cupancy rate for school classes of 25 people is ex-
cluded on the basis of SanPiN 2.4.2.2821-10. At the
same time, according to the procedure for organiza-
tion of educational activities under secondary voca-
tional education programs (approved by the Order of
the Ministry of Education and Science of Russia No.
464 of 14.06.2013), the number of students in a study
group is not more than 25 people. Based on the spe-
cifics of the educational organization, training ses-
sions and practice can be conducted with students
groups of smaller numbers and individual students. It
is also possible to combine groups of students when
holding training sessions in the form of lectures.

The Letter by the Ministry of Natural Re-
sources of Russia No. 12-47/22755 dated 20.09.2019
"On implementing industrial environmental con-
trol in the field of ambient air protection"

The Russian Ministry of Natural Resources has
clarified the requirements for filling in the control
schedules for stationary sources of pollutant emis-
sions. When carrying out an industrial environmental
control at a facility of NEI (Negative Environmental
Impact) III Category, it is obligatory to include I, II
hazard Class substances into the control schedule, as
well as marker substances; in case the emissions of
pollutants from a source, in terms of substances
which are subject to state regulation measures, as
well as marker substances, exceed 0.1 MPC of pol-
lutants at the border of an enterprise, this source of
emissions and contaminants emitted thereby should
be included into the control schedule.

It is noted that adjustments to the industrial en-
vironmental control program are made when gross
emissions from the enterprise change.
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