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 — M.M. Tsinker,
A.V. Alekseeva

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 29.03.2024.
Format 90x60/8.

Order no. 095/2024.
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

CMU - U 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

This edition is provided financial support by
the Perm Region Ministry for Education and
Science

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

V.G. Akimkin — Fellow of the Russian Academy of Sciences, DSc,
Professor (Moscow, Russia)

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

1.V. Bragina — DSc (Moscow, Russia)

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

1.V. Bukhtiyarov — corresponding member of RAS, DSc,

Professor (Moscow, Russia)

T. Cronberg — DSc in Ec., DSc in Tec., Member of the European
Parliament from Finland (Ruveslahti, Finland)

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

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

M.A. Zemlyanova — DSc (Perm, Russia)

U.L Kenesariev — DSc, Professor, corresponding member of the
Academy of Medical Sciences of Kazakstan (Almaty, Kazakstan)
S.V. Kleyn — DSc, Professor of the Russian Academy of Sciences
(Perm, Russia)

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,
(Moscow, 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)

0O.Yu. Milushkina — corresponding member of RAS, DSc
(Moscow, Russia)

0.V. Mitrokhin — DSc (Moscow, Russia)

A.Yu. Popova — DSc, Professor (Moscow, Russia)

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

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

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

A.V. Reshetnikov — Fellow of RAS, DSc, Professor (Moscow, Russia)
P. Spencer — PhD, FRCPath Professor Department of neurology
(Portland, USA)

S.I. Sychik — MD PhD, Associate Professor (Minsk, Belarus)
A.Tsakalof — Professor of Medical Chemistry (Larissa, Greece)
V.A. Tutelyan — Fellow of RAS, DSc, Professor (Moscow, Russia)
L.M. Fatkhutdinova — DSc, Professor (Kazan, Russia)

I.V. Feldblium — DSc, Professor (Perm, Russia)

H.H. Hamidulina — DSc, Professor (Moscow, Russia)

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

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

1

January 2024 march



CONTENTS

PREVENTIVE HEALTHCARE:
TOPICAL ISSUES OF HEALTH RISK ANALYSIS

N.V. Zaitseva, SV. Kleyn, D.4. Kiryanov,

A.M. Andrishunas, V.M. Chigvintsev, S'Yu. Balashov
OPTIMIZATION OF REGULATORY ACTIONS BASED
ON A DIFFERENTIATED APPROACH

TO MANAGING AMBIENT AIR QUALITY

AND HEALTH RISKS

RISK ASSESSMENT IN HYGIENE

K.V. Chetverkina, P.Z. Shur

SCIENTIFIC SUBSTANTIATION OF AVERAGE ANNUAL
MAXIMUM PERMISSIBLE LEVEL OF VANADIUM
PENTOXIDE IN AMBIENT AIR AS PER PERMISSIBLE
HEALTH RISK

A.G. Malysheva, N.V. Kalinina

IDENTIFICATION OF HAZARDS FOR HUMAN HEALTH
UNDER CHEMICAL POLLUTION IN AIR INSIDE
IN-PATIENT HOSPITALS

V.V. Shilov, O.L. Markova, E.V. Zaritskaya,

D.S Isaev, M.D. Petrova

ASSESSMENT OF PUBLIC HEALTH RISKS CAUSED
BY PHTHALATES MIGRATING FROM POLYMER
MATERIAL TO BOTTLED WATER

D.O. Gorbachev

CLUSTER APPROACH TO THE STUDY OF POPULATION
HEALTH RISKS POSED BY CONTAMINATION

OF FOOD PRODUCTS WITH HEAVY METALS

A.S. Polyanina, |.B. Bykova, E£.S. Smonenko,

N.R. Efimochkina, SA4. Sheveleva

SUBSTANTIATION OF WAYS TO REDUCE
CONTAMINATION BY BACTERIA OF THE GENUS
CRONOBACTER OF DRY SPECIALIZED PRODUCTS
FOR BABY FOOD DURING THEIR

PRODUCTION

L.N. Budkar, V.B. Gurvich, E.Yu. Mordas, T.Yu. Obukhova,
SI. Solodushkin, O.G. Shmonina, E.A. Karpova,

K.S Chubikova

ON ASSESSMENT OF THE PROBABILITY

OF VARIOUS COMORBIDITIES IN WORKERS

OF ALUMINUM AND REFRACTORY

INDUSTRIES

A.V. Butorin, V.P. Rodkin, V.A. Shirinskii
HYGIENIC ASSESSMENT OF HEALTH RISKS
FOR EMPLOYEES OF THE OMSK AMBULANCE
SERVICE DUE TO TOBACCO SMOKING

G.V. Zhuntova, M.V. Bannikova, T.V. Azizova

THE RISK OF COLORECTAL CANCER INCIDENCE

IN A COHORT OF INDIVIDUALS OCCUPATIONALLY
EXPOSED TO IONIZING RADIATION

18

26

38

47

59

71

81

90

MPOPUJIAKTUHYECKAS MEJUIIMHA: AKTYAJIbHBIE
ACIIEKTbI AHAJIM3A PUCKA 3/10POBbIO

H.B. 3aiiyesa, C.B. Kneiin, /].A. Kupbsiros,

A.M. Anopuwynac, B.M. Yueeunyes, C.FO. Banrawos
ONTUMMBALIS PETYJIMPYIOIINX BO3AENCTBUIA
HA OCHOBE JU®PEPEHIIMPOBAHHOI'O [TIOAXOOA
K YIIPABJIEHUIO KAYECTBOM ATMOC®EPHOI'O
BO3IYXA U PUCKOM 3]I0POBbIO HACEJIEHU S

OHEHKA PUCKA B I'UI'HEHE

K.B. Yemesepxuna, 11.3. [Llyp

HAYYHOE OBOCHOBAHUE CPEJTHEI'OIOBOW
[IPEJEJIBHO JOITYCTUMOM KOHLIEHTPALTUA
BAHAU IIEHTOKCHUJA B ATMOCOEPHOM
BO3AYXE I10 KPUTEPUAM JOIIYCTUMOI'O PUCKA

A.I'. Manviwesa, H.B. Kanununa

TTPOBJIEMbBI UIEHTUO®UKAILIMN OITACHOCTHU

JJ1 3I0POBBA UEJIOBEKA XUMUYECKOI'O
3ATPSI3HEHUS BO3YIIIHOU CPE/JIbI IIOMELLEHUI
MEJIUINMHCKNX CTAIIMOHAPOB

B.B. Lllunos, O.JI. Mapkoea, E.B. 3apuykas,

/1.C. Hcaes, M JI. I[lemposa

OLIEHKA PUCKA 310POBbIO HACEJIEHU

OT ®TAJIATOB U3 IIOJIUMEPHOM YIIAKOBKU
MM THEBOM BO/JIBI

/1.0. I'opbaues

KJIACTEPHBII oaAXoA B UISYUEHUU PUCKOB
3/10POBbIO HACEJIEHV S, OBYCJIOBJIEHHBIX
KOHTAMMHALIVEH MUIIEBBIX ITPOJYKTOB
TSIKEJIBIMU METAJUTAMUA

A.C. Honsnuna, U.5. Bvikosa, E.C. Cumonenko,

H.P. Epumouxuna, C.A. Lllesenésa

OBOCHOBAHUE ITYTEN CHIXKEHUS
KOHTAMUHAILIMU BAKTEPUAMUM POJTA
CRONOBACTER CYXUX CIIELIMAJIN3MPOBAHHBIX
TIPOAYKTOB JIs1 AETCKOI'O ITUTAHUS HA DTAIIE
NX ITPONU3BOJACTBA

JI.H. Byokaps, B.B. I'ypeuu, E.FO. Mopoac, T.FO. O6yxosa,
C.U. Conooywrkun, O.I'. [lImonuna, E.A. Kapnoea,

K.C. Yybuxosa

K OLHEHKE BEPOSITHOCTU PA3BUTHU A
KOMOPBUIHbBIX HAPYUIEHHI PA3HOI'O
MMPOOUJIA Y PABOTHUKOB AJIIOMUHUEBOI'O

1 OHEYIIOPHOI'O ITPOU3BO/ICTB

A.B. Bymopun, B.I1. Poovrun, B.A. [Llupuncruii
I'MI'MEHUYECKA S OLIEHKA PUCKOB 3/IOPOBbIO
COTPYJIHUKOB CJIYKBbI CKOPOI METULIUHCKOM
I[TOMOIM B CBA3U C KYPEHUEM TABAKA

(HA TIPUMEPE I'. OMCKA)

I".B. 2Kynmoea, M.B. bannuxosa, T.B. A3uzo6a

PUCK 3ABOJIEBAEMOCTHU PAKOM KHMIIIEYHHUKA
B KOI'OPTE PABOTHUKOB, ITIOABEPT I XCSI
XPOHUYECKOMY ITPOPECCHUOHAJIBHOMY
OBJIYUEHHIO

Health Risk Analysis. 2024. no. 1



HEALTH RISK ANALYSIS IN EPIDEMIOLOGY

AV. Satsuk, G.G. Solopova, A.A. Ploskireva,

V.G. Akimkin, G.A. Novichkova

THE SIGNIFICANCE OF RISK FACTORS FOR ACQUIRING
HEPATITIS B AND C VIRUS INFECTIONS IN CHILDREN
WITH ONCOLOGICAL AND HEMATOLOGICAL
DISEASES AND IMMUNODEFICIENCIES

RISK ASSESSMENT IN PUBLIC
HEALTHCARE

0.0. Alyoshina, I.V. Averyanova

ANTHROPOMETRIC INDICES AND BIOIMPEDANCE
BODY COMPOSITION AS ONTOGENETIC
INDICATORS TO DESCRIBE RISK OF OBESITY

V.I. Popov, V.I. Bolotskih, A.V. Makeeva,

A.l. Gubin, E.l. Anufrieva

ASSESSMENT OF THE RISK OF DEVELOPING
CARDIOVASCULAR PATHOLOGY IN MEDICAL
UNIVERSITY STUDENTS

N.K. Kasiev, D.V. Vishniakov

MEDICAL STUDENTS’ MIGRATION INTENTIONS:
RISK FACTOR AND CHALLENGE FOR THE
HEALTHCARE SYSTEM IN KYRGYZSTAN

E.S Shchelkanova, M.R. Nazarova, .M. Gudimov,
N.A. Galkin, E.A. Zhurbin

PROGNOSIS OF SUICIDAL RISK AMONG LAW
ENFORCEMENT OFFICIALS INCLUDING
MILITARY PERSONNEL

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

0.V. Dolgikh, N.4. Nikonoshina

POLYMORPHISM OF TP53 (RS1042522) GENE
AND PECULIARITIES OF THE IMMUNE PROFILE
IN CHILDREN EXPOSED TO AIRBORNE
BENZO(A)PYRENE

Nguyen Thi Hong Hanh, Le Thi Tuyet, Nguyen Thi Trung Thu,
Do Thi Nhu Trang, Duong Thi Anh Dao, Le Thi Thuy Dung,
Dang Xuan Tho

IDENTIFYING THE FACTORS RELATED TO BODY FAT
PERCENTAGE AMONG VIETNAMESE ADOLESCENTS
USING MACHINE LEARNING TECHNIQUES

V.L. Rybkina, D.S. Odlina, T.V. Azizova,

E.N. Kirillova, V.S Makeeva

ROLE OF CELLULAR IMMUNITY IN MALIGNANT
TUMORS DEVELOPMENT IN INDIVIDUALS
CHRONICALLY EXPOSED TO IONISING RADIATION

ANALYTICAL REVIEWS

E.A. Saltykova, O.N. Savostikova
UNCERTAINTIES IN RISK ANALYSIS AND
MODERN APPROACHES TO THEIR REDUCTION

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

100

111

121

128

141

150

158

169

178

OLEHKA PUCKA B 3IIMJEMHUOJIOTNA

A.B. Cayyk, I'.I". Cononosa, A.A. I[lnockupesa,

B.I". Akumrun, I'.A. Hosuukosa

3HAUYEHUE ®AKTOPOB PHCKA 3APAKEHU A
BUPYCHBIMU I'EIIATUTAMU B U CV JETEN

C OHKOI'EMATOJIOI'MYECKNMMU 3ABOJIEBAHUSIMU
U UMMYHOJE®UIIUTHBIMU COCTOAHUAMU

OLEHKA PUCKA B OPTAHU3ALIUU
3IPABOOXPAHEHUA

0.0. Anéwuna, U.B. Agepvanosa

AHTPOITOMETPUYECKUE MHJIEKCHI

1 BUOUMITEAAHCOMETPUYECKUE ITOKA3ATEJIN

KAK OHTOI'EHETUYECKUE MHAWUKATOPBLI PUCKA
DOPMUPOBAHNMS OXXWUPEHU S

B.U. Ilonoes, B.U. boromckux, A.B. Maxeesa,

A.U. I'youn, E.U. Anygpuesa

OLEHKA PUCKA PA3BUTUA CEPJEYHO-
COCYJIUCTON ATOJIOTUU Y CTYJEHTOB
MEJUILIMHCKOI'O BY3A

H.K. Kacues, /].B. Buwnsaxos

MUT'PAIITUOHHBIE HAMEPEHN S CTYJEHTOB
MEJUIIMHCKUX BY30B B KbIPI'bI3CTAHE:

OAKTOP PUCKA U BbI3OB I 3JPABOOXPAHEHHW A
PECITYBJIMKU1

E.C. llenxanosa, M.P. Hazaposa, .M. I'youmos,
H.A. I'ankun, E.A. XKypoun

I[MPOT'HO3 CYULMIAJIBHOI'O PUCKA

Y COTPYAHUKOB CHUJIOBbBIX BEAOMCTB,
B TOM UMCJIE BOEHHOCITY XAIIIUX

MEJIAKO-BUOJOTHYECKHUE ACHIEKTBI OIEHKH
BO3JIEUCTBUSA ®PAKTOPOB PUCKA

O.B. Joneux, H.A. Huxonowuna

TOJIMMOP®U3M I'EHA TP53 (RS1042522)

1 OCOBEHHOCTH UIMMYHHOI'O I[TPO®UJIS YV JETEH,
MPOXKUBAIOILIMX B YCJIOBUSIX ASPOI'EHHOM
DKCIO3UILINU BEH3(A)ITMPEHOM

Heyen Txu Txone Xan, Jle Txu Tyiiem, Heyen Txu Tpyne Txy,
Mo Txu Hxy Tpane, [Jyone Txu Aux [ao, Jle Txu Txyu /Jyne,
Jane Keyan Txo

TEXHOJIOI'MU MAIIMHHOI'O OBYYEHU S ITPU
OIIPEJIEJIEHUN ®AKTOPOB, CBSI3AHHBIX C JIOJIEN
JKPA B OPTAHU3ME BBETHAMCKUX ITOJAPOCTKOB

B.JI. Puioruna, /I.C. Ociuna, T.B. A3uzosa,

E.H. Kupunnosa, B.C. Maxeesa

POJIb KIIETOYHOI'O UMMVYHUTETA B PABBUTUN
3JIOKAYECTBEHHBIX HOBOOBPA3ZOBAHUI VY JIULL,
TTOABEPTHINXCS XPOHUYECKOMY OBJIYUEHUIO

AHAJIUTUYECKHE OB30PbI

E.A. Canmuixosa, O.H. Casocmurosa
HEOITPEAEJEHHOCTU ITPU ITPOBEJIEHMI
PUCK-AHAJIM3A 1 COBPEMEHHBIE ITOXOIbI
K UX CHUXKEHUIO

ISSN (Eng-online) 2542-2308



PREVENTIVE HEALTHCARE:
TOPICAL ISSUES OF HEALTH RISK ANALYSIS

UDC 614.71; 614.78 Read
DOI: 10.21668/health.risk/2024.1.01.eng online

Research article

OPTIMIZATION OF REGULATORY ACTIONS BASED ON A DIFFERENTIATED
APPROACH TO MANAGING AMBIENT AIR QUALITY AND HEALTH RISKS

N.V. Zaitseva]’z, S.V. Kleynl’z, D.A. Kiryanovl,
A.M. Andrishunas', V.M. Chigvintsev', S.Yu. Balashov'

'Federal Scientific Center for Medical and Preventive Health Risk Management Technologies, 82 Monastyrskaya
St., Perm, 614045, Russian Federation
Russian Academy of Sciences, Department of Medical Sciences, 14 Solyanka St., Moscow, 109240, Russian Federation

The study focuses on substantiating the most optimal regulatory actions aimed to minimize health risks caused by air-
borne exposures within Rospotrebnadzor activities including the Clean Air Federal project and the ongoing experiment on
setting quotas for emissions. The aim of this study was to compar atively assess effectiveness of regulatory actions as regards
specific subjects (exemplified by heat-power engineering objects) with or without use of differentiated approaches to manag-
ing ambient air quality and health risks.

We analyzed a database on priority sources of ambient air pollution in an analyzed area; performed a hygienic assess-
ment of ambient air quality relying on computed data and also estimated contributions made by specific chemicals and objects
to the total pollution; calculated population health risks; implemented an algorithm for substantiating optimal regulatory ac-
tions aimed to mitigate health risks under airborne exposures; comparatively analyzed activities stipulated by the Complex plan
and suggested optimal regulatory actions identified by solving the optimization task. We conducted a reconnaissance stage-by-
stage assessment of effectiveness of air protection activities over 2019-2023 relying on hygienic indicators and risk levels.

As a result, we established that implementation of air protection activities and a reduction in total emissions of more
than 20 pollutants by heat-power engineering objects would not ensure significant improvement of environmental conditions
in the analyzed area considering their share contributions. Safe standards would still be violated in residential areas with
levels of chemicals reaching 6.25 single MPL and 7.0 average annual MPL. An optimal sufficient result, considering this
share contribution, would be a reduction in emissions from all heat-power engineering objects by 3.47 thousand tons of 10
specific chemicals. Thisis lower than a reduction planned within the Complex plan on total emission reduction (18.1 thou-
sand tons). To ensure conformity with safe standards that stipulate chemical levelsin ambient air and to achieve permissible
risk levels, it is necessary to apply a differentiated approach to reductions in emissions (by 1.06 thousand tons overall),
which targets specific chemicals, at other sources of ambient air pollution.

Use of a differentiated approach to selecting optimal regulatory actions as regards all sources of ambient air pollution
considering their share contributions will make it possible to define priority environmental protection activities, adjust the
Complex plans and ensure conformity with safe standards and permissible risk levelsin all residential areas.

Keywords: ambient air quality, Clean Air Federal project, Complex plan of air protection activities, pollutant emis-
sions, experiment of setting quotas, optimization task, contributions, safe standards, health risk, effectiveness of activities.
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Optimization of regulatory actions based on a differentiated approach to managing ambient air quality ...

Legislation on ambient air protection
plays the key role in providing environmental
safety and sanitary-epidemiological wellbeing.
Several instruments are fixed in it to accom-
plish state regulation of negative effects on the
human environment. Establishing safety stan-
dards and limits of pollutant emissions for in-
dustry, motor transport and other pollution
sources is one of the most significant elements
in the sphere. The RF President Order dated
May 07, 2018 No. 204 On National Goals and
Strategic Tasks of The Russian Federation De-
velopment for the Period up to 2024 and im-
plementation of the Ecology National project
and the Clean Air Federal project have estab-
lished target levels, which are to be achieved
by decreasing ambient air pollution [1, 2].

To perform more effective control and re-
duce emissions of harmful chemicals into am-
bient air, an experiment on setting quotas for
industrial emissions started on January 01,
2020 in Russia; it is planned to have been
completed by the end of 2026. The experiment
is being accomplished in accordance with the
Federal Law issued on July 26, 2019 No 195-
FZ', which stipulates setting fixed quotas of
emissions for industrial enterprises as well as
mechanisms and instruments for control and
adherence to established limitations. The aim
of this experiment is to search for optimal so-
lutions that facilitate reductions in pollutant
emissions into ambient air based on aggre-
gated calculations of dispersion and health risk
assessment. This is an important step towards
sustainable development and environmental
protection [3—6].

Thus, at present an experiment is being ac-
complished in order to improve ambient air
quality in cities participating in the first stage of
the Clean Air Federal project (12 cities overall).
Its aim is to reduce total chemical emissions
into ambient air (radioactive substances ex-
cluded) by 20 % (tons/year) by 2024 against
2017 [7]. Modeling of pollutant dispersion and
assessment of ambient air pollution in these
12 cities covers approximately 50 thousand in-
dustrial emission sources of various types and
configurations, emissions from motor transport
at more than 3.3 thousand sections of traffic
networks and more than 1.6 thousand of
autonomous heat supply sources [3, 8]. Accord-
ing to the RF Government Order issued on July
07, 2022 No. 1852-r%, the number of cities par-
ticipating in the experiment grew by 29 thereby
extending the list of pilot territories. The aim of
this experiment is to reduce amounts of hazard-
ous pollutant emissions by almost two times by
2030 against 2020 [9].

In order to implement relevant activities
within the Clean Air Federal project, Complex
plans of activities on reducing emissions of
priority pollutants into ambient air have been
developed and approved by the RF Govern-
ment for each territory included into the ex-
periment. It is noteworthy that the Complex
plans developed for the first twelve cities
stipulate a reduction in total emissions for each
territory for the whole set of chemicals.

This wide-scale experimental approbation
takes place for the first time in our country. It
allows testing methods for modeling ambient
air pollution and using their results in making

' O provedenii eksperimenta po kvotirovaniyu vybrosov zagryaznyayushchikh veshchestv i vnesenii izmenenii v ot-

del'nye zakonodatel'nye akty Rossiiskoi Federatsii v chasti snizheniya zagryazneniya atmosfernogo vozdukha: Federal'nyi za-
kon ot 26.07.2019 Ne 195-FZ [On accomplishing the experiment on setting quotas for emissions of pollutants and making al-
terations into specific legal acts of the Russian Federation regarding reduction of ambient air pollution: The Federal Law issued
on July 26, 2019 No. 195-FZ]. KonsultantPlus. Available at: https://www.consultant.ru/document/cons_doc LAW 329955/
(February 14, 2024) (in Russian).

2 Ob utverzhdenii perechnya gorodskikh poselenii i gorodskikh okrugov s vysokim i ochen' vysokim zagryazneniem at-
mosfernogo vozdukha, dopolnitel'no otnosyashchikhsya k territoriyam eksperimenta po kvotirovaniyu vybrosov zagryaznya-
yushchikh veshchestv (za isklyucheniem radioaktivnykh veshchestv) v atmosfernyi vozdukh na osnove svodnykh raschetov
zagryazneniya atmosfernogo vozdukha: Rasporyazhenie Pravitel'stva RF ot 7 iyulya 2022 g. Ne 1852-r [On Approval of the List
of Urban Settlements and Districts with High and Extremely high Levels of Ambient Air Pollution, Which Are Added to the
List of Territories Covered by the Experiment on Setting Quotas of Pollutant Emissions (Radioactive Substances Excluded) into
Ambient Air Based on Aggregated Calculations of Ambient Air Pollution: the RF Government Order issued on July 07, 2022
No. 1852-r]. KODEKS electronic fund for legal and reference documentation. Available at: https://docs.cntd.ru/docu-
ment/351103411 (February 17, 2024) (in Russian).
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specific targeted managerial decisions on de-
velopment, control, and effectiveness of pro-
grams within the system for establishing safety
standards, renewal of transport infrastructure
and urban development in general. In future,
these approaches and obtained results are
planned to be used on other territories in the
RF with high levels of ambient air pollution.
According to State Reports’, the total
emissions equaled 22,205.1 thousand tons in
the Russian Federation in 2022. Of them, ap-
proximately 77 % were emitted by economic
entities operating in various industries. The list
of cities where the air pollution index (API)
was above 14 (very high) included 40 cities
with total population more than 10.4 million
people. One third of the cities in the list are lo-
cated in the eastern part of the country in the
Siberia and Far East Federal Districts (SFD and
FEFD respectively). Permissible chemical lev-
els in ambient air are established to be violated
considerably in these two Federal Districts (ac-
tual levels reaching up to 5 MPL): on average,
violations accounted for 0.25 % air samples in
the FEFD and 0.16 % for the SFD. Most com-
mon pollutants include benzo(a)pyrene, particu-
late matter PM;, s and PM,, formaldehyde, par-
ticulate matter, carbon oxide, carbon (soot), hy-
drogen sulphide, ammonia, nitrogen oxides,
sulfur dioxide, hydrogen fluoride, and various
metals such as manganese, nickel and others.
These chemicals occur in ambient air due to
large metallurgical and chemical plants and
heat-and-power engineering objects that operate
quite actively in these areas. Some of them are
city-forming enterprises or socially significant

objects that are important for life support of lo-
cal communities [10, 11].

Given that, development of optimal regula-
tory actions aimed to reduce ambient air pollu-
tion with priority chemicals should rely on a
system for compliance with safety criteria in-
cluding health risk levels, minimization of
health harm and limitations of excessiveness
and economic inexpedience of implemented
activities [12-16]. To provide the sanitary-
epidemiological service with practical science-
based tools, a methodology MR 2.1.6.0320-23*
was developed in 2023, which is eligible for
selecting optimal regulatory actions aimed to
minimized airborne health risks. This method-
ology does not replace the procedure for setting
emission quotas; rather, it allows estimating
whether suggested environmental protection
activities are adequate in a given situation.

The aim of this study was to compara-
tively assess effectiveness of regulatory ac-
tions as regards specific subjects (exemplified
by heat-power engineering objects) with or
without use of differentiated approaches to
managing ambient air quality and health risks.

Materials and methods. To achieve the
stated aim, we compared activities outlined in
the Complex plan’ and regulatory actions es-
tablished on the basis of differentiated ap-
proaches as a result of solving the optimization
task on a pilot territory in accordance with the
algorithm described in the Methodical guide-
lines 2.1.6.0320-23" [4].

According to the MR 2.1.6.0320-23, select-
ing optimal actions aimed to minimize airborne
health risks involves identification of calculated

3 O sostoyanii i ob okhrane okruzhayushchei sredy Rossiiskoi Federatsii v 2022 godu: Gosudarstvennyi doklad [On the
state and protection of the environment in the Russian federation in 2022: the State Report]. Moscow, Ministry of Natural Re-
sources and Environment of the Russian Federation; M.V. Lomonosov’s Moscow State University, 2023, 686 p. (in Russian);
O sostoyanii sanitarno-epidemiologicheskogo blagopoluchiya naseleniya v Rossiiskoi Federatsii v 2022 godu: Gosudarstvennyi
doklad [On sanitary-epidemiological welfare of the population in the Russian Federation in 2022: the State Report]. Moscow,
the Federal Service for Surveillance over Consumer Rights Protection and Human Wellbeing, 2023, 368 p. (in Russian).

*MR 2.1.6.0320-23. Poryadok opredeleniya perechnya prioritetnykh zagryaznyayushchikh veshchestv i perechnya kvoti-
ruemykh ob"ektov s obosnovaniem optimal'nykh napravlenii reguliruyushchikh vozdeistvii po minimizatsii aerogennykh riskov
zdorov'yu naseleniya [The procedure for identifying the list of priority pollutants and objects mandatory for setting emission
quotas along with substantiating optimal regulatory actions aimed to minimize airborne health risks], 2023, 36 p. (in Russian).

>Kompleksnyi plan meropriyatii po snizheniyu vybrosov zagryaznyayushchikh veshchestv v atmosfernyi vozdukh v
g. Krasnoyarske, utv. Zamestitelem Predsedatelya Pravitel'stva RF 19.04.2022 Ne 3968p-P11 [The Complex Plan of activities on
reduction of pollutant emissions into ambient air in Krasnoyarsk, approved by the Deputy Head of the RF Government on April 19,
2022 No. 3968p-P11]. Professional’noe izdatel’stvo LLC. Available at: https://www.profiz.ru/upl/Kpacuosipck%2C%20mmnan.pdf
(February 17, 2024) (in Russian).
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reference points or points of local peaks in
densely populated residential areas. Such points
describe chemical hazards under acute and
chronic exposure. Use of the optimization method
makes it possible to identify specific economic
entities and establish differentiated reductions in
emissions of priority chemicals. This ensures
compliance with safety standards including health
risks levels on an analyzed territory. Optimization
based on branch algorithms and algorithms of
linear programming boundaries is aimed at find-
ing optimal conditions with the use of a target
function, which includes a minimal reduction in
emissions in the whole residential area. The total
minimal reduction in pollutant emissions at all
objects under regulation (without considering
economic characteristics of implemented activi-
ties) is assumed to lead to minimal technological
changes and ensure compliance with safety stan-
dards and acceptable levels of health risks in resi-
dential areas due to implementation of relevant
optimal regulatory actions.

Krasnoyarsk was chosen as a pilot territory
for testing methodical approaches and imple-
menting the algorithm for solving the optimiza-
tion task. The city is included into the Clean Air
Federal project; it is a large economic, industrial
and energy-producing center where electric and
heat energy is produced, transported and sold to
end customers. Heat-and-power engineering is
among leading industries on the analyzed terri-
tory and this gave grounds for more profound
analysis of activities with their focus on heat-
power engineering objects (HPEO) in this study.

Thus, in Krasnoyarsk, the total volume of
pollutant emissions, both from stationary and
mobile sources, is above 140.8 thousand tons
per year. Of them, approximately 55 thousand
tons are emitted by heat-power engineering
objects that are parts of the unified centralized
system. It consists of thermal power stations,
coal-fueled and electrical boiler houses sup-
plying heat for the city population. In addition
to that, 40 residential blocks in the city are
equipped with autonomous heat supply
sources that supply heat to houses and some

social objects and emit approximately 5.3 thou-
sand tons per year.

The task was to assess effectiveness of in-
vestment programs and complex plans related
to minimization of health risks and hazards
caused by energy-producing enterprises for
people living in Krasnoyarsk. To do that, we
used initial data taken from the systematized
database on stationary and mobile emission
sources in Krasnoyarsk (the data were provided
by the Ministry of Natural Resources and sub-
mitted to Rospotrebnadzor as an electronic re-
port following the official enquiry). The data-
base contained information about 6411 sources
of 251 pollutants: 5977 emission sources
(3597 regulated and 2422 unregulated) that be-
longed to 807 enterprises and organizations op-
erating in the city, 171 autonomous heat supply
sources (residential areas with private houses)
and 263 sections of the city traffic network.

The data base on heat-power engineering
objects included 302 enterprises that either
produced and distributed energy or had heat
supply sources at their facilities, such as major
heat supply sources (thermal power stations
(TPS) 1, 2 and 3) and 171 autonomous heat
supply sources that emitted 55 chemicals.
Figure 1 provides geographic location of heat-
power engineering objects in Krasnoyarsk
(a situation map).

In order to solve the optimization task,
data arrays were prepared with levels of occur-
ring calculated concentrations in residential
areas and levels of occurring health risks. Dis-
persion of chemicals from an emission sources
in ambient air was calculated using Ekolog-
Gorod 4.6 Unified Program for Calculating
Ambient Air Pollution. Health risks caused by
chemical pollutants in ambient air emitted by
both all sources and exclusively by heat-power
engineering objects and autonomous heat sup-
ply sources were assessed in accordance with
the Guide R 2.1.10.1920-04° by accomplishing
all necessary steps in relevant sequence. Ob-
tained results were visualized by using Arc-
View 3.2 and ArcGIS 9.3.1 software.

®R 2.1.10.1920-04. Human Health Risk Assessment from Environmental Chemicals. Moscow, the Federal Center for
State Sanitary and Epidemiological Surveillance of RF Ministry of Health, 2004, 143 p. (in Russian).
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Figure 1. The map showing locations of heat-power engineering objects within the Krasnoyarsk city territory

We conducted a reconnaissance stage-by-
stage assessment of effectiveness of air protec-
tion activities over 2019-2023 relying on cur-
rent changes in ambient air quality at four
monitoring posts of Rospotrebnadzor per 37
pollutants and occurring levels of health risks.

Results and discussion. Investigations
and hygienic analysis of ambient air quality
based on calculated dispersion of pollutants
from all sources on the analyzed territory re-
vealed that safety standards were violated in
residential areas as per 17 chemicals: manga-
nese and its compound (up to 1.03 single
MPL, up to 11 average annual MPL),
benzo(a)pyrene (up to 4.5 average annual
MPL), nitrogen dioxide (up to 6.3 single MPL,
up to 2 average annual MPL), carbon (soot)
(up to 1.6 single MPL), carbon oxide (up to
3.9 single MPL), gaseous fluorides (up to 1.4
single MPL), chlorine (up to 1.6 single MPL,
up to 2.7 average annual MPL), benzene (up to
2.1 single MPL), phenol (up to 2.1 single
MPL), particulate matter (up to 3.2 single
MPL), dust with 20 to 70 % SiO; (up to 5.2

single MPL), dust with SiO, below 20 % (up
to 1.6 single MPL), abrasive dust (up to
2.0 single MPL), prop-2-en-1-al (up to 1.5 sin-
gle MPL), sodium hydroxide (up to 1.1 single
MPL), sulfur dioxide (up to 1.1 single MPL),
butadiene and (up to 1.1 average annual MPL).
It is worth noting that solely heat-power engi-
neering objects cause violations of safe stan-
dards for ambient air quality in residential ar-
eas as per nitrogen dioxide (up to 3.04 single
MPL), carbon (up to 1.52 single MPL), carbon
oxide (up to 3.84 single MPL), particulate
matter (up to 3.19 single MPL), inorganic
dust: 70-20 % SiO, (up to 5.1 single MPL),
inorganic dust: SiO, below 20 % (up to 1.1
single MPL).

Practically all people living in the city
(89 %) are exposed to elevated ambient air
pollution from all emission sources: 1064.6
thousand people are exposed to more than 1
single MPL and 351.9 thousand people to
more than 1 average annual MPL.

Established calculated levels under acute
inhalation exposure create elevated hazard
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quotients per six chemicals: nitrogen dioxide,
benzene, particulate matter, sodium hydroxide,
buta-1,3-diene, and prop-2-en-1-al, up to
2.1-48.8 HQac. These risk levels result in
higher likelihood of acute diseases of the respi-
ratory organs, eyes, developmental disorders,
diseases of the reproductive and immune sys-
tems and systemic effects, up to 4.1-49.8 Hlac.
Approximately 131.5 thousand people or 12.2 %
of the city population live in areas with ‘alert-
ing’ (hazard indexes are between 3 and 6) and
‘high’ (HI > 6) acute health risks.

Elevated hazard quotients are determined
by six chemicals under chronic inhalation ex-
posure: nitrogen dioxide, benzo(a)pyrene,
manganese and its compounds, nickel oxide,
buta-1,3-diene, and chlorine, up to 1.6-40.4
HQch. Effects of the foregoing chemicals
create unacceptable risks for the respiratory
system, central nervous and peripheral nerv-
ous system, reproductive, cardiovascular and
immune systems, blood, and developmental
processes, between 1.6 and 52.5 Hlch (Figure 2).
Overall, approximately 15.8 thousand people
or 1.5 % of the city population live in areas
with elevated health risks established as

Risk levels, HI shares

=1

T3

3-6

=6

Buildings and constructions
[ ] Rivers and other water objects

per aggregated calculations of pollutant dis-
persion.

Assessment of carcinogenic risks did not
establish any elevated levels of the total indi-
vidual carcinogenic health risk related to expo-
sure to the analyzed chemicals in ambient air
on the analyzed territory as per calculated data.

As can be seen in Figure 1, heat-power
engineering objects (emission sources located
at industrial enterprises, emissions from boiler
houses and autonomous heat supply sources)
are scattered near to or within residential areas
in the city. Zones affected by them are deter-
mined by both even locations and low-height
emission source able to create local ambient
air pollution.

Contributions made by heat-power engi-
neering objects to average annual ground con-
centrations were assessed for the whole city ter-
ritory based on calculated data. This assessment
revealed that contributions made by 55 analyzed
chemicals varied between 1 and 99 % in differ-
ent areas in the city; a significant contribution
(more than 50 %) was made by chemicals, cal-
culated levels of which were higher than the es-
tablished safety standards (Table 1).

ane

Figure 2. The map showing spatial distribution of non-carcinogenic Kchronic health risks for the respiratory organs based on
calculated data, HIch percentages
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Table 1

Data on contributions made by heat-power engineering objects (HPEO) to average annual
ground concentrations in the city as a whole in residential areas: a fragment on some chemicals,
calculated levels of which are higher than safety standards

Contributions of Contributions of HPEO to the average
Code Chemical HPEO to the total annual concentrations, %
gross emissions™® Minimum Medium Maximum
301  |Nitrogen dioxide (Nitrogen (IV) oxide) 69.3 4.17 % 22.77% 66.41 %
328  |Carbon (soot) 594 19.30 % 75.00 % 92.70 %
330 |Sulfur dioxide (Sulfuric anhydride) 69.0 36.10 % 68.10 % 89.99 %
337  |Carbon oxide 16.4 20.62 % 62.25 % 93.04 %
2902 |Particulate matter 55.8 16.95 % 86.53 % 99.59 %
2908  |Inorganic dust: 70-20 % SiO, 89.3 39.09 % 87.84 % 99.09 %
2909  |Inorganic dust: SiO,up to 20 % 79 235% 2554 % 87.50 %
2930 gzzasxsf;?fggﬁ;ﬁgndum 45 0.07 % 1.86 % 71.53 %

N o te: * means total contributions made by only TPS-1, TPS-2, TPS-3, 35 boiler houses, and autonomous

heat supply sources.

The total contribution made by heat-
power engineering objects to health risks var-
ied between 1 and 37 % for different target
organs and systems.

A profound analysis of the Complex plan
established that a goal was to reduce pollutant
emissions from heat-power engineering ob-
jects by 42.6 thousand tons by 2024, or 22.3 %
from the 2017 level. It should be achieved by
implementing various technical, technological
and organizational measures including TPS
upgrading, decommissioning of coal-fueled
boiler houses, moving people from dilapidated
housing with stove heating, providing private
houses with centralized heat supply or gas
heating and some others. In particular, the
Complex plan of air protection activities aimed
at reducing emissions from heat-power engi-
neering objects stipulates a reduction in emis-
sions or a number of emission sources by Sibe-
rian Generating Company LLC, Krasnoyar-
skaya TPS-1, 35 municipal boiler houses and
in dilapidated housing with stove heating.

In particular, Siberian Generating Com-
pany LLC plans to install an automated system
for control of pollutant emissions into ambient
air at its heat-power engineering objects,
namely, thermal power stations in Kras-
noyarsk. In addition to that, the company plans

10

to add new generating capabilities to already
existing ones at Krasnoyarskaya TPS-3 to bal-
ance heat loads after 35 ineffective coal-fueled
boiler houses are decommissioned.

Ineffective coal-fueled boiler houses have
been established to emit 52 pollutants typical
for this economic activity. The Complex plan
stipulates a reduction in total emissions from
these 35 boiler houses by 7.7 % (10.8 thousand
tons). Implementation of these measures is ex-
pected to reduce local single concentrations,
which are higher than safe standards (more
than 1.1 single MPL) in residential areas, for
example, by 10 % per such pollutants as nitro-
gen dioxide and inorganic dust: 70-20 % SiO;
still, their levels are going to remain at 1.1-4.4
single MPL. In particular, the implemented
measures on emission reduction will result in a
decrease in levels of inorganic dust: 70-20 %
SiO; down to 1.0 single MPL and make it pos-
sible to remove 0.53 thousand people from as
area with elevated pollution under acute inha-
lation exposure. Average annual concentra-
tions will remain stable at the level of 1.1-7.0
average annual MPL.

Optimization approaches to selecting
regulatory actions demonstrated that a reduc-
tion by 120.1 tons (or by 1.1 % of the total
gross emissions from 35 coal-fueled boiler
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houses in 2017) as per 7 chemicals would be
optimal considering the contribution made by
these boiler houses into the total ambient air
pollution. The foregoing seven chemicals in-
clude particulate matter, chromium, manga-
nese and its compounds, carbon (soot), inor-
ganic dust: 70-20 % Si0,, inorganic dust:
SiO; up to 20 %, and sulfur dioxide. Currently,
their total emissions equal 241.9 tons, between
9 and 100 % (Table 2).

Thus, specifically, parameterized activities
have been developed for only 12 ineffective
coal-fueled boiler houses for which the Com-
plex plan stipulates a 6.3 % reduction in the to-
tal emission (8.8 thousand tons) per 19 chemi-
cals (Table 2).

The Complex plan also stipulates moving
people from dilapidated housing with stove
heating. This will reduce the total emissions by
0.22 % (0.3 thousand tons) of the 2017 level.

According to the aggregated database on
sources of pollutant emissions on the analyzed
territory, autonomous heat supply sources emit
seven pollutants: nitrogen dioxide, nitro-
gen (II) oxide, sulfur dioxide, carbon oxide,
benzo(a)pyrene, particulate matter, and inor-
ganic dust: 70-20 % SiO,. Currently, their to-
tal emissions are above 5.3 thousand tons
(8.7 % of the total gross emissions from all
heat-power engineering objects ion the ana-
lyzed territory).

Implementation of air protection activities
within the Complex plan will lead to a slight
decrease (by 0.01-0.03 single MPL) in the

highest single levels of chemicals, which are
higher than safety standards. These concentra-
tions will remain at the level of up to 1.1-6.25
single MPL. Average annual levels of chemi-
cals, which are higher than safety standards
(up to 1.1-6.98 average annual MPL), will re-
main practically the same.

When solving the optimization task and
within the differentiated approach to selecting
regulatory actions, we established that it was
optimal to reduce emissions of six chemicals by
autonomous heat supply sources given their
contribution to the total ambient air pollution.
These six chemicals include sulfur dioxide, ni-
trogen dioxide, benzo(a)pyrene, inorganic dust:
70-20 % Si0O,, carbon oxide, and particulate
matter. Their total emissions currently equal
1.4 thousand tons per year. To ensure compli-
ance with the sanitary-hygienic standards for
chemical levels and to achieve acceptable
health risk levels in the total residential areas, it
is necessary to reduce emissions of these six
chemicals by 1-100 %. The overall reduction,
given the contribution made by autonomous
heat supply source to ambient air pollution,
should be equal to 658.6 tons, which is
2.1 times higher than the reduction stipulated
by the Complex plan (Table 3). Table 4 pro-
vides a fragment of the detailed data on reduc-
tions in emissions of some specific chemicals
by autonomous heat supply sources according
to the Complex plan and optimal reductions in
emissions of the said sources recommended
considering the optimization criterion.

Table 2

Comparative assessment of planned complex air protection activities aimed at reducing
emissions of specific chemicals into ambient air and differentiating optimized regulatory actions
at 12 coal-fueled boiler houses (tons/year)

. Optimized regulatory actions
Chemical Complex plan, tons/year tons/year Reductgion agzinst 2017, %
Chromium 0.0001 0.0017 9
Nitrogen dioxide 878.453 — —
Nitrogen (II) oxide 142.734 — —
Carbon (soot) 859.055 - —
Sulfur dioxide 1101.932 — —
Carbon oxide 5018.029 — —
Inorganic dust: 70-20 % SiO, 788.427 119.68 50
and other chemicals 25.778 0.000068 100
Total: 8814.408 119.7 1.3
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Table 3

Comparative assessment of planned complex air protection activities and differentiated
optimized regulatory actions aimed at reducing total emissions of specific chemicals into
ambient air concerning autonomous heat supply sources (tons/year)

Chemical Complex plan, tons/year | Optimized regulatory actions, tons/year

Nitrogen dioxide 6.777 18.01

Nitrogen (1) oxide 1.172 -

Sulfur dioxide 3.576 0.173

Carbon oxide 256.250 228.39

Benzo(a)pyrene 0.000 0.000049

Particulate matter 32.739 55.618

Inorganic dust: 70-20 % SiO, 10.095 356.398

Total: 310.609 658.608

Table 4

A fragment of the complete list of autonomous heat supply sources which are subject to planned
air protection regulatory actions according to the Complex plan and recommended optimal
reductions in emissions by them

. . |Reductions in emissions
Ashareofa | A reductionin as per results of solvin
Emitted pollutants that are subject | Emission mass | chemicalin | total emissions DETTESUES O &
No. L . . the optimization task
to optimization (tons/year) total emis- | according to the .
S o, | concerning the analyzed
sions, %  |Complex plan, % . 0
chemicals, %
Autonomous heat supply sources in Badalyk settlement
1 0703 Benzo(a)pyrene | 173E-05 | 18E-05 | - | 100
Autonomous heat supply sources in Peschanka settlement
1 [2908 Inorganic dust: 7020 % Si0, [ 12.397499 | 132 | - | 11
Autonomous heat supply sources in Torgashino settlement
0301 Nitrogen dioxide
1 (Nitrogen (IV) oxide) 10.545777 2.1 B 100
2 12908 Inorganic dust: 7020 % SiO, 71.905526 14.4 46
Autonomous heat supply sources in Laletino settlement
0301 Nitrogen dioxide
1 (Nitrogen (IV) oxide) 9.80651 2.1 36
2 |0337 Carbon oxide 339.490704 74.1 16.2 37
3 12902 Particulate matter 34.52616 7.5 43
4 |2908 Inorganic dust: 70-20 % SiO, 58.956965 12.9 73

Currently TPS-1 emits 36 chemical pol-
lutants into ambient air and its total emissions
are 16 thousand tons. The Complex plan of
activities aimed at reducing pollutant emis-
sions into ambient air stipulates a reduction in
emission of all chemical by this TPS by
7.0 thousand tons (43.7 %).

The differentiated approach to selecting
optimal regulatory actions demonstrated that it
was optimal to reduce emissions of only one
chemical by TPS-1, given its contribution to
ambient air pollution. This chemical is inor-
ganic dust: 70-20 % SiO, with its contribution

12

currently being 5.9 thousand tons (35 %) in the
total emissions by TPS-1. To ensure compli-
ance with the sanitary-hygienic standards for
chemical levels and to achieve acceptable
health risk levels in the total residential area
(at 678 points involved in setting emission
quotas), it is necessary to reduce emissions of
inorganic dust: 70-20 % SiO, by 46 %, or
2.7 thousand tons, of the total emissions form
this TPS.

Therefore, the Complex plan stipulates
the total reduction in emissions form heat-
power engineering objects by 18.1 thousand
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tons per more than 20 chemicals’ (particulate
matter, nitrogen dioxide, nitrogen (II) oxide,
carbon (soot), sulfur dioxide, chromium, inor-
ganic dust: 70-20 % SiO,, inorganic dust:
Si0, up to 20 % and others) (Table 5).

Table 5

Comparative assessment of planned complex
air protection activities aimed at reducing
pollutant emissions into ambient air and
differentiated optimized regulatory actions at
heat-power engineering objects (tons/year)

Action Complex plan, | Optimization task,
tons/year tons/year
35 boiler houses 10.8 thousand 0.12 thousand
Autonomous heat 0.3 thousand 0.65 thousand
supply sources
TPS-1 7.0 thousand 2.69 thousand
Total: 18.1 thousand 3.47 thousand

The results obtained by solving the opti-
mization task clearly indicate that it is optimal
to reduce emissions from heat-power engineer-
ing objects per 10 chemicals only (carbon, ni-
trogen dioxide, benzo(a)pyrene, particulate
matter, chromium, sulfur dioxide, carbon ox-
ide, manganese, inorganic dust: 70-20 % SiO,,
SiO, up to 20 %) between 1 and 100 %. The
total reduction will equal 3.474 thousand tons
a year, which is 5.2 times lower than stipulated
by the Complex plan; still it will ensure com-
pliance with the existing safety standards and
achieving acceptable levels of health risks.

Implementation of air protection activities
and reductions in the total emissions from
heat-power engineering objects stipulated in
the Complex plan will not significantly im-
prove living conditions on the analyzed terri-
tory given the estimated contributions made by
them to ambient air pollution. On the contrary,
recommended differentiated optimal reduc-
tions in emissions estimated as per the results
of solving the optimization task will ensure the
relevant positive changes.

Moreover, additional evidence has been
provided to support the above conclusions,
namely, the results obtained by predictive

health risk assessment. Implementation of air
protection activities stipulated by the Com-
plex plan is expected to bring about a slight
positive trend, which is a 1.1-1.2 times de-
cline in risks of diseases of the nervous, he-
matopoietic, cardiovascular, reproductive,
immune, and respiratory systems. Carcino-
genic risks mostly occurring due to exposure
to formaldehyde will remain stably high
(reaching 3.28- 10*). Acute and chronic risks
for target organs and systems, including the
respiratory, cardiovascular and immune sys-
tems, eyes, blood, and developmental proc-
esses, will be equal to 6.5-25.5 Hlac and
11.9-22.6 HIch. Implementation of activates
within the Complex plan will make it possible
to move approximately 50 thousand people
from zones with unacceptable acute health
risks and 120 thousand people from zones
with unacceptable chronic health risks into
ones with minimal (target) health risks [8].

To ensure compliance with the safety
standards for chemical levels in ambient air
(1 single MPL, 1 average annual MPL) and to
achieve acceptable levels of health risks
(1HQ, 3 HI, CR< 110", CRr< 1-10™) on the
analyzed territory, it is necessary to achieve
differentiated reductions in emissions not only
from heat-power engineering objects but also
from other emission sources (economic enti-
ties and motor transport) by 1.06 thousand tons
overall, including nitrogen dioxide, by 0.941
thousand tons (between 6 and 100 % at differ-
ent sources); carbon, by 0.00128 thousand tons
(between 19 and 100 %); sulfur dioxide, by
0.0021 tons (100 %); benzo(a)pyrene, by 0.87
tons (78-100 %); particulate matter, by 0.262
tons (24-47 %); carbon oxide, by 0.156 tons
(100 %); inorganic dust: 70-20 % SiO,, by
42.93 tons (7-100 %); inorganic dust: SiO; up
to 20 %, by 0.61 tons (14-100 %); manganese,
by 0.65 tons (8693 %).

Reconnaissance assessment was per-
formed to estimate effectiveness of air protec-
tion activities relying on current changes in
ambient air quality per all chemicals at four
monitoring posts of Rospotrebnadzor over

" The number of chemicals has been identified only for 12 boiler houses and autonomous heat supply sources, for which

parameterized data on planned measures have been provided.
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2019-2023. It demonstrated a decrease in the
highest single concentrations of five analyzed
chemicals: formaldehyde, gaseous fluorides,
ammonia, carbon oxide, ethyl benzene (the
decrease rate varied between 63.9-1.79 %)
down to 0.46-2.75 single maximum MPL.
Still, a certain growth in single concentrations
was detected for seven chemicals: nitrogen
dioxide, nitrogen (II) oxide, particulate matter,
PM,y, PM; s, hydroxybenzene, dimethyl ben-
zene by 1.8-8.5 times up to 1.87-5.71 single
MPL. A decrease was also established in aver-
age annual levels of two chemicals, formalde-
hyde and benzene (the decline rate varied be-
tween 94.1-54.9 %) down to 0.21-0.64 aver-
age annual MPL and a certain growth was
established for five chemicals: nitrogen diox-
ide, benzo(a)pyrene, particulate matter, PM; s,
and PM ¢ (the growth rate is 1.2-5.1 times) up
to 1.1-2.36 annual average MPL.

The established trends as changes in ex-
posure manifested themselves in levels of cre-
ated health risks. Over 2019-2023, a decline
was established in individual carcinogenic risk
levels caused by exposure to airborne benzene
(by 89.8 %) down to 1.42-107, hazard quo-
tients under short-term (acute) inhalation
exposure to formaldehyde and benzene (by
49.8-79.5 %) down to 1.2 HQac; a certain
growth was established for PM;y, PM;s and
particulate matter in general (by 60.5-42.4 %)
up to 11.3 HQac. Over the analyzed 5-year
period, there was a decline in hazard quotients
of non-carcinogenic effects under chronic in-
halation exposure to benzene (by 89.8 %)
down to 1.41 HQch and a certain ascending
trend for hazard quotients associated with ni-
trogen dioxide, benzo (a)pyrene, particulate
matter, PM, s and PM;( by 2.1-6.6 times up to
2.76 HQch.

At present, many research articles report
rather ambiguous results of the ongoing ex-
periment. Thus, implementation of the Com-
plex plan on the pilot territories has demon-
strated that, according to social-hygienic moni-
toring data, ambient air quality still does not
comply with the mandatory sanitary-hygienic
requirements in some cities [17-20]. Practical
experience indicates that many tools for state
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regulation of ambient air pollution that are fixed
in the legislation have a theoretically high po-
tential but are hardly efficient in practice. This
is due to high expenditure on environmental
protection, low motivation of economic entities
to reduce negative effects on ambient air, errors
and miscalculations in planning, making and
implementing decisions significant for envi-
ronmental protection [21-24].

A study by A.V. Komarova and E.A. Mak-
lakova [7] has demonstrated that quotas set for
pollutant emissions do not consider suggestions
made by enterprises or technological and eco-
nomic expedience of reducing emissions at
sources with preset quotas. Moreover, several
important factors are neglected such as uneven
and non-simultaneous work of different equip-
ment, changes in work regimes and different
stages in metallurgical production processes
(non-stationary emissions).

Up-to-date scientific research should in-
volve changes in approaches to regulation of
ambient air pollution. Therefore, it is advisable
to concentrate efforts on reducing emissions of
priority pollutants and health risk factors con-
sidering their contributions to the overall pollu-
tion instead of reducing the total emission vol-
umes by 22 %. Priority pollutants are chemicals
that can potentially produce the most harmful
effects on the environment and human health.
Such an approach allows concentrating on the
most hazardous chemicals and achieving the
maximum possible results in raising ambient air
quality [4, 13, 14, 23].

Uncertainties of the present study include
possible inaccuracy and changeability of pa-
rameters of pollution sources; impossibility to
consider simultaneous work of all these
sources; inaccuracies in completeness of the
systemic assessment of spatial-differentiated
calculated exposure and health risks; gaps in the
scientific theory of prediction based on cause-
effect relations (model uncertainties).

Conclusions. A differentiated approach to
selecting optimal regulatory actions involves
identification of priority chemicals and objects
for setting emission quotas considering their
contributions to total ambient air pollution. It
turned out to be relevant and precise in mini-
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mization of airborne health risks and provision
of sanitary-epidemiological safety in all resi-
dential areas in the analyzed city. Approbation
of the methodical approach fixed in the Me-
thodical Guidelines MR 2.1.6.0320-23 with
heat-power engineering objects used as an ex-
ample demonstrates that it is eligible for ambi-
ent air quality management under local or total
ambient air pollution created by emission
sources, which are heterogeneous in their in-
tensity and structure, located in close prox-
imity to residential areas.

Our study results show that implementa-
tion of air protection measures and reductions
by 18.1 thousand tons in the total emissions of
more than 20 chemicals by heat-power engi-
neering objects in accordance with the Com-
plex Plan and considering their contributions
to total ambient air pollution (between 1 and
99 % in different areas per different chemicals;
contributions to health risks reach 37 %) will
not significantly improve the living conditions
for people residing in the analyzed areas. This
is due to persisting violations of safety stan-
dards since peak chemical levels will remain
6.25 single MPL and 7.0 average annual MPL.
In contrast to that, desirable improvement can
be achieved by suggested optimal regulatory
actions based on the differentiated approach to
managing ambient air quality and health risks.

A differentiated reduction by 3.47 thou-
sand tons in emissions from all heat-power
engineering objects is optimal and sufficient
considering contributions made by emission
sources and specific chemicals to total ambient
air pollution. This is 5.2 times lower than re-
ductions stipulated by the Complex Plan for
reductions in emissions. It is 2.69 thousand
tons lower (16.8 % of the 2017 emissions) at
the TPS-1; by 0.12 thousand tons at all inef-
fective coal-fueled boiler houses (1.1 %); by
0.65 thousand tons at autonomous heat supply
sources (12.3 %). The following ten chemicals

should be considered priority ones and manda-
tory for reduction at heat-power engineering
objects in the analyzed city: nitrogen dioxide,
carbon, sulfur dioxide, benzo(a)pyrene, particu-
late matter, carbon oxide, chromium, inorganic
dust: 70-20 % SiO,, up to 20 % SiO,, and
manganese. Reductions in their levels vary be-
tween 1 and 100 % and are determined indi-
vidually for each object. To ensure compliance
with the safety standards for chemical levels in
ambient air and to achieve acceptable levels of
health risks on the analyzed territory, it is nec-
essary to achieve object-specific differentiated
reductions in emissions not only from heat-
power engineering objects but also from other
emission sources (economic entities and motor
transport) by 1.06 thousand tons overall. Im-
plementation of the suggested optimal regula-
tory actions at heat-power engineering objects
in the analyzed city considering their contribu-
tions will ensure compliance with safety stan-
dards and acceptable health risk levels in all
residential areas and at all points used for set-
ting quotas of emissions.

Use of a differentiated approach to select-
ing optimal regulatory actions as regards all
sources of ambient air pollution will make it
possible for decision-makers to define priority
environmental protection activities, adjust the
Complex plans on ambient air quality im-
provement, update regional urban development
plans, and motivate the business community to
implement effective measures aimed to reduce
emissions of chemicals, which are priority ones
as per health risk criteria. This will also support
systemic interdepartmental interactions in order
to provide sanitary-epidemiological wellbeing
and environmental safety,
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Relevance of this study is determined by the sanitary-epidemiological legislation of the Russian Federation with stipu-
lated requirements to create hygiene standards for environmental factors ensuring their safety for people. These hygienic
standards should guarantee absence of impermissible lifetime health risks.

Divanadium pentoxide is a chemical that should be mandatorily regulated in ambient air under long-term exposure
due to its wide prevalence and high toxicity.

An average annual MPL for divanadium pentoxide was established by using systemic analysis of research literature
and regulatory documents. According to selection results, three key epidemiological studies were taken for further analysis.
They provided evidence of adverse effects produced by divanadium pentoxide on human health (the respiratory organs in
particular) under chronic inhalation exposure.

When analyzing a study design, we paid special attention to description of observation groups, values of exposure and
nature of its effects, adverse health outcomes caused by exposure to divanadium pentoxide as well as to a type and a value of
a point of departure. We calculated a value of the total (complex) uncertainty factor in order to establish an average annual
maxi mum permissible level of the analyzed chemical.

As a result, we suggest a scientifically substantiated (among other things, as per permissible health risk levels) average an-
nual maximum permissible level for divanadium pentoxide, which equals 0.0001 mg/me. This level is safe for human health under
lifetime exposure. It is noteworthy that thislevel correspondsto ‘low uncertainty’, which indicates its high safety for human health.

Keywords: average annual MPL, divanadium pentoxide, ambient air, risk indicators, scientific substantiation, hygiene
standard, environmental factors, uncertainty factor.

Legal grounds for establishing safe levels epidemiological wellbeing of the population,
of chemicals in ambient air are fixed by the RF in particular, sanitary-epidemiological re-
Federal Law issued on March 30, 1990 quirements to ambient air'. According to the
No.52-FZ On  Sanitary-Epidemiological 52-FZ, maximum permissible levels in ambi-
Wellbeing of the Population. It stipulates gen- ent air serve as indicators describing safety for
eral principles and fundamentals of the state human life and health and are determined in
policy in the sphere of providing sanitary- conformity with the valid sanitary rules and
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norms (SanPiN 1.2.3685-21 Hygienic Stan-
dards and Requirements to Providing Safety
and (or) Harmlessness of Environmental Fac-
tors for People’). Development of sanitary
rules involves establishing requirements to
prevent harmful environmental factors from
affecting human health. This includes identify-
ing those conditions, which give grounds for
calculating and assessing health risks'. This
implies that a safe standard describes an envi-
ronmental factor as regards its lifetime safety
for humans' as absence of any impermissible
health risks. Given that, it is advisable to sub-
stantiate average annual maximum permissible
levels (MPLav.an.) relying on a permissible
health risk as a key criterion.

Relevance of examining divanadium pen-
toxide is determined by volumes of the chemi-
cal emitted into ambient air by industries. Ac-
cording to Rosprirodnadzor data (the Form
2-TP), approximately 150 tons of divanadium
pentoxide are annually emitted into ambient
air’. Over 2011-2018, an average volume of
divanadium pentoxide emitted into ambient air
equaled 328 tons"”.

Industry is a universally recognized ma-
jor source of ambient air pollution (56 % of
all pollution types); metallurgy accounts for
23 % in overall industrial pollution. Divana-
dium pentoxide is mostly emitted into ambi-
ent air by ferrous metallurgy (95 %). Diva-
nadium pentoxide is most often used as a
dopant to make wearproof, heatproof and
corrosion-proof alloys (primarily, some spe-
cific steels). As of 2019, Russia took the 5"
place in the world as a steel producer with

the total steel output being 71.6 million tons
per year.

At present, more than 1.5 thousand ferrous
metallurgic productions operate in the Russian
Federation. Seventy percent of them are city-
forming enterprises and this means that people
who live in such monotowns are exposed to
airborne divanadium pentoxide. The largest fer-
rous metallurgy plants are located in the Urals
(31.1 %), Siberian (18.5 %), Central (17.6 %)
and Volga (14.5 %) Federal Districts.

An average working period of a metal-
lurgy plant in Russia is established to exceed
140 years (exemplified by 30 largest ones).
Still, metallurgic production continues to de-
velop and this is the reason for a long-term ex-
posure to divanadium pentoxide, likely, a life-
time one.

Relevance of regulating levels of divana-
dium pentoxide arises due to its high toxicity,
which is determined by several adverse effects
occurring under inhalation exposure. Divana-
dium pentoxide is considered to primarily af-
fect the respiratory organs [1-10]. However,
hazard identification performed in some stud-
ies established adverse effects produced by
divanadium pentoxide on other organs and
systems, for example, eyes’ [11-15], skin [11],
and the immune system as dysfunction of its
humoral and cellular components [6, 16, 17].
According to the Federal Register of Poten-
tially Hazardous Chemicals and Biological
Agents, negative health outcomes can also oc-
cur in the central nervous system, cardiovascu-
lar system, gastrointestinal tract, liver, kid-
neys, adrenals, spleen, teeth, and bone tissue;

2 Ob utverzhdenii sanitarnykh pravil i norm SanPiN 1.2.3685-21 «Gigienicheskie normativy i trebovaniya k obe-

specheniyu bezopasnosti i (ili) bezvrednosti dlya cheloveka faktorov sredy obitaniya»: Postanovlenie glavnogo gosudarstven-
nogo sanitarnogo vracha Rossiiskoi Federatsii ot 28.01.2021 Ne 2 (s izmeneniyami na 30 dekabrya 2022 goda) [On Approval of
the sanitary rules and norms SanPiN 1.2.3685-21 Hygienic Standards and Requirements to Providing Safety and (or) Harmless-
ness of Environmental Factors for People: the Order by the RF Chief Sanitary Inspector dated January 28, 2021 No. 2 (last ed-
ited on December 30, 2022)]. KODEKS: electronic fund for legal and reference documentation. Available at:
https://docs.cntd.ru/document/573500115 (November 30, 2023) (in Russian).

? Informatsiya ob okhrane atmosfernogo vozdukha [Information on ambient air protection]. Rosprirodnadzor. Available
at: https://rpn.gov.ru/open-service/analytic-data/statistic-reports/air-protect/?PARENT _CODE_PARAM=open-service&analy-
tic-data%2Fstatistic-reports%2Fair-protect%2F%3FREGION_CODE=59 (November 30, 2023) (in Russian).

* Vybrosy zagryaznyayushchikh veshchestv [Pollutant emissions]. O sostoyanii i ob okhrane okruzhayushchei sredy Ros-
Siskoi Federatsii v 2018 godu [On the state and protection of the environment in the Russian Federation in 2018]: the Sate Re-
port. Moscow, Ministry of Natural Resources and Environment of the Russian Federation, 2019. Available at: https://gosdoklad-
ecology.ru/2018/atmosfernyy-vozdukh/vybrosy-zagryaznyayushchikh-veshchestv/ (November 30, 2023) (in Russian).

> Zenz C., Bartlett J.P., Thiede W.M. Acute vanadium pentoxide intoxication. Arch. Environ. Health, 1962, vol. 5,
pp. 542-546. DOI: 10.1080/00039896.1962.10663328
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changes in peripheral blood and metabolic dis-
orders are also possible’.

The foregoing determined the aim of
this study, which was to substantiate the
maximum permissible level of divanadium
pentoxide in ambient air as per permissible
health risks under long-term exposure.

Materials and methods. Literature
sources were selected by systemic analysis
with emphasis on those investigating occur-
rence of negative health outcomes under
chronic inhalation exposure to divanadium
pentoxide. Our research covered more than
100 foreign and Russian works including ar-
ticles, reports and reviews as well as regula-
tory and substantiating documents.

Several criteria were used to include ma-
terials into further analysis: a full text of an
article available in open access; an article con-
taining quantitative indicators that describe an
analyzed dependence — response model; avail-
able data on a level of exposure to divanadium
pentoxide and detailed description of a study
design.

Next, we selected key studies most rele-
vant for establishing an average annual maxi-
mum permissible level (MPLav.an.) of diva-
nadium pentoxide.

Methodical approaches applied in this
work to identify a study that could provide a
solid ground for substantiating MPLav.an. as
well as an algorithm for substantiating it have
been described in detail in research literature’.

Uncertainty of an average annual MPL
was established by estimating indicators that
were critical and considered any interspecies
and / or intraspecies extrapolation; exposure
mode applied in a study (manageable or real
world conditions, acute / subchronic /
chronic exposure); choice on a point of de-
parture and initial data volume.

The ultimate uncertainty was identified
based on three most significant indicators in
accordance with semi-quantitative criteria
provided in Table 1.

Table 1

Criteria to describe correspondence of safe
standard uncertainty

Criterion Uncertainty

Below 300 Low uncertainty

Between 301 and 600 Medium uncertainty

Between 601 and 1000 High uncertainty

Results and discussion. According to se-
lection results, three key epidemiological stud-
ies were taken for further analysis:

—an epidemiological study by G.B. Irsig-
ler et al. with its focus on effects produced by
divanadium pentoxide under subchronic inha-
lation exposure (South Africa) [8];

— an epidemiological study by M. Kivilu-
oto on effects of divanadium pentoxide under
chronic inhalation exposure produced on
workers employed at divanadium pentoxide
production in Finland [18-20];

— an epidemiological study by C.E. Lewis
on effects produced by divanadium pentox-
ide on workers at vanadium productions in
the USA under subchronic inhalation expo-
sure [3].

Analysis of a level able to cause a nega-
tive health outcome allowed establishing a
point of departure for MPLav.an. substantia-
tion. The lowest exposure that causes an ad-
verse effect (LOAEL) was taken as this point
of departure in all analyzed studies.

Critical points and corresponding values
of modifying factors were established rely-
ing on analysis of a study design. Detailed
description of study designs is provided in
Table 2.

® Federal'nyi registr potentsial'no opasnykh khimicheskikh i biologicheskikh veshchestv [The Federal Register of Poten-
tially Hazardous Chemicals and Biological Agents]. The Federal Service for Surveillance over Consumer Rights Protection and
Human Wellbeing. Available at: https://www.rpohv.ru/online/detail.html1?id=502 (November 30, 2023) (in Russian).

7 Shur P.Z., Zaitseva N.V., Khasanova A.A., Chetverkina K.V., Ukhabov V.M. Establishing indicators for assessing non-
carcinogenic risks under chronic inhalation exposure to benzene and average annual MPC for benzene as per health risk criteria.
Health Risk Analysis, 2021, no. 4, pp. 42-49. DOIL: 10.21668/health.risk/2021.4.04.eng; Shur P.Z., Khasanova A.A. Analytical
review of approaches to providing safety when substantiating hygienic standards for chemicals contents in ambient air. Health
Risk Analysis, 2021, no. 2, pp. 156-167. DOI: 10.21668/health.risk/2021.2.15.eng; Shur P.Z., Chetverkina K.V., Khasanova
A.A. Parameters for health risk assessment associated with chronic exposure to hydrogen sulphide in ambient air. Health Risk
Analysis, 2023, no. 1, pp. 27-35. DOI: 10.21668/health.risk/2023.1.03.eng
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Table 2

Description of key study designs used to establish average annual MPL
of divanadium pentoxide

Parameter G.B. Irsigler, et al. (1999) M. Kiviluoto (1979-1981) C.E. Lewis (1959)
Study Epidemiological Epidemiological Epidemiological
Study type Case — control Case — control Case — control
12 workers employed 63 Workers employed at dl.vana- 24 workers employed at
Case at vanadium production dium pentoxide production, vanadium production
(South Africa) average work recgrds equal to (USA)
11 years (Finland)
Sensitivity of'a case Workers Workers Workers
group
12 workers employed at 45 workers not exposed to
Control vanadium production but 22 mine operators not exposed | divanadium pentoxide,
not exposed to divanadium to divanadium pentoxide comparable as per age and
pentoxide socioeconomic status
Exposure type Inhalation Inhalation Inhalation
Chronic exposure
Characteristics Subchronic exposure (260 air samples taken in the Subchronic exposure
of exposure (6 months) breathing zone between 1970 (6 months)
and 1976)
Between 0.097 and 0.243
3 (Colorado)
Exposure level, mg/m Between 0.15 and 1.53 Between 0.018 and 0.89 Between 0.018 and 0.925
(Ohio)

Elevated levels of neutrophils

Cough, mucus, irritated
eye, throat and nose mu-

health outcomes

Negative outcomes Bronchial hyperreaction | and plasmatic cells in nasal duct .
cosa, nose bleeding,
mucosa
hoarseness
Critical organ / system
corresponding to negative Respiratory organs Respiratory organs Respiratory organs

Point of departure

LOAEL =0.015 mg/m’

LOAEL = 0.018 mg/m’

LOAEL =0.018 mg/m’

All analyzed studies were case — control
ones and were performed on workers em-
ployed at divanadium pentoxide production.
This makes it possible to reduce levels of un-
certainty and modifying factors as much as
possible considering interspecies variations but
simultaneously to increase a level of a factor
responsible for intraspecies variations.

In all analyzed studies, LOAEL for respi-
ratory dysfunction is taken as the point of de-
parture. This fact confirms findings of most
studies focusing on effects produced by diva-
nadium pentoxide on human health and pro-
vides solid evidence that it is the respiratory
system that first reacts to them and is a target
one in this respect.

At the same time, certain differences were
established in profound examination of a level,
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which brought about negative changes. Thus,
for example, M. Kiviluoto reports preclinical
laboratory disorders in his study such as au-
thentic quantitative changes in cellular com-
ponents in tissues, which indicates earlier
signs of negative effects produced by divana-
dium on the body. But effects described by
G.B. Irsigler et al. and C.E. Lewis manifested
themselves as non-specific clinical symptoms
such as cough, mucus, etc. Identification of
negative outcomes at a lower organizational
level was a priority factor in selecting a key
study as regards this parameter.

Analysis of exposure load revealed that
divanadium pentoxide affected the body by
inhalation in all key studies. However, inhala-
tion exposure was subchronic in the studies by
G.B. Irsigler et al. and C.E. Lewis and lasted
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6 months and only M. Kiviluoto described
chronic exposure (between 1970 and 1976);
average working records in the branch equaled
11 years and air samples (260 samples were
taken overall, 64 in 1970—1975 and 196 in 1976)
were taken in the breathing zone. In this case, a
key study for establishing an average annual
MPL is the one describing longer exposure.

Exposures identified for workers in all
three studies were given as ranges of concen-
trations. All three studies report that any level
within those ranges can have negative effects
on human health. Bearing in mind that the ana-
lyzed studies were epidemiological and, con-
sequently, an exposure mode was not manage-
able as regards a dose per one person, it seems
impossible to establish an exact concentration
that caused negative health outcomes. This is
an uncertainty of this study.

However, researchers took a minimal
level reported in their studies as LOAEL.
The lowest LOAEL of divanadium pentoxide
in the breathing zone was detected in the
study by G.B. Irsigler et al., 0.015 mg/m’. In
two other studies (M. Kiviluoto and C.E. Lewis),
the lowest exposure was fixed at the same
level, 0.018 mg/m”.

Control groups were comparable with
cases in all there analyzed studies.

We identified values of modifying fac-
tors for each critical point relying on the re-
sults obtained by analyzing design of the key

studies. Table 3 provides semi-quantitative
assessment of modifying factors for each
study.

Depending on a study, several modifying
factors are the most significant for establishing
a safe level of divanadium pentoxide. They
consider sensitivity of a group under exposure,
an exposure mode as regards real world condi-
tions, a type of a point of departure and expo-
sure duration.

The interspecies extrapolation factor and
the factor that considers an initial data volume
were minimal in all studies and equaled one.

We used the total (complex) uncertainty
factor in our calculations, which equaled
180 in all studies (since it is advisable to use
not more than three modifying factors). Given
that, we established values recommended for
use as an average annual MPL of divanadium
pentoxide, which are 0.0008 mg/m’ and
0.0001 mg/m’. The latter value of 0.0001 mg/m’
was established relying on findings of two stud-
ies (M. Kiviluoto and C.E. Lewis).

Since the safe standardization principle
states that a limiting indicator should be used,
we recommend using a value of 0.0001 mg/m’
as an average annual MPL of divanadium pen-
toxide.

Results obtained by calculating total un-
certainty revealed that the established safe
level corresponded to ‘low uncertainty’, which
means its high safety for human health.

Table 3
Modifying factors for critical research points*
o G.B. Irsigler et al., M. Kiviluoto, C.E. Lewis,

Modifying factor 1999 1979-1981 1959
Interspecies extrapolation factor 1 1 |
Intraspecies extrapolation factor 10 10 10
Factor of extrapolation from manageable exposure

.. 3 3 3

to real world conditions
Factor that considers a type of a point of departure 6 6 6
Factor that considers a volume of initial data 1 1 1
Extrapolation of exposure duration 3 1 3
Total (complex) uncertainty factor 180 180 180

Note: * indicators that were considered in calculating the total (complex) uncertainty factor are

given in bold.
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At present, there is evidence, that a level
of divanadium pentoxide that equals 0.0001
mg/m’ is safe for humans. For example,
minimum risk levels (MRLs) for vanadium
compounds were established at the same
level by the Agency for Toxic Substances
and Disease Registry (ATSDR) of the US
State Department of Health and Human Ser-
vices. Substantiation materials report that
identification of these levels was based on a
toxicological study performed on F344 rats
[16]. It established several negative health
outcomes such as dysfunctions of some res-
piratory organs (lung tissues, the larynx and
nasal cavity) under chronic exposure to 0.05
mg/m’ of divanadium pentoxide. When es-
tablishing MRL, ATSDR experts used calcu-
lation methods and software for mathematic
modeling. They established MRL of divana-
dium pentoxide to equal 0.0001 mg/m’ based
on a level equivalent for humans (BMCLyg()
calculated with use of modifying factors,
which amounted to 10 and 3 in their quanti-
tative equivalent.

The key study for establishing a safe
standard was the one by M. Kiviluoto, al-
though the same results were obtained rely-
ing on two independent studies in our re-
search on substantiating an average annual
MPL for divanadium pentoxide. This is eas-
ily explained by the fact that negative health
outcomes in the respiratory system were
identified at the cellular level in the study by
M. Kiviluoto, which is lower than in the

study by C.E. Lewis. In addition to that, the
volume of initial data was also larger, more air
samples were analyzed and the case group in-
cluded more people.

The substantiated average annual MPL of
divanadium pentoxide is equal to its reference
concentration (RfC) under chronic inhalation
exposure®. This allows us to conclude that the
average annual MPL equal to 0.0001 mg/m’
corresponds to permissible risk for human
health.

Conclusion. Therefore, the findings re-
ported in the epidemiological study by
M. Kiviluoto were used as substantiation of
the average annual maximum permissible
level of divanadium pentoxide. LOAEL
equal to 0.018 mg/m’ of divanadium pen-
toxide was taken as the point of departure
since this dose was able to cause negative
health outcomes in the respiratory organs.
The total modifying factor equal to 180 was
used in calculating a safe standard for the
chemical.

The established average annual maximum
permissible level in ambient air equals
0.0001 mg/m’. This level has been substanti-
ated relying on permissible levels of health
risks and therefore it ensures lifetime safety
for human health.
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IDENTIFICATION OF HAZARDS FOR HUMAN HEALTH UNDER CHEMICAL
POLLUTION IN AIR INSIDE IN-PATIENT HOSPITALS

A.G. Malysheva, N.V. Kalinina

Centre for Strategic Planning and Management of Biomedical Health Risks, 10 Pogodinskaya St., build. 1,
Moscow, 119121, Russian Federation

Use of various physical and chemical research techniques, including chromato-mass-spectrometry, made it possible to
identify and quantify more than 40 organic compounds in air inside healthcare organizations, including saturated, unsatu-
rated, cyclic, and aromatic hydrocarbons; terpenes, alcohols, aldehydes, esters, ketones, halogen-containing compounds,
and organic acids. Levels of ethanol, dichloromethane, carbon tetrachloride, ethyl acetate, propyl acetate, acetone, terpene
hydrocarbons, and acetic acid made the main contribution to the total content of all identified compounds. Most detected
substances were present in concentrations not exceeding hygienic standards, except for chloroform and iodoform, the levels
of which were up to 2 times higher than average daily MPL in intensive care wards and a bronchoscopy room. Organic ac-
ids and chlorinated organic compounds were found in elevated concentrations compared with insides of non-medical public
buildings. Among the wide list of identified substances, hygienic standards have not been established for more than 70 % of
compounds and it is not possible to give a hygienic assessment of hazards or safety of their presence in air inside healthcare
facilities. Despite that, the information obtained in this study is extremely useful for accomplishing an important stage in
health risk analysis, which is identification of hazards for health of patients and healthcare workers posed by chemical air
pollution inside healthcare organizations when using the risk analysis methodol ogy.

In this study, we assessed effects produced by operations of UV recirculator irradiators for air disinfection on its chemical
composition inside healthcare ingtitutions. The assessment showed that when such devices worked in the presence of patients and
staff, there was an increase in the amount of pollutantsin air and their total concentration grew fromtwo to more than four times.

When analyzing risks for health of staff and patients, hazard identification within risk-based control of chemical air
pollution in the hospital environment should include monitoring of formaldehyde, styrene, ammonia, ethanol, isopropanal,
chloroform, dichloroethane, acetic acid along with identification of a wide range of volatile organic compounds; it should
also cover ammonia as one of the priority pollutants occurring in the environment from human excretory products.

Keywords: chemical pollution, air, in-patient hospitals, internal sources of chemical pollution, physical and chemical
research, chromato-mass spectrometric identification, hazard identification, priority chemicals for monitoring, closed-type
UV irradiators, risk analysis.

Air pollution is a major ecological threat
for human health. The RF President Order
dated March 11, 2019 No. 97 On the Basics of
the RF State Policy in the Sphere of Providing
Chemical and Biological Safety for the Period
up to 2025 and beyond' stipulates several pri-
ority trends of the state policy in the sphere of
providing chemical and biological safety. They

© Malysheva A.G., Kalinina N.V., 2024

include monitoring of chemical risks, devel-
opment of legal regulations, implementation of
activities aimed to prevent and minimize
chemical risks, stronger protection of the
country population and environment from ad-
verse effects produced by hazardous chemical
factors, as well as assessment of effectiveness
and chemical safety of ‘air cleaning and disin-
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! Ob osnovakh gosudarstvennoi politiki Rossiiskoi Federatsii v oblasti obespecheniya khimicheskoi i biologicheskoi be-
zopasnosti na period do 2025 goda i dal'neishuyu perspektivu: Ukaz Prezidenta RF ot 11 marta 2019 g. Ne 97 [On the basics of
the RF state policy in the sphere of providing chemical and biological safety for the period up to 2025 and beyond: the

RF President Order dated March 11, 2019 No. 977]. GARANT.RU:

information and legal portal. Available at:

https://www.garant.ru/products/ipo/prime/doc/72092478/ (December 17, 2023) (in Russian).
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fecting” components of implemented environ-
ment protection activities.

Complex analysis of chemical pollution
in the environment, identification of new
chemical hazards and prediction of their pos-
sible outcomes are among priority tasks of
the state policy in the sphere of chemical
safety concerning monitoring of chemical
pollution in the environment. Another impor-
tant task is to assess effectiveness and
chemical safety of technologies applied in
air conditioning, disinfection and cleaning of
the environment.

Chemical cleanness of air inside in-
patient hospitals is an important factor in pro-
viding the best conditions for patients’ fastest
recovery and recreation as well as protecting
health of medical personnel [1, 2].

It is a well-known fact that patients and
healthcare workers are exposed to a whole set
of physical and chemical factors inside modern
in-patient hospitals. Such factors include radia-
tion, electromagnetic radiation of various fre-
quencies, noise, ion and ozone exposures, UV-
radiation, and chemical pollution of indoor air.

Better provision of healthcare organiza-
tions with technical equipment, implementa-
tion of up-to-date medical equipment and de-
vices, use of effective disinfectants and disin-
fecting technologies, new furniture, new
medications and new treatment methods are
the reason for physical and chemical factors
creating a specific indoor environment in in-
patient hospitals alongside biological contami-
nation. This specific environment can affect
patients’ treatment and recovery [3—7]. Our
studies have revealed that in-patients hospitals
are places with elevated health risks caused by
exposure to adverse factors intrinsic for indoor
environment in them [8]. This creates higher
sanitary-epidemiological and hygienic re-
quirements to indoor air quality, on the one
hand, for patients’ recovery and, on the other
hand, for providing safe workplace settings for
healthcare workers.

Given that, further development of meth-
ods applied to assess a sanitary-hygienic situa-
tion is a most significant guarantee of more
qualitative healthcare. This includes chemical
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and analytical monitoring of chemical pollu-
tion in air inside healthcare organizations and
chemical safety of technologies applied to
clean and disinfect it.

In this study, our aim was to assess
chemical pollution of air inside healthcare or-
ganizations performing different functions.
The assessment involved identifying and quan-
tifying the maximum full range of volatile or-
ganic compounds and establishing priority pol-
lutants with the highest hygienic significance.
This was necessary for accomplishing the haz-
ard identification stage within risk-based con-
trol of the indoor environment inside in-patient
hospitals.

Materials and methods. We chose three
in-patients hospitals as our research objects.
They were a multi-profile municipal clinical
hospital, a maternity hospital and an in-
patient hospital of a scientific research insti-
tute specializing in treating inflammatory
bowel disease. We identified and quantified
chemical pollution in air inside surgery
wards, patient wards, treatment and dressing
rooms, laboratory and diagnostic rooms, a
physiotherapy department, staff rooms, corri-
dors, buffets, and nutrition units. Overall, we
examined 96 premises with various functional
purposes. Also, the attention focus was on
such research objects as supply-exhaust venti-
lation systems and split systems installed in
the examined premises.

Snap samples were taken in the examined
premises in different seasons. Sampling was
made in a usual operation environment for
these premises considering typical microcli-
matic parameters and ventilation work modes
in accordance with the construction design
with closed windows and doors. No further
measures were taken to make the examined
premises more airtight. Air samples were
taken in an average breathing zone at a height
between 1 and 1.5 meters from the floor. At
least three air samples were taken in each
premise.

Some experimental investigations were
accomplished in laboratories equipped with
three different kinds of closed-type UV recir-
culator irradiators (different makes). It was
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done to assess influence exerted by new disin-
fection technologies on chemical pollution in
air inside healthcare organizations. It is al-
lowed to use UV-devices in such premises for
a long time even when people are present in
them. All three different makes of UV recircu-
lator irradiators were equipped with ozone-free
bactericidal lamps.

We identified chemicals that polluted air
inside in-patient hospitals by chromatography-
mass spectrometry and photocolorimetry.
Chromatography-mass spectrometry made it
possible to identify and quantify practically the
entire range of volatile organic compounds
present in indoor air in the examined in-patient
hospitals with sensitivity equal to or even be-
low the existing hygiene standards. Chroma-
tographic-mass spectrometric investigations
were accomplished on a gas chromatograph
mass spectrometer Focus DSQ (USA) in con-
formity with the relevant methodical docu-
ments”.

Levels of formaldehyde and nitrogen ox-
ides were identified in air by using colorimet-
ric methods. Ozone levels were identified with
an ozone gas analyzer 3.02P-R; oxygen, gas
analyzer PKG-4; carbon dioxide, gas analyzer
Optogaz 500.4S. Levels of mercury vapors
were identified in indoor air with a mercury
analyzer, model RA-915M.

Levels of identified chemicals were com-
pared with average annual, average daily and
single maximum permissible levels (MPL) es-

tablished for ambient air in residential areas; in
case such MPLs were absent, the established
levels were compared with tentative safe expo-
sure levels (TSEL)’.

Results and discussion. Indoor air qual-
ity is known to depend, to a great extent, on
ambient air quality as regards its chemical
structure. All buildings, including those used
by healthcare organizations, have constant air
exchange with the external environment and
therefore are unable to protect people from
ambient air pollution even in premises with
installed air conditioning [9]. Chemical pollu-
tion tends to be even higher inside premises
than in ambient air, as regards quantity of
identified chemicals and their identified levels
as well.

Chromatography-mass spectrometry made
it possible to obtain the most comprehensive
picture of chemical pollution in air inside in-
patient hospitals with volatile organic com-
pounds (VOCs). In particular, we managed to
identify their total concentration, which, in
case no hygiene standards are provided for a
particular chemical, can be an eligible indica-
tor describing chemical pollution in air inside
premises.

Table 1 provides VOC levels in air inside
some work and staff rooms with different
functional purposes in the examined in-
patients hospitals. Table 2 provides data on
VOC levels in patient wards with different
numbers of beds in them.

2 MUK 4.1.618-96. Metodicheskie ukazaniya po khromato-mass-spektrometricheskomu opredeleniyu letuchikh organi-

cheskikh veshchestv v atmosfernom vozdukhe [Methodical guidelines on using chromatography-mass spectrometry methods to
identify volatile organic compounds in ambient air]. Opredelenie kontsentratsii zagryaznyayushchikh veshchestv v atmosfernom
vozdukhe: Sbornik metodicheskikh ukazanii MUK 4.1.591-96-4.1.645-96, 4.1.662-97, 4.1.666-97 [Collection of methodical
guidelines MUK 4.1.591-96-4.1.645-96, 4.1.662-97, 4.1.666-97]. Moscow, Information and Publishing Center of the RF Minis-
try of Health, 1997, pp. 217-228 (in Russian); MUK 4.1.2594-10. Opredelenie stirola, fenola i naftalina v vozdukhe metodom
khromato-mass-spektroskopii, utv. Rukovoditelem Federal'noi sluzhby po nadzoru v sfere zashchity prav potrebitelei i blagopo-
luchiya cheloveka, Glavnym gosudarstvennym sanitarnym vrachom Rossiiskoi Federatsii G.G. Onishchenko 26 marta 2010 g.
[Identification of styrene, phenol and naphthalene in air by using chromatography-mass spectrometry, approved by G.G. On-
ishchenko, head of the Federal Service for Surveillance over Consumer Rights Protection and Human Wellbeing, the RF Chief
Sanitary Inspector on March 26, 2010]. Moscow, Rospotrebnadzor’s Federal Center for Hygiene and Epidemiology, 2010,
pp- 1-15 (in Russian).

3 SanPiN 1.2.3685-21 Gigienicheskie normativy i trebovaniya k obespecheniyu bezopasnosti i (ili) bezvrednosti dlya
cheloveka faktorov sredy obitaniya, utv. postanovleniem Glavnogo gosudarstvennogo sanitarnogo vracha Rossiiskoi Federatsii
ot 28 yanvarya 2021 goda Ne 2 [Hygienic standards and requirements to providing safety and (or) harmlessness of environ-
mental factors for people, approved by the Order of the RF Chief Sanitary Inspector on January 28, 2021 No. 2]. KODEKS
electronic fund for legal and reference documentation. Available at: https://docs.cntd.ru/document/573500115 (December 11,
2023) (in Russian).
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Table 1

Volatile organic compounds identified in air inside premises of in-patient hospitals with
different functional purposes

Concentration, mg/m’
No. Chemical Intensive care |Bronchoscopy| Gastroscopy | Doctor’s of- | Treatment
ward ward ward fice room
Saturated hydrocarbons
1 Pentane <0.001 <0.001 <0.001 0.004 0.007
2 Hexane 0.190 0.080 0.030 0.050 0.060
3 Isooctane 0.006 0.230 <0.001 0.004 0.001
4 Heptacosane <0.001 <0.001 0.020 <0.001 <0.001
Cyclic hydrocarbons
5  |Cyclohexane | 0009 | 0003 | 0.002 0.005 0.001
Unsaturated hydrocarbons
6 Acetylene 0.060 0.040 0.010 0.010 0.020
7 Isoprene 0.003 0.002 <0.001 0.005 0.004
Aromatic hydrocarbons
8 Benzene 0.004 0.001 <0.001 0.002 0.002
9 Toluene 0.170 0.140 0.050 0.070 0.060
10 Styrene 0.001 0.001 <0.001 <0.001 0.002
Terpenes
11 a-Pinene 0.004 0.003 0.001 0.003 0.002
12 Limonene 0.002 0.001 0.003 0.004 0.001
Oxygen-containing compounds, including
alcohols
13 Methanol 0.007 0.003 0.006 0.002 0.001
14 Ethanol 0.110 0.120 0.010 0.010 0.060
15 Isooctadecanol <0.001 <0.001 0.005 <0.001 <0.001
organic acids
16 Acetic 0.002 0.004 <0.001 0.001 0.001
17 Dodecanoic 0.050 0.070 0.030 0.004 0.002
18 Tetradecanoic 0.040 0.050 0.020 0.001 0.002
19 Pentadecanoic 0.040 0.040 0.010 0.003 0.004
20 Palmitic 0.050 0.070 0.010 0.006 0.005
21 Hexadecenoic 0.020 0.030 0.010 0.001 0.001
22 Oleic 0.030 0.050 0.009 0.002 0.002
mixed and simple ethers
23 Ethyl acetate 0.020 0.010 0.030 0.010 0.010
24 Dibutyl phthalate 0.090 0.040 0.06 0.005 0.008
25 Dihexyl phthalate 0.004 0.050 0.008 0.001 0.003
26 Monooctyl phthalate 0.009 0.010 0.007 <0.001 0.030
27 Dioctyl phthalate 0.002 0.003 0.001 0.001 0.004
28 Docotyl adipate 0.040 0.030 0.05 0.008 0.030
29 Diethyl ether 0.060 0.050 0.030 0.010 0.010
aldehydes and ketones
30 Acetone 0.007 <0.001 0.003 <0.001 <0.001
31 Benzaldehyde 0.010 0.003 0.002 0.006 0.008
32 Formaldehyde 0.001 0.008 0.006 0.010 0.003
33 2 6-butylhydroquinone 0.010 0.005 0.060 0.005 0.004
34 Divinylbenzophenon 0.001 0.001 <0.001 <0.001 0.003
terpene ketones
35 |Camphor | 0050 | 0030 | 0.040 0.020 0.020
Sulfur-containing organic compounds
36 Ethyl mercaptan 0.001 <0.001 <0.001 0.001 0.001
37 Dibutyl sulfide 0.001 <0.001 0.002 <0.001 0.001
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End of the Table 1
Concentration, mg/m’
No. Chemical Intensive care |Bronchoscopy| Gastroscopy | Doctor’s Treatment
ward ward ward office room
Halogenated organic compounds
38 Chloroform 0.060 0.050 0.060 0.010 0.020
39 Tetrachloromethane 0.140 0.150 0.090 0.030 0.040
40 Dichloroethane 0.001 0.002 <0.001 0.005 0.003
41 Hexachloroethane 0.008 0.006 0.005 0.001 0.002
42 Bromomethane 0.001 0.002 0.001 <0.001 <0.001

43 Iodoform 0.050 0.030 0.040 0.020 0.020
Total organic compound concentration 1.364 1.418 0.721 0.330 0.458

Table 2

Volatile organic compounds identified in air inside patient wards of in-patient hospitals

No Chemical Concentration, mg/m’
) 5bedward | 4-bedward | 2-bedward | 1-bed ward
Saturated hydrocarbons
1 Hexane and its isomers 0.070 0.050 0.080 0.040
2 Isooctane 0.020 0.010 0.020 0.010
3 Decane 0.003 0.005 0.006 0.010
4 Tetradecane 0.005 0.003 0.008 0.002
5 Hexadecane 0.002 0.001 0.002 0.001
Cyclic hydrocarbons
6 Cyclohexane 0.007 0.004 0.005 0.006
7 Methyl cyclohexane <0.001 0.001 0.002 0.001
Unsaturated hydrocarbons
8  |Isoprene | 0.002 | 0.001 | 0.001 | 0.003
Aromatic hydrocarbons
9 Toluene 0.030 0.020 0.010 0.040
10 0-Xylene 0.002 0.003 0.001 0.001
11 p-Xylene 0.003 0.004 0.006 0.005
Terpenes
12 a-Pinene 0.040 0.010 0.030 0.020
13 B-Pinene 0.050 0.060 0.090 0.040
14 Limonene 0.010 0.020 0.050 0.060
15 Carene 0.030 0.060 0.030 0.070
Alcohols
16 Methanol 0.001 <0.001 0.001 0.002
17 Ethanol 0.060 0.040 0.050 0.080
18 Isopropanol 0.009 0.004 0.003 0.010
19 Isopentanol 0.001 0.001 <0.001 0.002
Organic acids
20 Acetic 0.030 0.050 0.070 0.020
21 Propionic 0.008 0.003 0.002 0.006
22 Pentanoic 0.001 0.001 <0.001 <0.001
23 Hexanoic 0.001 <0.001 <0.001 0.002
Simple and mixed ethers
24 Methyl acetate <0.001 0.004 0.002 <0.001
25 Ethyl acetate 0.090 0.050 0.030 0.060
26 Propyl acetate 0.001 0.001 0.002 0.002
27 Ethyl propionate <0.001 0.001 <0.001 <0.001
28 Dibutyl phthalate 0.003 0.002 0.001 0.001
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End of the Table 2

Concentration, mg/m’

No. Chemical 5-bed ward 4-bed ward 2-bed ward 1-bed ward
29 Dioctyl phthalate 0.001 <0.001 <0.001 0.001
30 Dioxane 0.003 0.002 0.001 0.002
31 Methyl methacrylate 0.001 0.001 <0.001 0.001
Aldehydes and ketones
32 Acetone 0.020 0.030 0.030 0.010
33 Methyl isobutyl ketone 0.001 0.002 0.001 0.003
34 Nonanal 0.001 <0.001 0.002 <0.001
35 Formaldehyde 0.004 0.006 0.008 0.003
36 Acetyl acetone <0.001 <0.001 <0.001 0.001
Terpene ketones
37 |Camphor | 0.040 | 0.020 0.030 | 0.020
Halogenated organic compounds
38 Dichloromethane 0.002 0.003 0.002 0.001
39 Chloroform 0.010 0.020 0.010 0.030
40 Tetrachloromethane 0.001 0.008 0.009 0.010
41 Dichloroethane 0.001 0.001 0.001 0.001
42 Tetrachloroethylene 0.003 0.002 0.004 0.003
43 Chlorobenzene <0.001 <0.001 0.002 <0.001
Total organic compound concentration 0.587 0.434 0.602 0.580

Obviously, the chromatographic-mass
spectrometric investigations, which aimed to
identify and quantify a wide range of chemical
in environmental objects, established more
than 40 volatile organic compounds in air in-
side in-patient hospitals with different func-
tional purposes. These chemicals belonged to
different groups including saturated, unsatu-
rated, cyclic, and aromatic hydrocarbons; ter-
penes; alcohols; aldehydes; ethers; ketones;
halogenated organic compounds; organic ac-
ids. Chemical air pollution inside premises
with different functional purposes has different
quantitative and qualitative structure and de-
pends on presence or absence of internal pollu-
tion sources, in particular, use of technical or
chemical cleaners, disinfectants or air condi-
tioning as well as use of different technical
devices for diagnostics or maintaining pa-
tients’ vital activities.

Levels of ethanol, dichloromethane, tetra-
chloromethane, ethyl acetate, propyl acetate,
acetone, terpene hydrocarbons, and acetic ac-
ids were shown to make the major contribution
to the total concentrations of all identified or-
ganic compounds.

It is noteworthy that most identified
chemicals were detected in concentrations not
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exceeding the existing hygiene standards.
Chloroform and iodoform were the only ex-
ceptions with their levels being almost 2 times
higher than the existing standards in the inten-
sive care ward and the bronchoscopy ward.

At the same time, our attention was drawn
to chemicals occurring in air in concentrations
higher than their usual levels inside non-
medical public buildings. Such chemicals in-
clude organic acids and chlorinated organic
compounds. The highest chemical levels were
established in air inside the intensive care
ward and the bronchoscopy ward.

In addition to that, higher levels of etha-
nol, acetone, acetic acid and terpenes (a-pine-
ne, B-pinene, limonene, and carene) were es-
tablished in air inside patient wards. It is
worth noting that we did not identify any sig-
nificant differences in levels of chemical pol-
lution in air between wards with different
number of beds since their square and volume
per one patient conformed to the existing
regulations.

It is rather alerting that among the wide
list of identified substances, hygienic standards
have not been established for more than 70 %
of compounds and therefore it is not possible
to give a hygienic assessment of hazards or
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safety of their presence in air inside healthcare
facilities. In an effort to achieve that, as well
as to perform comparative monitoring of
chemical pollution in air inside wards with dif-
ferent functional purposes, we calculated the
total volatile organic compound concentration
covering all chemicals identified in air inside
the examined premises.

Despite the fact that a total volatile or-
ganic compound concentration in air cannot
fully describe health hazards posed by chemi-
cal contamination, it is still used quite often in
present studies by many researchers both for
comparative assessment and for assessment of
total chemical pollution in indoor air [10-13].
It should also be noted that any information
about identification of a wide range of organic
compounds in air inside in-patient hospitals
can be extremely useful at the hazard identifi-
cation stage within analysis of health risks
for healthcare workers and patients caused
by chemical pollution in air inside in-patient
hospitals.

In some countries, suggestions have been
made to develop some regulations as regards a
total volatile organic compound concentration in
air inside premises not used for any production
[14-17]. Thus, in Germany and Great Britain, a
total volatile organic compound concentration in
indoor air below 0.3 mg/m? is considered safe in
case hygiene standards are not violated for any
of identified chemicals. This value is 0.5 mg/m?
in China; 0.4 mg/m?® in Japan; between 0.2 and
0.6 mg/m? in Finland [18].

The total volatile organic compound con-
centrations established in air inside premises in
in-patient hospitals with different functional
purposes and patient wards (Tables 1 and 2)
clearly show it is rather inadvisable to use this
indicator to assess either health hazards or
safety. At the same time, the said indicator can
be effectively used to make comparative as-
sessments of chemical pollution in air when it
comes down to premises with the same func-
tional purpose or to assess effectiveness and
safety of cleaning, disinfecting or air- condi-
tioning technologies applied inside a given
premise.

Table 3 provides ranges of total volatile
organic compound concentrations and levels
of pother chemicals in air inside all examined
premises in in-patient hospitals.

Obviously, the highest total volatile organic
compound concentrations were established in air
inside patient wards; the lowest ones, in surgery
wards, treatment and dressing rooms.

Levels of mercury vapors were below the
established safety standards in all examined
premises and the chemical was identified only
in trace quantities.

Levels of carbon dioxide and oxygen di-
rectly depended on a number of people in a
room and time they spent inside it as well as
on ventilation system functioning.

Monitoring of ozone levels in air inside
in-patient hospitals revealed its levels to be
0.005-0.03 mg/m? in summer, which is either
equal or below its average daily maximum

Table 3

Ranges of identified chemical concentrations in indoor air inside in-patient hospitals

Research objects
Surgery
Indicator, concentration . wards, treat- Diagnostic Physio-. Auxil.ia.ry rooms
Patient wards | ment and rooms and therapeutic | (nutrition units
dressing laboratories wards and corridors)
rooms
Total volatile organic compound
. 0.43-1.67 0.27-0.46 0.36-1.42 0.35-0.88 0.38-1.45
concentration, mg/m?
Mercury vapors, mg/m? <0.00005 <0.00003 <0.00003 <0.00004 <0.00005
Ozone, mg/m’ summer 0.0-0.03 0.001-0.01 0.0-0.005 0.01-0.03 0.0-0.03
’ winter <0.005 <0.005 <0.005 <0.005 <0.005
Carbon dioxide, pmm 400-1600 400-610 600-1200 500-800 450-710
Oxygen, % 20.6-20.8 20.8-21.4 19.0-20.1 20.0-20.9 20.8-21.0
32 Health Risk Analysis. 2024. no. 1




Identification of hazards for human health under chemical pollution in air inside in-patient hospitals

permissible level in ambient air in residential
areas (0.03 mg/m’). In autumn and winter, when
windows are usually closed, ozone was not iden-
tified in indoor air in in-patient hospitals.

Therefore, we established that air inside
modern healthcare facilities tends to have a
multi-component chemical structure, which is
formed mostly depending on presence of internal
pollution sources and their capacity. It is note-
worthy that not only construction and finishing
materials or human excretory products create
chemical pollution in indoor air in healthcare
organizations. A considerable contribution to it
is also made by disinfectants, medications, and
medical devices applied both to treat patients
and to maintain proper quality of indoor air.

Thus, at present UV recirculator irradiators
are widely used to disinfect air in healthcare
facilities. However, when they work for a long
time in premises where people are present,
complaints are often made as regards some
alien unpleasant smells [19-21].

Effects produced by UV recirculator ir-
radiators manufactured by different compa-
nies and applied to disinfect air inside
healthcare organizations were examined in
an experiment with a chamber. Table 4 pro-
vides the results of these investigations in-
cluding a wide range of identified chemicals
and their levels in air inside the experimental
chamber prior to and after treatment with
UV irradiators.

Table 4

Chemical structure of air inside the chamber prior to after 3-hour treatment with different UV
recirculator irradiators

No Chemical RfC,3 MPL*3, Concentration, mg/m3
’ mg/m mg/m’ |Background| No. 1 No. 2 No. 3
1 |Ethanol n/id 5.0 0.15 0.22 0.25 0.12
2 |Acetone 31.0 0.35%* 0.10 0.13 0.16 0.14
3 |Isopropanol 0.2 0.6** 0.015 0.015 0.016 0.015
4  |Pentane 1.0 25.0 0.01 0.01 0.01 0.011
5  |Ethyl acetate 0.07 0.1 0.04 0.05 0.04 0.06
6  |Benzene 0.005 0.1 0.010 0.020 0.015 0.010
7  |Toluene 0.4 0.6 0.03 0.04 0.07 0.13
8  |Hexanal n/id 0.02%* 0.015 0.020 0.020 0.060
9  |Butyl acetate n/id 0.1 0.012 0.012 0.012 0.010
10  |Ethylbenzene 1.0 0.02 0.013 0.013 0.015 0.020
11 |m,p-Xylenes 0.1 0.2 0.035 0.040 0.090 0.170
12 |o-Xylene 0.1 0.2 0.032 0.045 0.060 0.120
13 |Nonane 0.02 n/id 0.02 0.04 0.90 0.18
14 |a-Pinene n/id 0.3** 0.06 0.10 0.10 0.11
15 |Methylpropyl cyclohexane n/id n/id <0.001 0.07 0.09 0.15
16 |Decane n/id n/id 0.06 0.25 0.40 0.60
17  |Undecane isomers n/id n/id 0.02 0.12 0.16 0.20
18  |Methylbutyl cyclohexane n/id n/id <0.001 0.120 0.140 0.160
19 |Undecane n/id n/id 0.07 0.40 0.30 0.65
20  |Dodecane isomers n/id n/id 0.012 0.060 0.040 0.040
21  |Pentyl cyclohexane n/id n/id <0.001 0.05 0.03 0.03
22 |Dodecane n/id n/id 0.08 0.01 0.09 0.12
23 |[Styrene 1.0 0.002 <0.001 <0.001 0.002 <0.001
24 |Nitrogen oxide 0.06 0.06 0.015 0.017 0.020 0.015
25  |Nitrogen dioxide 0.04 0.04 0.020 0.025 0.029 0.020
26 |Carbon oxide 3.0 3.0 1.0 1.0 1.0 1.0
Total organic compound concentration 0.784 1.835 3.010 3.206

N o te: RfC is maximum acceptable concentration below which no adverse health effects should result from long
(chronic) exposure in most sensitive individuals; * means average daily maximum permissible level (MPL,, 4) of pollut-
ants in ambient air in residential areas (Sanitary Rules and Norms SanPiN 1.2.3685-21); ** means single maximum per-
missible level MPL; of pollutants in ambient air in residential areas (Sanitary Rules and Norms SanPiN 1.2.3685-21).
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Obviously, work of each examined de-
vice resulted in occurrence of methylpropyl-,
methylbutyl- and pentyl cyclohexanes, satu-
rated acyclic hydrocarbons, in air in the exam-
ined premises. All these chemicals have not
been identified in background air. By now,
safety standards have been established only for
one chemical in this group, namely cyclohex-
ane. Its single maximum permissible level
(MPLy) is 1.4 mg/m? in air in residential areas.
The chemical is of hazard class IV. It is note-
worthy that saturated acyclic hydrocarbons can
be found in oil and gases and are widely used
as solvents in fuels.

In addition to that, work of UV irradiators
creates higher levels of nonane (between 2 and
45 times), decane (up to 10 times), undecane
(up to 10 times, xylenes (up to 4 times), tolu-
ene (more than 4 times), benzene (up to 2
times), hexanal (up to 4 times) and some other
hydrocarbons in indoor air. We established
that work of the device No. 2 created elevated
styrene levels and the working irradiator No. 3
emitted toluene, xylenes and hexanal into in-
door air. Work of UV irradiators was estab-
lished to lead to a greater quantity of pollutants
in indoor air as well as a growth in their total
concentrations, which went up by between 2
and 4 and even more times. In particular, they
grew by 2.3 times due to work of the device
No 1; device No. 2, by 3.8 times; and device
No. 3, by 4.1 times.

At the same time, tests aiming to identify
levels of nitrogen oxides and ozone did not
establish their emissions in indoor air due to
work of all analyzed devices. After 3-hour use
of the analyzed devices, levels of nitrogen ox-
ides and ozone in indoor air were not higher
than average daily MPL and did not differ
from background concentrations.

Therefore, our study revealed higher
levels of saturated and acyclic hydrocarbons
(nonane, decane, undecame, and cyclohex-
anes) in indoor air due to work of UV recir-
culator irradiators of all three examined
makes. Analysis of the study results makes it
possible to assume that these identified
chemicals occur in indoor air due to emis-
sion from materials, which device cases and
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some spare parts are made of; or, they occur
in indoor air due to transformation of some
pollutants under effects of UV radiation [22].
However, further chemical and analytical
investigations are required to prove these
assumptions.

Air inside healthcare facilities contains
multiple chemicals and some of them are
likely to transform under influence of working
devices and technologies applied in healthcare
organizations. Given that, we can make a
statement that assessment of health risks posed
by effects of chemical pollution on patients’
health should involve monitoring that covers
the entire range of chemicals coming from
various pollution sources.

However, in contrast to microbiological
monitoring, control of physical and chemical
factors that affect patients and healthcare
workers in in-patients hospitals is often ac-
complished with insufficient methodical sup-
port. This is due to absence of relevant regula-
tory and methodical documents aimed to pro-
vide methodical support for complex hygienic
assessment of the indoor environment inside
healthcare facilities considering the entire
range of affecting factors.

In addition to that, another significant is-
sue has not been resolved yet. It concerns ab-
sence of adequate hygienic assessments of
hazards posed by multi-component chemical
pollution in indoor air since there are no es-
tablished hygiene / safety standards for more
than a half of identified chemicals. Use of a
total volatile organic compound concentration
is eligible only for comparative assessments
of chemical levels in premises with the same
functional purposes. The ultimate goal is to
perform adequate assessment of hazards or
safety of air inside in-patient hospitals con-
sidering possible pollution created by internal
sources (human excretory products, use of
various technical means for air cleaning and
disinfection, etc.). To achieve it, it is advis-
able to use the following algorithm of a
chemical and analytical investigation: identi-
fication of a most comprehensive range of
pollutants; selection of priority pollutants for
monitoring; use of the risk analysis metho-
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dology* [23-25]. The latter is especially im-
portant since health risk analysis is known to
allow predicting and minimizing a growth in
incidence among healthcare workers under
occupational long-term exposure to chemicals
in low doses, which can often be below
MPLs* [24, 25].

We created a list of the chemicals with
the greatest hygienic significance relying on
our study results and considering the follow-
ing criteria: a) frequency of occurrence in air
inside in-patient hospitals; b) identified lev-
els; c) likelihood of a chemical simultane-
ously coming from several sources. This list
is relevant for analyzing health risks for
healthcare workers and patients as well as for
conducting chemical and analytical control of
quality and safety of air inside healthcare fa-
cilities. It includes the following chemicals:
formaldehyde, styrene, ethanol, isopropanol,
chloroform, dichloroethane, acetic acid, as
well as ammonia as one of the priority pollut-
ants occurring in air from human excretory
products [8, 9, 22]. The list covers chemicals
from different chemical groups typical for
major sources of chemical pollution in air in-
side healthcare facilities. Table 5 provides
chemical groups, hazard classes and major
pollution sources for each chemical selected
for monitoring.

Air inside healthcare facilities contains
multiple chemicals and some of them are
likely to transform under influence of physical
and chemical factors used in air cleaning, dis-
infection or air conditioning. Given that, as-
sessment of health risks posed by effects of
chemical pollution on patients’ health should
involve monitoring of possible changes in
quality of the indoor environment under im-
pacts of applied technologies and use of the
risk analysis methodology.

Conclusions. We identified and quanti-
fied between 25 and 43 chemicals in air inside
in-patient hospitals. They belonged to different
chemical groups including saturated, unsatu-
rated, cyclic, and aromatic hydrocarbons; ter-
penes, alcohols, aldehydes, esters, ketones,
halogen-containing compounds, and organic
acids. Quantitative and qualitative structures of
air inside premises with different fictional pur-
poses are different and depend on presence or
absence of internal pollution sources, in par-
ticular, technical devices for air cleaning, dis-
infection or conditioning as well as use of
various technical diagnostic devices.

Major contributions to the total chemical
concentrations in air inside in-patient hospitals
were made by ethanol, dichloromethane, tetra-
chloromethane, ethyl acetate, propyl acetate, ace-
tone, terpenes, acetic acid, and dichloroethane.

Table 5

The list of priority chemical for monitoring and analysis of health risks for healthcare workers
and patients in air inside in-patient hospitals

Chemical Group Hazard class Major pollution sources
Formaldehyde Aldehydes > Furniture, construcfupn and finishing materials,
disinfectants
. Construction and finishing materials, cases of
Styrene Aromatic hydrocarbons 2 household appliances and medical devices
Ethanol Alcohols 4 Treatment, disinfection mcludmg that off medical
devices
Tsopropanol Alcohols 3 Household cherplcals, room clegmng and disinfec-
tion, lacquers, paints
Chloroform Chlorinated organic compounds 2 Disinfectants
Dichloroethane | Chlorinated organic compounds 2 Disinfectants
Acetic acid Organic acids 3 Excretory products
Ammonia Nitrogen-containing compounds 4 Excretory products, construction materials

4 Dubel E.V. Gigienicheskaya otsenka faktorov riska zdorov'yu meditsinskikh rabotnikov krupnogo mnogoprofil'nogo
statsionara [Hygienic assessment of risk factors for healthcare workers employed at a large multi-profile in-patient hospital]:
Abstract of the thesis ... for Candidate of Medical Sciences. Arkhangelsk, 2016, 25 p. (in Russian).
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Organic acids and chlorinated organic
compounds were found in elevated concentra-
tions compared with insides of non-medical
public buildings. The highest chemical levels
in air inside in-patient hospitals were identified
in patient wards and diagnostic rooms.

We have established in this study that
chemical pollution in air inside healthcare fa-
cilities is multicomponent and hygiene or
safety standards are not fixed for more than a
half of the identified chemicals. Given that, we
can conclude that hygienic assessment of haz-
ards posed by chemical pollution in air inside
healthcare facilities should rely on using the
health risk assessment methodology, which
makes it possible to assess hazards of exposure

to chemicals both for healthcare workers and
for oversensitive patients.

When accomplishing the first stage in as-
sessing health risks for staff and patients as well
as within risk-based control of chemical pollu-
tion in air inside in-patient hospitals, it is advis-
able to conduct monitoring of the established
priority chemicals, in particular, formaldehyde,
styrene, ethanol, isopropanol, chloroform, di-
chloroethane, and acetic acid as well as ammo-
nia as one of the priority pollutants occurring in
the environment from human excretory products.
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ASSESSMENT OF PUBLIC HEALTH RISKS CAUSED BY PHTHALATES
MIGRATING FROM POLYMER MATERIAL TO BOTTLED WATER

V.V. Shilov'?, O.L. Markova', E.V. Zaritskaya', D.S. Isaev', M.D. Petrova'

"North-West Public Health Research Center, 4 2™ Sovetskaya St., Saint-Petersburg, 191036, Russian Federation
*North-Western State Medical University named after I. I. Mechnikov, 41 Kirochnaya St., Saint-Petersburg,
191015, Russian Federation

At present, consumption of packaged drinking water is growing worldwide. In this regard, ensuring packaged drinking
water safety, which directly depends on the composition and quality of used polymer materials, is becoming especially rele-
vant. Bottles made of polymer materials, i.e. polyethylene terephthalate and polycarbonate, is the most common packaging
for drinking water.

The aim of this study was to assess population health risks caused by exposure to phthalates migrating from polymer
bottlesinto drinking water.

The study was carried out according to the requirements of the Customs Union Technical Regulation... on packaging
and Instruction... on sanitary-chemical study of goods. Bottles and model media were analyzed using gas chromatography
with mass-spectrometric detection. Risk assessment was performed according to the current guidelines.

The study findings allow to report the following phthalate levels in bottle samples: di(2-ethylhexyl)phthalate (DEHP),
1.7-4.2 mg/kg; di-n-butyl phthalate (DnBP), <2.4-31.3 mg/kg; diisobutyl phthalate (DiBP), 2.2-10.2 mg/kg. Phthalate mi-
gration into model media occurred from all analyzed samples: DEHP and DiBP migrated from Polyethylene terephthalate in
quantities equal to 8.6-71.0 pg/l and from < 2.6 to 19.2 pg/l respectively; DEHP, DnBP, and DiBP migrated from polycar-
bonate, 31.5-43.5 pg/l, 4.8-6.2 pg/l, and 17.0-54.0 pg/l, respectively.

The identified phthalate levels are safe according to the performed assessment of health risks associated with chronic in-
take of harmful substances with drinking water. The values of the estrogenicity equivalent calculated for the analyzed phthal ates
in model samples of bottled water were seen at a minimum level in Russian Federation as compared to other countries.

The results of this study can be used in safety assessment of polymer bottles for drinking water.

Keywords. packaged drinking water, bottled water, model medium, phthalate migration, di(2-ethylhexyl) phthalate
(DEHP), di-n-Butylphtalate (DnBP), diisobutylphthalate (DiBP), safety, health risk assessment.

Packaged (bottled) water production has
been growing steadily worldwide and the out-
put reached 6.6-10'" liters in 2020 [1]. People
tend to think that bottled water is tastier than
tapped one, more tolerable and safer as well
[2]. However, some studies accomplished in
several countries have reported organic com-
pounds in bottled water; among such com-
pounds, phthalates are given more and more

attention due to their potential hazardous ef-
fects on human health [3-5]

Exposure to phthalates can cause some
adverse health outcomes including endocrine
disruptions, diseases of the nervous, cardio-
vascular, and reproductive systems [6, 7].
Di(2-ethylhexyl)phthalate (DEHP), di-n-butyl
phthalate (DnBP), diisobutyl phthalate
(DiBP), and benzyl butyl phthalate (BBP) are
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included into the SVHC list (Substances of
Very High Concern) of the Registration,
Evaluation, Authorization and Restriction of
Chemicals (REACH), a European Union
regulation. Certain limitations are imposed on
their production and use considering their
cumulative effects and co-exposure to all four
phthalates [8, 9].

According to A. Pradhan et al. and
V.R. Kay et al., DEHP and other phthalates
produced negative effects on male and female
reproductive systems in animal experiments
and also on development of estrogen-sensitive
tissues [10, 11]. Perinatal exposure to phtha-
lates had certain adverse effects on animal off-
spring including stillbirth, increased prenatal
fetus death rate, and congenital malformations
including reproductive ones [12]. Phthalates
are known to modulate gene expression, cell
maturation, and apoptosis in mammal tissues
due to their genomic, non-genomic and epige-
netic mechanisms of action [13].

A study accomplished on a group of
children with detected premature breast de-
velopment revealed significantly high levels
of phthalates and their metabolites in blood
serum samples. The study results indicate a
potential association between plasticizers
with known estrogenic and anti-androgenic
activity (dimethyl, diethyl, dibutyl and di-
(2-ethylhexyl) phthalates) and the cause of
premature breast development in a female
population [14].

Upon oral exposure, phthalates are ini-
tially metabolized in the saliva and gastroin-
testinal tract into monoester metabolites. Im-
portantly, toxicological effects of phthalates
are caused by these monoester metabolites,
not the original parent compounds. Several
previous studies have detected phthalates in
different human matrices, including urine,
blood, breast milk, semen, ovarian follicular
fluid, and saliva. In addition to that, phthalate
metabolites have been found in maternal and
cord blood, placenta tissues, and amniotic
fluid [15].

Studies accomplished in the USA and
Germany have identified a tentative daily expo-
sure to phthalates within the following ranges:

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163
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DEHP, between ~ 3 and 30 pg/kg/day; DnBP,
between 0.84 and 5.22 pg/kg/day; and DiBP,
between 0.12 and 1.4 pg/kg/day [16, 17].

Considering toxic effects of phthalates as
well as population exposure to them, we can
state it is necessary to assess their levels in
bottled water as a source of their intake into
the body.

Bottles made of polymer materials, i.e.
polyethylene terephthalate (PET) and polycar-
bonate are the most common packages for
drinking water [18].

These materials contain plasticizing addi-
tives, which are usually DEHP, DiBP, and
DnBP. As a rule, phthalates do not form any
strong bonds within a polymer and are easily
released from ready-made goods [19].

Initial water, production processes and
package materials can be potential sources of
phthalates in bottled water [2]. However, a
study identified significantly high levels of
phthalates in materials plastic bottles were
made of. Identified di-ethyl-hexyl phthalate
levels were within 393—-1499 mg/kg; levels of
diethyl phthalate and dimethyl phthalates were
3.1 and 14.8 mg/kg respectively [20]. This in-
dicates that package is the most likely source
of phthalates in drinking water.

Some studies focused in identifying
DEHP in bottled water; as a result, in 2012
13.9 % of 379 brands were established to fail
to conform to the WHO recommendations
(8 ng/l). Generalized results of studies ac-
complished all over the world have estab-
lished frequency of five target phthalates in
more than three hundred samples of bottled
water from 21 countries, which is 67.6 % for
dibutyl phthalate (DBP), 61.7 % for DEHP,
47.1 % for diethyl phthalate (DEP), 36.9 %
for BBP, and 30.1 % for dimethyl phthalate
(DMP). Maximum levels of these phthalates
are 222.0; 94.1; 34.2; 109.0 and 61.3 pg/l re-
spectively [21-23].

Therefore, the composition and quality of
package polymer materials have direct influ-
ence on food safety. To protect population
health, a relevant task is to study quality and
safety of polymer packages that contact vari-
ous food products, drinking water included.
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The EU Commission Regulation on plas-
tic materials and articles intended to come into
contact with food' stipulates special standards
for DEHP, BBP, and DBP, which regulate in-
troduction of these components into food.

In the Russian Federation, requirements to
safety of package drinking water’ and pack-
age’ do not cover these chemicals in the stipu-
lated lists of sanitary-hygienic indicators.

The aim of this study was to assess
population health risks caused by exposure to
phthalates migrating from polymer package
into drinking water.

Several tasks needed to be accomplished
to reach it:

¢ Hazard identification. It was necessary to
identify residual quantities of phthalates (DEHP,
DnBP, and DiBP) in two package materials and
determine levels of their migration for polyeth-
ylene terephthalate (PET) and polycarbonate
(PC) produced in the RF by six manufacturers in
conformity with the CU TR 005/2011°;

¢ Assessment of health risks (carcinogenic
and non-carcinogenic ones) for people who
consume bottled drinking water every day;

¢ Assessment of potential estrogenic ef-
fects of phthalates due to bottled drinking wa-
ter consumption based on toxicological ex-
aminations.

Materials and methods. To identify haz-
ards, laboratory tests were planned and ac-
complished relaying on the requirements of the

Customs Union Technical Regulations® and
the Instruction on sanitary-chemical study of
articles made of polymers and other synthetic
materials’.

Nine samples of polymer bottles for
drinking water made of PETP and PC were
examined within this study; they were all pro-
duced in the Russian Federation by six differ-
ent manufacturers. Of them, seven were PETP
bottles of 0.6, 6 and 19 liters in volume; the
remaining two were PC bottles of 19 liters in
volume. The samples were taken at production
facilities and were new products ready to be
filled with water. Twenty-seven samples of
polymers (3 for each sample bottle) were pre-
pared to laboratory tests.

Phthalate migration was estimated by
simulating a contact between a medium (drink-
ing water) and polymer materials. Polymer
samples (4 x 5 cm, square of 40 cm?) were
submerged into the model medium (distilled
water, pH = 7) and put into a thermostat for
30 days under 20 °C. Isotopic labeled ana-
logues or analyte isomers were employed as
internal standards: DBP-D4 to measure DBP
and DiBP; DEHP-D4 to measure DEHP. They
had been added to the model medium prior to
the beginning of the experiment. Upon test
completion, phthalates were extracted from the
model medium by liquid-liquid extraction in
hexane (5 cm’). Analyte extracts were ana-
lyzed by gas chromatography-mass spectrome-

! Commission Regulation (EU) No 10/2011 of 14 January 2011 on plastic materials and articles intended to come into
contact with food. Official Journal of the European Union. Available at: https://www.ctec.lv/userfiles/files/regulations%2010-

2011-EU.pdf (July 13, 2023).

TR EAES 044/2017. O bezopasnosti upakovannoi pit'evoi vody, vklyuchaya prirodnuyu mineral'nuyu vodu:

Tekhnicheskii reglament Evraziiskogo ekonomicheskogo soyuza (s izmeneniyami na 5 oktyabrya 2021 goda), prinyat Reshe-
niem Soveta Evraziiskoi ekonomicheskoi komissii ot 23 iyunya 2017 goda Ne 45 [EAEU TR 044/2017. On safety of packaged
drinking water including natural mineral water: Technical Regulations of the Eurasian Economic Union (with alterations of
October 5, 2021), approved by the decision of the Eurasian Economic Commission Council on June 23, 2017 No. 45].
KODEKS electronic fund for legal and reference documentation. Available at: https://docs.cntd.ru/document/456090353 (July
13, 2023) (in Russian).

3TR TS 005/2011. O bezopasnosti upakovki: Tekhnicheskii reglament Tamozhennogo soyuza (s izmeneniyami na 18
oktyabrya 2016 goda), utv. Resheniem Komissii Tamozhennogo soyuza ot 16 avgusta 2011 goda Ne 769 [CU TR 005/2011. On
safety of package: Customs Union Technical Regulations (with alterations of October 18, 2016), approved by the decision of
the Customs Union Commission on August 16, 2011 No. 769]. KODEKS: electronic fund for legal and reference documenta-
tion. Available at: https://docs.cntd.ru/document/902299529 (July 13, 2023) (in Russian).

*Instruktsiya po sanitarno-khimicheskomu issledovaniyu izdelii, izgotovlennykh iz polimernykh i drugikh sinteticheskikh
materialov, prednaznachennykh dlya kontakta s pishchevymi produktami, utv. Zamestitelem glavnogo sanitarnogo vracha
SSSR D.N. Loranskim 2 fevralya 1971 g. Ne 880-71 [Instruction on sanitary-chemical study of articles made of polymers and
other synthetic materials intended to come into contact with food, approved by D.N. Loranskii, the Deputy to the USSR Chief
Sanitary Inspector on February 2, 1971 No. 880-71]. KODEKS: electronic fund for legal and reference documentation. Avail-
able at: https://docs.cntd.ru/document/1200045682 (July 15, 2023) (in Russian).
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try (GC-MS)’ [23, 24]. Limit of quantification
equaled 0.0040; 0.0026; 0.0026 mg/dm3 for
DEHP, DnBP, and DiBP respectively. Ex-
periment data were statistically analyzed using
Microsoft Excel 2010.

To quantify phthalates in a polymer,
fragments were cut out of package samples,
then ground and homogenized. The analyzed
samples were put into retorts; internal stan-
dards and extracting agent (methanol) were
added. Analytes were extracted by using an
US-field under heating. Extracts were ana-
lyzed by GC-MS in selected ion registration
mode. The LOQ equaled 0.56; 1.5; 1.5 mg/kg
for DEHP, DnBP, and DiBP respectively’.

Since levels of the quantified chemicals
were statistically significantly not distributed
normally, medians and interquartile range
(25-75 percentiles) were used to describe the
results and maximum and minimum values
were calculated as well. Minimum and maxi-
mum values and median were calculated for to
PC bottles (4 samples).

Calculation methods. Average daily in-
take of phthalates with drinking water was
calculated for humans in conformity with the
valid Guide Human Health Risk Assessment
from Environmental Chemicals®. Variables
in the formula are set in conformity with the
recommended standard values of exposure
factors stipulated in the Guide. Water con-
sumption by children younger than 18 years
was identified relying on the Methodical
Guidelines on Physiological Needs of vari-
ous population groups’ which stipulates

1.5-1.6 liters for boys and 1.4—1.5 liters for
girls (aged 14—17 years).

Average daily intake was calculated for
children younger than 6 years (body mass is
15 kg, water consumption is 1 l/day), for chil-
dren aged between 6 and 18 years (body mass is
42 kg, water consumption is 1.5 1/day) and for
adults (body mass is 70 kg, water consumption is
2 l/day). Exposure frequency was 350 days/year.

To comparatively analyze estrogenic po-
tential, the estrogenicity equivalent (EEQ) was
calculated and the results were compared with
those provided in other studies [9]:

EEQ= 2EP;-C,

where EP is an estrogenic potential of a spe-
cific phthalate identified in vitro; C is a level
of a specific phthalate.

Estrogenic activity of 17b-estradiol (E2)
is established to equal 1 [22]. In case a com-
pound has stronger estrogenic activity than
(E2), its EP value is above 1; in case its estro-
genic activity is weaker, below 1.

Results and discussion. Residual phtha-
late quantities were identified in all samples of
polymer package. Phthalate levels were within
a wide range: DEHP, 1.7-4.2 mg/kg; DnBP,
<2.4-31.3 mg/kg; DiBP, 2.2-10.2 mg/kg. It is
worth noting that DnBP was identified only in
three samples out of nine. The experiment re-
sults are provided in Tables 1 and 2. Based on
the experiment data, phthalate levels (medians)
were distributed as follows from high to low in
PET package: DiBP > DEHP > DnBP; in PC
package: DEHO > DiBP > DnBP.

5 Zaritskaya E.V., Eremin G.B., Markova O.L., Ganichev P.A., Myasnikov I.0. Rezul'taty laboratornykh issledovanii so-

derzhaniya di(2-etilgeksil)ftalata, di(n-butil)ftalata, di(izobutil)ftalata i bisfenola A v tare iz polietilentereftalata i polikarbonata i
ikh migratsii v model'nye sredy pri razlichnykh usloviyakh khraneniya butilirovannoi vody [The results of laboratory tests on
quantification of di(2-ethylhexyl)phthalate, di(n-butyl)phthalate, di(isobutyl)phthalate and bisphenol A in package made of
polyethylene terephthalate (PETP) and polycarbonate (PC) and their migration into model media under different conditions of
bottled water storage]: database, the Certificate of Database Registration: 2020622808 dated December 24, 2020, application
No. 2020622554 dated December 08, 2020 (in Russian).

® Guide R 2.1.10.3968-23. Rukovodstvo po otsenke riska zdorov'yu naseleniya pri vozdeistvii khimicheskikh veshchestv,
zagryaznyayushchikh sredu obitaniya; utv. Federal'noi sluzhboi po nadzoru v sfere zdravookhraneniya ot 5 sentyabrya 2023 g.
[Guide in Assessing Health Risks under Exposure to Chemical Pollutants in the Environment; approved by the Federal Service
for Surveillance in Healthcare on September 05, 2023]. GARANT: information and legal portal. Available at: https://
base.garant.ru/408644981/ (July 15, 2023) (in Russian).

" MR 2.3.1.0253-21. Normy fiziologicheskikh potrebnostei v energii i pishchevykh veshchestvakh dlya razlichnykh grupp
naseleniya Rossiiskoi Federatsii: metodicheskie rekomendatsii, utv. Federal'noi sluzhboi po nadzoru v sfere zashchity prav pot-
rebitelei i blagopoluchiya cheloveka 22 iyulya 2021 g. [Physiological needs in energy and nutrients for various population
groups in the Russian Federation: Methodical Guidelines, approved by the Federal Service for Surveillance over Consumer
Rights Protection and Human Wellbeing on July 22, 2021]. GARANT: information and legal portal. Available at: https://
www.garant.ru/products/ipo/prime/doc/402716140/ (July 15, 2023) (in Russian).
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Table 1

Phthalate levels in package material (PET) and model medium (distilled water)

Indicator Research object, level Min Max Me Qx5—Qs
DEHP Package, mg/kg 1.7 2.8 24 2225
CAS 117-81-7 Water, pg/l 8.6 71.0 14.5 13.0-18.8
DnBP Package, mg/kg <24 313 1.2 3.5-10.2
CAS 84-74-2 Water, pg/l <2.6 <2.6 <2.6 -
DiBP Package, mg/kg 3.5 10.2 5.6 3464
CAS 84-69-5 Water, pg/l <2.6 19.2 9.3 5.6-11.0
Table 2
Phthalate levels in package material (PC) and model medium (distilled water)
Indicator Research object, level Min Max Me
DEHP Package, mg/kg 34 42 3.8
CAS 117-81-7 Water, pg/l 315 43.5 37.5
DnBP Package, mg/kg <24 24 1.8
CAS 84-74-2 Water, pg/l 4.8 6.2 4.8
DiBP Package, mg/kg 2.2 4.6 34
CAS 84-69-5 Water, pg/l 17.0 54.0 18.0

Phthalates were detected in all water ex-
tracts that contacted PET. DEHP levels were
within 8.6-71.0 pg/l range; DiBP, between
<2.6 and 19.2 pg/l. DnBP was not identified.

Three phthalates were identified in ana-
lyzed samples of model media that contacted
PC. However, maximum levels were detected
for DEHP and DiBP, respectively 31.5-43.5
ug/l; 17.0-54.0 pg/l. DnBP levels were within
4.8-6.2 pg/l range.

Migration of two phthalates, namely
DEHP and DiBP, occurs from both analyzed
polymer materials judging by these experi-
mental results; it is worth noting that phthalate
migration was much faster from PC than PET
as evidenced by estimated total contents of
phthalates.

Phthalate occurrence in a material and in
water medium means it is quite possible for
polymer package components to migrate from
polymer package into drinking water. There-
fore, it is necessary to assess potential effects
on health of people who consume packaged
drinking water.

Health risks were assessed based on the
obtained experimental data. We calculated
daily intake, chronic carcinogenic and non-
carcinogenic risks caused by consuming dirk-
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ing water in package made of PET and PC.
The results are provided in Tables 3 and 4.

Levels of non-carcinogenic risks caused
by consuming drinking water from bottles
made of PET and PC are ranked as permissible
for all age groups; the highest HQ values were
identified for children younger than 6 years.
Levels of carcinogenic risk fall within the sec-
ond risk range, which means risk is permissi-
ble. Such levels do not require any activities
aimed at risk mitigation and are only subject to
permanent control. The highest risk levels
were identified for consumption of drinking
water in PC package.

Similar studies were accomplished in
China with their aim to identify phthalates in
packaged drinking water and to assess health
risks. The highest levels were typical for such
phthalates as DEHP, DnBP, and DiBP. Their
levels were identified within a range from the
limit of detection to 0.041 mg/l (DEHP),
0.016 mg/l (DiBP), and 0.0049 mg/l (DnBP).
Assessed health risks were ranked as permissi-
ble considering their mean values [25].

The estrogenicity equivalent was calcu-
lated in order to compare likely estrogenic ef-
fects caused by consuming packaged drinking
water (Table 5).
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Table 3
Health risk assessment for consumption of bottled drinking water packaged in PET
HQ
| younger| | aged HQ aged
cas |Pitha- 1o o | sro | thane | 6-18 | ladulis | YT | e | Q| cR
late cars cars than cars adults
Y y 6 years y
117-81-7 | DEHP | 0.0145| 0.02 | 0.014 | 9.27E-04 | 4.97E-04 | 3.97E-04 | 4.63E-02 | 2.48E-02 | 1.99E-02 | 5.56E-06
84-74-2 | DnBP |0.0013 | 0.1 - | 8.31E-05 | 4.45E-05 | 3.56E-05 | 8.31E-04 | 4.45E-04 | 3.56E-04 -
84-69-5 | DiBP |0.0093 | - - | 5.95E-04 | 3.18E-04 | 2.55E-04 - - - -
Table 4

Health risk assessment for consumption of bottled drinking water packaged in PC

| younger| | aged HQ HQ aged
cas [P o an | oo | tan | 618 | Fadults | YU &gs HQ 1 g
late 6 years years than years adults
6 years
117-81-7 | DEHP | 0.0375 | 0.02 {0.014|2.40E-03 | 1.28E-03 | 1.03E-03 | 1.20E-01 | 6.42E-02 | 5.14E-02 | 3.36E-05
84-74-2 | DnBP [0.00475| 0.1 - | 3.04E-04 | 1.63E-04 | 1.30E-04 | 3.04E-03 | 1.63E-03 | 1.30E-03
84-69-5 | DiBP | 0.018 - - | 1.15E-03 | 6.16E-04 | 4.93E-04 - - -
Table 5
The estrogenicity equivalent calculation
Country Phthalates Rank among Average level Estroge.nic Estrogenicity
countries (ng/h potential equivalent
DEHP 61.1 3.00E-07 0.018
Thailand DBP 2 31.8 4.10E-05 1.304
Total phthalates 1.322
DEHP 6.2 3.00E-07 0.002
Saudi Arabia DBP 4 3.1 4.10E-05 0.127
Total phthalates 0.129
DEHP - 3.00E-07 -
Mexico DBP 1 45.1 4.10E-05 1.849
Total phthalates 1.849
DEHP 3.8 3.00E-07 0.001
Pakistan DBP 3 17.8 4.10E-05 0.730
Total phthalates 0.731
Russian DEHP 14.5 3.00E-07 4.35E-06
Federation DBP 6 1.3 4.10E-05 5.33E-05
(PETP) Total phthalates 5.77E-05
Russian DEHP 37.5 3.00E-07 1.13E-05
Federation DBP 5 4.8 4.10E-05 1.95E-04
(PO) Total phthalates 2.06E-04
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The lowest possible ranks of the estro-
genicity equivalent in packaged drinking wa-
ter (5 and 6) were calculated for the Russian
Federation among all countries where similar
studies were accomplished. Nevertheless,
some authors report levels of phthalates in
packaged drinking water that can still have
adverse estrogenic effects. This calls for fur-
ther systemic studies of bottled water safety
related to phthalates.

Attention should also be paid to the fact
that the data in our experiments were ob-
tained for 30-day exposure under 20 °C; qual-
ity of most packaged drinking water is guar-
anteed for a period up to 24 months and this
may require additional long-term experiments
on phthalates migration.

Conclusions. The results of hazard
identification allowed estimating levels of
target phthalates in a limited sample of two
polymer materials and their migration into
drinking water.

The study established that daily intake of
drinking water packaged in up-to-date poly-
mer bottles did not created impermissible
health risks due to exposure to phthalates.
The highest HQ values were obtained for
children younger by 6 years due to exposure
to DEHP migrating from PET samples where
they equaled 4.63E-02 and for PC samples
where they equaled 1.20E-01. Both wvalues
corresponded to permissible risk levels. Iden-
tified carcinogenic risks reached their maxi-
mum permissible levels (1:10™-1:10°): they
equaled 5.56E-06 for PET samples and
3.36E-05 for PC samples.

The results of this study can be used in
estimating safety of new polymer packages
for drinking water.
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CLUSTER APPROACH TO THE STUDY OF POPULATION HEALTH RISKS POSED
BY CONTAMINATION OF FOOD PRODUCTS WITH HEAVY METALS

D.O. Gorbachev
Samara State Medical University, 89 Chapaevskaya St., Samara, 443099, Russian Federation

Food products are a source of energy and essential substances but also of anthropogenic contaminants such as heavy
metals. The aim of the study was to assess population health risks posed by contamination of food products with heavy
metals, taking into account peculiarities of food preferences. An epidemiological study of actual nutrition of adult population
of Samara region was conducted, the sample size was 1,856 people.

At the first stage, using factor analysis, respondents’ adherence to a certain model of food preferences was established;
at the second stage, 5 homogeneous groups (clusters) of people with similar types of nutrition were formed using cluster
analysis. The first cluster included individuals with maximum commitment to a high level of consumption of all studied
foods; the second cluster was characterized by commitment to consumption of high-calorie foods such as baked goods,
confectionery, sausages, potatoes, eggs, and cheese. Individuals from the cluster 3 showed a distinct preference for
consumption of vegetables, fruit and dairy products. Individuals from the cluster 4 had no special preferences for any of the
studied foods. The fifth cluster included people who had maximum preference for meat and meat products, smoked meats,
pickles and salted fish. The content of cadmium, mercury, lead, and arsenic in food products was assessed via atomic
absorption and photometric methods. The study relied on using social and hygienic monitoring data from the Samara
Regional Rospotrebnadzor (Federal Service for Surveillance on Consumer Rights and Human Wellbeing) collection. Risk
assessment of carcinogenic and non-carcinogenic effects was carried out in each of the five formed clusters taking into
account moder n methodological approaches.

It was found that in all food clusters, the hazard coefficients for intake of contaminants in median concentrations and in
the 90th percentile did not exceed permissible levels. In all clusters, the endocrine system was most at risk (HI = 1.68 + 1.25).
For all clusters, carcinogenic risk (for median concentrations) was created by arsenic both at the individual and the population
level. The risk was the highest for people whose diets were characterized by high levels of consumption of high-calorie products.
Cluster approach makes it possible to identify the most vulnerable groups of population in terms of risk burden for making
managerial decisions and carrying out preventive measures.

Keywords: contamination, heavy metals, cluster analysis, public health risks, actual nutrition, food preferences,
carcinogenic risk, non-carcinogenic risk.

Nutrition has a significant impact on
human health. Nutritional factor can have both
positive and negative effects on the body, as,
on the one hand, food is a source of essential
substances, but on the other hand, foreign
components such as xenobiotics found in food
products can negatively affect humans. Since
each individual has certain food preferences,
expressed quantitatively and qualitatively in
consumption of various foods, the amount of
foreign components consumed with food will
differ for various groups. Heavy metals are
recognized as one of the most dangerous
xenobiotics for humans. Contamination of

© Gorbachev D.O., 2024

food with heavy metals is a global problem for
human health [1], since they are non-bio-
degradable pollutants that tend to accumulate
and can be transferred to soil [2]. Heavy
metals are found in all ecosystems; while their
natural concentrations vary depending on local
geology, human economic activity leads to the
accumulation of heavy metals in significant
concentrations in the environment [3]. A num-
ber of heavy metals, including nickel, iron,
magnesium, copper and zinc, in food products
in low concentrations are vital for the most
important human biological functions, in
particular, for metabolic processes (cytochro-
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me and enzyme functions) [4, 5]. Other
elements, including lead, cadmium, mercury,
arsenic and aluminum, have a toxic effect on
the body even in low concentrations, while
having no significant biological value for
humans, and are classified as insignificant for
metabolic and biological functions [6-8].

Adverse effect of heavy metals is due to
acute or chronic toxic effect on the main
metabolic processes. Accumulation of heavy
metals in organs and systems interferes with
antioxidant protection thereby increasing risks
of oxidative stress [9]. Exposure to heavy
metals creates elevated risks of developing
malignant neoplasms, reproductive disorders,
diseases of the cardiovascular, endocrine and
nervous systems [10].

According to WHO, as of 1 June, 2020,
arsenic, cadmium, lead and mercury are among
the 10 chemicals causing serious public health
concern [11]. Although these elements are
known to be toxic, their diverse technological,
medical and agricultural applications still pose
a huge threat to human health.

National studies assessing the risk posed
by food contamination mainly wuse data
provided by the Federal State Statistics Service
on the average annual per capita consumption
of the main food groups [12—14]. On the one
hand, this approach simplifies risk assessment
procedures and does not require special
epidemiological studies of the population's
nutrition. On the other hand, in this case we
obtain averaged risk indicators without taking
into account peculiarities of food preferences
in different population groups. Nevertheless,
there are studies in literature concerning risk
assessment based on actual nutrition data
obtained via methods of 24-hour (daily) diet
reproduction and frequency assessment of a
diet. They provide a more accurate risk
assessment, which is necessary for managerial
decisions and preventive measures [15]. In
addition, calculation of exposure to contami-
nants in accordance with current recommen-
dations in the Russian Federation is based on
the standard body weight of 70 kg; similarly,
average body weight in a surveyed group is
applied in international research. In particular,
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based on the latest statistical data provided by
the National Health Commission of the
People's Republic of China in 2020, the
average body weight for adult men and women
was 69.6 and 59 kg respectively and this value
was taken into account when calculating non-
carcinogenic and carcinogenic risks. Mean-
while, using individual body weight values in
calculations makes it possible to increase the
accuracy of determining the level of risk [16].

Therefore, at present, it is relevant to
solve a hygienic problem of assessing risks for
population health posed by food contamination
with heavy metals, taking into account use of
epidemiological methods based on an indivi-
dual assessment of diet structure. This will
ultimately allow obtaining the most accurate
risk assessment and making management
decisions to reduce the level of risk in various
population groups while taking into account
individual food preferences.

The goal of the study is to assess
population health risk posed by contamination
of food products with heavy metals, based on a
cluster analysis of actual nutrition.

Materials and methods. The object of
this study is adult working age population
permanently residing on the territory of the
Samara region (n = 1856 people), including
employees of regional enterprises of fuel and
energy production, automotive industry, food
production, healthcare, education, agriculture
and office workers. To analyze actual nutrition,
questionnaires were compiled based on
frequency assessment of diets, taking into
account consumption of various food groups
and portion sizes over the past month. Photos of
food were used for clarity.

At the first stage of assessment of actual
nutrition, adherence to a certain model of food
preference was established by using factor
analysis; nutrition models included foods with a
factor value of over 0.3. At the second stage,
people with similar food preferences were
combined into clusters (allocation of homoge-
neous groups using McKean k-means clustering,
Ward's dendrogram method, Euclidean distance,
and variance analysis). Average values of
adherence to nutrition models (M + SD) were
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obtained during the analysis of dendrograms
(Ward method, clustering, and Euclidean
distance). Based on variance analysis of the
formed food clusters, highly significant diffe-
rences in average adherence (p < 0.001) were
obtained for each nutrition model. Negative
values of adherence indicated a low level of food
consumption in a particular diet model; positive
values indicated a high level of food con-
sumption. Formation of a specific cluster was
based on the highest values of adherence to food
consumption (nutrition models) with a factor
value of over 0.3. Based on obtained data, diets
with homogeneous food preferences were
systematized using Nutri-prof custom software
package (version 2.9). This made it possible to
assess consumption of the main food groups in
each of the five nutrition clusters [17]. Next,
carcinogenic and non-carcinogenic risks asso-
ciated with the intake of heavy metals with food
were assessed for each of the five food clusters.
Contamination of food products with heavy
metals consumed by the population was assessed
based on cadmium, mercury, lead, and arsenic
levels. Food products were represented by the
following groups: bread and bread products,
vegetable oil and other fats, milk and dairy
products, meat and meat products, eggs, fish and
fish products, sugar and confectionery, fruit and
berries, vegetables and gourds, potatoes. The
analysis involved using social and hygienic
monitoring data provided by the Samara Re-
gional Rospotrebnadzor Office; overall, we ana-
lyzed 82,354 results of sample testing col-
lected over 12 years. When calculating
exposure, median values of contaminant
concentration were taken into account; the 90th
percentile was used for maximum values taking
into account average body weight value
calculated in each particular cluster based on the
body weight data provided by the respondents.
Risks of carcinogenic and non-carcinogenic
effect were assessed in accordance with

MU 2.3.7.2519-09 ‘Determining exposure and
risk assessment of the effect of chemical conta-
minants in food products on the population’
and R 2.1.10.1920-04 ‘Human Health Risk
Assessment from Environmental Chemicals’”.
Non-carcinogenic risk (HQ) of exposure to a
contaminant was calculated, taking into account
exposure and the reference (safe) level of
exposure, as well as the total hazard index (HI)
for combined exposure to contaminants with
unidirectional effect. Average daily doses of a
contaminant over a lifetime and the slope factor
were taken into account to calculate individual
and population carcinogenic risks. Statistical
analysis was carried out using SPSS 25 software.

Results and discussion. During the
assessment of actual nutrition of the popu-
lation, patterns were found indicating a similar
nature of food preferences among surveyed
individuals. At the first stage of statistical data
processing, 5 nutrition models were formed by
factor analysis taking into account food prefe-
rences for various foods with a factor over 0.3.
Nutrition model No. 1 was characterized by a
variety of products of plant and animal origin
and did not have a clear focus. Nutrition model
No. 2 was characterized by excessive con-
sumption of high-calorie foods (baked goods,
pasta, potatoes, confectionery, oil and butter,
sausages, and cheese). Nutrition model No. 3
was characterized by high factor in terms of
preference for food products of plant origin
(vegetables, fruit, and nuts). The bases of
nutrition model No. 4 were dairy products, fish
and eggs. Nutrition model No. 5 was charac-
terized by a meat-salt focus due to significant
consumption of meat products, including
sausages, smoked meats, salted fish, and
pickled vegetables. Since each person adhered
to the obtained nutrition model to a certain
extent, a cluster method was used at the
second stage, which allowed to form homo-
geneous groups of individuals (selection of

' MU 2.3.7.2519-09. Opredelenie ekspozitsii i otsenka riska vozdeistviya khimicheskikh kontaminantov pishchevykh
produktov na naselenie [Determining exposure and risk assessment of the effect of chemical contaminants in food products on
the population]: methodological guidelines. Moscow, Federal Center for Hygiene and Epidemiology of Rospotrebnadzor, 2010,

27 p. (in Russian).

2 R 2.1.10.1920-04. Human Health Risk Assessment from Environmental Chemicals. Moscow, Federal Center for State
Sanitary and Epidemiological Surveillance of the Ministry of Health of the Russian Federation, 2004, 143 p. (in Russian).
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homogeneous groups was carried out by the
McKean k-means method); then, a preliminary
analysis of dendrograms was carried out and
average values of adherence to nutrition
models (M = SD) were obtained. Based on the
variance analysis of the formed food clusters,
highly significant differences in average
adherence (p < 0.001) were obtained for each
nutrition model.

The same maximum adherence to all five
nutrition models with a high level of
consumption of all studied foods was noted for
individuals in the first cluster. Individuals in
the second cluster were characterized by high
commitment to consumption of high-calorie
products such as baked goods, potatoes, con-
fectionery, sausages, eggs, and cheese (model
No. 2). For individuals from the cluster 3,
there was a distinct preference for vegetables
and fruit, as well as dairy products (models
No. 3 and 4). Individuals from the cluster 4,
unlike those from the cluster 1, adhered to all

dietary patterns, but with a low level of
consumption for all studied foods. The fifth
cluster was made up of people with maximum
preferences for the consumption of meat and
meat products, smoked meats, pickled foods,
and salted fish (model No. 5).

Using custom software package ‘Nutri-
prof” (version 2.9), data on consumption of the
main food groups were obtained for each food
cluster (Table 2).

For subsequent assessment of exposure
and the hazard coefficient, we used data on
the content of heavy metals in the main
groups of food products median concentration
(Me) and the 90th percentile concentration
(Table 3).

Exposure and hazard index values with
various intake methods for median values (Me)
of contaminant concentration and the 90th
percentile were calculated for all four analyzed
heavy metals in each group of people with
similar food preferences (Table 4).

Table 1

Parameters of individuals' adherence to certain nutrition models (M + SD)

Model Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 P
of nutrition
No. 1 143173 | -018=121 | 086+154 | -028+051 | 028=121 <0.001
No. 2 219157 | 1542073 | 0782081 | -037:042 | -019+086 <0.001
No. 3 1724155 | -008+123 | 169+148 | -027:044 | -023+079 <0.001
No. 4 162188 | 025+123 | 067+153 | -017+052 | 025+127 <0.001
No. 5 158283 | -021+079 | 059+0.77 | -024+039 | 154+076 <0.001
Table 2

Median values of consumption of the main food groups depending on a cluster (g/day)

Cluster
Food group I 5 3 ) s
Bread and bread products 243.3 253.2 173.4 137.3 231.8
Vegetable oil and other fats 47.7 50.1 34.5 28.8 51.0
Milk and dairy products 130.4 133.4 140.0 129.3 132.1
Meat and meat products 143.6 152.3 80.5 77.0 170.7
Eggs 22.7 19.7 17.5 19.7 26.0
Fish and fish products 17.5 18.9 14.2 18.6 23.8
Sugar and confectionery 50.4 63.3 39.7 43.0 42.2
Fruit and berries 114.0 105.8 149.9 126.8 101.9
Vegetables and gourds 151.0 144.9 186.8 138.1 141.6
Potatoes 76.2 85.5 923 72.9 81.6
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Table 3
Heavy metals content (mg/kg) for food groups
Cadmium Mercury Lead Arsenic
Food group Me 90 Me 90 Me 90 Me 90
Bread and bread products 0.011 0.0258 0.0033 0.0112 0.0474 0.158 0.006 0.0087
Vegetable oil and other fats 0.0087 0.0232 0.0034 0.00776 | 0.0223 0.0737 0.0040 0.0068
Milk and dairy products 0.0134 0.0155 0.0017 0.0031 0.0362 0.0655 0.0074 0.0084
Meat and meat products 0.0073 0.0264 0.0052 | 0.01277 | 0.0441 0.111 0.0041 0.0048
Eggs 0.0037 0.0042 0.0034 | 0.00461 | 0.0248 0.056 0.008 0.0094
Fish and fish products 0.0122 0.0364 0.0162 | 0.04733 | 0.0749 0.2552 0.005 0.0092
Sugar and confectionery 0.0124 0.0262 0.0041 | 0.01769 | 0.0312 0.1047 0.0061 0.0069
Fruits and berries 0.0112 0.0114 0.0023 | 0.00561 | 0.0256 0.0712 0.005 0.0092
Vegetables and gourds 0.0056 0.0158 0.0022 | 0.00913 | 0.0361 0.133 0.002 0.0077
Potatoes 0.0055 0.0073 0.0018 0.0088 0.0605 0.1273 0.006 0.0081
Table 4

Exposure values (mg/kg) and hazard coefficients, taking into account food preferences and
various methods of contaminant intake

Cluster
Food group 1 2 3 4 5
Exp Me | Exp 90 | Exp Me | Exp 90 | Exp Me| Exp 90 | Exp Me| Exp 90 | Exp Me| Exp 90
Cadmium

Bread and

3.08E-05|7.21E-05|3.20E-05| 7.51E-05| 2.20E-05 | 5.1SE-05 | 1.74E-05 | 4.07E-05| 2.93E-05 | 6.87E-05
bread products
;’ﬁfﬁf ol and |4 775 06 1.27E-05 | 5.01E-06| 1.34E-05| 3 45E-06 |9 21E-06 | 2.900E-06| 7.74E-06 | 5.07E-06 | 1 35E-05
Milk and 2.01E-05| 2.32E-05| 2.06E-05| 2.38E-05| 2.16E-05| 2.49E-05 | 1.99E-05| 2.30E-05| 2.03E-05 | 2.35E-05
dairy products
Meat and 1.20E-05 |4.36E-05 | 1.27E-05 |4.61E-05 | 6.76E-06 | 2.44E-05 | 6.76E-06 | 2.44E-05 | 1.43E-05 | 5.18E-05
meat products
Eggs 9.67E-07| 1.10E-06 8.39E-07|9.52E-07 | 7.46E-07 | 8.46E-07 | 8.39E-07 | 9.52E-07 | 1.11E-06 1.26E-06
Fish and 2.46E-06| 7.34E-06| 2.65E-06| 7.91E-06| 2.00E-06| 5.96E-06| 2.6 1E-06| 7.79E-06| 3.34E-06 | 9.97E-06
fish products
Sugar and

: 7.19E-06| 1.52E-05| 9.02E-06 | 1.91E-05| 5.70E-06 | 1.20E-05 | 6.13E-06 1.30E-05| 6.01E-06| 1.27E-05
confectionery
E;“nfit;nd 1.47E-05 | 1.49E-05 | 1.36E-05 | 1.39E-05 | 1.93E-05 | 1.96E-05 | 1.63E-05 | 1.66E-05 | 1.31E-05 | 1.34E-05
;’:fr‘jsables a9 79E-06|2.74E-05 | 9.33E-06| 2.63E-05 | 1 20E-05| 3.39E-05 | 8.89E-06 | 2.51E-05 | 9.12E-06 | 2.57E-05
Potatoes 4.81E-06] 6.39E-06| 5.40E-06| 7.17E-06 5.84E-06| 7.75E-06| 4.6 1E-06| 6.1 1E-06| 5.16E-06 | 6.85E-06
HQ 022 | 045 | 022 | 046 | 019 | 038 | 017 | 033 | 021 | 045
Mercury

Bread and

1.04E-05 | 3.54E-05 | 1.08E-05 | 3.68E-05 | 7.44E-06 | 2.53E-05 | 5.88E-06 | 2.00E-05 | 9.93E-06 | 3.37E-05
bread products
Xiﬁfgﬁf oitand | 10E-06| 4.80E-06 | 2.21E-06| 5.05E-06 | 1.52E-06 |3 48E-06 | 1.28E-06 | 2.93E-06| 2.24E-06 5.1 1E-06
Milk and
dairy 2.88E-06| 5.25E-06| 2.95E-06| 5.37E-06| 3.09E-06 | 5.64E-06| 2.86E-06| 5.21E-06| 2.92E-06 | 5.32E-06
products
Meat and

9.70E-062.38E-05 | 1.03E-05| 2.52E-05 | 5.44E-06 | 1.34E-05| 5.44E-06 1.34E-05 1.1SE-05| 2.83E-05
meat products
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End of the Table 4

Cluster
Food group 1 2 3 4 5
Exp Me | Exp 90 | Exp Me | Exp 90 | Exp Me | Exp 90 | Exp Me | Exp 90 | Exp Me | Exp 90
Eggs 1.00E-06| 1.36E-06| 8.71E-07 | 1.18E-06 | 7.74E-07| 1.05E-06| 8.71E-07| 1.18E-06| 1.15E-06 1.56E-06
Fish and 3.69E-06 | 1.08E-05 | 3.98E-06 | 1.16E-05 | 3.00E-06 | 8.76E-06 | 3.92E-06 | 1.15E-05 | 5.01E-06 | 1.47E-05
fish products
Sugar and
! 2.68E-06| 1.16E-05| 3.37E-06| 1.45E-05 | 2.13E-06| 9.19E-06 | 2.29E-06| 9.88E-06 | 2.25E-06 | 9.69E-06
confectionery
Eﬁi‘;‘.tez“d 3.40E-06 | 8.30E-06 | 3.16E-06 | 7.70E-06 | 4.48E-06 | 1.09E-05 | 3.79E-06 | 9.24E-06 | 3.04E-06 | 7.43E-06
;’(ffrzt:bles and 1 315 06| 1.798-05 | 4.14E-06| 1.72E-05 | 5.34E-06| 2.22E-05 | 3.95E-06| 1.64E-05 | 4.05E-06 1.68E-05
Potatoes 1.78E-06| 8.70E-06 | 2.00E-06 | 9.77E-06 | 2.16E-06 | 1.06E-05 | 1.70E-06 | 8.33E-06 | 1.91E-06|9.33E-06
HQ 014 | 042 | 014 | 044 | o011 036 0.1 032 | 014 | 044
Lead
Bread and
1.04E-05 | 3.54E-05 | 1.08E-05 | 3.68E-05 | 7.44E-06 | 2.53E-05 | 5.88E-06 | 2.00E-05 | 9.93E-06| 3.37E-05
bread products
Z’;ﬁfﬁf oiland 1, |0 06| 4.80E-06] 2.21E-06| 5.05E-06| 1.52E-06| 3.48E-06 | 1.28E-06 | 2.93E-06 | 2.24E-06 | 5.1 1E-06
Milk and 2.88E-06 | 5.25E-06 | 2.95E-06 | 5.37E-06 | 3.09E-06 | 5.64E-06 | 2.86E-06 | 5.21E-06 | 2.92E-06 | 5.32E-06
dairy products
Meat and 9.70E-06 | 2.38E-05 | 1.03E-05 | 2.52E-05 | 5.44E-06 | 1.34E-05 | 5.44E-06 | 1.34E-05 | 1.15E-05 | 2.83E-05
meat products
Eggs 1.00E-06| 1.36E-06|8.71E-07| 1.18E-06 | 7.74E-07| 1.05E-06 | 8.71E-07| 1.18E-06 | 1.15E-06 | 1.56E-06
Fish and 3.69E-06 | 1.08E-05 | 3.98E-06 | 1.16E-05 | 3.00E-06 | 8.76E-06 | 3.92E-06 | 1.15E-05 | 5.01E-06 | 1.47E-05
fish products
Sugar and
: 2.68E-06| 1.16E-05| 3.37E-06| 1.45E-05 | 2.13E-06| 9.19E-06| 2.29E-06| 9.88E-06 | 2.25E-06| 9.69E-06
confectionery
Ezurr‘ite*;“d 3.40E-06 | 8.30E-06 | 3.16E-06 | 7.70E-06 | 4.48E-06 | 1.09E-05 | 3.79E-06 | 9.24E-06 | 3.04E-06 | 7.43E-06
;’(ffrztsbles and |4 315 06| 1.798-05 | 4.145-06 | 1.725-05 | 5.345-06 | 2.225-05 | 3.955-06 | 1.645-05 | 4.05E-06 | 1.68E-05
Potatoes 1.78E-06| 8.70E-06 | 2.00E-06| 9.77E-06 | 2.16E-06| 1.06E-05 | 1.70E-06 | 8.33E-06| 1.91E-06|9.33E-06
HQ 015 | 042 | 015 | 044 | 013 | 038 | 0.11 033 | 015 | 043
Arsenic
Bread and
1.90E-05 | 2.75E-05 | 1.97E-05 | 2.86E-05 | 1.35E-05 | 1.96E-05 | 1.07E-05 | 1.55E-05 | 1.81E-05|2.62E-05
bread products
Xﬂelifﬁf oiland |, Jer 06|4.21E-06|2.605-06|4.43E-06 | 1.795-06|3.05E-06 | 1.51E-06 | 2.56E-06| 2.63E-06 | 4. 48E-06
Milk and
! 1.25E-05| 1.42E-05| 1.28E-05 | 1.46E-05 | 1.35E-05 | 1.53E-05 | 1.24E-05| 1.41E-05 | 1.27E-05| 1.44E-05
dairy products
Meat and 7.64E-06 | 8 20E-06 | 8.08E-06 | 8.67E-06 | 4.29E-06 | 4.60E-06 | 4.29E-06 | 4.60E-06 | 9.09E-06 | 9.75E-06
meat products
Eggs 2.36E-06| 2.66E-06 | 2.05E-06 | 2.31E-06 | 1.82E-06 | 2.05E-06 | 2.05E-06 | 2.31E-06 | 2.70E-06 | 3.04E-06
Fish and 1.14E-06| 2.05E-06 | 1.23E-06|2.21E-06|9.25E-07| 1.67E-06| 1.21E-06| 2.18E-06| 1.55E-06 | 2.79E-06
fish products
Sugar and
! 4.19E-06|4.52E-06| 5.26E-06| 5.67E-06| 3.32E-06| 3.58E-06| 3.58E-06| 3.85E-06| 3.51E-06| 3.78E-06
confectionery
Egurgeas“d 7.40E-06 | 1.33E-05 | 6.87E-06 | 1.24E-05 |9.73E-06 | 1.75E-05 | 8 24E-06 | 1.48E-05 | 6.62E-06 | 1.19E-05
;’:fgsables and 13 508 06151805 |3.765-06 | 1.455-05 | 4.855-06 | 1.875-05 | 3.59E-06| 1.385-05 | 3.68E-06 | 1.42E-05
Potatoes 5.93E-06|7.91E-06 | 6.66E-06 | 8.88E-06 | 7.19E-06 | 9.59E-06 | 5.68E-06 | 7.57E-06 | 6.36E-06 | 8.48E-06
HQ 022 | 033 | 023 | 034 02 032 | 018 | 027 | 022 | 033
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It was found that the hazard coefficients
for intake of contaminants in the median
concentration and in the 90th percentile did not
exceed the permissible level in all food clusters.

Based on the results of assessment of
hazard coefficients, the greatest non—carcino-
genic risk for various methods of contaminant
intake is due to lead in the clusters 1, 2, 5 and
cadmium in the clusters 1, 2 and 5. The greatest
non—carcinogenic risk due to intake of mercury
from food is characteristic of the clusters 1, 2
and 5; risks associated with intake of arsenic
are highest for the 2nd cluster. V.M. Boev et al.
found that HQ was at the permissible level for
intake of individual contaminants, as well as HI
for combined intake of lead, cadmium, arsenic
and mercury with food in median concen-
trations and in the 90th percentile [18].
Research conducted by A.G. Setko et al.
assessed non-carcinogenic risk and demonstra-
ted that the level of risk was at an acceptable
level (HQ < 1) for main contaminants (nitrates,
mercury, arsenic, cadmium) between 2007 and
2015 [19].

The study of contribution of specific food
products groups that pose maximum risk
according to the hazard index demonstrated
that bread and bread products play a major role
in formation of risks both when all the studied
contaminants are in median concentrations and
in the 90th percentile concentrations in the
first and second nutrition clusters, with the
greatest contribution made by intake of lead
and cadmium in maximum concentrations with
this type of food products (Table 5).

Contribution of milk and dairy products to
formation of the cadmium hazard coefficient
in median concentrations was noted at maximum
values in the clusters 3 and 4 (21.7-23.1 %).
The share of meat products in formation of the
hazard coefficient, taking into account intake
of mercury in median concentrations, ranges
from 17 to 26.2 %; the largest contribution is
typical for the clusters 1, 2 and 5. When consi-
dering contribution of sugar and confectionery
products to formation of the hazard coefficient
in the 90th percentile, maximum values of
10.8 % and 10.1 % were found in the 4th
nutrition cluster due to intake of mercury.

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

Plant-based diet of the cluster 3 indicates
maximum contribution of vegetables and
gourds to formation of the hazard coefficient
for lead. The contribution of eggs, potatoes,
fish and fish products on average does not
exceed 10 % of non-carcinogenic risk for
analyzed contaminants with various intake
methods, which is also determined by the
nature of individual consumption.

Analysis of literature on food conta-
mination with heavy metals has shown that
studies of risk are often based on data from
the Federal State Statistics Service on average
annual per capita consumption of the main
groups of food products, which indicate
regional peculiarities of risk formation. Thus,
results of assessment of exposure to heavy
metals in the Orenburg region on the basis of
average per capita food consumption showed
that milk and dairy products ranked first in
terms of contributions to total exposure to
lead, cadmium and arsenic; vegetables and
gourds ranked second and third in terms of
contributions to total exposure to lead, cad-
mium and arsenic; bread products, vegetables
and gourds ranked first in terms of contri-
butions to total mercury exposure, bread
products ranked second, milk and dairy
products ranked third [18]. Assessment of
non—carcinogenic risks to health of the
population of 16 districts of the Republic of
Bashkortostan from contamination with lead,
cadmium, chromium, nickel, copper, and zinc
revealed 3 districts with high risk values
(HI=1.01-1.34) due to consumption of
vegetable crops by the population of these
districts [20]. In the Saratov region, bread and
dairy products made the greatest contribution
to formation of non-carcinogenic risks posed
by food contaminated with heavy metals [21].
In our study, we used a methodological
approach that takes into account peculiarities
of food preferences in the surveyed popu-
lation, which allowed us to more accurately
assess the risk burden caused by contami-
nation, identify the most vulnerable groups of
the population in terms of high risks in order
to take managerial decisions and organize
preventive measures.
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Table 5

Contribution of food products (%) to the formation of hazard coefficient in various food
clusters, taking into account oral intake of contaminants

Food group Clus‘Fgr Cadmium Mercury Lead Arsenic

of nutrition Me 90 Me 90 Me 90 Me 90

1 28.6 322 | 248 | 277 | 288 | 333 28.6 272

Bread and 2 28.8 321 | 248 | 274 | 288 | 335 28.7 27.6
bread products 3 22.1 271 | 210 | 229 | 225 | 263 23 20.3
4 20.1 246 | 184 | 204 | 208 | 246 20.1 18.8

5 274 302 | 226 | 256 | 269 | 315 27.0 26.5

1 4.4 57 50 38 2.7 30 37 42

Vegetable 2 45 57 51 38 2.7 31 38 43
oil and othor fats 3 35 48 43 32 2.1 2.4 30 32
4 34 4.7 4.0 30 2.1 2.4 28 31

5 4.7 59 51 39 2.8 32 39 45

1 18.7 10.4 6.9 4.1 11.8 74 18.9 14.1

. 2 18.5 10.2 6.7 4.0 11.6 73 18.6 14.1
dagy‘g‘rjgjcts 3 217 13.1 8.7 51 139 8.8 2.1 158
4 23.1 13.9 8.9 53 15.0 96 234 17.1
5 19.0 10.3 6.6 4.0 11.7 74 19.0 14.6

1 112 194 | 231 | 186 | 158 13.8 115 8.9

2 115 197 | 234 | 187 | 161 14.1 11.7 9.1

Meat and 3 6.8 128 | 154 | 121 9.7 8.6 71 52
meat products 4 78 14.8 170 | 136 | 114 10.1 8.1 6.1
5 13.4 228 | 262 | 215 | 184 16.3 13.6 9.9

1 0.9 0.5 24 1.1 1.4 1.1 36 27

2 0.8 0.4 2.0 0.9 12 0.9 3.0 23

Eggs 3 0.8 0.4 22 1.0 12 0.9 3.0 22

4 1.0 0.6 27 12 1.6 13 39 2.9

5 1.0 0.6 26 12 1.6 13 4.0 31

1 23 33 8.8 8.4 33 39 17 2.1

Fish and 2 24 34 9.1 8.6 34 4.0 18 22
fish producs 3 2.0 3.1 8.5 79 2.9 35 15 1.8
4 3.0 47 123 | 117 45 54 23 27

5 31 44 114 | 111 44 52 23 2.8

1 6.7 6.8 6.4 9.1 39 4.6 6.0 45

Sugar and 2 8.1 82 77 10.8 47 55 73 55
confectionery 3 57 6.3 6.0 8.3 34 4.0 52 37
4 71 78 72 10.1 43 5.1 6.4 47

5 56 56 5.1 73 32 38 52 38

1 13.7 6.7 8.1 6.5 73 7.0 112 135
Fruit and 2 122 59 72 57 6.5 6.3 10.0 122
bermin 3 19.4 10.3 127 | 99 10.5 10.2 16.0 18.5
4 18.9 100 | 11.8 | 94 10.4 10.2 15.5 18.4
5 12.3 59 6.9 56 6.4 6.2 99 12.0
1 9.0 122 | 103 | 140 | 136 174 59 14.9
Vegetables and 2 8.4 113 95 128 | 126 16.1 55 14.0
sourds 3 12.1 178 | 151 | 20.1 185 | 239 8.0 19.3
4 10.3 152 | 123 | 167 | 159 | 208 6.8 16.8

5 8.5 113 92 127 | 125 16.2 55 14.3

1 45 29 42 6.8 115 8.4 8.9 79

2 49 31 46 73 12.4 9.1 9.7 8.7
Potatoes 3 59 41 6.1 96 153 113 11.8 10.0

4 53 37 53 8.5 14.1 10.5 10.7 93

5 48 3.0 43 71 12.1 8.9 95 8.6
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Assessment of the hazard index for the
combined effects of heavy metals on critical
organs and systems was carried out in various
clusters based on the pessimistic scenario of
food contaminant consumption in the 90th
percentile concentrations. Based on the
obtained results, the highest total hazard index
under simultaneous exposure to cadmium,
mercury, lead and arsenic was noted in the
second cluster for the endocrine system
(HI = 1.68); the lowest risk level for this
system was noted in the fourth cluster
(HI = 1.25). Under combined exposure to
mercury, arsenic and lead in maximum
concentrations as regards the nervous system,
the highest value of the total hazard index was
also characteristic of the second cluster
(HI = 1.22), and the minimum value was found
in the fourth nutrition cluster (HI = 0.92). Risk
of adverse effects on kidneys due to intake of
cadmium and mercury was found to be
acceptable. Risk levels were also found to be
acceptable for effects of combined intake of
mercury and lead on the reproductive system,
intake of arsenic on the cardiovascular system,
skin and gastrointestinal tract, and intake of
lead on the hematopoietic system.

Assessment of hazard index for the com-
bined effects of heavy metals on the body in
similar studies, which did not consider pecu-
liarities of food preferences in various popu-
lation groups, found the highest risks for the
endocrine system, central nervous system, and
reproductive system [18]. Chemical contami-
nation of food also has a negative impact on
children as the most vulnerable category of the
population with imperfect protection systems
against xenobiotics. Correlation analysis bet-

ween chemical contamination of food on young
children and indicators of primary morbidity of
children in the Russian Federation between
2012-2017 helped establish the relationship
between contamination of food consumed by
the analyzed heavy metals and primary inci-
dence of endocrine pathology in both children
of the first year of life and children from 0 to
14 years of various nosologies: obesity, insulin-
dependent and insulin-independent diabetes
mellitus [22, 23]. Analysis of these risks is
necessary to predict development of adverse
effects on a number of target organs under
contaminant intake scenarios in different age
groups [24-26].

Assessment of carcinogenic risk, taking
into account intake of cadmium, arsenic and
lead, demonstrated that when arsenic was
ingested in median concentrations by the
clusters 1, 2 and 5, the risk level corresponded
to the third range (individual lifetime risk of
more than 1-10'4, but less than 1107 ), which
is unacceptable, while the maximum level of
carcinogenic risk was characteristic of the
second cluster (Table 6). Carcinogenic risk
caused by intake of cadmium and lead in
median concentrations in all clusters was at the
maximum permissible level.

Analysis of risk for the population of the
Samara region from combined intake of the
analyzed contaminants in the median concen-
tration demonstrated that the largest number of
new cases, 1.76 per 10,000 population, was
found in the second cluster, due to intake of
arsenic in the median concentration only, the
number of new cases was also maximum in the
second cluster, 1.03 per 10,000 population over
70 years.

Table 6

Level of carcinogenic risk in various nutrition clusters based on concentrations of heavy metals,
taking into account various intake scenarios

Nutrition Arsenic Cadmium Lead
cluster Me 90 Me 90 Me 90
1 1.01E-04 1.51E-04 4.61E-05 9.62E-05 2.43E-05 7.05E-05
2 1.03E-04 1.6E-04 4.77E-05 1.01E-04 2.53E-05 7.31E-05
3 9.11E-05 1.45E-04 4.26E-05 8.16E-05 2.21E-05 6.37E-05
4 7.93E-05 1.23E-04 3.69E-05 7.05E-05 1.89E-05 5.38E-05
5 1.01E-04 1.51E-04 4.59E-05 9.77E-05 2.48E-05 7.12E-05
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When studying carcinogenic risks, taking
into account intake of heavy metals in
maximum concentrations (the 90th percentile),
it was found that the level of this risk also
corresponded to the third range (individual
lifetime risk of more than 1'10'4, but less than
1-107), which is unacceptable, due to intake of
arsenic in all clusters and intake of cadmium in
the second cluster.

Due to combined intake of all three
analyzed contaminants in maximum concen-
trations, the level of carcinogenic risk
corresponded to the third range in all five
clusters. The highest value of carcinogenic risk
was noted in the second cluster.

Levels of risk for the population of the
Samara region demonstrated that the second
cluster had the highest probability of
developing cancer equaling 1.6 new cases per
10,000 people over 70 years due to intake of
arsenic in the 90th percentile concentration
(pessimistic scenario); the maximum proba-
bility due to intake of cadmium was noted in
the first cluster, 1.01 new cases per 10,000
people; the highest probability due to intake
of lead was detected in the second cluster,
0.73 new cases per 10,000 people over
70 years. The highest number of new cases —
3.33 per 10,000 people, was also found in the
second cluster due to combined intake of the
analyzed contaminants in the 90th percentile
concentrations.

Development of malignant neoplasms of
the gastrointestinal tract due to intake of
carcinogens with food has been confirmed by
epidemiological studies conducted by various
authors. Thus, cadmium, lead and arsenic are
recognized as primary carcinogens for colon
cancer; cadmium in food is recognized as
primary carcinogen for cancer of recto-sig-
moid junction and rectum [27, 28].

Thus, assessment of levels of population
health risks posed by food contamination with
heavy metals was conducted in this study. It
involved clustering of the surveyed population
based on the nature of food preferences, as
well as taking into account the actual body
weight in each cluster. This allows for the
most accurate assessment of these risks and
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prediction of adverse effects in various
population groups; the study results can be
used for managerial decisions as well as for
planning activities related to social and hygie-
nic monitoring. In addition, the proposed
cluster approach can be used to assess multi-
thread effects of chemical compounds on
various population groups.

Conclusions. In this study, five popu-
lation groups with similar food preferences
were formed based on the cluster analysis of
actual nutrition and data on the nature of
consumption of the main food groups were
obtained for each cluster. In all clusters, the
hazard coefficients for intake of contaminants
in median concentrations and in the 90th
percentile concentration did not exceed per-
missible level, while the greatest non-carci-
nogenic risk due to intake of lead, cadmium,
and mercury was detected among people with
a high level of consumption of all analyzed
products (the first cluster). The highest
carcinogenic risks were also identified for
people whose diets were based on high consu-
mption of high-calorie products such as bread,
potatoes, confectionery, processed meat and
dairy products (the second cluster) as well as
among individuals whose diet was based on
high consumption of meat products, processed
meat and fish (the fifth cluster).

Formation of risk level, taking into
account contributions of the main food groups,
is influenced by the regional aspects of
consumption of locally produced products and
those imported from other regions. Under
various intake scenarios in all food clusters,
endocrine system is most at risk: the maximum
level (HI = 1.68) was detected in the "high—
calorie" second cluster; the minimum level
(HI=1.25), in the cluster with minimal
preference for all studied foods.

In all clusters, levels of individual carci-
nogenic risk, mainly due to arsenic entering in
median concentrations, corresponded to the third
range, which is unacceptable, and was the
highest in the ‘high-calorie’ second cluster. The
level of carcinogenic risk due to arsenic intake in
maximum concentrations (‘pessimistic scena-
rio’) also corresponded to the third range and

Health Risk Analysis. 2024. no. 1
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was the highest in the second cluster. The level
of carcinogenic risk due to combined intake of
all three analyzed contaminants in maximum
concentrations corresponded to the third range in
all five clusters. The maximum risk due to
arsenic intake in median concentrations was
found in the second cluster, 1.03 per 10,000
people over 70 years; for the 90th percentile, 1.6

new cases per 10,000 people over 70 years,
which is several times higher than the risk due to
cadmium and lead intake.
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SUBSTANTIATION OF WAYS TO REDUCE CONTAMINATION BY BACTERIA
OF THE GENUS CRONOBACTER OF DRY SPECIALIZED PRODUCTS FOR BABY
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Prevention of morbidity in the child population from septic foodborne infections caused by the new bacterial pathogen
Enterobacter sakazakii (according to the new classification - Cronobacter spp.) is becoming increasingly relevant due to an
expanding contingent of susceptible individuals and the proven ability of low doses of the pathogen to quickly increase a
population in dry specialized products for formula feeding after rehydration.

In this regard, it is important to assess the risk of accumulation of thermoresistant coliform enterobacteria, including
Cronobacter spp., in residual microflora of such products during their production in order to determine ways to minimizeit.

To identify a hazardous factor in specialized infant formula of domestic production, we summarized and analyzed
expert data on contamination of 245 samples of infant formula and 182 cereals with the entire spectrum of coliform en-
terobacteria, which were previously identified as Enterobacter sakazakii (Cronobacter spp.). Cronobacter spp. was de-
tected in 4 samples of instant formula (1.6 %) in amounts ranging from 0.04 to 0.5 CFU/g, which is above the hazardous
level (>0.003 CFU/qg) for susceptible children. No pathogen was isolated from dry mixtures for cooking and instant por-
ridges produced by dry mixing but the content of heat-resistant Enterobacter spp. was 10 times higher than those pro-
duced during the full cycle.

Using a risk process model and assuming the content of coliforms in raw milk at the level of the regulated microbial
number, probability of pathogen survival in dry mixtures was assessed under standard parameters of spray drying technol-
ogy. The calculation results showed that under this scenario of raw material contamination, 0.3-0.5 CFU of heat-resistant
E.sakazakii (Cronobacter spp.) can be retained in 1 g of a finished product. This substantiates the necessity to introduce the
strongest possible requirements for the microbiological quality of raw milk.

Keywords: Enterobacter sakazakii (Cronobacter spp.), enterobacteria, food safety, microbial contamination, instant
milk powder formulas, infant food products, microbiological risk assessment, risk process model.

Provision of microbiological safety of
specific food products used in infant formula
feeding and prevention of their contamina-
tion with an emergent bacterial pathogen En-
terobacter sakazakii (Cronobacter spp. ac-
cording to the latest classification) are top

priorities along the whole chain of supplying
such products to infants.

Cronobacter spp. is a gen. nov created
within Enterobacteriaceae family by reclassi-
fication of a genetic variant of Enterobacter
sakazakii into separate sSpecies C. sakazakii
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ssps. sakazakii & malonaticus, C. Turicensis,
C. muytjensii, C. dublinensis [1]. They are of-
ficially labeled by the WHO as obligate patho-
gens that can cause infections in neonates.

Cronaobacter spp. and, primarily, C. saka-
zakii are able to cause necrotizing enterocolitis
(NEC), meningitis, bacteremia and sepsis in
infants; the diseases can be registered both as
sporadic cases and outbreaks as well. The total
number of such diseases is unknown since
Cronobacter-associated infections are not still
subject to registration as independent nosolo-
gies in most countries worldwide, Russia in-
cluded [2]. G.L. Linchevskiy with colleagues
point out that over the last 20 years the agent
has been identified in 70 % of the patients with
NEC [3]. Neonates are at the highest risk, es-
pecially low birth weight and premature ones.
Incidence associated with C. sakazakii ac-
counts for 13 and 25 % of the total infection
cases respectively according to K. Abdesselam
u F. Pagotto [4]. The case fatality rate reaches
60 % among infected neonates with low birth
weight and outcomes of the disease (intellec-
tual disability and hydrocephaly) result in
permanent disability.

Epidemiological evidence has been pro-
vided for an association between C. sakazakii-
related incidents and powdered breast milk
substitutes but a dose of the infectious agent
has not been definitely established yet. Experts
believe it to be extremely low (below 1
CFU/g) and the infectious agent is considered
to be able to form colonies in the intestines
due to their immaturity in neonates, absence of
protection provided by breast milk and low
diversity of gut microbiota [5].

Cronobacter spp. do not differ from allied
coliforms as per their cultural characteristics
but they are closer to invasive enterobacter
species as regards their certain metabolic
properties. Cronobacter spp. are more resistant
to heat and drying than the latter, can survive

low pasteurization, able to increase a popula-
tion in reconstituted formula very rapidly (over
4 hours) even from single cells and within a
wide temperature range between 5.5 and
45 °C. They effectively form biofilms on sur-
faces of bottles, nipples, syringes, and polymer
tubes for enteral feeding [6].

A hygienic regulation has been fixed as a
measure to manage health risks in the
CU TR 021/2011 On Food Safety'. It stipu-
lates absence of E. sakazakii in 300 grams of
powdered infant formulas. Control over oc-
currence of this pathogen is to be performed
in case of detection of Enterobacteriaceae,
not belonging to E. coli and salmonellas, in
rated masses (the two-stage approach).

Group and individual prevention of
Cronobacter-associated infections puts main
emphasis on product consumption as the final
stage, namely, on preventing the pathogen
from growing in reconstituted powdered for-
mulas or on their re-contamination from the
environment. Recommendations have been
developed for healthcare workers and parents
on how to store and prepare formulas, includ-
ing duration of safe storage of ready-to-feed
formulas for healthy children or prohibition
of any delayed use for sick ones [7-9].

These measures can need certain revisal
and actualization given the contemporary
demographic and economic processes. Thus,
a population group susceptible to Cronobac-
ter spp. is growing in Russia: since 2000, the
number of premature newborns has increased
by 1.5 times against 1990 and starting from
2012, in accordance with WHO recommenda-
tions, neonates born after 22 weeks of gesta-
tion have also been considered premature
[10]. Moreover, imported infant formulas
used to dominate the market in the past but
recently the situation has changed and now
domestic production of such products has
grown considerably. This requires the strictest

"TR TS 021/2011. O bezopasnosti pishchevoi produktsii: Tekhnicheskii reglament Tamozhennogo soyuza (s izmeneniyami
na 25 noyabrya 2022 goda), utv. Resheniem Komissii Tamozhennogo soyuza ot 9 dekabrya 2011 goda Ne 880 [CU TR 021/2011.
On Food Safety: Technical Regulations of the Customs Union (with latest alterations made on November 25, 2022), approved by
the Decision of the Customs Union Commission on December 9, 2011 No. 880]. KODEKS electronic fund for legal and
reference documentation. Available at: https://docs.cntd.ru/document/902320560 (November 03, 2023) (in Russian).
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assessment of safety of manufactured pow-
dered infant formulas and their components
as regards the analyzed infectious agent. It is
also necessary to improve control of products
imported from South-East Asia and China
where applied production technologies might
not be reliable enough as regards contamina-
tion with Cronobacter.

Given all the aforementioned and to sub-
stantiate ways to minimize contamination of
powdered infant formulas with the analyzed
infectious agent, it is important to investigate
risk factors associated with Cronobacter spp.,
which can have certain impacts on effective-
ness of managing than at the very first stage,
namely, during production.

Materials and methods. We analyzed and
generalized data reported in foreign and Russian
publications and results of our own sanitary-
epidemiological inspections about quantitative
characteristics of contamination by thermal re-
sistant enterobacter species, including coliforms
and those from Cronobacter genus, identified in
powdered breast milk substitutes, cereals for in-
fants and components for their production.

We analyzed typical domestic technological
instructions on how to produce instant powdered
infant formulas to assess impacts of techno-
logical factors on levels of microbial con-
tamination in products. On this basis, a sche-
matic risk process model (RPM) was created
in conformity with the Methodical Guidelines
MR 2.1.10.0067-2012 at the production stage.

Results. Analysis of prevalence and
quantitative characteristics of contamination
by thermal resistant enterobacter species,
including those from Cronobacter genus, in
powdered infant formulas. Cronobacter spp.
are identified (as a rule, when testing coliform
occurrence) in a in a wide variety of cereal-
based foods, vegetables, herbs, spices, ready-
to-eat foods, and foods from other categories.

This pathogen was also found in cultivation
environments, such as soils, compost, animal
feces, rice and vegetable crops, as well as
food processing industries, and domestic en-
vironments, thus demonstrating possible con-
tamination routes for them to occur in ready-
to-feed formulas [11]. Biological properties
and behavior of Cronobacter spp. in different
objects have been studied well enough; how-
ever, despite this fact, there are only scarce
data in literature about their prevalence, quan-
tities and concrete species occurring in
baby formulas sold on the consumer market.
Table 1 summarizes data on Cronobacter spp.
identification in powdered infant formulas
and their components in different countries.
This includes studies where such data were
collected within control of products incrimi-
nated during outbreaks of Cronobacter-
associated infections.

Data analysis indicates that Cronobacter
spp. can be found everywhere in instant pow-
dered infant formulas and supplementary feeds
for infants, including those used as part of die-
tetic therapy. In America, frequency of Crono-
bacter spp. identification in powdered formu-
las (when a sum of positive samples was recal-
culated per their sum for a specific product)
equaled 22.5 % in the USA, 8.6 % in Brazil,
and 6.25 % in Chile. In Eurasia (Russia, Jor-
dan, and Egypt), it varied between 2.5 and
17.5%. In China, powdered formulas were
contaminated only slightly (less than 1 %)
whereas cereals were contaminated in 13 % of
cases. It is worth noting that contamination
identified in rice flour and flour made of other
cereals was 26.6 and 14 % accordingly and
infant formulas and cereals in China are re-
ported to be made of basic components used in
manufacturing mass food products instead of
some specialized ones. Cronobacter spp. con-
tamination was identified in 120 samples of

2MR 2.1.10.0067-2012. Otsenka riska zdorov'yu naseleniya pri vozdeistvii faktorov mikrobnoi prirody, soderzhashchikh-
sya v pishchevykh produktakh. Metodicheskie osnovy, printsipy i kriterii otsenki [Assessment of health risks caused by expo-
sure to microbial factors in food products. Methodical essentials, assessment principles and criteria]: methodical guidelines,
approved by the Head of the Federal Service for Surveillance over Consumer Rights Protection and Human Wellbeing, the RF
Chief Sanitary Inspector on August 10, 2012. Moscow, the Federal Center for Hygiene and Epidemiology of Rospotrebnadzor,

2012, 53 p. (in Russian).
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Table 1
Cronobacter spp. identification in powdered infant formulas and their components
Number Share of contaminated | Association
Product with disease Year Country Reference
of samples abs. %
(cases)
1 2 3 4 5 6 7 8
PIFs
14 0 0

g;l;nger than 6 months) Not proven 2022 USA [2]
(612 months) 8 0 0
PIFs 80 5 6.25 n.d. 2018-2020 Chile [12]
Powdered milk 20 7 35 n.d. 2020 Serbia [13]
PIFs (younger than
12 months) 4050 7 0.17
Supplementary 8055 1048 13 nd.  |2014-2019| China [14, 15]
cereal-based feeds
Rice flour 410 109 26.6
Cereal flour 85 12 14
PIFs 400 70 17.5
Mangfactured herbal 500 45 9 n.d. 2017-2018 Egypt [16]
infusions
PIFs (younger than
6 months) 47 0 0
PIFs n.d. 20162018 Brazil [17]
(6-12 months) 30 0 0
Dry cereals 75 13 17.3
PIFs 71 21 29.5 71 1961-2018 USA [18]
PIFs (for premature/low
birth weight neonates) 14 3 214
PIFs (0—6 months) 15 3 20 .
PIFs (612 months) 7 6 85.7 2 2012 Brazil [19]
PIFs (0—12 months) 6 0 0
Fortified powdered milk 5 0 0
PIFs 40 1 2.5 n.d. 2008 Jordan [20]
PIFs (for chlldren with 1 lot w/a ) 3 2001 USA, [21]
malabsorption) Tennesy
Instant PIFs 2 2 100 Not analyzed 2005 RF [22]
Instant PIFs 3
(012 months) 157 2 1.3 Not analyzed 2007 RF

Note: PIFs are powdered infant formulas; n.d. means no data available.

powdered infant formulas out of total 891 (that
is, 13.5 %). The pathogen was detected in
powdered milk, a basic component of such
formulas, much more frequently, namely in 7
out of 25 cases (28 %).

Obviously, all aforementioned compari-
sons are formal in their essence, both due to

analyzed samples being rather small and use
of different analysis techniques in different
studies. Also, data on frequency of the patho-
gen identification were obtained by alterna-
tive investigation in all foreign studies and no
data are provided on quantity of the pathogen
per 1 gram of a product, including cases of

3 Sheveleva S.A. Analiz mikrobiologicheskogo riska kak osnova dlya sovershenstvovaniya sistemy otsenki be-
zopasnosti i kontrolya pishchevykh produktov [Analysis of microbiological risk as grounds for improving the system for

safety assessment and control of food products]: dissertation ..

2007, 329 p. (in Russian).
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outbreaks. When the same approach was
used (calculating a sum of 33 positive sam-
ples out of 137 samples analyzed during out-
breaks (Table 1)), frequency of Cronobacter
spp. identification on average did not exceed
24 %. Similarly, any association with the
pathogen was confirmed only in 24 cases out
of 84 incidences with analyzed products
(28.6 %). Considering a usually big size of a
sample analyzed to identify Cronobacter
spp. (300 grams of a product), we can state
that negative results of the test aimed at the
pathogen detection in epidemiologically
proven incidents provide another evidence
that extremely low content of the pathogen in
powdered infant formulas (< 0.003 CFU/g) can
still pose a serious threat for infants who
consume them.

Given that, it seemed important to get a
clear idea about frequency of potentially haz-
ardous doses of Enterobacter sakazakii (Cro-
nobacter spp.) for infants in domestic pow-
dered infant formulas and to substantiate ways
to minimize this contamination. To achieve
that, we searched for data that provided quanti-
tative characteristics of contamination. How-
ever, practically no research works on the sub-
ject have been published in the RF since 2008.
Given that, we relied on generalizing and ana-
lyzing our own retrospective data obtained
during sanitary-epidemiological inspections of
such products in the process of their registra-
tion to be permitted for sale on the consumer
market in the RF.

The sample includes results of tests per-
formed on 247 samples of instant powdered
infant formulas and 182 instant cereals, both
milk and cereal-based ones, that had to be
boiled prior to consumption. The tests were
aimed at identifying the whole range of coli-
forms with Enterobacter sakazakii (Cronobac-
ter spp.) being identified in their structure. For
comparison, we also analyzed data on conta-
mianiton by such pathogens in another group of

specialized products for infants, namely, fer-
mented milk products for babies.

Data on coliforms in a mass (volume) of
these products obtained by an alternative way
were transformed into CFU/g. While doing it,
we assumed that a sample with no growth identi-
fied in 1 gram of it was considered as a clean
one, not containing one single intact microbial
cell. If coliforms were not identified in 0.1 and
0.01 gram of a product, their number was con-
sidered to be above 0 but below 10 and 100
CFU/g accordingly; in 10, 100 grams, above 0
but below 0.1 and 0.01 accordingly. Results
were given as a mean value of a sum of the up-
per and lower boundaries of established ranges”.

Table 2 provides quantitative characteris-
tics of coliform enterobacter pathogens de-
tected in residual microflora of infant formulas
and foods for babies.

Obviously, Enterobacter species were the
major contaminant identified in all ready-to-
feed instant powdered products out of all ana-
lyzed coliform enterobacter pathogens. They
prevailed over E. coli, Citrobacter, Klebsiella
spp. and other gram negative bacteria (non-
fermenting, Acinetobacter) as regards both
frequency and contents. Starting from the
90-th percentile, levels of bacteria belonging
to this species, which had previously included
Cronobacter spp., varied between 0.04 CFU/g
in formulas and 5 CFU/g in cereals.

Identification of isolated Enterobacter
spp. strains revealed that E. Aerogenes was
the prevailing species among those contami-
nating instant powdered breast milk substi-
tutes. Its average contents in products equaled
0.11 CFU/g (0.5 CFU/g as per the 95-the per-
centile). E. sakazakii (C. sakazakii) was iso-
lated from 4 samples of instant infant formu-
las in quantities ranging between 0.04 and
0.5 CFU/g (in the 95-th percentile of the
sample), that is, above the level established
by the WHO as hazardous for susceptible
groups among infants.

“Sheveleva S.A. Analiz mikrobiologicheskogo riska kak osnova dlya sovershenstvovaniya sistemy otsenki bezopasnosti i
kontrolya pishchevykh produktov [Analysis of microbiological risk as grounds for improving the system for safety assessment
and control of food products]: dissertation ... for the Doctor of Medical Sciences degree. Moscow, 2007, 329 p. (in Russian).
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Table 2

Levels of contamination by coliform enterobacter pathogens identified in infant formulas and
food products for babies

Number of con- CFU/g
Species taminated samples Range M Me 75%- | 90%- | 95%-
abs. | % perc. perc. perc.
Powdered breast milk subgtitutes
Tasteless instant powdered formulas reconstituted under 50 °C and below, n= 126
E.coli 11 8.9 0 5 0.08 0 0 0 0.5
Enterobacter spp. 19 16.6 0 5 0.2 0 0 0.05 0.5
Citrobacter spp. 9 7.25 0 0.5 0.02 0 0 0 0.05
Klebsiella spp. 1 0.8 0 0.5 0.004 0 0 0 0
Other gram(-) bacteria 9 7.25 0 5 0.18 0 0 0 0
Instant powdered formulas reconstituted under 70 °C, n=33
E.coli 2 6.1 0 5 0.3 0 0 0 5
Enterobacter spp. 4 12.1 0 0.5 0.06 0 0 0.5 0.5
Citrobacter spp. 3 9.1 0 0.5 0.045 0 0 0 0.5
Klebsiella spp. 2 6 0 0.5 0.03 0 0 0 0.5
Other gram(-) bacteria 2 6 0 0.5 0.045 0 0 0 0.5
Formulas to be boiled, n= 88
E.coli 6 6.8 0 49.5 0.84 0 0 0 5
Enterobacter spp. 50 56.8 0 49.5 43 5 5 5 5
Citrobacter spp. 7 7.95 0 5 04 0 0 0 5
Klebsiella spp. 5 5.7 0 5 0.3 0 0 0 5
Other gram(-) bacteria 27 30.7 0 5 0.57 0 0 0.04 0.04
Dry supplementary feeds
Instant milk cereals, n= 142
E.coli 2 1.4 0 0.5 0.007 0 0 0 0
Enterobacter spp. 16 11.3 0 5 0.49 0 0 0.46 5
Other CA(+) coliforms, total 2 1.4 0 0.13 | <0.001 0 0 0 0
Other gram(-) bacteria 7 4.9 0 0.04 0.007 0 0 0 0
Instant cereals, n =40
E.coli 4 10 0 5 0.387 0 0 0.25 5
Enterobacter spp. 6 15 0 5 0.75 0 0 5 5
Other CA(+) coliforms, total 0 0 0 0 0 0 0 0 0
Other gram(-) bacteria 4 10 0 0.08 0.12 0 0 0 0
Liquid fermented milk products, n= 234

E.coli 3 1.3 0 100 0.47 0 0 0 0
CA(+) coliforms, total 0 0 0 0 0 0 0 0 0
Gram(+) microbes (Entero- |, 9.4 o | 1610 | 511 | o 0 0 0
COCCUS Spp., yeast and mold)

Note: 0 means not identified in bacterial inoculation.

E. cloacea prevailed in formulas to be
boiled prior to consumption. They were iso-
lated in 22 samples and occurred in the 76-th
percentile of the series in a quantity equal to
5 CFU/g.

It should be emphasized that tests aimed at
detecting all species of enterobacter pathogens
in instant infant formulas involved a stage of
preliminary non-selective fortification.
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Analyzed fermented milk products were
only slightly contaminated with coliforms in
general; Enterobacter spp. were not identified
in them at all. This most probably indicates
that high active acidity typical for such prod-
ucts due to active fermenting microflora and
occurrence of its metabolites create rather un-
favorable conditions for the development of
these enterobacter pathogens.
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Contents of enterobacter pathogens con-
taminating powdered instant formulas and
cereals depended on a technology. For exam-
ple, contents of Enterobacter spp. in formulas
reconstituted under 70 °C and cereals made
by dry mixing of prepared components were
10 times higher than in formulas reconstituted
under 50 °C and below and in milk cereals
produced in a full cycle process accordingly.

Given solid evidence of cause-effect rela-
tions between low doses of certain Enterobac-
ter spp. and Cronobacter spp. species and in-
fections in infants and weakened people [23,
24], the obtained results indicate there is a ne-
cessity to perform profound examination of
technologies facilitating their concentration in
instant products and possible ways to reduce it.

Assessing likelihood of E. sakazakii
(Cronobacter spp.) survival in a risk process
model (RPM). The task was to assess likeli-
hood of Enterobacter sakazakii (Cronobacter
spp.) survival during production of powdered
breast milk substitutes manufactured using
spray drying, the most common technology
in the sphere, as well as a risk of contamina-
tion by them in ready products. To do that,
we created an element of the stage I in
microbiological risk assessment, a risk proc-
ess model (RPM), in accordance with the
MR 2.1.10.0067-2012°. Parameters of the
spray drying technology (modules) were in-
troduced into the RPM for powdered instant
formulas reconstituted in water under tem-
perature below 50 °C. The model also cov-
ered data available in literature about basic
microbiological processes occurring in differ-
ent stages in production (including data on
how enterobacter pathogens from raw milk

behave under heating) since at present no data
are available in literature as regards such
characteristics of Cronobacter spp. [25-27].
The Figure below presents the scheme.

Next, we assumed that raw milk was con-
taminated only or predominantly with coli-
forms and predicted contents of their thermal
resistant specimen in a ready formula made of
milk, which conformed to the safety require-
ments established by the CU TR 033/2013 On
Safety of Milk and Milk Products’® as per
microbiological indicators.

The RPM scheme obviously shows that
only those enterobacter pathogens that can
survive temperatures ranging between 72 and
80 °C (in milk) and between 78 and 82 °C (in
cream) at the stage I (pasteurization) can
mostly persist in residual microflora in a ready
product given the outlined interchanging ther-
mal processes. Literature data outlined above
indicate that Enterobacter spp. are the most
likely to persist among such microorganisms.
Since the entire milk microflora was assumed
to be represented by coliforms, then we can
believe their initial contents to equal 300,000
CFU/ml (g 5.47) for raw milk used in infant
formula production category and 500,000
CFU/ml (Ig 5.69) for milk or cream sold on the
consumer market.

These figures were considered as well
when we included critical control points
(CCP) and CP (control points) into the RPM.
Obviously, pasteurization reduces Enterobac-
ter spp. contents by 5 Ig-orders at the first
CCP (pasteurization) [28, 29]. Accordingly,
by the moment CP2 is reached (evaporation),
0.47-0.69 Ig CFU/ml are left of the initial popu-
lation. In accordance with the RPM, a mean

SMR 2.1.10.0067-2012. Otsenka riska zdorov'yu naseleniya pri vozdeistvii faktorov mikrobnoi prirody, soderzhashchikh-

sya v pishchevykh produktakh. Metodicheskie osnovy, printsipy i kriterii otsenki [Assessment of health risks caused by expo-
sure to microbial factors in food products. Methodical essentials, assessment principles and criteria]: methodical guidelines,
approved by the Head of the Federal Service for Surveillance over Consumer Rights Protection and Human Wellbeing, the RF
Chief Sanitary Inspector on August 10, 2012. Moscow, the Federal Center for Hygiene and Epidemiology of Rospotrebnadzor,
2012, 53 p. (in Russian).

STR TS 033/2013. O bezopasnosti moloka i molochnykh produktov [CU TR 033/2013. On Safety of Milk and Milk Prod-
ucts]: Technical Regulations of the Customs Union (with latest alterations made on September 23, 2022), approved by the Deci-
sion of the Customs Union Commission on October 9, 2013 No. 67. KODEKS: electronic fund for legal and reference documen-
tation. Available at: https://docs.cntd.ru/document/499050562 (November 05, 2023) (in Russian).
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Microbial contaminants are present. Some psychrophilic
bacteria from gram-positive coliform species are able to
reproduce

A part of vegetative microorganisms and (to a greater
extent) spore organisms are separated

1. Raw milk

Acceptance and cooling (intermedi-
ate storage under (4£2) °C) is per-  |gq........

mitted)

v
Centrifugal purification A
|
\J

A

Heating up to (40+5) °C and pas-
teurization under (78+2) °C, then
cooling down to (4+2) °C,

CCP 1*

Basic components are separated and pasteurized: a. cream
under (80+5) °C, cooling down to (4+2) °C; b. nonfat milk
under (74+2) °C, cooling down to (4+2) °C

_/

~

Microorganisms without thermal resistance are destroyed (min by 5 /g-
orders). Contamination by stress-resistant vegetative microorganisms can
occur again in pipes and tanks.

Intermediate storage

Reproduction during intermediate
storage in tanks

| 2

Normalized milk

Pasteurized milk is normalized with pasteurized

cream by mixing

Contamination may occur in a tank in
[ case washing and disinfection are
poor

Y

3. Powdered milk base

Adding ingredients to milk:

- vegetable oil with fat-soluble vitamins added after
preliminary emulsifying and homogenization under
(60+£5) °C and pressure of 17.5-18.0 MPa; N
- solutions of mineral salts, water-soluble vitamins,

treacle (maltose dextrin) and milk sugar;
- mixing for 30 minutes.

Contamination by alien microflora
present in ingredients

!

Reproduction of thermophilic and

Evaporation and thickening in a vacuum-vapor unit un- f;pore—forming. vegetative IlnicFoorgan—
til a share of dried substances reaches 40-45 % under A [¢~| isms that ?UW}VCd pasteurization or

of temperatures being (65_68) °C—-40°C occurred in milk due to repeated con-

CP 2%* tamination.
AR : Contamination in a tank in case wash-

!-[omngemzatlon under 60—65 °C and A of pressure be- <] ing and disinfection are poor *
ing (3.9-10) — (1.9-3) MPa

'

Figure. The risk process model for survival of Enterobacter sakazakii (Cronobacter spp.) in powdered breast milk
substitutes produced by using spray drying technology: *CCP are critical control points at different stages in the

technological process where contents of coliforms, enterobacter pathogens included, should be checked;

**CP are critical points at different stages in the technological process where contents of coliforms, enterobacter
pathogens included, should be checked; CCP 1 is a tank for storing milk after heating; CP 2 is at the exhaust from
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an evaporator to a tank; CCP 3 is a powder collector; CP 4 is at the exhaust from a vibration device;

CCP 5 is at a centrifugal collector
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!

Drying with heated air in a dry sprayer under inlet tem-

95°C

perature of 165-180 °C and exhaust temperature of 90—

CCP 3*

A relatively weak effect of microorganism
elimination. The share of survived microor-
ganisms is 1:10,000 and is even higher for
“| thermal resistant ones.

A 4

Turning a mixture into an instant one in a vibration de-
vice under A of temperatures being 40 °C-10 °C,
pneumatic transportation, intermediate storage

CP 4**

| Contamination from ambient air

¥

Collecting wastes when cleaning a dryer tower, vibra-

water under 39 °C, adding to normalized milk prior to
drying

tion device, and pneumatic transporter; reconstitution in

CCP 5*

Resistant microbes repeatedly con-
{1 taminate a mixture before drying

|

4. Ready product

Preparing, dosing and mixing ingredients (granulated Contamination by alien microflora
sugar, flour, mineral salts, etc.) <1 present in ingredients

A . . . .
p ki d packaei duct i hamber f Contamination from ambient air by
hrcpac. ng alr,l packaging a product in a chamber for stress-resistant vegetative and spore-
Ae‘m‘letlf; Sealing, vacuuming or l‘ll(;‘_&llOl‘l. K h forming microorganisms. Contamina-

r ;uciilon. nitrogen pumping, sealing packages her- <1 tion through contact with contaminat-

metically. ed devices.

A 4
Storage in a warchouse and on shelves under 10 °C or jlow erEICt‘f’" mn m1_crollala'l fmpe“ti‘d
not higher than 25 °C and relative air humidity not < fue 1_0 )élngﬁ,a Igrqw}mg ‘el»‘e ot mo
higher than 75 %. ungi under high air humidity.

End of the Figure

evaporation temperature is within 52.5-54 °C
(53.25 °C). If we again assume that a death
rate fixed for Enterobacter species in instant
formula for 56 °C [30], which is close to
53.25 °C, is correct, then their population
reduces by one lg-order, that is, down to
0.047-0.069 Ig CFU/ml at this production
stage over 19.1 minutes. If other variables
are neglected, then these contents correspond
to 0.3-0.5 CFU of Enterobacter species,
E. sakazakii included, in 1 gram of a ready
product manufactured under conventional
production conditions. Obviously, the calcu-
lation results are fully consistent with the
actual data on contamination of powders by
Enterobacter spp. (M.,. = 0.2 CFU/g) since

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163
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the figures are within one Ig-order given au-
thentically higher frequency of their occur-
rence among all other coliform enterobacter
pathogens.

Undoubtedly, results of such calculations
depend on initial contents of Enterobacter
species in raw materials. If this estimation and
assumptions are correct, then absence of all
Enterobacter, including Enterobacter saka-
zakii, in 1 gram of a ready product can be en-
sured under the outlined production conditions
only by using milk with coliform contents not
exceeding 100,000 CFU/ml (Ig 5.0). Use of
milk with coliform contents ranging between
300,000 and 500,000 CFU/ml does not ensure
their absence in powdered instant formulas.
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Therefore, use of a simple qualitative risk
process model as an element of microbial risk
assessment made it possible to objectively
identify behaviors of the most thermal resistant
enterobacter pathogens Enterobacter spp., in-
cluding pathogenic Enterobacter sakazakii
(Cronobacter spp.) that contaminate milk dur-
ing production of instant powdered instant
formulas and to substantiate a relationship be-
tween contamination by them in a ready prod-
uct and initial levels of microbial contamina-
tion in raw milk. Accordingly, manufactures of
powdered instant formulas should aim at using
raw milk with the lowest possible contents of
coliform enterobacter pathogens in it.

Conclusion. Biological properties of a
new emergent bacterial pathogen Enterobacter
sakazakii (Cronobacter spp.) include thermal
resistance, resistance to drying, and fast
growth activation due to rehydration. They
have actually become selection factors in tech-
nological parameters of production and use of
powdered breast milk substitutes and supple-
mentary feeds due to their ability to create
risks of severe infections in susceptible in-
fants. Therefore, this study is an attempt to
substantiate that, apart from microbiological
regulation of the pathogen in such products
and development of relevant prevention activi-
ties provided for their practical use in health-
care organization and at home, it is also vital
to perform investigations aimed at assessing
microbiological risks when developing, im-
plementing or improving technologies applied
in their production.

In this study, we used some elements of
simple qualitative microbiological risk as-
sessment, such as identification of a hazard
factor represented by thermal resistant entero-
bacter pathogens from Enterobacter species
including E. sakazakii (Cronobacter spp.); we

also analyzed their taxonomic identity, quanti-
tative indicators of their frequency and con-
tents in CFU/g in detail and estimated impacts
exerted on these contents by technological pa-
rameters by using a risk process model. As a
result, we confirmed a priority association be-
tween these bacteria and powdered instant
formulas and cereals. In addition to that, this
methodology made it possible to predict likely
accumulation of thermal resistant enterobacter
pathogens in residual microflora of ready-to-
feed instant powdered infant formulas. This
substantiates a recommendation to introduce
the strongest possible requirements for the
microbiological quality of raw milk into
HACCEP plans as a prevention measure aimed
at reducing microbial contamination.

The results obtained by analyzing avail-
able data on microbial contamination of ready
products and examination data that are evi-
dence of high frequency of thermal resistant
Enterobacter spp., E. sakazakii (Cronobacter
spp.) included, in instant serials produced by
spray drying indicate the necessity to perform
a profound investigation of production tech-
nologies and their impacts on the analyzed
hazard factor. This is necessary for developing
targeted measures aimed at reducing contami-
nation and for achieving more effective control
of cereal-based components by introducing
relevant laboratory tests in addition to assess-
ment of covering documents.
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Recent findings in occupational medicine have demonstrated that physical diseases are one of the main factors deter-
mining poor health of industrial workers. Non-occupational disorders also have a significant impact on timing of occupa-
tional disease onset.

Our objectives were to assess the likelihood of comorbidities in cases of occupational diseases of various etiologies
and to compare their profiles.

The study was conducted retrospectively. We created a database of medical records of aluminum and refractory
workers and analyzed all diagnoses and systemic disorders identified during the clinical examination of these patients
using SPSS Statistics 23. The comorbidity index was used to determine the degree of the disease burden of the sub-
jects. We assessed transnosological and transsystemic multimorbidity, as well as the relationship between multimor-
bidity and occupational diseases. The Kolmogorov — Smirnov test was used to test the null hypothesis that the set of
data came from a normal distribution, after which parametric estimation, Student’s t-test, and one-way analysis of
variance were applied for data analysis. We established comorbidities that were significantly more frequent among the
patients suffering from fluorosis or silicosis.

Exposure to occupational hazards in different industries affects the profile of comorbidity. We observed a pronounced
polysystemic nature of lesions in aluminum industry workers and the predominance of comorbid diseases of the respiratory
system in refractory workers. The level of multimorbidity among the workers of the refractory industry was significantly
lower than that in the aluminum production, thus showing a more pronounced negative impact of the combined occupational
risk factorsin the latter on workers' health.

Keywords: occupational disease, comorbidity index, fluorine toxicity, silicosis, combination of occupational hazards,
transnosol ogical multimorbidity, transsystemic multimorbidity, aluminum industry, refractory industry.
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Over the second half of the 20" century, sig-
nificant progress was made in reducing mortality
from acute diseases, shifting the focus on chronic
diseases. As the number of deaths from acute dis-
eases decreased, the prevalence of chronic condi-
tions accumulating over time rose. This trend was
particularly noticeable in the world where a dete-
riorating environment made people more vulner-
able in the long term (World Health Organization
on behalf of the European Observatory on Health
Systems and Policies, 2011).

In the 21% century, healthcare systems
around the world face the rising burden of chronic
diseases posing one of their greatest challenges.
According to the World Health Report (2002),
longer life expectancy, “modernization” of the
lifestyle accompanied by an increasing number of
risk factors for many chronic diseases, and grow-
ing opportunities of saving lives of people who
were previously terminally ill, lead to a change in
the structure of morbidity, which in turn affects
healthcare in different countries.

The World Health Organization (WHO)
recognizes that chronic conditions “require
ongoing management over a period of years or
decades”. This category includes a variety of
diseases and disorders that fall outside the
standard definition of a “chronic disease,” i.e.
coronary heart disease (CHD), diabetes melli-
tus, or bronchial asthma [1].

In the context of the pandemic of chronic
diseases, the relationship between them is widely
discussed being one of the key areas of research
in various fields of medicine. “In patient with a
particular index disease, the term co-morbidity
refers to any additional co-existing ailment”,

either with pathogenetic interplay or common
chronometric features'.

Comorbidity types include the following
[2-4]:

1. Causal comorbidity, which occurs
when different organs and systems are affected
by the same pathological mechanism;

2. Complicated comorbidity, which is the
outcome of the index disease and its conse-
quences;

3. latrogenic comorbidity, which mani-
fests itself following complications of medical
treatment or examination, provided that their
danger is known in advance;

4. Unspecified comorbidity, which sug-
gests the presence of common mechanisms for
the development of diseases in this combina-
tion, but requires additional research to con-
firm the hypothesis; and

5. “Random” comorbidity representing a
random combination of diseases lacking logi-
cal reasoning.

Many authors stick to this classification
[5-8].

There exist several scales for assessing
comorbid disorders, such as the Cumulative
Illness Rating Scale (CIRS), the Cumulative
Illness Rating Scale for Geriatrics (CIRS-G),
Kaplan—Feinstein index (KFI), the Index of Co-
existent Diseases (ICED), the Geriatric Index of
Comorbidity (GIC), Charlson comorbidity in-
dex (CCI), the Total Illness Burden Index
(TIBI), the Chronic Disease Score (CDS), the
Adjusted Clinical Groups (ACG) system, the
Functional Comorbidity Index (FCI), etc.” [3,
9-17]. These scales help analyze the condition

! Feinstein A.R. The pre-therapeutic classification of co-morbidity in chronic disease. J. Chronic Dis., 1970, vol. 23, no. 7,
pp. 455-468. DOI: 10.1016/0021-9681(70)90054-8

% Kaplan M.H., Feinstein A.R. The importance of classifying initial co-morbidity in evaluating the outcome of diabetes mel-
litus. J. Chronic Dis., 1974, vol. 27, no. 7-8, pp. 387—404. DOI: 10.1016/0021-9681(74)90017-4; Charlson M.E., Sax F.L. The
therapeutic efficacy of critical care units from two perspectives: a traditional cohort approach vs a new case-control methodology.
J. Chronic Dis., 1987, vol. 40, no. 1, pp. 31-39. DOIL: 10.1016/0021-9681(87)90094-4; Charlson M.E., Pompei P., Ales K.L.,
MacKenzie C.R. A new method of classifying prognostic comorbidity in longitudinal studies: development and validation. J.
Chronic Dis,, 1987, vol. 40, no. 5, pp. 373-383. DOIL: 10.1016/0021-9681(87)90171-8; Deyo R.A., Cherkin D.C., Ciol M.A.
Adapting a clinical comorbidity index for use with ICD-9-CM administrative databases. J. Clin. Epidemiol., 1992, vol. 45, no. 6,
pp. 613-619. DOI: 10.1016/0895-4356(92)90133-8; Greenfield S., Apolone G., McNeil B.J., Cleary P.D. The importance of co-
existent disease in the occurrence of postoperative complications and one-year recovery in patients undergoing total hip replace-
ment. Comorbidity and outcomes after hip replacement. Med. Care, 1993, vol. 31, no. 2, pp. 141-154. DOI: 10.1097/00005650-
199302000-00005; Linn B.S., Linn M.W., Gurel L. Cumulative illness rating scale. J. Am. Geriatr. Soc., 1968, vol. 16, no. 5, pp.
622-626. DOI: 10.1111/j.1532-5415.1968.tb02103.x; Miller M.D., Paradis C.F., Houck P.R., Mazumdar S., Stack J.A., Rifai
AH., Mulsant B., Reynolds C.F. 3™, Rating chronic medical illness burden in geropsychiatric practice and research: application of
the Cumulative Illness Rating Scale. Psychiatry Res., 1992, vol. 41, no. 3, pp. 237-248. DOI: 10.1016/0165-1781(92)90005-n
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of patients, including the elderly ones, and pre-
dict mortality. Comorbidity indices play an im-
portant role in managing the impact of comor-
bid diseases on patients in the long term. Each
of these indices has its own advantages and dis-
advantages and is used in different clinical
situations.

We have come across only few articles
discussing combinations of occupational and
general diseases in workers exposed to occu-
pational dangers and hazards [18-20].

Here we consider the relationship be-
tween general physical disorders, occupational
risk factors, and the development of occupa-
tional diseases in workers of aluminum and
refractory industries.

Inorganic fluorine compounds, high
concentrations of which are detected in the
workplace air, are among the main hazards
in aluminum production. Working conditions
of the core personnel (electrolysis operators
and anode makers) correspond to Classes 3.3
and 3.4 [21]. Chronic fluorine poisoning, or
occupational fluorosis, ranks highest in the
structure of occupational diseases in the in-
dustry.

With various routes of exposure to inor-
ganic fluorine compounds, their toxic effects
are attributed to the resorption of fluorine ions.
Fluorine chemicals can induce a variety of
metabolic disorders, including those of lipid
and carbohydrate metabolism, by suppressing
the activity of enzyme systems inside cells.
Acting as a multienzyme poison, the fluorine
ion is believed to suppress the activity of more
than 60 enzymes. In the clinical picture of oc-
cupational diseases, there is such a condition
as fluorosis — a chronic poisoning that devel-
ops following long-term and high-dose expo-
sure to fluorine and its compounds. A charac-
teristic and specific sign of fluorosis is damage
to the musculoskeletal system described as
fluorine osteopathy [22]. At the same time,
other organs and systems, including hepatobil-

iary, cardiovascular, autonomic, nervous, en-
docrine, and digestive ones, may be involved
in the pathological process. In most cases, the
disease develops after ten years of occupa-
tional exposure (depending on the airborne
levels of fluorine compounds and their ability
to dissolve). Currently, the mean latent period
of occupational fluorosis is 20 years’. Given
the present-day concentrations of fluorine
compounds in the workplace air, the disease
may develop much earlier in highly sensitive
workers.

The core personnel involved in the pro-
duction of aluminum by electrolysis are mol-
ten salt electrolysis operators, anode makers,
and bridge crane operators. Service person-
nel, such as electricians and equipment
repair workers, spend up to 76.3 % of
their shift time near shop-floor equipment
and are exposed to the same occupational
hazards as the core workers, but receive dif-
ferent doses.

S.V. Shcherbakov was the first to predict
the likelihood of developing occupational
chronic fluorine poisoning depending on the
cumulative dose of fluorine since the first con-
tact'. Multivariate analysis techniques were
used to substantiate indicators for diagnosing
the initial stage of occupational fluorosis out
of many symptoms describing the state of the
musculoskeletal system and metabolism. The
analysis, however, did not reveal specific
clinical signs of its early stage, thus necessitat-
ing consideration of both radiological and
clinical parameters ensuring an individual ap-
proach to particular cases.

Respiratory diseases are one of the key is-
sues in contemporary occupational medicine
[23]. Lung injuries caused by exposure to in-
dustrial aerosols rank second in the structure
of occupational diseases. According to the cur-
rent classification, pneumoconioses are a
group of interstitial lung diseases with known
etiology.

3 Zhovtyak E.P., Odinokaya V.A., Semennikova T.K., Yarina A L. [et al.]. Khronicheskaya professional'naya intok-
sikatsiya ftorom i ego soedineniyami — flyuoroz: posobie dlya vrachei [Chronic Occupational Poisoning with Fluorine and
Its Compounds — Fluorosis: A Manual for Physicians]. Yekaterinburg, 2003, 16 p. (in Russian).

* Shcherbakov S.V. Gigiena truda v proizvodstve i primenenii neorganicheskikh ftoridov [Occupational health in the
production and use of inorganic fluorides]: Doctoral thesis. Sverdlovsk, 1989, 378 p. (in Russian).
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Refractory workers are exposed to a com-
bination of risk factors, the main of which are
highly fibrogenic aerosols. Dust is generated at
each stage of the production of refractory ma-
terials.

Press, mill, and conveyor operators, me-
chanics and other workers serving grinding
and molding machines are exposed to the
highest levels of dust at work [24]. Dinas
refractories are the most common type of
refractory products. Dinas production in-
volves the extensive use of silica and in-
duces occupational lung diseases in the mod-
ern production of silicate products. Other
risk factors of refractory manufacturing in-
clude irritant gases, resinous substances, hot
microclimate, and heavy physical work [25].
The combination of the above risk factors
poses a higher risk of occupational diseases
of the bronchi and lungs.

The objectives of our study were to assess
the likelihood of developing comorbidities in
patients with different occupational diseases
and to compare their profiles.

Materials and methods. We applied a
retrospective approach including the analy-
sis of all diagnosed diseases regardless of
their status (index or concomitant) in each
patient. The disease burden was determined
using the multimorbidity index, where the
number of diseases was divided by the
number of patients [26]. We also assessed
multimorbidity by nosology (the number of
different physical diseases) and by system
(the number of affected systems in each pa-
tient) [6].

The Kolmogorov — Smirnov test was used
to test the null hypothesis that the set of data
came from a normal distribution, after which
parametric estimation, Student’s t-test, and
one-way analysis of variance were applied.
The results are presented as M + m where mis
the error of the arithmetic mean M. The level
of significance was set at 0.05 (o = 0.05 or
p <0.05).

Results and discussion. We did a multi-
variate analysis of medical records of 192

74

male workers aged 32 to 75 years (mean:
53.48 + 0.57 years) with the mean occupa-
tional exposure of 22.58 + 0.42 years (range:
7 to 35 years) employed in the aluminum in-
dustry. The case group consisted of 93 pa-
tients (48.5 %) with occupational fluorosis
(mean age: 57.85 £ 0.65 years; mean occupa-
tional exposure duration: 22.74 + 0.65 years).
The reference group included 99 workers
without occupational poisoning (mean age:
49.35 £+ 0.70 years; mean occupational expo-
sure duration: 22.61 + 0.56 years). The analy-
sis showed no statistical difference between
the groups in terms of exposure duration
(p = 0.874). Yet, the patients suffering from
occupational fluorosis were found to be sig-
nificantly older (p < 0.001; Mann — Whitney
U test).

We also analyzed medical histories of
172 workers of Pervouralsk Dinas Plant
OJSC examined in the Occupational Health
Clinic of the Yekaterinburg Medical Re-
search Center for Prophylaxis and Health
Protection in Industrial Workers. The main
group included 75 patients with a confirmed
diagnosis of silicosis; 97 experienced work-
ers without occupational diseases were
matched by sex (the proportion of men in
the groups was 53 and 68 %, respectively,
p = 0.052) and duration of dust exposure
(21.11 £ 1.03 vs 20.85 £ 1.05 years, respec-
tively, p = 0.862) as controls. Workers from
the main group were older (55.84 = 0.96 vs
49.72 + 0.84 years, respectively, p<0.001).

The study cohorts are described in Table 1.

Table 1
Description of the study cohorts
Parameter Alumln}lm Refract(.)ry
production production

Workers, n 192 172
Mean age, years 53.48 £0.57 55.84+£0.96
Mean work 22584042 | 21.11+1.03
experience, years

The number of comorbid diseases (noso-
logical multimorbidity) per patient with

Health Risk Analysis. 2024. no. 1
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fluorosis was 6.95 + 0.26, and 5.18 £ 0.22 per
experienced worker (p < 0.001). The number
of affected body systems (systemic multimor-
bidity) per patient with occupational fluorine
poisoning was 5.71 + 0.20 and 3.98 + 0.16 per
control (p<0.001).

The following comorbid diseases and
conditions were significantly more prevalent
in the fluorosis cases compared to the controls:
obesity (47 % vs 31 %, respectively, p=0.018),
type 2 diabetes mellitus (17 % vs 4 %,
p = 0.003), arterial hypertension (68 % vs
45 %, p = 0.001), heart failure (28 % vs 4 %,
p < 0.001), atrial fibrillation (15 % vs 0 %,
p < 0.001), atrophic gastritis (65 % vs 24 %,
p < 0.001), hyperuricemia (41 % and 13 %,
p < 0.001), fatty liver disease (48 % vs 24 %,
p = 0.003), serum creatinine level (84.45 £ 1.98
vs 76.85 £ 1.30 pmol/L, p = 0.002), and chronic
kidney disease (73 % vs 27 %, p<0.001).

Fluorine exposure indicators also dif-
fered statistically in terms of the frequency
of hydrofluoride levels above the maximum
allowable concentration (MAC) (36 % vs
11 %; p = 0.002) and above 2 MAC (90 %
vs 60 %, p < 0.001), which had probably
determined the development of occupational
fluorine poisoning in the case group.

In the reference group of experienced
workers, no cases of atrial fibrillation were
registered. Yet, the development of pneumo-
coniosis was significantly more often ob-
served in them than in the fluorosis cases
(7 % vs 0 %, respectively, p=0.007).

X-ray changes corresponding to Stage 1
fluorosis were registered in 39 % of the
workers with fluorosis (p = 0.002), and those
corresponding to Stage 2 fluorosis were reg-
istered significantly more often in fluorosis
cases (75 % vs 36 %, p < 0.001). X-ray im-
ages characteristic of Stage 3 fluorosis were
obtained only for four workers with occupa-
tional fluorine poisoning (4.3 %).

We observed, on the average, 4.27 +
0.22 comorbid diseases per silicosis case and
2.39 + 0.17 diseases per experienced worker

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

(p < 0.001). As for systemic multimorbidity,
patients with pneumoconiosis and experi-
enced workers had, on the average, 3.76 +
0.19 and 2.21 + 0.15 affected systems, re-
spectively (p < 0.001).

The following functional respiratory
disorders were statistically more frequent in
the silicosis cases compared with the work-
ers without occupational diseases: decreased
vital capacity (VC) of the lungs — 83.42 % vs
93.34 % (p = 0.003); reduced forced expira-
tory volume per second (FEVI1) — 2.33 +
0.08 L/sec vs 3.77 £ 0.83 L/sec (p = 0.89);
relative FEV1 decline — 77.8 + 2.36 % vs
89.84 £ 1.9 % (p < 0.001); decreased forced
vital capacity (FVC) — 3.70 £ 0.11 m’ vs
2.89 +0.12 m’ (p < 0.001), and relative FVC
decline — 78.39 + 2.59 % vs 93.35 £ 2.15 %
(p<0.001), respectively.

The rates of the following comorbidities
were also statistically higher in the group of
workers with occupational diseases: left ven-
tricular hypertrophy (LVH) (48 % vs 20 %,
p = 0.003), heart failure (25% vs 2 %,
p < 0.001), and arrhythmia (15 % vs 1 %,
p=0.018).

The 8-hour time weighted average dust
concentration was found to be statistically
higher in the group of workers with silicosis
(3.19 + 0.26 vs 1.87 + 0.13 mg/m’, respec-
tively, p < 0.001) and might have caused the
development of pneumoconiosis in those
workers.

To assess the probability of developing
multimorbidity in fluorosis cases and the co-
efficient of multimorbidity (integrated co-
morbidity), we built a model using logistic
regression and determined the predictors of
the regression equation. To exclude correla-
tions between the predictors that could nega-
tively affect the quality of the model (i.e.,
the identifiability of equation parameters),
we used the method of step-by-step variable
selection - Forward LR.

The obtained coefficients of the logistic
regression equation are presented in Table 2.
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Table 2

Coefficients of the logistic regression equation used to predict the development of
multimorbidity (multimorbidity coefficient)

Predictors B SE Sig. exp (B), odds ratio
BMI 0.199 0.084 0.017 1.221
Fluorosis 5.720 1.622 0.000 305.032
HDL -4.234 1.410 0.003 0.014
CMD 2.665 1.008 0.008 14.363
Constant -2.053 2.807 0.465 0.128

N o tes: B—coefficient in the logistic regression equation for the corresponding predictor; SE, standard error
of the mean; Sig. — statistical significance of coefficient B; exp (B) — odds ratio per unit change in the predictor
(factor); BMI, body mass index; HDL, high-density lipoproteins; CMD, carbohydrate metabolism disorders.

The formula (1) for the logistic regression
equation and further calculation of the prob-
ability of developing multimorbidity in the
workers of interest is as follows:

y=-2.053 +0.199 - BMI + 5.720x; —

—4.234 - HDL level +2.665x,, (1)

where X; = 1 for the diagnosis of fluorosis and
X; = 0 for its absence; X, = 1 for carbohydrate
metabolism disorders and X, = 0 for their ab-
sence in the worker.

Then the probability (P) of developing
multimorbidity (multimorbidity coefficient)
will be calculated as follows:

P=exp(y)/ (1 +exp(y)). )

The formula for assessing the likelihood
of developing multimorbidity covers the fol-
lowing factors: body mass index, high-density
lipoprotein levels, diagnosed fluorosis, and the
presence of carbohydrate metabolism disor-
ders. According to the classification table, the
constructed model has a high overall predic-
tive ability (86.7 %). Moreover, in the case of
predicting the outcome of interest, the model
has high specificity (90.4 %) and high sensitiv-
ity (80.6 %).

Based on the results of assessing comor-
bidities among workers in hazardous indus-
tries, the highest prevalence of comorbid dis-
eases and conditions was registered among the
aluminum industry workers. The maximum
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nosological comorbidity in them equaled 6.95,
meaning that almost seven comorbid diseases
or conditions were diagnosed in patients with
fluorosis, such as: hypertension, type 2 diabe-
tes mellitus, obesity, heart failure, atrial fibril-
lation, atrophic gastritis, fatty liver disease,
abnormal serum creatinine levels, and/or
chronic kidney disease.

This implies that, of the nine diseases or
conditions listed, five (55.5 %) were cardio-
vascular disorders, two were gastrointestinal
diseases, and the other two were diseases of
the excretory system. Systemic multimorbidity
in the workers with fluorosis was 5.18 + 0.22,
meaning that more than five systems were
affected in each patient: the cardiovascular
and excretory systems, liver, kidneys, and me-
tabolism. Such a wide profile of comorbid dis-
eases and affected systems is related to the fact
that fluorine is a multienzyme, multisystem
poison.

In the reference group, the number of
comorbid diseases per experienced worker
was 5.18 + 0.22, i.e. significantly lower than
in patients with fluorosis (p < 0.001). The
number of affected body systems (systemic
multimorbidity) per experienced worker was
3.98 + 0.16, which was also significantly
lower than in the fluorosis cases (p < 0.001).
This pattern is probably due to the fact that
fluorine exposure of workers with fluorosis
was statistically higher. The absence of
chronic kidney disease and atrial fibrillation
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in the reference group was potentially related
to its lower exposures since the pathogenetic
basis of these disorders includes fibrosis and
inflammation.

In the silicosis cases, we established, on
the average, 4.27 + 0.22 comorbid diseases
per patient, while in the reference group this
number was 2.50 £ 0.27 (p < 0.001). As for
systemic multimorbidity, 3.53 £+ 0.22 systems
on the average were affected in the pneumo-
coniosis patients compared to 2.20 + 0.22 in
the controls (p < 0.001). That is, more than
four of the following comorbidities were reg-
istered per silicosis case: hypertension, silico-
sis, respiratory failure, coronary heart disease,
obesity, lipid metabolism disorders, etc.

When comparing comorbid disorders in
refractory workers without occupational dis-
eases, we noticed the absence of left ventricu-
lar hypertrophy (LVH), underweight, type 2
diabetes mellitus, elevated levels of inter-
leukins 4 and 8 in them. On the other hand, in
the group of workers with silicosis, there
were no cases of urolithiasis, increased in-
tima-media thickness, or kidney cysts. In the
workers with occupational silicosis, compared
with experienced refractory workers, de-
creased vital capacity of the lungs (82.7 +
29% vs 93.1 £ 39%, p = 0.034), FEV1
(54 % vs 29 %, p=0.017), and FVC (76.1 +
3.4 % vs 90.5 + 3.9 %, p= 0.07) were statisti-
cally more frequent.

The number of affected body systems
(systemic multimorbidity) per patient with
pneumoconiosis was 3.53 + 0.22 vs 2.20 +
0.22 per an experienced worker (p < 0.001).
We assume that a more frequent development
of general diseases and a greater number of
affected systems in the group of workers with
pneumoconiosis (silicosis) are associated with
a higher 8-hour time weighted average dust
concentration in the workplace (2.40 = 0.25 vs
1.72 £ 0.23 mg/m’, respectively, p=0.051).

It is worth mentioning that the level of
both nosological and systemic multimorbidity
in refractory workers is significantly lower
than that in the workers of aluminum industry,
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which allows us to conclude that the combina-
tion of occupational hazards in refractory
manufacturing has a less pronounced negative
impact on workers’ health and mainly induces
comorbid diseases of the respiratory and car-
diovascular systems, and metabolic disorders.
The likelihood of developing pneumoconiosis
depends on several factors, occupational dust
exposure being of greatest importance, fol-
lowed by a high cumulative exposure dose of
inorganic dust and genetic predisposition to
dust-induced pulmonary fibrosis. If the expo-
sure level, chemical composition and disper-
sion of dust give an idea of working conditions
in various industries, then the rates of noso-
logical and systemic comorbidity help estab-
lish the extent of health problems and lesions
characteristic of various industries.

Here are the examples of using the model
to calculate probability.

Patient A: BMI = 26 kg/m*, HDL = 1
mmol/L, has carbohydrate metabolism disor-
ders but no fluorosis. For patient A, according
to formula (1), we have:

y=0.199 - 26 —4.234 - 1 +
+2.665 —2.053 =1.552
Using formula (2), the probability of de-

veloping multimorbidity in patient A is esti-
mated as follows:

P =exp(y) /(1 + exp(y)) = 0.825, or 82.5 %

Patient B: BMI = 23 kg/m*, HDL = 1.2
mmol/L, no carbohydrate metabolism disor-
ders or fluorosis. For patient B, we have:

y=0.199 - 23 —4.234 - 1.2 -2.053 =-2.5568

The probability of developing multiple
long-term conditions in this patient is as fol-
lows:

P=exp(y)/ (1 + exp(y)) = 0.0719, i.e. 7.19 %

Conclusions:
1. At present, the structure of morbidity is
dominated by chronic, multifactorial diseases,
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characterized by multimorbidity and multisys-
temic lesions.

2. Combinations of occupational risk fac-
tors in various industries form different pro-
files of comorbidities. In the aluminum indus-
try, we observed a pronounced polysystemic
nature of lesions, while respiratory diseases
prevailed in refractory workers.

3. The fluorosis cases have a significant
number of comorbid and systemic diseases:
more than six comorbidities with more than four
systems affected on the average, which is proba-
bly due to the properties of fluorine compounds
as a multienzyme and multisystem poisons.

4. Risk factors of refractory manufactur-
ing have a less pronounced negative impact on
workers’ health (silicosis cases have, on the
average, slightly more than four comorbid dis-
eases with 3.5 systems affected).

5. The use of such indicators as noso-
logical and systemic multimorbidity allows

not only to assess the individual degree of
health impairment, but also to compare char-
acteristics of lesions specific for different
industries.
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Protection in Industrial Workers (protocol No. 7
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HYGIENIC ASSESSMENT OF HEALTH RISKS FOR EMPLOYEES OF THE OMSK
AMBULANCE SERVICE DUE TO TOBACCO SMOKING

A.V. Butorin, V.P. Rodkin, V.A. Shirinskii
Omsk State Medical University, 12 Lenina St., Omsk, 644099, Russian Federation

The results of many studies indicate that there is a cause-effect relationship between active tobacco smoking and risks
of various diseases, lung and bronchial cancer (C34) and coronary heart disease (125) being the most common among them.
These diseases are one of the main causes of death in working age.

The aim of this study was to perform hygienic assessment of risks of lung and bronchial cancer and coronary heart
disease due to active tobacco smoking. Healthcare workers employed at the Omsk ambulance station were chosen as the
research object. Additional risk levels were calculated for lung and bronchial cancer and coronary heart disease in accor-
dance with the methodical guidelines MR 2.1.10.0033-11 Assessment of Risks Associated with Impacts of Lifestyle Factors
on Public Health.

Smoking was a health risk factor for 27.5 % of emergency medical services workers, including 42.5 % of men
and 21.3 % of women. Sixty-six point seven percent of men aged between 31 and 40 years smoked. Prevalence of smok-
ing among the females in the sample did not depend on age. The risk analysis revealed that smokers, equally men and
women (p > 0.1) were the most likely to have lung and bronchial cancer and coronary heart disease. The correspond-
ing median levels of additional risk equaled 1.45E-05 and 9.0E-06. The proportion of people with unacceptable levels
of additional risks of the analyzed diseases (> 1.4E-04) equaled 43.3 and 53.3 % respectively among people older than
40 years. Likelihood of lung and bronchial cancer and coronary heart disease statistically significantly depends on the
intensity of smoking.

Keywords: hygiene, risk, smoking, tobacco, incidence of the population, coronary heart disease, malignant neoplasms,
healthcare workers.

Smoking is the most common form of
tobacco use. Carcinogens and substances with
pronounced toxic properties have been found
in tobacco smoke [1]. Tobacco smoking in-
creases the risk of respiratory infections due
to structural changes in the respiratory tract
and decreased immune response [2, 3] and is
one of the main causes of chronic bron-
chopulmonary diseases [3—12].

Arterial hypertension and coronary heart
disease (CAD) are significantly more frequently
registered among smokers [6, 12]. Smoking is

© Butorin A.V., Rodkin V.P., Shirinskii V.A., 2024

one of the main factors determining the progno-
sis of death from cardiovascular diseases
(CVD) in the modern adult population of the
Russian Federation (RF) [8]. Tobacco smoking
makes a major contribution (more than 90 %) to
the risks of CAD development among tobacco
and alcohol users [10]. In Australia, 25 % of
hospitalizations with acute coronary syndrome
among persons under 65 years of age are re-
lated to smoking [11]. A direct correlation has
been found between smoking intensity and the
magnitude of the risk of death due to CAD'.
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The results of numerous epidemiologic
and experimental studies suggest a cause-effect
relationship between tobacco use and the risks
of malignant neoplasms [3, 5, 9, 13-18].
Tobacco smoking is one of the main etiologic
factors in the pathogenesis of lung and bron-
chial cancer [5, 9, 13-15, 18, 19]. Women, all
other things being equal, have a higher risk of
developing lung cancer from smoking than
men [13, 19], which may be due to interaction
between tobacco smoke carcinogens and fe-
male sex steroids [13]. Smoking is one of the
significant causes of premature death [1, 3, 11,
19, 20]. The tobacco epidemic causes signifi-
cant economic losses due to treatment of
smoking-related diseases as well as premature
deaths due to the same cause [1].

Smoking is primarily a male habit’ [5, 8-10,
21, 23-25, 28, 29, 32]. In 2020, 36.7 % of men
and 7.8 % of women living on the planet
used tobacco [1]. In 2018, the smokers ac-
counted for 46.4 % among men and 14.6 %
among women in the Russian Federation®. In
2022, 47 % of men and 21 % of women
smoked according to the results of a moni-
toring survey of the country’s population
conducted by the All-Russian Center for
Public Opinion Research (ARCPOR) [32].

The age factor has a significant impact
on prevalence of smoking. This addiction is
quite widespread among young people
[23, 24, 26, 32]; many of them start smoking
at school [24, 29]. In 2022, according to
ARCPOR [32], the highest share of smokers,
37 %, was established in the aged group of
25-29 years. With age, the proportion of
smokers decreases, regardless of sex [9, 21,
23, 32].

Data on the prevalence of tobacco smok-
ing among healthcare workers are of particular
interest as they are a “model” society group in
terms of creating a healthy image [7, 25-30].
The level of tobacco use remains high in this
occupational group [7, 23, 28, 29]. A signifi-
cant proportion of smoking doctors take up the
habit when getting higher medical education
[24]. Very low prevalence of tobacco use has
been identified among specialists in obstetrics
and gynecology [25].

Predictors of giving up smoking include
higher education [5, 7, 9, 21, 23, 29, 32],
awareness of the consequences of smoking
[7,22, 25, 27, 29], pregnancy and having dis-
eases that respondents believe are caused by
smoking [5, 9, 32], and high prices of tobacco
products [26, 32].

In 2008, World Health Organization
proposed a package of measures to effec-
tively reduce prevalence of tobacco smoking
[31]. In 2013, the Federal Law “On protection
of citizens’ health from exposure to tobacco
smoke, consequences of tobacco use or con-
sumption of nicotine-containing products” was
issued’. The share of smokers went down by
3.7 % among the adult population of the Rus-
sian Federation, including 4.3 % among men,
from 2013 to 2018*. Among the taken meas-
ures, implementation of tax and price policy,
social advertising and medical assistance in
overcoming this bad habit made the greatest
contribution to the reduction of smoking preva-
lence rates [30]. According to ARCPOR [32]
since 2013, the proportion of smoking Russians
decreased by 7 % by 2022 and amounted to
33 %. The total share of smokers among 18-24-
year-olds decreased from 48 to 29 %.

% Ttogi vyborochnogo nablyudeniya povedencheskikh faktorov, vliyayushchikh na sostoyanie zdorov'ya naseleniya v 2013
12018 gg. [The results of sampling observation of behavioral factors influencing public health in 2013 and 2018]. The Federal
Sate Satistics Service. Available at: https://rosstat.gov.ru/itog_inspect (October 04, 2023) (in Russian).

3 Ob okhrane zdorov'ya grazhdan ot vozdeistviya okruzhayushchego tabachnogo dyma, posledstvii potrebleniya tabaka ili
potrebleniya nikotinsoderzhashchei produktsii: Federal'nyi zakon ot 23 fevralya 2013 g. Ne 15-FZ [On protection of citizens’
health from exposure to tobacco smoke, consequences of tobacco use or consumption of nicotine-containing products: The Fed-

eral Law issued on February 23, 2013 No. 15-FZ]. KonsultantPlus. Available at:

cons_doc LAW 142515/ (February 08, 2023) (in Russian).

https://www.consultant.ru/document/

* Itogi vyborochnogo nablyudeniya povedencheskikh faktorov, vliyayushchikh na sostoyanie zdorov'ya naseleniya v 2013
12018 gg. [The results of sampling observation of behavioral factors influencing public health in 2013 and 2018]. The Federal
Sate Statistics Service. Available at: https://rosstat.gov.ru/itog_inspect (October 04, 2023) (in Russian).
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According to the results of a large-scale
study in 10 regions of the Russian Federation
[30], it was found that from 2013 to 2019 there
was a statistically significant decrease in the
rate of hospitalization for angina pectoris (by
16.6 %), myocardial infarction (by 3.5 %) and
pneumonias (by 14.3 %).

The purpose of the study was to perform
hygienic assessment of the risks of lung and
bronchial cancer and ischemic heart disease in
connection with active tobacco smoking
among the employees of the emergency medi-
cal service (EMS) of the city of Omsk.

Materials and methods. Health risks for
the employees of the emergency medical ser-
vice in connection with active smoking were
assessed in accordance with methodical guide-
lines MR 2.1.10.0033-11 Assessment of Risks
Associated with Impacts of Lifestyle Factors
on Public Health’.

According to the results of a survey of
411 people, the median (Me) age was
33 years; the first quartile (Q;) and the third
quartile (Qsz) were 26 and 55 years, respec-
tively. The analysis was conducted for 3 age
groups: up to 30 years inclusive; from
31 years to 40 years inclusive; from 41 years
and older. The main results of the survey are
summarized in Table 1.

The intensity of smoking among smok-
ing respondents (n = 113) was indirectly as-
sessed by the average daily nicotine intake
(F°, mg). After the procedure of removing
the so-called “pop-ups”, 105 individual F°
values were further developed, which, de-
pending on the position relative to the quar-
tiles Q1 (1.43 mg) and Q3 (4.0 mg), were di-
vided into three subgroups of SI: low, me-
dium and high.

At the stage of factor-effect analysis using
recurrent equations’, individual values of addi-
tional risk (R) of developing diseases were
calculated: lung and bronchial cancer (LBCa),
oral cavity cancer (OCCa), esophageal cancer
(ECa), gastric cancer, pancreatic cancer (PCa),
bladder cancer (BCa), cervical cancer (CCa),
coronary heart disease (CAD), and chronic
bronchitis (CHB).

Individual values of additional risk of dis-
eases caused by active smoking were qualita-
tively assessed in accordance with the criteria
specified in Clause 8.6. MR 2.1.10.0033—11°.

The Mann — Whitney (U), Kruskel — Wal-
lis (H) and A-test proposed by A.N. Kolmo-
gorov and N.V. Smirnov were calculated to
assess the statistical significance of the different-
ces between the independent groups. A p value
of no more than 0.05 was taken as the critical
level of statistical significance.

Table 1
EMS employees’ attitudes towards smoking: survey results
Total Men Women
Age, years n smokers n smokers n smokers p
n % n % n %
Younger | g, 41 28 | 49 14 286 | 131 27 206 | >0.1
than 30
3140 101 39 38.6 36 24 66.7 65 15 23.1 <0.001
41 and older | 130 33 254 35 13 37.1 95 20 21.1 <0.05
Total 411 113 27.5 120 51 42.5 291 62 21.3 <0.001

> MR 2.1.10.0033-11. Otsenka riska, svyazannogo s vozdeistviem faktorov obraza zhizni na zdorov'e naseleniya: Me-

todicheskie rekomendatsii, utv. Rukovoditelem Federal'noi sluzhby po nadzoru v sfere zashchity prav potrebitelei i blagopo-
luchiya cheloveka, Glavnym gosudarstvennym sanitarnym vrachom Rossiiskoi Federatsii G.G. Onishchenko 31 iyulya 2011 g.
[Assessment of Risks Associated with Impacts of Lifestyle Factors on Public Health: Methodical guidelines, approved by
G.G. Onishchenko, the Head of the Federal Service for Surveillance over Consumer Rights Protection and Human Well-
being, the RF Chief Sanitary Inspector on July 31, 2011]. KODEKS: electronic fund for legal and reference documentation.
Available at: https://docs.cntd.ru/document/1200111974/titles (February 08, 2023) (in Russian).
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Results and discussion. As shown in
Table 1, smoking is a health risk factor for
27.5 % of EMS employees, including 42.5 %
of men and 21.3 % of women (p < 0.01).
Among men aged between 31 and 40 years,
66.7 % smoked, which is significantly higher
than among men in the “younger” and “older”
age subgroups (28.6 %); p < 0.001) and over
40 years of age (37.1 %; p < 0.01). Prevalence
of smoking among women was not signifi-
cantly associated with age (p > 0.1).

The proportion of smokers among doctors
and paramedical workers was 28.3 % and
28 %, respectively (p > 0.1). In the group of
doctors, 35.5 % of men and 20.7 % of women
smoked (p > 0.1). In the paramedical group,
45.5 % of men smoked, while only 21.6 % of
women smoked (p < 0.01).

The intensity of smoking among men and
women (Table 2) was almost the same
(U = 1066; p > 0.1). The age factor did not
have a statistically significant effect on the SI
of smoking EMS employees either (H = 3.1;

p > 0.1), although there is a slight downward
trend in median SI values from the “junior” to
the “senior” subgroup, both in general and
among men and women.

According to Table 3, the distribution of
F> values among men is shifted towards high
smoking intensity (29.5 %) due to a decrease
in the proportion of persons with relatively
low and medium SI to 25.0 % and 45.5 %, re-
spectively. The female part of the sample is
dominated by employees with low and me-
dium SI. In general, however, the sex differ-
ence in the distribution of individual SI values
in the analyzed sample 1is insignificant
(A=0.93;p>0.1).

According to the data given in Table 4,
smoking employees of the EMS are most
likely to develop LBCa and CAD. The median
additional risk values for these diseases were
1.4E-05 and 9.1E-06, respectively. Likelihood
of other diseases associated with smoking was
significantly lower: from 9.9E-07 (pancreatic
cancer) to 2.6E-06 (chronic bronchitis).

Table 2
Distribution of smoking employees by smoking intensity depending on age and sex (FS, mg/day)
Age, All smokers Including
men women
years Y
n | Me Q1 Qs n Me Q1 Qs n Me Qs Qs
Younger | 5o | 35 | 143 | 400 | 11 | 360 | 171 | 557 | 27 | 3.14 | 127 | 380 | >0.1
than 30
3140 37 | 2.29 1.14 | 4.69 | 22 2.29 1.14 4.77 15 2.40 1.57 394 | >0.1
4011(?:;1 30 | 1.26 1.14 | 3.14 11 1.59 1.23 5.20 19 1.20 1.14 2.80 | >0.1
p >0.1 >0.1 >0.1
Total 105 | 2.29 1.14 | 400 | 44 2.29 1.27 53 61 2.23 1.14 377 | >0.1
Table 3
Distribution of smoking employees of the EMS depending on the intensity of smoking and sex
s including:
ST F>, mg/day All smokers —en women P
min — max Me n % n % n %
low 0.29-1.14 0.97 31 29.5 11 25.0 20 32.8 > 0.1
average 1.2-4.69 2.6 54 51.4 20 45.5 34 55.7 ’
high 4.8-10.13 7.54 20 19.0 13 29.5 7 11.5
total 0.29-10.13 2.29 105 100 44 100 61 100 >0.1
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Table 4

Indicators of individual additional risk of certain diseases in the group of smoking employees
of the Omsk Secondary Health Care Department, in relative units

Indicator | LBCa CAS SCa OCCa ECa CCa BCa PCa CHB
n 105 105 105 105 105 61 105 105 105
Me 1.4E-05 | 9.0E-06 | 1.4E-06 | 2.0E-06 | 1.9E-06 | 2.3E-06 | 2.4E-06 | 9.9E-07 | 2.6E-06
Q: 6.2E-06 | 3.3E-06 | 6.0E-07 | 8.6E-07 | 9.0E-07 | 7.8E-07 | 1.1E-06 | 4.4E-07 | 1.3E-06
Qs 3.9E-05 | 3.9E-05 | 3.9E-06 | 5.1E-06 | 4.6E-06 | 1.1E-05 | 6.8E-06 | 2.4E-06 | 5.8E-06

Given that the recurrence equations
used in the calculation of the additional risk
associated with smoking are of the same
type and differ only in the value of the em-
pirical coefficients reflecting likelihood of a
particular disease, as well as the above-
mentioned literature data, we considered it
possible to limit ourselves analyzing the de-
pendence between LBC and CAD risks in
smoking employees of the EMS and such
factors as sex, age, and smoking intensity.
The main results are presented in tables 5
and 6.

All individual values of R gca in smoking
EMS employees ranged from 3.20E-07 to 1.09
E-03 (n= 105; Me = 1.4E-05). Sex had no sta-
tistically significant effect on the risk of CAD

Some results of analyzing LBC and CAD risks

(U = 1122.5; p > 0.1), although the median
values of R gca among men overall (1.6E-05)
were slightly higher than those of their female
smokers (1.2E-05).

Of the analyzed factors, age had the
greatest influence on LBC likelihood in smok-
ers: overall (H = 64.5; p < 0.01); among men
(H = 20; p <0.01) and women (H = 39.5;
p < 0.01). In the “younger” age subgroup,
there were no individuals with unacceptable R
values of LBC (> 1.0E-04), while in the
“older” subgroup, the proportion of individuals
with such risk levels was 43.3 % (45.5 % and
42.1 %, respectively, among men and women).
Sex differences between R gca values turned
out to be statistically insignificant in all com-
pared age subgroups (p > 0.1).

Table 5

in smoking employees of the EMS depending

on age and sex

All smokers Including:
men women
Age, years People with People with People with
Me R >10E-04 | Me R > 1.0E-04 Me R>10E-04 | P
n | % n | % n | %
Lung and bronchus cancer
Younger than 30| 5.8E-06 0 0.0 7.5E-06 0 0.0 4.2E-06 0 0.0 >0.1
3140 1.9E-05 1 2.7 1.7E-05 0 0.0 2.1E-05 1 6.7 >0.1
41 and older | 7.5E-05 13 433 4.2E-05 5 455 7.5E-05 8 42.1 >0.1
p <0.01 <0.01 <0.01
total 1.4E-05 14 133 1.6E-05 5 114 1.2E-05 9 14.8 >0.1
Coronary heart disease
Younger than 30| 2,8E-06 0 0.0 3.3E-06 0 0.0 1.8E-06 0 0.0 >0.1
3140 1,3E-05 1 2.7 1.2E-05 0 0.0 1.4E-05 1 6.7 >0.1
41 andolder | 1,5E-04 16 533 6.4E-05 5 45.5 1.6E-04 11 57.9 >0.1
p <0,01 <0.01 <0.01
total 9,0E-06 17 16.2 1.2E-05 5 114 7.1E-06 12 19.7 >0.1
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Table 6

Some results of analyzing LBC and CAD risks in smoking employees of the EMS depending on
smoking intensity and sex

All smokers including:
men women
SI People with People with People with
Me R > 1.0E-04 Me R > 1.0E-04 Me R > 1.0E-04 P
n | % n | % n | %
Lung and bronchus cancer
low 9.4E-06 2 6.5 9.4E-06 0 0.0 5.9E-06 2 10.0 >0.1
medium 1.3E-05 6 11.1 1.7E-05 2 10.0 1.1E-05 4 11.8 >0.1
high 3.7E-05 6 30.0 4.1E-05 3 23.1 3.4E-05 3 42.9 >0.1
p <0.01 <0.01 <0.05
total 1.4E-05 14 133 1.6E-05 5 11.4 1.2E-05 9 14.8 >0.1
Coronary heart disease
low 7.4E-06 5 16.1 7.4E-06 0 0.0 5.3E-06 5 25.0 >0.1
medium 7.7E-06 6 11.1 1.2E-05 2 10.0 6.6E-06 4 11.8 >0.1
high 2.6E-05 6 30.0 3.0E-05 3 23.1 2.0E-05 3 42.9 >0.1
p <0.05 >0.1 >0.1
total 9.0E-06 17 16.2 1.2E-05 5 11.4 7.1E-06 12 19.7 >0.1

CAD risks in smoking employees of the
EMS (n = 105; Me = 9.0E-06) ranged from
1.1E-07 to 3.7E-03. Men had slightly higher
risks (Me = 1.2E-05) than their female
counterparts (Me = 7.1E-06) but the differ-
ences were not significant (U = 1103.5;
p>0.1).

The “Age” factor had a considerable sta-
tistically significant effect on CAD likelihood
in smoking employees of the EMS: in general
(H=75.9; p<0.01); men (H=28.0; p<0.01);
women (H = 24.6; p < 0.01). In the “younger”
age subgroup, there were no individuals with
unacceptable Rcap values, while in the “mid-
dle” and "senior" subgroups, the proportion of
individuals with such risk levels was 2.7 %
and 53.3 %, respectively. Sex differences be-
tween values of Rcap the compared age sub-
groups were insignificant (p > 0.1).

Smoking intensity had a statistically sig-
nificant effect (H = 15.2; p < 0.01) on likeli-
hood of lung and bronchial cancer in smoking
EMS: median R gca values consistently in-
creased as smoking intensity increased, from
9.4E-06 in the subgroup of employees with
relatively low individual FS values to 1.3E-05
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and 3.7E-05 in the subgroups with medium IR
and high IR. In the subgroup of employees
with high IR, the proportion of individuals
with unacceptable R gca values was 30 %,
which was significantly higher than in the
subgroup of employees with relatively low SI
(6.5 %; p < 0.001) and medium SI (11.1 %;
p <0.05).

Likelihood of coronary heart disease in
smoking employees showed a slightly lower,
but still statistically significant direct corre-
lation with SI (H = 7.8; p < 0.05); median
Rcap values were almost equal in the sub-
groups with relatively low and average SI
(7.4E-06 and 7.7E-06, respectively), and the
median was 2.6E-05 only in the subgroup of
employees with high SI. The proportion of
individuals with unacceptable Rcap values
was almost equal in all subgroups with dif-
ferent SI (p> 0.1).

Conclusion. Smoking is a health risk
factor for 27.5 % of emergency medical ser-
vice personnel, including 42.5 % of men and
21.3 % of women. Smokers accounted for
66.7 % among men aged between 31 and
40 years. Prevalence of smoking did not de-
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pend on age in the female part of the sample.
The proportion of smokers among physicians
and paramedics was 28.3 % and 28 %, re-
spectively (p > 0.1). Smoking intensity of
the respondents did not show statistically
significant dependence on sex and age fac-

risks of the analyzed diseases (> 1.4E-04)
equaled 43.3% and 53.3 % respectively
among people older than 40 years. Likeli-
hood of lung and bronchial cancer and coro-
nary heart disease was statistically signifi-
cantly related to smoking intensity.

tors. Based on the results of risk analysis, it
was found that smokers were most likely to
develop lung and bronchial cancer and
ischemic heart disease. The proportion of
people with unacceptable levels of additional

Funding. The research was not granted any
sponsor support.

Competing interests. The authors declare no
competing interests.

References

1. Tobacco. WHO, 2023. Available at: https://www.who.int/news-room/fact-sheets/detail/
tobacco (October 02, 2023).

2. Lawrence H., Hunter A., Murray R., Lim W.S., Mckeever T. Systematic Review on the Effect
of Current Smoking on the Risk of Influenza. European Respiratory Journal, 2018, vol. 52, suppl. 62,
PA1733. DOI: 10.1183/13993003.congress-2018.PA1733

3. McAfee T., Burnette D. The impact of smoking on women's health. J. Womens Health
(Larchmt), 2014, vol. 23, no. 11, pp. 881-885. DOI: 10.1089/jwh.2014.4983

4. Salagay 0.0., Antonov N.S., Sakharova G.M., Peredelskaya M.Yu., Starodubov V.I. The ef-
fect of smoking on the development and progress of chronic bronchitis. Profilakticheskaya meditsina,
2020, vol. 23, no. 4, pp. 7-13. DOI: 10.17116/profmed2020230417 (in Russian).

5. Wang R., Qiang Y., Gao X., Yang Q., Li B. Prevalence of non-communicable diseases and its
association with tobacco smoking cessation intention among current smokers in Shanghai, China. Tob.
Induc. Dis., 2022, vol. 20, pp. 106. DOI: 10.18332/tid/155828

6. Levina T.V., Dzizinskii A.A. The condition of the cardiovascular and respiration system in
medical specialists depending on the smoking status. Shirskii meditsinskii zhurnal, 2011, vol. 105,
no. 6, pp. 43—46 (in Russian).

7. Jurani¢ B., Rakosec Z., Jakab J., Miksi¢ S., Vuleti¢ S., Ivandi¢ M., BlaZevi¢ 1. Prevalence,
habits and personal attitudes towards smoking among health care professionals. J. Occup. Med. Toxi-
col., 2017, vol. 12, pp. 20. DOI: 10.1186/s12995-017-0166-5

8. Shalnova S.A., Deev A.D., Oganov R.G. Factors influencing cardiovascular mortality in Rus-
sian population. Kardiovaskulyarnaya terapiya i profilaktika, 2005, vol. 4, no. 1, pp. 4-9 (in Russian).

9. Levshin V.F., Slepchenko N.I. Tobacco smoking and risk of developing malignant tumors
and other chronic noncommunicable diseases. Onkologiya. Zhurnal im. P.A. Gertsena, 2020,
vol. 9, no. 3, pp. 41-47. DOI: 10.17116/0nkolog2020903141 (in Russian).

10. Buzinov R.V., Unguryanu T.N. An assessment of the risk associated with behavioral lifestyle
factors. Health Risk Analysis, 2013, no. 2, pp. 45-48. DOI: 10.21668/health.risk/2013.2.05.eng

11. Banks E., Joshy G., Korda RJ., Stavreski B., Soga K., Egger S., Day C., Clarke N.E. [et al.]. To-
bacco smoking and risk of 36 cardiovascular disease subtypes: fatal and non-fatal outcomes in a large pro-
spective Australian study. BMC Med., 2019, vol. 17, no. 1, pp. 128. DOI: 10.1186/s12916-019-1351-4

12. Rulkiewicz A., Pilchowska 1., Lisik W., Pruszczyk P., Domienik-Kartowicz J. Prevalence of
Cigarette Smoking among Professionally Active Adult Population in Poland and Its Strong Relation-
ship with Cardiovascular Co-Morbidities-POL-O-CARIA 2021 Study. J. Clin. Med., 2022, vol. 11,
no. 14, pp. 4111. DOI: 10.3390/jcm11144111

13. Stapelfeld C., Dammann C., Maser E. Sex-specificity in lung cancer risk. Int. J. Cancer,
2020, vol. 146, no. 9, pp. 2376-2382. DOI: 10.1002/ijc.32716

14. Niksic M., Redondo-Sanchez D., Chang Y.-L., Rodriguez-Barranco M., Exposito-Hernandez J.,
Marcos-Gragera R., Oliva-Poch E., Bosch-Barrera J. [et al.]. The role of multimorbidity in short-term mor-

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163  ISSN (Eng-online) 2542-2308 87



A.V. Butorin, V.P. Rodkin, V.A. Shirinskii

tality of lung cancer patients in Spain: a population-based cohort study. BMC Cancer, 2021, vol. 21, no. 1,
pp. 1048. DOI: 10.1186/s12885-021-08801-9

15. Middha P., Weinstein S.J., Ménnist6 S., Albanes D., Mondul A.M. B-Carotene Supplementa-
tion and Lung Cancer Incidence in the Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study:
The Role of Tar and Nicotine. Nicotine Tob. Res., 2019, vol. 21, no. 8, pp. 1045-1050. DOI:
10.1093/ntr/nty115

16. Nigam K., Samadi F.M., Srivastava S., Mohammad S., Sanyal S. Smoking and XPC Gene
Polymorphism Interact to Modulate the Risk of Oral Cancer. J. Maxillofac. Oral Surg., 2021, vol. 20,
no. 4, pp. 607-611. DOI: 10.1007/s12663-020-01340-z

17. Reigle J., Secic D., Biesiada J., Wetzel C., Shamsaei B., Chu J., Zang Y., Zhang X. [et al.].
Tobacco smoking induces metabolic reprogramming of renal cell carcinoma. J. Clin. Invest., 2021,
vol. 131, no. 1, pp. €e140522. DOI: 10.1172/JC1140522

18. Zaridze D.G. Tabak — osnovnaya prichina raka [Tobacco is the main cause of cancer]. Mos-
cow, IMA-PRESS Publ., 2012, 208 p. (in Russian).

19. Zang E.A., Wynder E.L. Differences in lung cancer risk between men and women: examination
of the evidence. J. Natl Cancer Inst., 1996, vol. 88, no. 3—4, pp. 183-192. DOI: 10.1093/jnci/88.3-4.183

20. Lopez A.D. Smoking and death in Russia. Tob. Control, 1998, vol. 7, no. 1, pp. 3—4. DOI:
10.1136/tc.7.1.3

21. Panasiuk L., Mierzecki A., Wdowiak L., Paprzycki P., Lukas W., Godycki-Cwirko M. Preva-
lence of cigarette smoking among adult population in eastern Poland. Ann. Agric. Environ. Med., 2010,
vol. 17, no. 1, pp. 133-138.

22. Summers A.D., Sirin H., Palipudi K., Erguder T., Ciobanu A., Ahluwalia I.B. Changes in
prevalence and predictors of tobacco smoking and interest in smoking cessation in Turkey: Evidence
from the Global Adult Tobacco Survey, 2008-2016. Tob. Prev. Cessat., 2022, vol. 8, pp. 35. DOI:
10.18332/tpc/152748

23. Faytelson-Levina T.V., Dzizinskii A.A., Krasnova J.N. The prevalence of tobacco smoking
among medical specialists. Shbirskii meditsinskii zhurnal (Irkutsk), 2008, vol. 83, no. 8, pp. 32-35
(in Russian).

24. Faytelson-Levina T.V., Dzizinskii A.A., Krasnova J.N. The prevalence of tobacco smoking
among students of the Irkutsk State Medical University. Shirskii meditsinskii zhurnal (Irkutsk), 2009,
vol. 85, no. 2, pp. 94-96 (in Russian).

25. Seryogin V.I., Sakharova G.M., Antonov N.S., Medvedeva O.V., Mirov A.l. Attitude to-
wards tobacco smoking among obstetric and gynecology care providers. Sotsial'nye aspekty zdorov'ya
naseleniya: scientific web publication, 2016, vol. 5, no. 51. DOI: 10.21045/2071-021-2016-51-5-4
(in Russian).

26. Todorovi¢ 1., Cheng F., Stojisavljevi¢ S., Marinkovi¢ S., Kremenovi¢ S., Savi¢ P., Goli¢-
Jeli¢ A., Stojakovi¢ N. [et al.]. Prevalence of Cigarette Smoking and Influence of Associated Factors
among Students of the University of Banja Luka: A Cross-Sectional Study. Medicina (Kaunas), 2022,
vol. 58, no. 4, pp. 502. DOI: 10.3390/medicina58040502

27. Priji¢ Z., Igi¢ R. Cigarette smoking and medical students. J. BUON, 2021, vol. 26, no. 5,
pp.- 1709-1718. Available at: https://jbuon.com/archive/26-5-1709.pdf (October 4, 2023).

28. Zong Q., Li H., Jiang N., Gong Y., Zheng J., Yin X. Prevalence and determinants of smoking
behavior among physicians in emergency department: A national cross-sectional study in China.
Front. Public Health, 2022, vol. 10, pp. 980208. DOI: 10.3389/fpubh.2022.980208

29. Zadorkina T.G. Prevalence of smoking among employees of healthcare facilities. Profilak-
ticheskaya meditsina, 2016, vol. 19, no.6, pp.46-49. DOI: 10.17116/profmed201619546-49
(in Russian).

30. Gambaryan M.G., Drapkina O.M., Kontsevaya A.V., Popovich M.V., Salagai O.O. Monitor-
ing and evaluation of the implementation of tobacco control legislation for protecting people from to-
bacco smoke exposure and health consequences of tobacco use. Methodical guidelines. Kardiovasku-
lyarnaya terapiya i profilaktika, 2022, vol. 21, no. 5, pp. 3194. DOI: 10.15829/1728-8800-2022-3194
(in Russian).

88 Health Risk Analysis. 2024. no. 1



Hygienic assessment of health risks for employees of the Omsk ambulance service due to tobacco smoking

31. WHO report on the Global Tobacco Epidemic, 2008: the MPOWER package. Geneva, WHO,
2008, 329 p. Available at: https://www.who.int/publications/i/item/9789241596282 (October 04, 2023).

32. Kurenie v Rossii: monitoring [Smoking in Russia: monitoring]. JSC ‘VCIOM’: Russian Pub-
lic Opinion Research Center. Available at: https://wciom.ru/analytical-reviews/analiticheskii-
obzor/kurenie-v-rossii-monitoring-2022 (October 06, 2023) (in Russian).

Butorin A.V., Rodkin V.P., Shirinskii V.A. Hygienic assessment of health risks for employees of
the Omsk ambulance service due to tobacco smoking. Health Risk Analysis, 2024, no. 1, pp. 81-89.
DOI: 10.21668/health.risk/2024.1.08.eng

Received: 24.10.2023
Approved: 28.11.2023
Accepted for publication: 20.03.2024

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163  ISSN (Eng-online) 2542-2308 89



G.V. Zhuntova, M.V. Bannikova, T.V. Azizova

UDC 616.34-006 Read R
DOI: 10.21668/health.risk/2024.1.09.eng

online -

Eius

Research article

THE RISK OF COLORECTAL CANCER INCIDENCE IN A COHORT
OF INDIVIDUALS OCCUPATIONALLY EXPOSED TO IONIZING RADIATION

G.V. Zhuntova, M.V. Bannikova, T.V. Azizova
Southern Urals Biophysics Institute, 19 Ozerskoe shosse, Ozersk, 456780, Russian Federation

The increased risk of colorectal cancer following ionizing radiation exposure was demonstrated in a number of epide-
miological studies. Earlier, no impact of occupational radiation exposure on colorectal cancer incidence or mortality was
observed in a cohort of workers of the nuclear industrial facility, Mayak Production Association (PA). Extension of the fol-
low-up of the cohort and improvement of dose estimates for personnel made it possible to update the earlier findings.

The study objective is to assess the risk of colorectal cancer incidence associated with chronic occupational radiation
exposure taking into account non-radiation factor effects.

The study cohort included 22,377 workers employed at the reactor, plutonium-producing and radiochemical plants
of Mayak PA (hiring period 1948-1982; follow-up period ended on December 31, 2018). Using the Poisson regression
(EPICURE software), the relative risks (RRs with 95 % confidence intervals, (95 % Cl)) of colorectal cancer incidence
were estimated depending on the most significant non-radiation factors (sex, age, smoking, alcohol consumption, exces-
sive body mass and obesity, intestinal polyps, chronic colitis). These values were also calculated for certain ranges of
occupational exposure doses relying on data provided by ‘The Mayak Worker Dosimetry System — 2013’. The linear
model was used to analyze the dose-response relationship.

In the study cohort, the RR of colorectal cancer incidence was lower in females than in males: 0.72 (95 % CI: 0.55;
0.96) for colon and 0.48 (95 % CI: 0.34; 0.67) for rectum. The increased RR of the rectum cancer incidence was observed
for caseswith intestinal polyps: 3.42 (95 % Cl: 1.68; 6.19). The colon cancer incidence risk increased with increasing age of
workers, but other non-radiation factors were not shown to affect the results. This study supported the earlier results: no
association was observed between the risk of colorectal cancer incidence and doses of occupational external gamma-ray or
internal alpha-particle exposures.

Keywords: colon cancer, rectum cancer, external gamma-ray exposure, internal alpha-particle exposure, risk factors,
nuclear workers, Poisson regression, analysis of dose-response relationship.

Colorectal cancer (colon and rectum can-
cer) occupies a significant place in incidence
and mortality caused by malignant tumors
(MTs) [1]. Over the last decades, incidence of
colorectal cancer has been growing in most
countries, Russia included [1, 2]. Given that,
etiology of colorectal cancer has been given a
lot of expert attention.

Age older than 50 years, male sex, spe-
cific lifestyles (dietary patterns, smoking, al-
cohol consumption, and low physical activity),
and obesity are the most significant risk fac-

© Zhuntova G.V., Bannikova M.V., Azizova T.V., 2024

tors of colorectal cancer [3—7]. Approximately
25-30 % of patients with colorectal cancer
(CRC) have a family history of the disease at-
tributed to genetically-determined high sensi-
tivity to environmental exposures as well as
habitual behaviors [8], and about 5 % of all
colorectal cancer cases are caused by heredi-
tary mutations [9].

The International Agency for Research on
Cancer (IARC) lists colon and rectum MTs as
cancer sites with evidenced associations be-
tween tumor progression and exposure to ion-
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izing radiation [10]. An elevated risk of colo-
rectal cancer was reported for atomic bomb
survivors exposed to acute gamma-neutron
radiation in Japan (an LLS cohort) as well as
for patients who had once been prescribed ra-
diotherapy to treat MTs in organs of the pelvis
minor [11-16].

Some growth in the excess relative risk
of colorectal cancer was identified for nuclear
workers in France, Great Britain and the USA
(INWORKS); however, a significant relation-
ship with an occupational exposure dose was
established only for rectum cancer [17]. No
relationships between exposure doses and in-
cidence (in 1948-2004) or mortality (1948—
2008) caused by colorectal cancer were estab-
lished in the cohort made of workers em-
ployed at Mayak Production Association
(Mayak PA), the first nuclear enterprise in
Russia [18—19]. Extension of the follow-up of
the cohort and improvement of dose estimates
for Mayak PA personnel made it possible to
update the earlier findings by conducting the
present study [20].

The aim of this study was to assess ef-
fects of chronic occupational radiation exposure
and non-radiation factors on the colorectal can-
cer risk in a cohort of nuclear workers.

Materials and methods. The analyzed
cohort includes workers employed at reactor,
radiochemical and  plutonium-producing
plants of Mayak PA (the hiring date is within
1948-1982) and covers the period up to De-
cember 31, 2018. The analyzed period was
limited to the date of the last medical entries
for workers who dropped out of observation
or a date of death for deceased workers. The
total number of people in the cohort is
22,377; women account for 25 % in it. Previ-
ous studies [21] describe in detail how the
medical follow-up of the Mayak PA person-
nel is organized, sources and methods for ob-
taining data on incidence and non-radiation
factors as well as the ‘Clinic” database, which
is a valuable resource for conducting epide-
miological studies. Complete data on inci-
dence were collected for 21,679 (97 %) of the
cohort members. Forty-three workers were
excluded from analysis of the colorectal can-
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cer risk related to chronic radiation exposure;
in the first years of the Mayak PA operation,
they had been exposed to acute gamma radia-
tion at high doses, which had led to acute ra-
diation sickness (Table 1).

Table 1
The description of the analyzed cohort
The cohort structure wl\j)::?el;zr(g/f)
Number of people in the cohort 22,377
Dropped out of observation 698
Suffered from acute radiation
. 43
sickness
Are included in the study 21,636 (100 %)
. Me
Occupational exposure (Qasi—Orssa)
A dose of external gamma-ray
- 0.163
exposure absorbed in the colon (0.047-0.527)
wall, Gy
A dose of internal alpha-particle 0.00018
exposure absorbed in the colon (0.00005-
wall, Gy 0.0007)

Note: Me is median, Q,54,—Q750, is interquar-
tile range.

By the end of the observation period,
43 % of the people in the analyzed cohort were
older than 60 years. Sixty-three percent of the
workers were hired at the nuclear enterprise in
1948-1960 when the production was in the
process of formation and occupational expo-
sure doses were the highest [20]. Duration of
occupational radiation exposure exceeded
20 years for 33 % of the analyzed workers.

Workers employed at the reactor plant
(24 % of the cohort members) experienced
only external gamma-ray exposure whereas
workers of the radiochemical (42 % of the
cohort members) and plutonium-producing
(35 % of the cohort members) plants were
additionally exposed to alpha-active pluto-
nium-239 aerosols. Individual doses of exter-
nal gamma-ray exposure are known for all
cohort members whereas doses of internal
alpha-particle exposure are available only for
36 % of workers exposed to plutonium-239.
This is due to peculiarities related to imple-
mentation of occupational radiation exposure
monitoring at Mayak PA [20].
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Total doses of external gamma-ray expo-
sure and internal alpha-particle exposure
(hereinafter gamma- and alpha-doses) ab-
sorbed in the colon wall were provided by the
Mayak Worker Dosimetry System — 2013 [20]
as of the date when colorectal cancer was di-
agnosed (the end of the observation period for
workers without cancer in the cohort), a lag
period was 0 years. In addition to that, a lag-
period of 10 years was used to estimate the
excess relative risk per unit dose (ERR/Gy). In
this case, doses accumulated over the first 10
years of employment at Mayak PA were in-
cluded into the zero-dose category. Character-
istics of exposure doses (the lag period is 0
years) for the workers are provided in Table 1.

Risks were analyzed separately for colon
and rectum cancer. We calculated relative
risks (RR) of colorectal cancer incidence as-
sociated with non-radiation factors as well as
for certain categories of occupational radia-
tion exposure doses. The following non-
radiation factors were taken into account: sex,
age, smoking status, alcohol consumption,
body mass index (BMI = weight (kg) / height
(m?)), chronic colitis as well as intestinal pol-
yps in medical history.

Comprehensive data on non-radiation fac-
tors were available for most cohort members:
smoking status, 99 %; alcohol consumption,
96 %; BMI values, 82 % of the analyzed work-
ers. Smoking status was estimated as of the end
of the follow-up period. Alcohol consumption
was classified as follows: ‘rarely’ and ‘moder-
ately’, if the workers used the same definitions
when describing their drinking habits; ‘alcohol
abuse’, if ‘binge drinking’ or ‘chronic alcohol-
ism’ were diagnosed in a worker by an addic-
tion specialist within the follow-up period. Two
BMI categories were considered, namely BMI
< 25 kg/m® (normal weight) and > 25 kg/m’
(overweight or obesity).

At early stages, a tumor can develop ei-
ther under disguise of another disease or with-
out any clinical manifestations; therefore, data
on chronic colitis as well as intestinal polyps

were taken into account if an interval between
these diagnoses and diagnosed colorectal can-
cer (the end of the follow-up for workers with-
out it) was not shorter than 2 years. A similar
approach (a 2-year lag) was used in BMI cal-
culation. Workers without available informa-
tion on any analyzed factor were included into
a separate category (‘unknown’).

Risks of colorectal cancer incidence were
estimated based on the Poisson regression us-
ing the AMFIT module; to group the data and
calculate person-years at risk, the DATAB
module of the EPICURE software' was used.
While estimating RR, the stratification by age
and sex was applied.

The following model was used to estimate
ERR/Gy for colorectal cancer incidence:

A=2o (S a X1....%) x (1 +BD),

where A is the background risk, B is excess
relative risk per dose unit (ERR/Gy), and D is
gamma dose or alpha dose.

When calculating the background risk (o),
we applied stratification to take into account the
impact of sex, S; age, a; and other factors men-
tioned above, Xj....X,. This includes an adjust-
ment for an alpha dose in the analysis of the
incidence risk due to gamma dose and vice
versa. The maximum likelihood technique was
used to calculate 95 % confidence intervals
(95% CI) for RR and ERR/Gy. In case CI
boundaries were not identified, the abbreviation
‘n/a’ was used. The obtained estimates were
considered statistically significant at p < 0.05.

Results and discussion. As of Decem-
ber 31, 2018, colorectal cancer was diag-
nosed in 409 members of the analyzed co-
hort; several colorectal MTs of different sites
were identified in 19 of them during the fol-
low-up period. For these workers, the earli-
est diagnosed cancer case was considered
within risk analysis. Therefore, risk analysis
included 225 colon cancer cases (66 % males
and 34 % females) and 184 rectum cancer
cases (74 % males and 26 % females). Diag-

UPreston D.L., Lubin J.H., Pierce D.A., McConney M.E. Epicure Users Guide. Seattle, WA, Hirosoft International

Corporation, 1993.
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nosed colorectal cancer was histologically
verified in 89 % of workers.

The colorectal cancer risk was lower for
women than men in the analyzed cohort; the
RR = 0.72 (95 % CI: 0.55-0.96) was esti-
mated for colon cancer and the RR = 0.48
(95 % CI: 0.34-0.67) was estimated for rec-
tum cancer (Table 2). The colorectal cancer
risk increased with age and reached its

maximum in the age group of 70-79 years.
We established a significant increase in the
rectum cancer risk, RR = 342095 %
CI: 1.68-6.19) for workers who had intesti-
nal polyps. We did not establish any signifi-
cant relationships between the colorectal
cancer risk and smoking status, alcohol con-
sumption, chronic colitis, or BMI values in
the analyzed cohort (Table 2).

Table 2
Relative colorectal cancer risk (RR)
Factor Colon cancer Rectum cancer
Cases | Person-years | RR (95 % CI) Cases | Person-years | RR (95 % CI)
Sex:
men 148 413,534 1 136 414,023 1
women 77 176,022 0.72 (0.55-0.96) 48 176,398 0.48 (0.34-0.67)
Age:
<50 13 360,317 0.02 (0.01-0.03) 12 360,584 0.02 (0.01-0.04)
50-59 45 108,115 0.20 (0.14-0.30) 36 108,260 0.21 (0.14-0.33)
6069 74 73,273 0.51 (0.37-0.70) 63 73,496 0.57 (0.40-0.83)
70-79 73 37,678 1 53 37,873 1
>80 20 10,173 1.05 (0.62-1.69) 20 10,207 1.52 (0.89-2.51)
Smoking status:
never 105 253,806 1 68 254,393 1
quit smoking 62 123,324 1.1 (0.74-1.64) 60 123,482 1.46 (0.95-2.30)
smoke 55 205,044 1.06 (0.70-1.60) 54 205,135 1.46 (0.93-2.32)
unknown 3 7382 1.55 (0.38-4.14) 2 7410 1.51 (0.25-4.83)
Alcohol consumption:
rarely 68 154,229 1 46 154,554 1
moderately 107 268,936 0.88 (0.61-1.28) 95 269,168 0.92 (0.6-1.43)
abused 43 144,720 0.78 (0.49-1.24) 38 145,013 0.78 (0.46-1.3)
unknown 7 21,669 1.08 (0.44-2.26) 5 21,684 0.94 (0.32-2.21)
Body mass index:
normal 32 99,242 1 21 99,338 1
above normal 98 268,849 0.95 (0.64-1.44) 83 268,972 1.30 (0.82-2.16)
unknown 95 221,465 1.03 (0.70-1.56) 80 222,110 1.38 (0.87-2.30)
Intestinal polyps:
no 221 586,679 1 174 587,421 1
yes 4 2876 1.13 (0.35-2.68) 10 2999 3.42 (1.68-6.19)
Colitis:
no 162 501,668 1 141 502,026 1
yes 63 87,888 0.95 (0.69-1.28) 43 88,394 0.8 (0.55-1.13)
Gamma-dose, Gy:
0-0.2 103 316,989 1 71 317,455 1
>0.2-0.5 53 109,360 1.08 (0.77-1.51) 45 109,621 1.25 (0.85-1.82)
>0.5-1.0 36 72,710 1.02 (0.69-1.48) 34 72,737 1.32 (0.86-1.99)
>1.0 33 72,337 0.89 (0.59-1.32) 34 72,444 1.24 (0.81-1.86)
Alpha-dose, Gy:
0-0.0001 46 178,043 1 31 178,259 1
> 0.0001-0.0005 62 89,208 1.30 (0.89-1.93) 29 89,538 0.87 (0.52-1.46)
> 0.0005-0.001 16 26,647 0.96 (0.53-1.67) 21 26,692 1.80 (1.01-3.13)
>0.001 27 38,494 0.93 (0.57-1.50) 29 38,546 1.46 (0.87-2.45)
unknown 74 249,465 1.03 (0.71-1.50) 74 249,687 1.46 (0.97-2.25)
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Categorical analysis did not reveal any
impacts of gamma- and alpha-doses on the co-
lorectal cancer risk for workers in the analyzed
cohort. A significant increase in the rectum
cancer, RR = 1.80 (95 % CI: 1.01-3.13), was
detected only for internal alpha-particle expo-
sure at a dose within 0.0005-0.001 Gy (against
0.0-0.0001 Gy) but the reasons for that need
further clarification (Table 2).

The dose-response relationship was ana-
lyzed based on a linear model and this analy-
sis confirmed the results obtained by cate-
gorical analysis (Tables 3 and 4). ERR/Gy
estimates varied between -0.03/Gy and
0.04/Gy (colon cancer) and between 0.17/Gy

and 0.29/Gy (rectum cancer) for the lag pe-
riod of 0 years and with the use of back-
ground risk models with sets of different
non-radiation factors. The results were not
significant (Table 3).

ERR/Gy of alpha-dose varied within
-5.73/Gy and -4.78/Gy (colon cancer) and be-
tween -5.69/Gy and -4.80/Gy (rectum cancer)
for the O-year lag period but it did not reach
statistical significance either (Table 4). Analy-
sis based on occupational exposure doses,
which considered the 10-year lag period, did
not demonstrate any relationship between oc-
cupational radiation exposure and the colorec-
tal cancer risk (Tables 3 u 4).

Table 3

Excess relative risk (ERR/Gy) of colorectal cancer: external gamma-ray exposure

ERR/Gy (95 % CI)

Factors considered in the background risk model

Colon cancer | Rectum cancer

0-year la,

g period

Age, sex

0.01 (-0.13-0.21) 0.17 (-0.08-0.55)

Age, sex, smoking

0.01 (-0.14-0.20) 0.17 (-0.08-0.56)

Age, sex, smoking, alcohol consumption

0.03 (-0.13-0.24) 0.22 (-0.06-0.65)

Age, sex, smoking, alcohol consumption, body mass index

0.04 (-0.12-0.25) 0.20 (-0.07-0.62)

Age, sex, smoking, alcohol consumption, body mass index,
intestinal polyps, colitis

0.02 (-0.14-0.23) 0.18 (-0.09-0.62)

Age, sex, smoking, alcohol consumption, body mass index,
intestinal polyps, colitis, alpha-dose

-0.03 (-0.20-0.21) 0.29 (-0.06-0.93)

10-year lag period

Age, sex

0.02 (-0.13-0.23) 0.16 (-0.09-0.54)

Table 4

Excess relative risk (ERR/Gy) of colorectal cancer: internal alpha-particle exposure

Factors considered in the background risk model

ERR/Gy (95 % CI)

Colon cancer | Colon cancer

0-year la,

g period

Age, sex

-5.73 (n/a-37.61) -4.80 (n/a—76.58)

Age, sex, smoking

~4.97 (n/a-33.06) -5.25 (n/a—72.78)

Age, sex, smoking, alcohol consumption

~4.92 (n/a—34.82) -5.34 (n/a—79.45)

Age, sex, smoking, alcohol consumption, body mass index

-5.69 (n/a—38.41) -5.30 (n/a—85.37)

Age, sex, smoking, alcohol consumption, body mass index,
intestinal polyps, colitis

-5.16 (n/a-32.61) -5.28 (n/a-87.76)

Age, sex, smoking, alcohol consumption, body mass index,
intestinal polyps, colitis, gamma-dose

4.78 (n/a-46.65) -5.69 (n/a-79.55)

10-year lag period

Age, sex

-9.05 (n/a—64.79) 924 (n/a—125.7)

N o t e: n/a means limits of the CI interval were not
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We observed elevated colorectal cancer
risks for older age groups as well as for men
compared to women in the analyzed cohort.
Our findings are consistent with results of other
epidemiological studies where 90 % of malig-
nant tumors of this localization were reported in
patients older than 50 years [1, 5]. Men have
1.4-1.5 times higher risks of colorectal cancer
than women; this fact is explained by differ-
ences in the prevalence of lifestyle factors in
male and female populations [5, 6].

Smoking plays a significant role in colo-
rectal cancer etiology, which is especially
relevant for tumors in the proximal colon and
the rectum. Levels of risk depend on smoking
intensity and duration and are different for
specific molecular subtypes of colorectal can-
cer [22, 23]. Some epidemiological studies
suggest that even moderate regular drinking
increases the colorectal cancer risk by 2040 %
against people who drink rarely or even do not
drink alcohol at all [24].

Chronic inflammatory bowel diseases
(CIBD) are a significant risk factor of colorec-
tal cancer and approximately 10-15% of
CIBD patients die due to malignant tumors of
this localization [25]. An elevated colorectal
cancer risk in obese people is also explained
by inflammatory changes in intestinal epithe-
lium due to metabolic disorders [26]. Changes
in organization and structure of intestinal epi-
thelium induced by inflammation promote
growth of adenomatous polyps which can un-
dergo malignant transformation in 10-20 %
cases [27].

In this study, we established an elevated
rectum cancer risk in patients with intestinal
polyposis but did not reveal any impacts of
such factors as smoking, alcohol consumption,
chronic colitis, overweight and obesity on co-
lorectal cancer incidence among the analyzed
cohort of nuclear workers. It is noteworthy that
according to accumulated research data, mi-
crobiota in the large intestine has considerable
influence on metabolism of ethanol and to-
bacco smoking products as well as on devel-
opment and outcome of inflammatory reac-
tions. This microbiota is considered a carcino-
genesis mediator [28]. Byproducts of gut
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microbiota can have either carcinogenic or
anti-tumor properties and this can modify ef-
fects produced by carcinogenic factors in some
individuals. State of gut microbiota largely
depends on nutrition [29].

Large-scale epidemiological studies ob-
served effects of ionizing radiation on colo-
rectal cancer incidence and mortality; how-
ever, estimated risk levels differ for MTs of
the colon and rectum. In the LSS cohort, a
positive significant relationship was demon-
strated between doses of acute gamma-
neutron exposure and the colon cancer risk in
atomic bomb survivors [11-13]. ERR/Gy es-
timates adjusted for smoking, alcohol and
meat consumption, and body mass index were
calculated for 70-year old people who had
been exposed at the age of 30 years (both
sexes). The results were as follows: colon
cancer (all sections), ERR/Gy = 0.63 (95 %
CI: 0.34-0.98); the proximal colon, ERR/Gy =
0.80 (95 % CI: 0.32—1.44); the distal colon,
ERR/Gy = 0.50 (95 % CI: 0.04-0.97). These es-
timates were not significant for rectum cancer:
ERR/Gy = 0.023 (95 % CI: -0.081-0.13) [11].

Previously, no effects of acute gamma-
neutron exposure were observed in the LSS co-
hort for rectum cancer incidence (1958—1998)
and mortality (1950-2003) [12, 13]. Esti-
mates of radiation-related colon cancer risks
adjusted for sex, age and age of exposure
(without taking into account other non-
radiation factors) were the same: ERR/Gy =
0.54 (90 % CI: 0.30-0.81) for incidence and
ERR/Gy = 0.54 (90 % CI: 0.23-0.93) for
mortality [12, 13].

Meta-analysis of findings reported in
studies of patients who were treated with ra-
diotherapy for prostate cancer revealed an in-
crease in relative risk (RR) of rectum cancer,
RR = 1.64 (95% CI: 1.39-1.94) and colon
cancer, RR = 1.33 (95 % CI: 1.02-1.76) com-
pared to those patients who had never received
the radiotherapy [14]. Elevated colon cancer
risks were established 8 years after and rectum
cancer risks 15 years after radiotherapy for
cervical cancer [15]. The colon cancer risk was
RR = 2.00 (95% CI: 1.43-2.80) in these
female patients; the rectum cancer risk was
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RR=4.04 (95 % CI: 2.08-7.86). The observed
RR values remained the same during the next
20 years of the follow-up [15]. An elevated
colorectal cancer risk was also observed for
patients who had undergone the radiotherapy
at doses between 20 Gy and 29.99 Gy for
whom odds ratio was 7.8 (95 % CI: 1.3-56.0)
compared to those who had never received the
radiotherapy [16].

Elevated risks of rectum cancer mortality
were reported for nuclear workers of the United
Kingdom (the UK) as well as in the joint
INWORKS study, which included cohorts of
occupationally radiation-exposed workers from
France, the UK and the USA [17, 30]. Cumula-
tive exposure doses absorbed in the large intes-
tine were 0.4—19.8 mGy in INWORKS workers
and the risk of rectum cancer mortality calcu-
lated using maximum likelihood technique
based on the Poisson regression was ERR/Gy =
1.87 (90 % CI: 0.04-4.52) [17]. When the
analysis was performed by using hierarchical
regression, ERR/Gy estimates for rectum cancer
were not significant. The INWORKS did not
reveal a relationship between radiation doses
from occupational exposure and the risk of co-
lon cancer mortality [17].

Epidemiological studies conducted in
various countries did not report any findings
indicating an association between internal al-
pha-particle exposure and the colorectal cancer
risk in industrial workers exposed to pluto-
nium or radium; in patients who had been
treated with radium- or thorium-based medica-
tions, either diagnostic or therapeutic ones; as
well as in individuals exposed to radon (min-
ers and general population) [31-36]. It is
noteworthy that doses of alpha-active nucleo-
tides absorbed in the intestine were very low in
all cases mentioned above [31-36].

Previously, incidence [18] and mortality
[19] due to MTs of various localizations were
analyzed in the cohort of Mayak PA workers.
The analysis did not reveal any relationship be-
tween occupational exposure doses (gamma and
alpha radiation) and colorectal cancer. A study
of cancer incidence included workers hired at the
reactor, plutonium-producing and radiochemical
plants of Mayak PA in 1948-1982 and covered
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the follow-up period until December 31, 2004
[18]; a study of cancer mortality also included
personnel hired at auxiliary production of Mayak
PA and covered a longer follow-up period up to
the end of 2008 [19]. Occupational exposure
doses were provided by the ‘Mayak Worker
Dosimetry System — 2008’; sex, age, and
smoking status were considered in the base-
line risk calculations.

In this study, the follow-up period was ex-
tended up to 14 years for the same cohort; oc-
cupational exposure doses were provided by the
improved ‘Mayak Worker Dosimetry System —
2013 [20]; we used a wider set of non-
radiation factors in the baseline risk modeling
(alcohol consumption, intestinal polyps, chronic
colitis, and BMI). This analysis, similarly to the
previous one, did not reveal any significant re-
lationship between occupational radiation expo-
sure doses and the colorectal cancer risk.

It is noteworthy that the number of colo-
rectal cancer cases included in this study was
relatively small. In addition to that, we did not
consider workers’ dietary habits, physical ac-
tivity, other individual peculiarities (genetic
predisposition, state of gut microbiota), or in-
teractions between specific risk factors. This
might affect the study findings.

Conclusions:

1. This study did not find any impact of
chronic occupational external gamma-ray ex-
posure or internal alpha-particle exposure on
the colorectal cancer risk in the cohort of Ma-
yak PA workers.

2. We observed a significant increase in
the colorectal cancer risk in older age groups as
well as in males compared to females; in addi-
tion to that, the rectum cancer risk was higher
in workers diagnosed with intestinal polyposis.

3. We did not establish any associations
between the colorectal cancer risk in the study
cohort and such factors as smoking, alcohol
consumption, overweight and obesity, or
chronic colitis.
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Patients with oncological and hematological diseases are at high risk of nosocomial bloodborne infections (hepatitis
B, hepatitis C, and HIV) due to their immunosuppressed condition and highly invasive treatment. The aim of our study is to
identify the key risk factors of acquiring bloodborne infections among patients with hematological and oncological diseases
and to determine the causes of uneven preval ence of hepatitis B and C among main clinical groups of patients.

The study was carried out from 2021 to 2023. The study cohort consisted of 500 patients, with 100 patients in each
clinical group: primary immunodeficiencies PID), disorders of the blood and blood-forming organs (BD), hematological
malignancies (HM), malignant solid tumors (MST), benign tumors (BT).

The median burden of invasive procedures per patient in the patients with HM, MST, BD, BT, and PID amounted to
10.9, 6.2, 5.1, 4.1, and 2.2 invasive interventions a day, respectively. The median infusion/injection burden was 8.3, 4.0, 2.7,
2.7, and 0.6 drugs a day, respectively. The median blood sampling burden amounted to 2.0, 1.7, 1.7, 1.3, and 1.6 samples a
day, respectively. The median transfusion burden was 0.14, 0.07, 0.25, 0, and 0 units of transfused blood components a day,
respectively. The median surgery burden was 0, 0.15, 0, 0.17, O surgical procedures a day, respectively. The medians for
other medical proceduresin all clinical groups amounted to 0.

The patients with PID representing a clinical group of patients with the highest prevalence of hepatitis B and C infec-
tions (2.5 % and 2.3 %, respectively) have the lowest level of invasive burden. It should be supposed that the major risk fac-
tor of acquiring HBV or HCV among patients with oncological and hematological diseasesis the level of immunocompetence
together with the impact of risk factors associated with invasive procedures such as blood transfusions, the use of venous
catheters (for intravenous administration of drugs and blood sampling), and extensive surgeries.

Keywords: risk factors, bloodborne infections, prevalence of HBV, prevalence of HCV, seroprevalence of HBV, sero-
prevalence of HCV, children with oncological and hematological diseases, transfusion-associated hepatitis, risk factors of
acquiring nosocomial HBV and HCV infections.

Patients with oncological and hema- B, hepatitis C, and human immunodeficiency
tological diseases as well as patients under- virus (HIV)) due to their immunosuppressed
going hemodialysis are at high risk of condition associated with the underlying
nosocomial bloodborne infections (hepatitis disease and specific treatment [1-8]. Factors
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most commonly considered to be involved in
the transmission of bloodborne infections
among patients with oncological and hema-
tological diseases are blood transfusions,
unsafe injections and infusions, surgeries and
other invasive diagnostic and treatment
procedures [9—19].

Testing for hepatitis C virus (HCV) infec-
tions of patients with oncological and immu-
nological diseases admitted to the D. Rogachev
NMRCPHOI of Ministry of Healthcare of the
Russian Federation (hereinafter referred to as
the Center) from different regions of Russia
showed high prevalence of these infections
among them. From 2014 to 2020, it amounted
to 1.7 % which is 50 times higher than the
average national prevalence reported for
children. The prevalence of HCV infection
among patients with different oncological and
hematological diseases was found to be high in
patients with PID (2.8 %), BD (2.2 %), MST
(1.9 %), HM (1.6 %) [20].

Materials and methods. The aim of the
study was to identify possible causes of
uneven prevalence of hepatitis B virus (HBV)
and HCV infections among patients with
oncological and hematological diseases,
namely causes of high HCV and HBV pre-
valence among patients with PID and other
clinical groups of patients (BD, MST, and
HM). The objectives of the study were to
assess the burden of invasive procedures, to
correlate it with the prevalence of HCV and
HBV infections among patients from the
main clinical groups and to hypothesize the
possible causes and risk factors for acquiring
these infections.

In our study, we assessed the burden of
invasive procedures in patients who had
undergone treatment at the Center from 2021
to 2023. The study sample included 500
patients (100 patients in each clinical group:
PID, BD, HM, MST, BT). To analyze the
burden of invasive procedures in the patients,
we assessed the infusion burden (the number
of drugs infused), the frequency of diagnostic
blood sampling (the number of blood tubes
collected), the burden of blood transfusions
(the number of units of blood and blood
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components transfused), surgery burden (the
number of surgeries), the frequency of bone
marrow aspirations and lumbar punctures and
diagnostic endoscopic procedures (the number
of invasive procedures per patient per day).

In order to correlate the results of our
assessment of invasive burden with the
prevalence of HBV and HCV, we used the
retrospective data on the prevalence of these
infections among patients who had received
treatment at the Center from 2014 to 2022
(13,500 patients). These retrospective data
included the results of laboratory testing for
HBsAg, anti-HCV, HCV RNA, and HBV
DNA performed at admission to the Center.
All patients with HCV and HBV from this
retrospective cohort were infected before
admission to the Center. There were no cases
of HBV or HCV infections acquired at the
Center during the analysis period.

The analyzed group of patients was
characterized by prior hospitalizations at the
place of residence, the need for complex and
technologically advanced diagnostic and
treatment modalities that are unavailable in
other regions of the country, and severe
condition at admission to the Center.

The statistical analysis was conducted
using Microsoft Excel. The significance of
differences in quality parameters was assessed
by using contingency tables and the calculation
of X2 tests (95 % confidence intervals).
A statistical comparison of the medians was
made using the Mann — Whitney U test.

Results and discussion. It was revealed
that the patients with HM experienced the
highest burden of invasive procedures: the
median daily burden among the patients with
HM was 2 times higher than in the whole
cohort of interest (n = 500) (10.9 vs 5.4,
p < 0.001). The lowest median burden of
invasive procedures was observed among the
patients with PID; it amounted to 2.2 invasive
procedures per patient per day, which is
5 times lower than in the patients with HM
(» < 0.001) and 2.5 times lower than the
average burden of invasive procedures per
patient per day in the whole cohort of interest
(» <0.001) (Table 1, Figure 1).
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Table 1
The median number of invasive procedures per 1 patient per day (2022)
Invasive Injections, | Blood Blood Lumbar Diagnostic
procedures| .7 ", . ) . . Total
infusions | sampling transfu.s1ons Surgeries punctures{bor}e endoscopic burden
Clinical diagnosis (drugs) (tubes) (units) marrow aspirations| procedures
HM 8.3 2.0 0.1 0 0 0 10.9
MST 4.0 1.7 0.1 0.15 0 0 6.2
BD 2.7 1.7 0.3 0 0 0 5.1
BT 2.7 1.3 0 0.17 0 0 4.1
PID 0.6 1.6 0 0 0 0 22
All clinical groups 33 1.6 0 0 0 0 54
0 - 4 5 6 8 i 1%1 BT, and PID was 8.3, 4.0, 2.7, 2.7, and 0.6,
wv Iy respectively. The patients with HM received
the highest number of injections and infusions
40 17 0102 . R . )
vsT | during treatment which is 2.5 times higher
. o | os thap the Whgle cohort‘ of interest and. sta-
80 | tistically significantly higher than the patients
from other clinical groups (p < 0.05). The
BT ﬁ = patients with PID received the lowest number
i of parenteral medications, which is 14 times
PID lower than the patients diagnosed with HM
33 16 (» =0.00028) and 6 times lower than the
I

M Injections, infusions @ Blood sampling

[ Blood transfusions Surgeries

¥ Punctures/Aspirations ® Endoscopic procedures
Figure 1. The median number of invasive procedures

per 1 patient per day according to the type of
procedures and clinical groups

We carried out a thorough analysis of
each type of invasive interventions in all the
clinical groups of patients. Parenteral
administration of drugs was the most common
invasive procedure in the patients with
oncological and hematological diseases. To
assess the burden of injections and infusions,
we calculated the number of medications
administered by the following parenteral
routes: intravenous (IV) (intermittent (push or
short) infusions and continuous infusions),
subcutaneous (SC), intramuscular (IM), intra-
thecal (IT), and intraventricular (IVT).

The median number of medications
administered to all patients from the cohort of
interest was 3.3 per patient per day. The
median number of medications administered
per day to the patients with HM, MST, BD,
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whole cohort of interest (Table 1, Figure 1).

At the Center, the most commonly used
venous access for both intermittent and
continuous infusions of medications was a
central venous catheter (CVC).

The patients with HM received 5.1 medi-
cations per day administered as short infusions;
the patients with MST, 3.3 medications; the
patients with BT, 2.6; the patients with BD, 2.2;
and the PID cases, 0.2. The patients with HM
received the largest number of medications via
short infusions which was twice as high as the
median number of drugs administered this way
at the Center (2.6). The patients with PID were
given the smallest number of drugs as short
intravenous infusions which was 16 times lower
than the median number of medications
administered this way at the Center, and
31 times lower than the number of drugs
received by the patients with HM (p = 0.00028).
The patients with HM received 2.8 drugs per day
via continuous intravenous infusions, the
patients with BD — 0.5 drugs, MST cases — 0.2,
BT — 0, PID — 0 (Figure 2). The largest number
of drugs administered via this route was given to
the patients with HM.
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m continuous IV infusion
"M

= short IV infusion
IT IVT

m SC

Figure 2. The median number of drugs per patient
per day according to the disease and route

of administration
0 0.5 1 1,5 2
| | | |
HM ‘ ‘ ‘ 2.0
MST ‘ ‘ ‘ 17 1.6
BD : 1.7
BT ‘ ‘ _ 1.3
PID | . o 16
| | | |

Figure 3. The median number of blood samples
collected per patient per day according
to the disease

0.00

0.05 0.1

0.15 0.2 0.25

HM 0.04
MST

BD 0.25
BT | 0.00

PID | 0.00

Figure 4. The median number of blood transfusions
(doses of blood and its components) per patient per day
according to the patient clinical group

The median number of drugs administered
subcutaneously, intrathecally, intramuscularly
and intraventricularly was 0 (Figure 2). Intra-
thecal and intraventricular routes were mostly
used in the patients with HM.
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The maximum burden of parenteral drug
administration was registered in the patients
with HM, with both the number of drugs and
the route of their administration taken into
account. Meanwhile, the patients with PID had
the lowest injection/infusion burden.

Blood sampling was the second most
frequent invasive procedure performed at the
Center, after parenteral drug administration. In
order to reduce the invasive and psychological
burden in the patients, blood was collected
from a central venous line in 89-99 % cases.

When assessing blood sampling burden,
we discovered that the patients with HM
underwent diagnostic blood testing more often
than the others: the median number of blood
specimens per patient per day was 2, and in the
patients with PID this parameter was 1.3 times
lower (1.6 vs. 2, p = 0.017) (Table 1, Figure 3).
All the clinical groups experienced high
invasive burden but the patients with HM were
the most affected group.

The analysis of the burden of blood
transfusions, namely, of the median amounts
of transfused blood components, showed that
the highest amount of blood was received by
the patients with BD and HM: 0.25 and 0.14
doses of blood or its components per patient
per day, respectively; while the patients with
MST received 0.07 doses, and the patients
with PID and BT — 0. The patients with BD
underwent 1.8 times more blood transfusions
than the patients with HM (p > 0.05) and 3.8
times more transfusions than the patients with
MST (p <0.001) (Table 1, Figure 4).

Since donor blood components with short
shelf life (platelet concentrates, red blood cell
containing components, granulocyte con-
centrates) are considered to be the most unsafe
blood products, we decided to compare the
number of transfusions of these components
with that of quarantined ones among the
different clinical groups. The patients with
HM, MST and BD had the same median
amount of transfused red blood cell containing
components, namely, 0.06 dose. In the patients
with HM and BD, the median amounts of
transfused platelet concentrates were 0.03 and
0.06 doses per patient per day (p = 0.89656),
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Table 2

The median number of doses of blood and its components transfused to 1 patient per day
according to the patient clinical group and the transfused blood component

Blood Platelet Red blO.O(.i cell Granulocyte All the blood
component containing Plasma

- . . concentrate concentrate components
Clinical diagnosis components
HM 0.03 0.06 0 0 0.14
MST 0 0.06 0 0 0.07
BD 0.06 0.06 0 0 0.25
BT 0 0 0 0 0
PID 0 0 0 0 0
All the patients 0 0 0 0 0

000 001 002 003 004 005 006 0.07

: |0.03
Hv [ I L |

0.00
MST il i i 1 i ; 1 0.06

% 0.06
~0.06

BT | 0.00

PID | 0.00

m Platelet concentrate

® Red blood cell containing components
Granulocyte concentrate
Plasma

Figure 5. The median number of doses of blood and
its components transfused to 1 patient per day
according to the patient clinical group and
the transfused blood component

respectively. The median amounts of other
transfused blood components in the patients
with HM, MST and BD as well as the median
numbers of doses in the other groups (BT and
PID) equalled 0 (Table 2, Figure 5). All the
patient groups were at risk of acquiring
bloodborne infections since most patients
received blood components with short shelf
life. The percentage of blood components with
short shelf life transfused to the patients with
HM was 83 %, the patients with MST — 79 %,
BD - 83 %, BT — 74 %, PID — 95 %.

Thus, the highest burden of blood trans-
fusions was registered in the patients with BD
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and HM, due to extensive replacement therapy
with blood components that can potentially
carry bloodborne pathogens.

Surgery burden assessment revealed that
the median number of surgeries in the patients
with MST was 0.15, while the patients with BT
underwent a median of 0.17 surgeries per patient
per day (p = 0.5485). In the other clinical groups,
the median number of surgeries amounted to 0.
The median number of surgeries undergone by
the study cohort was also 0 (Table 3).

Since more extensive surgeries are
associated with a higher risk of transmission of
bloodborne infections, we analyzed the median
numbers of surgeries stratified according to
their complexity using the surgical complexity
classification developed at the Center:

e Level I. Very low-risk surgeries: sur-
geries performed on the surface of the body
without involving the inner structures;

e Level II. Low-risk surgeries: surgeries
performed on the surface of the body with a
few incisions, major surgeries without internal
organ involvement, laparoscopy, oral surge-
ries, and limb reconstruction;

e Level III. Moderate-risk surgeries: sur-
geries on the internal organs and the intestines,
open joint surgery, laparoscopy involving paren-
chymal organs, thoracoscopy, and microsurgery;

e Level IV. High-risk surgeries: exten-
sive surgeries involving several organs or
systems, surgery on the CNS;

e Level V. Extremely high-risk surgeries:
surgeries on vital organs and systems in
critically ill patients.
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Table 3

The median number of surgeries per patient per day according to the clinical diagnosis and
surgical complexity

Level I Level II Level II1 Level IV Level V Total number

HM 0 0 0 0 0 0

MST 0 0 0 0 0.08 0.15

BD 0 0 0 0 0 0

BT 0 0 0 0 0 0.17

PID 0 0 0 0 0 0

All the patients 0 0 0 0 0 0
An analysis of the number of surgeries The median number of endoscopic

stratified in accordance with their complexity
showed that the median number of level V
complexity surgeries was significant only in the
patients with MST, amounting to 0.08 surgeries
per patient per day. In the other clinical groups,
the median number of surgeries of various
complexity was 0 (Table 3).

Since the medians equalled 0, we had to
analyze the distribution of the number of
various complexity surgeries (Figure 6) in
order to evaluate surgery burden in the
different clinical groups. All the patients were
shown to experience surgery burden to some
extent but significant surgery burden was
evident only in the patients with MST and BT,
which was also demonstrated by the medians
of the number of surgeries in these groups.
Since the patients with MST underwent
extensive level V complexity surgeries, the
surgery burden in this group was judged to be
higher than that in the BT patients. Fifty
percent of the surgeries undergone by the
patients with MST had level V complexity.
The lowest surgery burden was registered in
the patients with PID (Figure 6).

The median number of lumbar punctures
and bone marrow aspirations was 0 in all the
clinical groups. In this view, we set out to
compare the distribution of the number of
punctures/aspirations among the patient
groups. The patients with HM were found to
experience the highest burden of invasive
procedures: 18 % of the patients underwent
more than 0.1 punctures / aspirations per day
(Figure 7).

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

ISSN (Eng-online) 2542-2308

procedures was 0 in all the clinical groups.
Our distribution analysis revealed that the
highest number of endoscopic procedures was
carried out in the patients with PID: 24 % of
the patients underwent over 0.1 procedures per
day (Figure 8).

Thus, the highest burden of endoscopy
was registered in the patients with PID, while
the patients from the other clinical groups
experienced a minimal burden of invasive
procedures.

When analyzing the prevalence of HBV and
HCYV in the main clinical groups of patients, we
found that the most infected group was the one
with the PID patients (HBV — 2.5%, HCV —
2.3 %). HBV and HCV prevalence in the patients
with PID was statistically significantly higher than
in the patients with HM, BD and MST (p < 0.05).
No significant difference in HCV prevalence was
observed among the patients with HM, BD and
MST (1.3 %, 1.3 %, 1.2 %, p > 0.05). There was
no significant difference in HBV prevalence
among the patients with HM and BD (0.9 %,
0.8 %, p > 0.05), but it was higher than in the
patients with MST (0.2 %) (p <0.05) (Figure 9).

Our analysis shows that invasive procedures
have different significance depending on the
clinical group of patients according to the special
aspects of the organization of the D. Rogachev
Center's work. Even though the results in other
clinics may differ, our data can be taken into
consideration when investigating cases of
contracting bloodborne infections and instituting
preventive and epidemic control measures among
immunocompromised patients.
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Figure 9. The prevalence of HBV and HCV infections
in the main clinical groups of patients treated at the
D. Rogachev NMRCPHOI, from 2014 to 2022
(n=13 500)

Our analysis showed that the highest
burden of invasive procedures among the
main clinical groups of patients with
oncological and hematological diseases and
immunodeficiency conditions was observed
in the patients with HM which underwent
10.9 invasive procedures per day, while the
patients with PID experienced the lowest
burden of invasive procedures, 2.2 invasive
procedures per day, which is 5-fold lower
than in the patients with HM and 2.5-fold
lower than the average burden of invasive
procedures at the Center (5.4 invasive
procedures per patient per day).

When assessing certain types of invasive
procedures, we found that the patients with
HM had the highest infusion/injection burden
in terms of the number of drugs administered.
Routes of drug administration have varying
degrees of invasiveness and therefore the risk
of bloodborne infection transmission. The
highest risk of getting infected is observed in
case of intravenous drug administration using
a catheter by intermittent infusions, since it
involves numerous procedures with both the
catheter and secondary IV accesses. Thus, in
the patients with HM, the largest number of
drugs was administered by intermittent intra-
venous infusions.

Another type of invasive procedures
associated with miltifactorial risks of trans-
mitting bloodborne infections is blood sam-
pling. During blood sampling, all clinical
groups of patients experienced high burden of
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invasive procedures but the highest burden
was observed in the patients with HM.

The patients with BD and HM had the
highest burden of blood transfusions both in
terms of the number of units of transfused
blood components and their safety (the number
of unsafe platelet concentrates and red blood
cell containing components).

The highest surgery burden was observed
in the patients with MST and BT; in addition,
the patients with MST underwent a higher
number of extensive surgeries than patients
from other clinical groups. The percentage of
the patients with MST who underwent level V
surgeries was 50 %.

The largest number of lumbar punctures
and bone marrow aspirations was carried out
in the patients with HM.

The lowest infusion/injection burden was
observed in the patients with PID and was 14
times lower than in the patients with HM and 6
times lower than in the whole cohort of
interest. The patients with PID had 1.3 times
fewer blood samples collected daily than the
patients with HB. The median numbers of
blood transfusions, surgical interventions,
punctures/aspirations and endoscopic exami-
nations were 0 in the patients with PID.
According to our analysis of the distribution of
the number of surgeries and lumbar pun-
ctures/bone marrow aspirations, among all the
clinical groups of patients, the PID patients
had the lowest invasive burden associated with
surgeries and lumbar punctures/bone marrow
aspirations and the highest invasive burden
associated with endoscopic procedures.

Our retrospective analysis demonstrated a
high prevalence of bloodborne infections among
patients with oncological and hematological
diseases and immunodeficiency conditions
admitted to the Center from different regions of
the country. HBV and HCV prevalence among
the patients treated at the Center was high; the
highest prevalence was observed in the group of
patients with PID.

When correlating the results obtained by
assessing the burden of invasive procedures
with the level of HBV and HCV prevalence,
we found that the patients with PID who
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experienced the lowest burden of invasive
procedures, had the highest prevalence of
HBV and HCV. We can assume that a lower
dose of an infectious agent is required to infect
patients with PID due to their immuno-
deficiency state. Moreover, the analysis of
medical records revealed that the patients with
PID have a longer time to diagnosis in
outpatient clinics compared with the patients
with HM and MST: they undergo numerous
invasive procedures during their long stay in
clinics not specialized in the treatment of
immunocompromised patients until a final
diagnosis is established.

In the previous studies, blood transfusions
and medical procedures were considered the
leading risk factors for contracting bloodborne
infections in patients with oncological and
hematological diseases'. Based on the data
obtained from our study, it can be assumed
that the leading risk factor for contracting
HBV and HCV in patients with oncological
and hematological diseases is the level of
immunocompetence of patients in combination
with the influence of risk factors associated
with invasive procedures.

The next highest prevalence of HCV was
observed among the patients with HM, BD,
MST, most likely due to the high burden of
invasive procedures during drug administration
and blood sampling. In patients with induced
immunosuppression, there might have been
infection control breaches in the preparation of
infusions, blood sampling and the management
of IV catheters (the most commonly used
venous access devices for drug administration
in these patients). There were additional risk
factors for contracting infections: numerous
lumbar punctures and bone marrow aspirations
in the patients with HM and a large amount of
extensive surgeries in the MST patients.
Despite the absence of immunosuppressive and
/ or chemotherapy, HCV prevalence was 0.6 %

in the patients with BT, which exceeded the
prevalence in the general pediatric population.
The leading risk factors for the patients with BT
included high surgery and infusion burden,
which emphasizes that there might have been
infection control breaches in the procedures
carried out in in- and outpatient clinics. High
prevalence of HBV in the patients with BD and
HM who received extensive replacement
therapy with blood components implies a
residual risk of contracting post-transfusion
HBYV which is able to escape the capabilities of
diagnostic test systems due to the presence of
mutant forms of the virus. Despite the absence
of induced immunosuppression, the prevalence
of HCV in the patients with BD was at the same
level as in the patients with HM and MST. As
regards the prevalence of HBV among the
patients with BD, it was at the same level as in
the patients with HM but higher than in the
patients with MST. The leading risk factors in
the patients with BD were as follows: a high
burden associated with transfusions of unsafe
blood components, infusion/injection burden,
and blood sampling. The prevalence of HBV
and HCV in the patients with BD shows that
blood transfusions are associated with the risk
of HBV transmission and implies the unsafety
of medical procedures.

Conclusions. Invasive procedures and
transfusions of unsafe blood components in
patients with immunosuppression are factors that
place patients with oncological and hematological
diseases and immunodeficiency conditions at in-
creased risk of contracting bloodborne infections.
Such invasive procedures include intravenous
administration of medications, blood sampling
and extensive surgeries.
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ANTHROPOMETRIC INDICES AND BIOIMPEDANCE BODY COMPOSITION
AS ONTOGENETIC INDICATORS TO DESCRIBE RISK OF OBESITY

0.0. Alyoshina, I.V. Averyanova

Scientific Center “Arktika”, Far Eastern Branch of the Russian Academy of Sciences (SC “Arktika” FEB RAS),

24 Karl Marx St., Magadan, 685000, Russian Federation

The body mass index does not distinguish body fat mass from fat-free mass and does not capture changes in these pa-

rameters. The aim of this study was to establish an association between anthropometric indexes and bi oimpedance indicators
with age-specific obesity on the example of male population in the Magadan oblast. To achieve it, we examined 586 males
who lived in the Magadan oblast by using conventional methods for assessment of physical development. The ROC analysis
was performed and the area under the ROC curve (AUC) was measured.

The analysis of the obtained research data established a significant decrease in FFMI values with age (from young
males to elderly ones) together with growing FMI, FMI/FFMI ratio, total body fat and the waist-to-hip ratio. To determine
an optimal BMI value as an indicator eligible to diagnose obesity, a ROC-curve was built to describe a relationship between
BMI and FMI/FFMI value < 0.4 cu. It showed that when BMI ranged between 22 kg/n? and 25.0 kg/n? in young males, bio-
impedance values corresponded to the physiological norm; in the early maturity group, the optimal BMI cut-off point for
diagnosing obesity was 26.5 kg/n?; the optimal BMI range in the 2™ maturity group was 24.0-27.5 kg/n?. It is noteworthy
that the ROC-analysis turned out to have no predictive significance among elderly men; this indicates that BMI is hardly
eligible for being used as an indicator of obesity risk in this period of ontogenesis.

Classical BMI ranges cannot be considered a clear indicator to diagnose obesity among males in the Magadan oblast
whereas indicators obtained by bioimpedance analysis (FMI/FFMI ratios) can be used as relevant indicators when assessing
risks of obesity and sarcopenia in the analyzed popul ation.

Keywords: BMI, bioimpedance analysis, anthropometric indices, age dynamics, physical development, male popula-
tion, obesity, ROC-analysis.

musculoskeletal system [2—4]. Hence, obesity
and its consequences affect quality of life, de-

Nowadays, prevalence of obesity has
reached an epidemic level and this poses a se-

rious threat for population health in both de-
veloped and developing countries [1]. Obesity
is considered a principal public health concern
and ranked as the fifth foremost reason for
death globally; another alerting fact is that
obesity and overweight also lead to further
health concerns and contribute to numerous
chronic diseases, including cancers, diabetes,
metabolic syndrome, cardiovascular diseases,
hypercholesterolemia, and diseases of the

© Alyoshina O.0., Averyanova I.V., 2024

crease work efficiency and lead to greater ex-
penditure on healthcare [5].

At present, the body mass index (BMI) is
widely used in clinical practices, especially
for determining whether a patient has over-
weight or obesity [6, 7]. Although BMI is a
rather informative indicator and correlates
well with a growth in fat mass, its main
drawback is that it does not differentiate pre-
cisely between fat and muscle mass and is
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also unable to capture the body composition
and exact localizations of fat tissues. More-
over, it i1s a well-known fact that relative total
fat to muscle mass ratios tend to differ sig-
nificantly in people with the same BMI [8, 9].
This low diagnostic sensitivity of BMI results
in impossibility to use it for identifying the
body composition and, consequently, detect-
ing people with so called normal weight obe-
sity (hidden obesity). The latter is defined as
a high fat percentage in the body under BMI
values being within the reference range [10],
which, in its turn, can be a risk of diseases
associated with ‘common’ obesity [11, 12].
Previous studies have revealed that vari-
ous components in the body composition can
play quite the opposite roles as risk or protec-
tive health factors. Thus, in general, fat mass
creates elevated risks of cardiovascular dis-
eases whereas muscle mass, on the contrary,
is a protective factor as regards chronic non-
communicable diseases [13]. Greater muscle
mass may have a protective impact on high
TC, high LDL cholesterol, hyperglycemia,
and insulin resistance. This finding suggests
that the "obesity paradox" may be partly ex-
plained by high muscle mass [14]. Chronic
diseases associated with cardiometabolic dys-
function (insulin  resistance, metabolic
syndrome, diabetes mellitus, hypertension,
dyslipidemia, and coronary artery disease)
have been shown to be quite modifiable by
changes in diets and lifestyles. Having an op-
timal body composition is a major modifiable
risk factor; it is primarily achieved by reduc-
ing obesity and maintaining a proper ratio be-
tween fat mass and muscle mass [15].
Therefore, it is necessary to use alterna-
tive methods instead of BMI estimation to di-
agnose risks of obesity and metabolic disor-
ders. Bioimpedance analysis is one of such
methods. It is used in clinical diagnostics to
assess the body composition. The method is
simple, cheap, non-invasive and effective and
allows estimating physical development as
well as a wide range of physiological and
morphological characteristics of the body
[16, 17]. In addition to that, there are some in-
dices such as fat-to-lean mass ratio, waist-to-
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hip ratio and others, which are recommended
for assessing risks of obesity, sarcopenia and
sarcopenic or abdominal obesity. Wide use of
such methods and indices in clinical practice
should result in establishing new criteria for
obesity diagnostics, which will also be sex-
dependent among adult population. A meas-
ured fat percentage in the body should become
a conventional indicator in effective diagnos-
tics as well as in obesity screening [18].

Therefore, the aim of this study was to as-
sess how informative the body mass index was
when assessing obesity among males in the Ma-
gadan oblast in the ontogenetic aspect based on
investigating a combination of BMI and such
indices as fat-free (FFMI) and fat (FMI) mass
indices as well as their relationships with the to-
tal fat in the body and the waist-to-hip ratio.

Materials and methods. We analyzed 586
case histories of male patients provided by the
Magadan Regional Center for Medical Prophy-
laxis. All patients lived in the Magadan oblast.
Prior to inclusion in the study, each patient pro-
vided his informative voluntary consent; all pa-
tients’ data were depersonalized prior to analysis.

The analyzed sample was divided into four
groups in accordance with the age difference as of
1965: the first group was made of young males
(158 people); the second one, men in early (first)
maturity (154 people); the third one, men in the
second maturity (163 people); the fourth group
included elderly males (111 people). Then, each
group was divided as per conventional BMI esti-
mates where its value < 18.5 kg/m” was consid-
ered underweight; 18.5-249 kg/m’, normal
weight; 25-29.9 kg/m’, overweight, and BMI
values > 30 kg/m” meant obesity [19].

The following indices were input into the
research database: height (cm), weight (kg), lean
mass as per Durnin — Womersley (kg), fat mass
as per Durnin — Womersley (kg), fat (%) (identi-
fied with ABC-02 MEDASS bioimpedance ana-
lyzer of metabolic processes and body composi-
tion, Russia), as well as waist-to-hip ratio (W/H,
cu). Measurements of fat and fat-free mass were
used to calculated fat mass index (FMI = fat
mass index, kg/height (m)*, kg/m?) and fat-free
mass index (FFMI = fat-free (lean) mass index,
kg/height(m)?, kg/m”). FMI values > 8.3 cu were
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considered high fat mass and FFMI values <
17.4 cu were considered low lean mass [20].

We calculated the FMI / FFMI ratio as
well, which is ranked as metabolic health if its
value is < 0.4 cu; obesity, if it is 0.4-0.8 cu;
values > 0.8 cu mean sarcopenic obesity [20].
When interpreting the waist-to-hip (W/T) ratio,
we considered its value > 0.90 cu as an indica-
tor of abdominal obesity in the examined males.

A fat percentage in the body higher than its
reference range was classified as follows ac-
cording to the WHO recommendations: more
than 19 % for young males, more than 21 % for
men in the first and second maturity age, and
more than 24 % for elderly males [21, 22].

The results were statistically analyzed
with Statistica 7.0 applied software. Distribu-
tion of the measured variables was checked for
normality by using the Shapiro — Wilk test.
The results are given as mean and its standard
error (M £ m). We applied parametric one-
factor disperse analysis (ANOVA) to perform
multiple comparisons between normally dis-
tributed samples; next, we used a post-hoc
Scheffe test to establish any significant differ-
ence between specific groups. The ROC
analysis was performed and the area under the
ROC curve (AUC) was measured. The ROC
analysis was used to estimate whether BMI or
FMI/FFMI made it possible to identify obesity
in various age groups. Predictive capability
was quantified through an area under ROC
curve (AUC) where higher values indicated
greater predictive capability'. Critical signifi-
cance (p) was taken at 0.05; 0.01; 0.001.

Results and discussion. The analyzed indi-
cators, calculated indices and statistical differ-
ences inside age groups can be found in Table 1.
Table 2 provides significant differences between
the analyzed age groups. The provided percentage
of people with different BMI values indicates
there is an age-specific decline in a number of
people with underweight and normal weight
(from young males to elderly ones). Hence, in the
ontogenetic aspect, we can state that a number of
people with overweight and obesity is growing

with age among males in the Magadan oblast. It is
noteworthy that overweight people prevail over
obese ones in the first and second maturity group
whereas percentages of overweight and obese
men are practically the same among elderly
males. Among young males, underweight, normal
weight and overweight are typical though obesity
is also detected, the percentage being as follows:
9% /72 % /13 % / 6 % respectively; people with
normal body weight apparently prevail in this age
group. In the first maturity age, the percentages of
normal weight and overweight are practically the
same (3 % / 42 % / 43 % 12 %); obesity grows in
the second maturity age (0% / 26 % / 38% /
36 %). The greatest number of males with over-
weight and obesity was identified in the elderly
age group (0% /15 % /45 % /40 %).

Low FFMI values identified in young un-
derweight males and males in the first maturity
group indicate low muscle mass; these groups
have no significant differences as per all ana-
lyzed indicators. The same situation occurs in
the second maturity group and elderly people
with normal body weight; it is worth noting that
males in the second maturity group tend to have
an elevated fat percentage and high FMI/FFMI
values in elderly males indicate they have obe-
sity even if their BMI appears to be normal.

We should also note that young males
with overweight and obesity tend to have fat
percentages above their reference range.
Overweight males in the first maturity group
have high FMI/FFMI values and fat percent-
ages; obese men tend to have abdominal obe-
sity against elevated FMI, FMI/FFMI values
and total fat percentage, which confirms obe-
sity in this age group.

Males in the second maturity group and
elderly males, with BMI values indicating both
overweight and obesity, tend to have elevated
FMI, FMI/FFMI, W/H values and total fat
percentage, which means marked obesity in
each group. It is noteworthy that we have not
identified any statistical differences between
these two age groups as per all analyzed indi-
cators under normal weight or obesity.

! Swets J.A. Measuring the accuracy of diagnostic systems. Science, 1988, vol. 240, no. 4857, pp. 1285-1293. DOI:

10.1126/science.3287615
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Table 1

Analyzed indicators, their calculated indices and differences inside the analyzed groups, (M + m)

Young males
Underweight|Normal weight|Overweight| Obesity
(1) ) 3) 4) 12 2-3 34 1-3 24 14
N, people 150%) | 113(712%) | 21(13%) | 9(6%)
BMI, kg/m’ 177£02 | 21702 | 269+03 |334=0.7 |p<0.001|p<0.001|p<0.001[p<0.001|p<0.001|p<0.001
FFMI, kg/m’ 153403 | 189+08 | 20.7+03 |253+03 |p<0.001| p<0.05 [p<0.001|p<0.001|{p<0.001[p<0.001
FMI, kg/m’ 24+02 39+02 6.1+03 | 7.3+0.7 |p<0.001[p<0.001] p=0.13 [p<0.001|p<0.001|p<0.001
FM/FEM, kg/m’ | 0.16+0.02 | 021+001 |030+0.02[0.29+0.03] p<0.05 [p<0.001| p=0.76 [p<0.001] p<0.01 [p<0.001
W/H, cu 0.76+0.02 | 0.79+0.00 |0.82+0.01 |0.84+0.03[p=023 | p<0.01|p=0.59|p<0.01 | p<0.05|p<0.05
Fat percentage, %| 13.5+14 172+0.6 228409 [221+1.6|p<0.05|p<0.001| p=0.73 | p<0.01 | p<0.01 |p<0.001
First maturity
Underweight|Normal weight|Overweight| Obesity
(1) ) 3) 4) 12 2-3 34 1-3 24 14
N, people 53 %) 64(42%) | 66(43%) | 19 (12 %)
BMI, kg/m’ 176+£03 | 224402 | 273+02 [33.0£0.6 |p<0.001[p<0.001|p<0.001[p<0.001|p<0.001]p<0.001
FFML, kg/m’ 153+07 | 176402 | 195+02 |224+05|p<0.01 [p<0.001]p<0.001{p<0.001|p<0.001|p<0.001
FMI, kg/m’ 22+05 49+02 77402 [10.7+0.5 [p<0.001[p<0.001|p<0.001{p<0.001|p<0.001|p<0.001
FM/FFM, kg/m2 0.15+0.04 0.28+0.01 | 0.40+0.01 |048+0.02| p<0.01 [p<0.001| p<0.01 [p<0.001{p<0.001{p<0.001
W/H, cu 0.80+0.03 0.80+0.01 | 0.86+0.01 |0.92+0.01| p=0.93 [p<0.001{p<0.001| p=0.09 [p<0.001{p<0.001
Fat percentage, %| 129429 | 212+08 | 280+07 |322+1.1]p<0.01|p<0.001] p<0.01 [p<0.001]p<0.001[p<0.001
Second maturity
Underweight|Normal weight|Overweight| Obesity
(1) ) 3) ) 12 2-3 34 1-3 24 14
N, people 0 (0 %) 44(26%) | 60(38%) |59 (36 %)
BM]I, kg/m2 - 229+0.2 27.1+0.2 |344+0.5 - p<0.001|p<0.001 - p<0.001 -
FFMI, kg/m’ - 16502 | 183+02 |209+04| - |p<0001|p<0.001] - [p<0001] -
FMI, kg/m’ - 64+03 9.1+04 |127+04] - |p<o0o00ilp<000l] - [p<o0o001] -
FM/FFM, kg/rn2 - 039+0.02 |0.50+0.02(0.62+0.02] — p<0.001|p<0.001 - p<0.001 -
W/H, cu - 0.85+0.01 |091+0.01 [0.97+0.01 - p<0.001|p<0.001 - p<0.001 -
Fat percentage, % - 275+1.0 335+12 |365+1.0 - p<0.001| p<0.05 - p<0.001 -
Elderly males
Underweight|Normal weight|Overweight| Obesity
(1) ) 3) ) 12 2-3 34 1-3 2-4 14
N, people 0 (0 %) 17(15%) | 50 (45%) |44 (40 %)
BMI, kg/m2 - 227+0.5 274+0.2 |33.7+0.6 - p<0.001|p<0.001 - p<0.001 -
FFMI, kg/m’ - 162+03 | 177402 [212+05] - [p<0001[p<0001] - [p<o0.001] -
FMI, kg/m’ - 6.6+04 96+02 [126+03] - [p<0001[p<0001] - [p<o0o001] -
FM/FFM, kg/m2 - 0.41+0.03 |0.55+0.02(0.61+0.02] — p<0.001| p<0.05 - p<0.001 -
W/H, cu - 0.87+0.01 |0.93+0.01 [0.98+0.01 - p<0.001|p<0.001 - p<0.001 -
Fat percentage, % - 28714 352+0.7 |374+0.8 - pP<0.001| p<0.05 - p<0.001 -
Table 2
Statistical differences between the analyzed groups
Young males — 1% maturity — 2™ maturity — Young males —
1* maturity 2" maturity elderly males elderly males
Underweight
N, people p=0.69 - - -
BMI, kg/m’ p=1.00 - - -
FFMI, kg/m’ p=0.76 - - -
FMI, kg/m’ p=0.84 - - -
FM/FFM, kg/m’ p=032 - - -
W/H, cu p=0.84 - - -
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End of the Table 2

Young males — 1% maturity — 2" maturity — Young males —
1¥ maturity 2" maturity elderly males elderly males
Normal weight
N, people p<0.05 p=0.11 p=0.76 p<0.05
BMI, kg/m’ p=0.09 p<0.001 p=0.43 p<0.01
FFMI, kg/m” p<0.001 p<0.001 p=0.62 p<0.001
FMI, kg/m’ p<0.001 p<0.001 p=0.62 p<0.001
FM/FFM, kg/m’ p<0.05 p<0.001 p=0.11 p<0.001
W/H, cu p<0.001 p<0.001 p=0.49 p<0.001
Overweight
N, people p=023 p=0.49 p=0.32 p=0.16
BMI, kg/m’ p<0.001 p<0.001 p<0.05 p<0.001
FFMI, kg/m” p<0.001 p<0.001 p=0.23 p<0.001
FMI, kg/m’ p<0.001 p<0.001 p<0.05 p<0.001
FM/FFM, kg/m’ p<0.05 p<0.001 p<0.05 p<0.001
W/H, cu p<0.001 p<0.001 p=0.23 p<0.001
Obesity
N, people p=0.69 p<0.05 p=0.32 p=0.76
BMI, kg/m’ p<0.001 p<0.05 p=0.62 p<0.001
FFMI, kg/m” p<0.001 p<0.001 p=0.76 p<0.001
FMI, kg/m’ p<0.001 p<0.001 p=0.62 p<0.001
FM/FFM, kg/m’ p<0.01 p<0.001 p=0.62 p<0.001
W/H, cu p<0.001 p<0.01 p=0.49 p<0.001

Figure 1 provides a graph showing dy-
namics of percentage distribution for people
with normal weight as well as overweight and
obesity (people with underweight as per BMI
were excluded from the graph due to absence
of such sub-group in the second maturity and
elderly age groups).

Bearing in mind, that BMI did not identify
obesity correctly in our investigations, we built a
series of ROC-curves for the examined age-spe-
cific groups of males to estimate the optimal BMI
cut-off point that meant no obesity in accordance
with reference FMI/FFMI values (Figure 2).

The analysis of the obtained research data
established a significant decrease in FFMI val-
ues with age (from young males to elderly
ones) together with growing FMI, FMI/FFMI
ratio, total body fat and the waist-to-hip ratio
in males with normal body weight, overweight
and obesity. This is consistent with findings
reported by other authors [23]. Stratification of
the examined males as per BMI made it possi-
ble to establish a significant ascending trend in
the analyzed variables as BMI values grew in
each age group. Higher muscle mass values in
people with overweight and obesity are in line
with findings reported by other authors who

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

believe this fact to be related to anabolic activ-
ity due to the body overweight load on the
musculoskeletal system [24]. It should be
noted that we established age-specific changes
in BMI ranges from its minimum to maximum
values. Thus, BMI range was 16.15-36.33
kg/m” in young males; 16.36-41.4 kg/m® in
the first maturity group; 19.02—48.52 kg/m® in
the second maturity group; the bottom value
shifted considerably among elderly males
where the range started at 25.03 kg/m” and its
upper value was 49.69 kg/m”

—»—Normal weight

Overweight —e— Obesity

The second
maturity
group

The first
maturity

group

Elderly
males

Young

males

Figure 1. Distribution of the analyzed sample as per
frequency of normal weight, overweight and obesity
in different age groups
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Figure 2. ROC-analysis in young males (a), the first maturity group (b), the second maturity group (c),
elderly males (d)

Figure 1 obviously shows that normal
body weight prevails among young males
(72 %); overweight prevails in the first matur-
ity group (43 %) and its percentage is higher
than that of normal weight (42 %) whereas
both obesity (36 %) and overweight (38 %) are
quite frequent in the second maturity group
and their percentages are higher than that of
normal weight (26 %). Among elderly males,
we established a considerable decrease in
normal weight percentage (15 %) with grow-
ing overweight (45 %) and obesity (40 %).
Data provided in Figure 1 give evidence of
rather unfavorable manifestations in males’
physical state, which become apparent through
two crosspoints of the graph in the age aspect.
In the first maturity group (the first cross-
point), they are characterized with the percent-
age of overweight people being higher than
people with normal weight; in the second ma-
turity group (the second crosspoint), obesity is
more frequent than normal weight with a si-
multaneously high percentage of people with
overweight.
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Analyzing the research data, we should
establish the fact that underweight in young
males occurs due to low muscle mass. All ana-
lyzed indicators in people with normal weight
were within the reference range but higher
body fat percentages were identified in young
males with overweight and obesity against op-
timal FMI and FFMI values and FMI/FFMI
and W/H ratios. This allows us to conclude
that BMI can be used to diagnose obesity in
this age group.

Lower muscle mass was also detected in
underweight males from the first maturity
group whereas males with BMI values be-
tween 18.5 and 24.9 kg/m” (normal weight)
were established to have excessive total fat in
the body. The same fact was established for
males from the second maturity group and eld-
erly males; these changes in these two groups
were combined with lower fat-free mass index
(muscle component). Therefore, it is rather
doubtful that BMI can be used as an indicator
of normal body weight in these age groups.
Several studies established that both high and
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low BMI values were associated with risks of
chronic non-communicable diseases and all-
cause mortality [25]. A risk of incidence as per
BMI was shown to create either a U- or J-like
curve; that is, low or high BMI increased this
risk in comparison with BMI closer to its me-
dium values [26]. Our findings also confirm a
U-like curve for BMI among young males and
males from the first maturity group where low
BMI values meant lower muscle mass and
BMI values higher than 30 kg/m® indicated
excessive body fat.

We should emphasize that we established
a combined set of negative signs as regards the
physical state in overweight people starting
from the second maturity group and older.
This manifested itself in obesity (high
FMI/FFMI values), excessive total body fat
and elevated fat mass index as well as signs of
abdominal obesity (the waist-to-hip ratio
> 0.90 cu). The identified trends aggravated
further in obese people.

Overall, our findings indicate that classi-
cal BMI ranges determining obesity / under-
weight cannot serve an accurate parameter for
identifying both obesity and underweight since
they do not allow determining muscle mass
deficiency or high fat percentage in the body
in male population, especially in age-specific
aspects. The issue was to identify those BMI
values that could serve as markers of optimal
FMI/FFMI ratio excluding obesity and sarco-
penic trends in the analyzed groups. To do
that, the research data were analyzed to deter-
mine their predictive significance by building
a ROC-curve and calculating AUC value. It
should be noted that FMI/FFMI ratio had sig-
nificant and quite strong correlations with
FMI and fat percentage (young males, 0.86
(p<0.001) and 0.98 (p < 0.001); the first ma-
turity group, 0.95 (p < 0.001) and 0.95
(p < 0.001); the second maturity group, 0.86
(p < 0.001) and 0.86 (p < 0.001); elderly peo-
ple, 0.79 (p < 0.001) and 0.98 (p < 0.001) re-
spectively) but not with FFMI. The latter did
not have any significant associations with
FMI/FFMI ratio in young males (r = -0.07,
p = 0.98), males from the first maturity group
(r =0.13, p=0.47), and males from the second
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maturity group (r = 0.06, p= 0.84) whereas we
detected an inverse correlation between
FMI/FFMI and FMI r = -0.48 (p < 0.01) in
elderly males. The latter, in our opinion, re-
flects sarcopenic trends in this age group.

Figure 2 shows ROC-curves used to iden-
tify the marker BMI value under FMI/FFMI
ratio > 0.4 cu, which means obesity. In young
males, BMI higher than 25 kg/m” is shown to
have high predictive value as regards obesity
detection and this is evidenced by AUC equal
to 0.88 (p < 0.001). It is worth noting that we
detected one more marker in this curve,
namely, BMI value of 22.0 kg/m®. Another
interesting fact was that a mean FFMI value
equaled 14.8 + 0.12 kg/m® in young males
with BMI values below the foregoing thresh-
old. This means lower muscle mass and can
reflect some sarcopenic trends in the physical
state. It is also worth noting that ROC-analysis
data obtained for young males are confirmed
by a rather high correlation coefficient be-
tween BMI and FMI/FFMI ratio (r = 0.50,
p < 0.001), which was established together
with a low percentage of people with
FMI/FFMI ratio above the reference range.
Frequency of such people equaled only 4 % in
the examined group made of young males.

In the first maturity group, BMI cutoff
point equal to 26.5 kg/m* turned out to have
high predictive value as regards obesity detec-
tion (AUC = 0.829, p < 0.001) with a high
correlation coefficient between BMI and
FMI/FFMI, which was 0.68 (p < 0.001) and a
41 % percentage of people with FMI/FFMI
values being higher than the metabolic health
threshold.

In the second maturity group, the optimal
BMI range between 24.0 and 27.5 kg/m” also
had high predicative significance determined
by AUC value equal to 0.837 (p < 0.001)
where men with BMI below this bottom
threshold had a decline in FFMI down to
16.9 + 0.07 kg/m® (the reference level being
17.4 kg/m®) whereas men with BMI higher
than 27.5 kg/m® tended to have a growth in
FMI up to 12.2 + 0.9 kg/m* with its reference
level being below 8.3 kg/m”. It is worth noting
that men with BMI between 24.0 and 27.5 kg/m”

117



0.0. Alyoshina, I.V. Averyanova

tended to have optimal FMI (7.98 + 0.06 kg/m?)
and FEMI (17.8 + 0.16 kg/m?) and these val-
ues were totally within the reference range.
We should also mention a high correlation co-
efficient between BMI and FMI/FFMI ratio
(r =0.60, p < 0.001) together with a growing
percentage of people with FMI/FFMI reflect-
ing obesity up to 78 % in the second maturity
group.

Attention should be paid to the fact that the
ROC-analysis turned out to have no predictive
value for elderly males (AUC = 0.562). This
indicates that BMI is hardly eligible for being
used as an indicator of obesity risk in this pe-
riod of ontogenesis and this is further confirmed
by absence of any correlations between BMI
and FMI/FFMI (r = 0.008, p = 0.54) and high
frequency of men with FMI/FFMI > 0.4 cu, the
percentage being 91 %. Our findings are in line
with the results obtained by other researchers
who revealed that elderly people tended to have
a high fat percentage in the body under certain
BMI values. That’s why the established BMI
threshold values can also be less accurate in
elderly people (> 65 years) [23].

Conclusion. Stratification of the exam-
ined males as per BMI established a signifi-
cant positive dynamics in the analyzed vari-
ables as BMI values grew in each analyzed age
group together with age-specific decline in
FFMI values from young males to elderly ones
against growing FMI, FMI/FFMI, total body
fat and waist-to-hip ratio in people with nor-
mal weight, overweight and obesity identified
as per BML.

Our findings allow us to conclude that
classical BMI ranges cannot be considered a
clear indicator to diagnose obesity among
males in the Magadan oblast whereas indica-

tors obtained by bioimpedance analysis
(FMI/FFMI ratios) can be used as relevant in-
dicators when assessing risks of obesity and
sarcopenia in the analyzed population. This is
confirmed by highly significant correlation
coefficients between this indicator and the fat
percentage in the body as well as fat mass in-
dex in each age group.

Overall, our study findings confirm the
opinion that any assessment of physical state
aimed to identify obesity should consider an-
thropometric indices that rely not only on a
body weight related to height (BMI) but also
on fat-free mass index (FFMI), fat mass index
(FMI) as well as their ratio FMI/FFMI. At pre-
sent bioimpedance analysis is widely available
due to its low costs and simplicity; given that,
it seems advisable to implement assessment of
these indices in screening preventive and clini-
cal practices. This will allow analyzing both
absolute (kg) and relative (%) values of mus-
cle and fat mass in the body for effective early
diagnostics and prevention of obesity.

Limitations. Our study has certain limita-
tions. The major one is that our participants were
exclusively males and this does not allow describ-
ing the total population of northern regions. In ad-
dition to that, our results apply only to Caucasians
as a specific ethnic group. To our best knowledge,
this is the first study with its focus on males living
in the north-eastern Russia and with its aim being
to analyze whether anthropometric indices are eli-
gible for assessing obesity and its types relying on
fat mass index and free-fat mass index.
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ASSESSMENT OF THE RISK OF DEVELOPING CARDIOVASCULAR PATHOLOGY
IN MEDICAL UNIVERSITY STUDENTS

V.I. Popov, V.I. Bolotskih, A.V. Makeeva, A.l. Gubin, E.I. Anufrieva

Voronezh State Medical University named after N.N. Burdenko, 10 Studencheskaya St., Voronezh, 394036,
Russian Federation

Diseases of the cardiovascular system (hypertension, coronary heart disease, and heart failure) occupy leading places
in the overall pathology structure. A specific feature is a growing share of young people who suffer from cardiovascular
diseases (CVDs) in the total population. This is facilitated by physical inactivity, unhealthy diets, elevated stress levels as
well as genetic predisposition. Identification of leading risk factors at the latent stage can make for timely diagnostics of
cardiovascular pathology in young people. This, in its turn, allows implementing relevant prevention as well as adjusting
therapies thereby improving quality of life of each individual patient.

Given that, the aim of this study was to assess risk factors causing CVDs in medical university students;
to determine severity of existing cardiovascular disorders as well as their relationships with factors that may have
caused them. Eight hundred and seventeen students participated in the study. They all took part in a survey to identify
risks of developing CVDs with certain adjustments made to an applied questionnaire to adapt it for use among stu-
dents. Also, the study involved assessing basic anthropometric parameters (height, weight, and body mass index
(BMI)), hypertension in family case history, physical activity, time spent with gadgets (use of smartphone), and alco-
hol consumption.

The study revealed that 30 % of the examined people had overweight; more than 54 % abused alcohol; 53 % of the re-
spondents mentioned elevated stress levels. All this creates significantly elevated risks of cardiovascular diseases as well as
their complications for young and middle-aged people. The study results clearly indicate elevated risks of cardiovascular
pathology and this requires correction of risk factors at an early stage.

Keywords: cardiovascular diseases, |eading risk factors, young age, stress, physical inactivity, genetic predisposition,
smoking, alcohol.

In recent years, multiple studies have
reported an increase in prevalence of cardio-
vascular pathologies among different age
groups with unwaveringly growing mortality
due to heart diseases and their complications.
A distinct relationship is established between
prevalence of risk factors that cause cardio-
vascular diseases (CVDs) and numbers of
CVDs cases. Influence of behavioral factors

on changes in a lifestyle and, consequently,
on risks of CVDs has been given scientific
evidence [1-3]. In particular, it is important
to investigate significance of specific risk
factors able to cause CVDs such as elevated
neuro-psychic loads, unhealthy work and rest
regime, alcohol consumption, smoking,
overweight and others, including their com-
bined effects. This will allow getting a better
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insight into reasons for CVDs development,
identifying distinct regularities and possible
regional peculiarities of prevalence of risk
factors [4—7]. It is extremely alerting that in
recent years CVDs have started to occur in
much younger age groups. Notably, there has
been a substantial growth in a number of
young patients with changes in the cardiac
muscle, which are a signal of undiagnosed
CVDs, as well as patients who have suffered
myocardial infarction at an age younger than
40 years [2, 8-10]. Occurrence and a con-
stant growth in CVDs cases in adolescents,
youth, and the first period of a middle age,
that is, in people younger than 35—40 years
are associated not only with an unhealthy
lifestyle but also with permanently increas-
ing neuro-psychic loads.

The Internet, television, and various
electronic gadgets are undoubtedly an irre-
placeable part of our everyday life. Still,
they bring huge flows of diverse information
into a person’s life, especially in young and
middle age. Under such conditions, uncon-
trollable emotional overloads, suppressed
emotions and stress can promote higher lev-
els of catecholamines (adrenalin and
noradrenalin) in blood and, consequently,
lead to occurring unmotivated anxiety, agita-
tion, and fear. As a rule, functional state of
the cardiovascular system has a drastic re-
sponse to changes in mood and this can lead
to irreversible pathological impairments and
CVDs development. Multiple research works
can help adjust data on risk factors and op-
timize a system for CVDs prevention for
young people. According to literature data,
correction of lipid metabolism disorders,
fighting against smoking, sanitation of infec-
tion foci, optimization of physical activity
and a lifestyle as a whole have turned out to
be the most significant for preventing CVDs
and their complications [11, 12]. Diseases of
the cardiovascular system, especially in
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young patients, are often accompanied with
impairments of the nervous system, which
can have certain effect on a clinical course
and outcome of a primary disease [13, 14].
Therefore, all this is a huge complex issue,
both medical and social one, which requires
a comprehensive approach and additional
investigations.

The aim of this study was to assess
risks of CVDs in medical university students,
determine severity of existing cardiovascular
disorders as well as establish their relation-
ships with factors that may have caused them.

Materials and methods. We conducted
an anonymous survey among students of
various years and faculties who attended the
Voronezh State Medical University named
after N.N. Burdenko. Eight hundred and sev-
enteen students, from the 1% to 5™ year, par-
ticipated in it. A questionnaire applied in the
survey was based on a standard question-
naire for identifying hazards of CVDs [15]
with certain adjustments to adapt it for use
among students; namely, an age range was
excluded, an age was given in figures, some
so called trap questions were added to ex-
clude students, who did not fill in the ques-
tionnaire conscientiously, from the data ar-
ray for further analysis. Hazards of CVDs
were assessed as per a total score sum ac-
cording to the criteria describing a risk of
cardiovascular pathology (Table 1). The ob-
tained data were analyzed using several cri-
teria: general data; data distributed as per a
study year; analysis of Broca BM index
(height — weight) to identify students with
overweight; alcohol consumption; hyperten-
sion in family case history; susceptibility to
stress or its actual occurrence; physical ac-
tivity; diets; occurrence of various CVDs
symptoms according to students’ own sub-
jective assessment. After excluding some
forms, the total number of filled-in forms
eligible for statistical analysis equaled 788.
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Table 1
Criteria describing risks of cardiovascular diseases
CVDs hazard Total score Recommendations
Hich 46-59 You should contact your physician immediately to have a complex
& medical check-up and be prescribed a therapy.
Your health requires immediate medical correction. You should contact
Pronounced 31-45 . . e e
your physician to develop a suitable rehabilitation program.
Moderate 16-30 Your health is still in a fragile balance since it is being affected by

harmful factors.

Absent 1-15 No hazards have been detected for your health. You successfully avoid
any risk factors able to cause CVDs.

Statistical data obtained by the anony-
mous survey were analyzed and the most
significant indicators were filled in relevant
tables.

Results and discussion. All study re-
sults were divided into several conditional
groups. The most indicative ones were se-
lected out of 33 groups of questions and their
main criteria include the following: data of
CVDs risks and their analysis as per study
years; dependence between CVDs risks and
Broca body mass index, alcohol consump-
tion and signs of stress. Each group was ana-
lyzed both separately and with regularities
associated with combinations of different
groups. Analysis of the total data array re-
vealed that only 31 % of the respondents
(249 students) had no risks of developing
CVDs. Moderate risks were identified for
50 % of the respondents (397 students); pro-
nounced risks, 17 % (131 students). High
CVDs risks were identified for 2 % of the
respondents (11 students) (Table 2). The
most distressing was the fact that 49 % of
the respondents (175 students) had moderate
risks of developing CVDs already during
their first study year and another 17 % (62
first-year students) had even pronounced
CVDs risks. This might indicate that some
changes in the cardiovascular system had
occurred in those students when they had
still been studying at school. Naturally, this
is a very alerting and serious signal. It also
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indicates that unfavorable risk factors that
can cause CVDs had previously been present
in students’ life and significantly affected
their health. Our analysis of data on CVDs
risks as per study years did not reveal any
authentic dynamics associated with impair-
ing students’ health as indicators spread was
within 3—5 %. This undoubtedly means that a
young body stull has high adaptation capa-
bilities and an education process is organized
properly. Analysis of fifth-year students
was especially indicative in this respect; al-
though moderate risks were higher for them
than for students of younger study years,
pronounced risks turned out to be practically
2-2.5 times lower. This indicates that both
adaptation processes are at work and proper
education conditions have been provided for
students.

Next, we analyzed a possible relation-
ship between CVDs risks and body mass in-
dex. Already 30 % of the respondents (235
students) turned out to have overweight;
still, despite overweight being an unfavor-
able predictive indicator, we did not identify
any authentic increase in CVDs risks in stu-
dents with overweight against their peers
with normal body weight (Table 1).

The answers given to the questions re-
lated to alcohol consumption clearly indicate
that more than a half of the respondents,
namely 54 % (420 students), already drank
alcohol with wvarious periodicity. We re-
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vealed a direct relationship between alcohol
consumption and risks of developing CVDs.
These risks were absent only for 11 % of the
students who consumed alcohol whereas the
share was 20 % among those who did not
drink alcohol, that is, practically two time
higher. A moderate risk of CVDs was 10 %
higher among those students who drank al-
cohol and a pronounced risk turned out to be
2.5 times higher than among their non-

drinking peers. According to some studies, a
person starts consuming alcohol at an aver-
age age of 15.8 years. Also there are scien-
tific proofs that recently a trend has been
noted for growing risks of alcoholism to oc-
cur at younger ages [3, 16, 17]. Our research
data, similarly to those obtained by other
studies, provide clear evidence of an existing
relationship between alcohol consumption
and elevated CVDs risks (Figure 2).

Table 2
Analysis of CVDs risks as per study years
CVDs risks, ¢ b
Study year Total s risks, % (number)
Absent Moderate Pronounced High
1 358 33(117) 49 (175) 17 (62) 1(4)
2 145 28 (41) 53(77) 16 (23) 34
3 197 34 (67) 49 (97) 16 (31) 1(2)
4 44 30 (13) 45 (20) 25(11) 0(0)
5 44 25(11) 63 (28) 9(4) 2(1)
B Absent
B Moderate
B Pronounced
High
a b
Figure 1. The relationship between CVDs risks and body mass index (Broca index):
(a) is normal body weight, (b) is overweight
B Absent
B Moderate
B Pronounced
' High

a

b

Figure 2. The relationship between CVDs risks and alcohol consumption:
(a) students who drink alcohol, (b) students who do not drink alcohol

124

Health Risk Analysis. 2024. no. 1




Assessment of the risk of developing cardiovascular pathology in medical university students

Signs of stress were identified in 53 %
out of all surveyed students (414 people),
that is, in more than a half of the respon-
dents. Assessment of CVDs risk established
that only 13 % of the respondents did not
have any CVDs risks in case signs of stress
were identified in them. In case such signs
were absent, CVDs risks were absent as well
in 53 % of the respondents. This obviously
huge difference clearly indicates that stress
is a powerful negative factor able to cause
CVDs. A moderate CVDs risk was compara-
ble but data on a pronounced CVDs risk
turned out to be much more alerting since it
was identified for 27 % of the respondents
with signs of stress and only for 4 % of those
who did not have them. Our data correlate
well with those obtained by other studies,
which also report a considerable increase in
levels of interleukins 1 and 6 in people under
stress. The latter are able to damage cardio-
myocytes and promote inflammatory
changes in the vessel wall [18-22].

Conclusions. Therefore, relying on our
study results, we can conclude that cardio-
vascular pathology is a huge complex issue
and the most alerting thing is a rapidly
growing tendency for it to occur at younger
ages. Risks of developing CVDs occur not
only in student years and later; primary

changes in the cardiac muscle and cardio-
vascular system as a whole can develop al-
ready in schoolchildren, which was con-
firmed by data obtained through our survey
of first-year students. It is public knowledge
that fighting against bad habits, stress and
psychoemotional loads in general still re-
mains a huge relevant challenge. Its rele-
vance is growing menacingly among young
people. Overweight resulting from low
physical activity and unhealthy ‘fast-food’
diets, an early age of being introduced to
alcohol, and a hectic tempo of modern liv-
ing often resulting in stresses and neurosis
are all commonly known harmful factors
able to cause not only cardiovascular pa-
thology but also diseases of the nervous,
endocrine and other systems of the body.
This situation requires additional immediate
attention as well as maximum efforts taken
by both HEI administrations in order to
control these factors and develop personal-
ized prevention and school administrations
in order to implement more comprehensive
prevention programs for schoolchildren.
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Physician migration challenges healthcare systems in developing countries. The “ Irish paradox” phenomenon, where doctor
shortages persist despite numerous medical graduates, is emerging in Kyrgyzstan (KR). Limited research on this exists in Central
Asia. The study explores medical students migration intentions, offering insights for regional and global health authorities.

A cross-sectional study surveyed 526 final-year medical students in KR. We analyzed demographic characteristics, in-
tentions to work abroad, future professional preferences, and “ Pull and Push” factors for migrations that might influence
students’ decision to migrate.

86.1 % expressed willingness to emigrate. Intention to migrate was categorized by certainty of migration: 12.5 % “ leave
KR", 14.5 % “ highly likely to leave KR” , and 59.1 % “ might leave KR’ . 13.9 % decided to stay in KR. The significant predic-
tors of migration were marriage and rural living; the main migration destinations were Russia (41.5 %), Kazakhstan (18.8 %),
and the EU (11.5 %). Pull and push factors significantly differed among groups. The main limitations of the study arose from
the nature of the observational study.

The study results are alarming, uncovering the potential scale of physican migration in Central Asia. The majority of
medical graduates in KR plan to migrate, posing a threat to healthcare sustainability. The presence of the "Irish paradox"
amplifies the pressure on these processes in the country and should be considered in the development of migration policy.
Monitoring students' intentions provides timely information for adjusting migration programs promptly, and the combined
score of Pull and Push factors might serve as an express test to address the challenge more effectively. Migration programs
should be developed jointly with the Russian Federation, as the main destination and give priority to professional develop-

ment in the group with low migration intentions.

Keywords: healthcare workers, physician migration, risk factor, brain drain, medical students' intention to migrate,

pull and push factors, Kyrgyzstan, Central Asia.

The disparity in the healthcare workforce
distribution across various nations, particularly
regarding physicians, is acknowledged by the
United Nations and the World Health Organi-
zation (WHO). Given that human resources
constitute the cornerstone of a healthcare sys-
tem, the WHO underscores that the insuffi-
ciency of the healthcare workforce is a chal-
lenge for developing countries. This shortage
significantly impacts the efficacy and effi-
ciency of healthcare delivery systems and di-
minishes public satisfaction with the services
provided [1, 2].
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The migration of tertiary educated peo-
ple from lower-middle-income countries
(LMICs) has become an increasingly impor-
tant issue in the time of the so-called “age of
accelerations”, turmoil, and the “post-
COVID era”. It is a challenge for LMICs to
weigh the benefits and negative impacts of
migration on economic, social, and political
transformations. According to the Organiza-
tion for Economic Cooperation and Devel-
opment (OECD), the emigration of highly-
skilled workers has been growing at a much
faster rate than low-skilled workers recently
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[3, 4], and medicine is among the most mo-
bile occupations [5, 6].

Physician migration from low to high-
resource countries is a well-known process in
the scientific literature with “two sides of the
same coin”. One side is the internalization of
medical education and collaboration in re-
search that provides undeniable benefits or
“brain gain” [6, 7]. Specialists with new skills
and ideas return to developing countries from
academic centers and leading universities of
high-resource countries. Another side is the
negative impact of the process or “brain-drain”
when the migration of specialists leads to a
lack of qualified and efficient workforce in the
healthcare system of developing countries
[6, 8]. This process poses a risk to the effective
operation of public health systems in any na-
tion and presents a significant challenge for
policymakers in the realm of migration policy.
Hence, comprehensive examination and moni-
toring of migration processes provide a current
state of evidence and help to develop recom-
mendations for evidence-based migration poli-
cies of health professionals.

Kyrgyz Republic (KR) is a land-locked
LMIC country in Central Asia with one of the
highest labor migrations in the region [9]. The
healthcare system in KR has been undergoing
several rounds of partially successful reforms,
mainly because of political and financial insta-
bility. Currently, the physician-to-population
ratio is the second lowest ratio in Central Asia
(2.0 per 100,000 people), with enormous
variations from 4.0 per 100,000 people in
some cities to 0.7 per 100,000 people in some
secluded regions of the country'. The COVID-
19 pandemic showed that one of the most
common causes of health services disruption
in KR was a problem with a lack of staffing
[10, 11]. Health authorities announced that
some health services in the biggest city had
more than 25 % of vacant doctors’ positions”,

despite the extensive number of medical
graduates each year, equivalent to almost 20 %
of all practicing physicians in KR'.

Recently, new offers of medical study
programs in English have attracted interna-
tional students from India, Pakistan, and other
countries in South Asia, doubling the number
of medical students in KR. Most students
complete their first degree in KR before mov-
ing home or to another country for internship
and postgraduate specialty training. Thus, the
healthcare system in the country encounters
the phenomenon of the “Irish paradox™ when
healthcare institutions experience doctor short-
ages despite the high number of domestic and
foreign medical graduates [12].

Analysis of physician migration is a mul-
tidimensional process, and one of the most
significant aspects of this analysis is whether
intentions to migrate could predict an actual
future decision [13, 14]. Many scholars and
our group believe that migration intention is
crucial and a “trigger for real future migration”
[15]. Comprehensive migration analysis can-
not be done without this aspect because “mi-
gration intentions data holds advantages con-
nected to both substantive and practical issues”
of physician retention [16].

One of major drawbacks of recent scien-
tific publications that examined medical stu-
dents’ and physicians’ migration was attention
to migration tunnels with the final destination
countries such as the United States, the United
Kingdom, and the European Union (EU) [5-7,
12-20]. Only the main “donor” countries for
these destinations are well presented in the lit-
erature [17, 20]. Physician migration in some
world regions, such as Central Asia, has not
been explored yet. Another downside of re-
search in the area is consideration of those
who expressed willingness to migrate as a ho-
mogeneous group. Some studies examined and
divided participants by preparation to migrate

! Zdorov'e naseleniya i deyatel'nost' organizatsii zdravookhraneniya Kyrgyzskoi Respubliki za 2021 god: ezhegodnyi
sbornik [Population health and work of healthcare organizations in the Kyrgyz Republic in 2021: annual digest]. Bishkek, The
Ministry of Health of the Kyrgyz Republic, 2021. Available at: https://bit.ly/3BHDjbL (November 27, 2023) (in Russian).

2 Mikhailichenko K. Skol'ko medikov ne khvataet v Bishkeke? Vitse-mer nazvala tsifry [How many healthcare workers
does Bishkek lack for? Vice-mayor has given the figure]. Sputhik Kyrgyzstan: multimedia press center, 2021. Available at:

https://bit.ly/3fib7EI (December 03, 2023) (in Russian).
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level; however, principal analysis was still
conducted using a binomial approach, that is,
contrasting students who were willing to mi-
grate and those who did not [17-20].

The “Irish Paradox™ refers to the situation
where despite having a surplus of medical
graduates, there are still significant shortages of
doctors [12]. This effect was well described in
Ireland and Romania [12, 14, 15, 17, 21, 22],
two high-income countries that also became
“educational hubs” for international medical
students. Similar conditions in low or middle-
income countries have not been reported in the
literature, and examining the same settings in
KR provided valuable insight into understand-
ing the paradox.

The main goal of our research group was
to examine physician migration processes in
KR. We did not find publications investigating
this issue in KR or the Central Asian Region.
We aimed to examine Kyrgyz medical stu-
dents’ intention to migrate by exploring the
heterogeneity of intentions, identifying the
primary factors affecting a decision to migrate,
and providing information to health authorities
regionally and globally for future evidence-
based migration policies.

Materials and methods. Sudy design.
We conducted a cross-sectional study using
survey data collected from 2 major universities
of KR. The survey was conducted in 2021-
2022 years. The study sample was 526 final-
year medical students who studied medicine in
Russian, the official language in KR. All stu-
dents were interviewed in one university, and
74 % were interviewed in another because one
student’s batch was on a clinical rotation. The
response rate was 98 %.

The self-administered questionnaire col-
lected information on sex, age, place of living,
marital and financial status, intentions to work
abroad, future professional preferences, Pull
and Push factors for migration, and possible
retention factors that might influence students’
decision to stay in Kyrgyzstan.

Family ties are powerful in Kyrgyzstan;
most students live with their parents or are sup-
ported by them. Hence, we also collected some
information about the parents of the participants.
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The main structure and some questions of
the questionnaire were adapted from a study
with similar purposes that had been done in
Romania [17]. However, this study was con-
ducted in the Romanian language and examined
migration by considering the current reality of
the European Union. We translated and modi-
fied the questionnaire thereby adjusting it to
Central Asia’s current situation. Each part of
the restructured questionnaire was validated in
small groups and tested in a pilot study.

Participation of students was voluntary,
and the purpose of the study was fully ex-
plained to them before the questionnaire was
distributed. The participants were free to
choose either a paper or an electronic version
of the questionnaire. The questionnaire was
distributed by the end of a lecture, and com-
pleted copies were collected on the spot. Stu-
dents did not receive any incentives to partici-
pate in the study. We did not collect any per-
sonal identification information.

Identification of students intentions to
migrate. Students’ post-graduation migration
intentions were assessed in two steps using a
composite outcome variable with four groups /
levels. The first group, “Stay in KR”, included
those students who reported that they were
“not going to leave” the country. The students
who replied that they were going to leave the
country after graduation were divided into
three groups: those who “leave KR” with a
definite plan to migrate; those who were
“highly likely to leave KR” with a developed
plan to leave the country; and those who
“might leave KR” with a vague outline of mi-
gration.

The first step of identification was an an-
swer to the following question: “Are you go-
ing to leave KR?” with five possible answers:
“I do not have any plans to leave KR”,
“I thought about leaving KR but do not have
an exact plan “when” and “where” to go”, “I
am going to leave the country after I earn my
degree, finish internship and work for several
years to gain some experience”, “I will leave
KR right after I will get my diploma”, “I will
leave the country after I earn a degree and fin-
ish my internship”.
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At the second stage, commitment of stu-
dents to migrate or development of migration
plans was assessed using a series of questions
that helped to verify students’ intention to
leave. Thus, participants who replied that they
are leaving KR right after they will earn the
degree or after internships were assigned to the
group “Leave KR” if they answered that they
chose a country to migrate to, involved in a
conversation with representatives of a particu-
lar university or health care facility where they
might conduct an internship or continue their
study or have a place to work. Otherwise, stu-
dents were assigned to the group “highly likely
to leave KR” along with those who decided to
leave after gaining some experience working
as doctors in KR if students chose a country to
migrate to, constantly conducted an internet
search, and participated at least in one program
or job fair for international health care profes-
sionals abroad. Other students who replied that
they would leave the country were assigned to
the group “Might leave KR”.

Push and Pull factors. We created a list of
possible motivating factors (Pull and Push fac-
tors) to migrate or to stay in KR based on self-
actualization Maslow’s pyramid, which con-
sists of six blocks. The framework for this ap-
proach was described by Dohlman and others
[23]. The blocks were tested in a small pilot
study group, and seven push and five pull fac-
tors were chosen for the survey. Each factor
was presented in the form of a question with
five possible answers on a Likert scale: from
1, ‘this definitely, not an important reason for
my decision to migrate / stay in KR’; to 5,
‘this is the main reason for my decision to mi-
grate / stay in KR’.

Satistical analysis. Descriptive, 5, and t-
test statistics, along with logistic regression,
were used to examine factors that might influ-
ence students’ post-graduation migration in-
tentions.

Missing values in almost every block of
the questionnaire were less than 2 % and could
not present any threats to our analysis. How-

ever, 11.2 % of participants refused to provide
information about citizenship. We selected
some participants from this group and con-
ducted a personal interview. The results of the
interview showed that the majority of these
respondents applied for or received non-KR
citizenship. As a part of sensitivity analysis,
we also analyzed data considering these par-
ticipants as those with non-KR citizenship.

We analyzed the answers to Pull and Push
questions as interval-level data (between 1 and
5) and calculated the score that corresponds to
each analyzed group of participants using
mean and confidence intervals. The statistical
difference was established using a t-test.

Logistic regression analyses independ-
ently examined the relationship between each
variable and the main outcome using two ap-
proaches. The first approach explored migra-
tion intentions for those who stayed in KR and
other participants who decided to migrate us-
ing binary outcomes. Another approach as-
sessed the development of migration intentions
using a cumulative logit model with an ordi-
nary outcome”.

The level of statistical significance was
determined as 0.05. The data analysis was
conducted using SAS 9.04 software (SAS
Institute).

This study was approved by the Ethics
Committee of International Higher School of
Medicine.

Results. The final analytical sample con-
stituted 526 students with more females than
males (64.5 % versus 35.4 %, respectively)
and mean age 23.4 (+/- 0.1) (Table 1). The
percentage of married participants or common-
law partners was two times less than that of
those who were single or divorced (74.0 %
versus 36.0 %, respectively). The number of
individuals in the sample that reported the
household economic situation as living in pre-
carious conditions was 1.1 %, 31.5 % of the
students could not afford everything needed
for a normal life, 54.5 % could afford every-
thing needed for a normal life, and 4.2 %

3 Elkin E. PROC LOGISTIC to Model Ordinal and Nominal Dependent Variables. Bitly Connections Platform, 2012.

Available at: https://bit.ly/3r61ZI1 (November 30, 2023).
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Table 1

Socio-demographic characteristics and future occupational preferences of study participants
by intention to migrate

Study sample Intention to migrate
Total Leave KR Highly likely | Might leave Stay in KR
N P-value N (row %) to leave KR KRN N (row %)
(col. %) N (row %) (row %)
Mean age of participants
Mean (D) 23.4(1.17) 23.4(04) | 23.2(0.1) | 233(04) | 23.7(0.2)
Sex
Male 186 (35.4) 26 (13.9) 30(16.1) | 107(57.6) | 23(12.4)
Female 339 (64.5) | <0.001 40 (11.8) 45(13.3) | 204(60.2) | 50(14.8)
Missing values N (%) 1(0.19)
Place of living
Living with parents 182 (34.6) 15(8.2) 24 (13.2) | 114(62.6) | 29 (16.0)
Living with relatives 51(9.7) 3(5.9) 4(7.8) 35 (68.6) 9(17.7)
Renting apartment or dormitory 186 (35.4) 35(18.2) 35(18.2) 98 (52.7) 18 (9.7)
Living in one’s own apartment / house | 107 (20.3) | <0.001 13 (12.2) 13 (12.2) 64 (59.7) 17 (15.9)
Missing values N (%) 0(0)
Marital status
Single 389 (74.0) 49 (12.6) 63(16.2) | 238(61.2) | 39(10.0)
Married, no children 53 (10.1) 4 (7.6) 6(11.3) 31(58.5) 12 (22.6)
Married with children 57 (10.8) <0.001 11(19.3) 5(8.8) 27 (47.4) 14 (24.6)
Cohabitating with a partner 27 (5.1) 2(7.4) 2(7.4) 15 (55.6) 8(29.6)
Missing values N (%) 0(0)
Financial status
Poor 6(1.1) 1 (16.6) 1 (16.6) 3(50.2) 1(16.6)
Can’t always afford the necessities 208 (39.5) 27 (13.0) 32 (15.4) 121 (58.2) | 28(13.5)
Can afford everything necessary 288 (54.8) | <0.001 35(12.2) 40 (13.9) 177 (61.5) | 36(12.5)
tci(f;‘saff"rd anything without limita- 22 (42) 3136) | 20.0) | 10455 | 7(318)
Missing values N (%) 2(0.38)
Future specialty
Internal medicine 162 (30.8) 12 (7.4) 35(21.6) 94 (58.0) | 21(13.0)
Surgery / gynecology 150(28.6) 0.026 23 (15.3) 23 (15.3) 80(53.4) | 24(16.0)
Haven’t decided yet 198 (37.7) 25 (12.7) 17 (8.6) 129 (65.1) | 27(13.6)
Missing values N (%) 16 (3.0)
Out of those who haven’t decided yet
Will combine medicine with other
non-medical activity 65(12.75) 12 (18.5) 6(9.2) 37 (56.9) 10 (15.4)
Might not work at all 7(1.4) 2 (28.5) 1(14.3) 3429 1(14.3)
Citizenship
KR 406 (77.2) 35(8.6) 45 (11.1) | 256(63.1) | 70(17.2)
Not KR 61 (11.6) <0.001 19 (31.5) 8(13.1) 31(50.8) 3(4.9)
Missing values N (%) 59 (11.2) 12(20.3) 23 (39.0) 24 (40.7) 0
Parents/ family

Parents’ financial status
Poor 5(0.9) 2 (40.0) 0 1(20.0) 2 (40.0)
Can’t always afford the necessities 134 (25.5) 16 (11.9) 22 (16.4) 77 (57.5) 19 (14.2)
Can afford everything necessary 338 (64.3) | <0.001 39 (11.5) 48 (14.2) | 209 (61.8) | 42(124)
tcijr‘fsafford anything without limita- 44 (8.4) 8(182) | 6(13.6) | 2147.7) | 9(205)
Missing values N (%) 5(0.9)
Brothers and sisters Mean (D) 2.6 (1.33) 2.3(0.2) 2.7(0.2) 2.6 (0.1) 2.5(0.2)
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End of the Table 1

Study sample Intention to migrate
Total Leave KR Highly likely| Might leave Stay in KR
N P-value N (row %) to leave KR KRN N (row %)
(col. %) N (row %) (row %)

Parents’ place of living
Bishkek, the capital of KR 244 (46.4) 26 (10.7) 37(15.2) | 147(60.3) | 34(19.3)
Other city 196 (37.3) 33 (16.8) 28 (14.3) | 110(56.1) | 25(12.8)
Urban settlement 79 (15.0) <0.001 6(7.6) 9(11.4) 52 (65.8) 12 (15.2)
Missing values N (%) 7(1.3)
Parents’ education
Secondary school 39(7.4) 5(12.8) 4(10.3) 23 (59.0) 7 (18.0)
Vocational education 146 (27.8) | <0.001 14 (9.6) 21(144) 92 (63.0) 19 (13.0)
Higher education 336 (63.9) 47 (14.0) 51(15.2) | 192(57.1) | 46(13.7)
Missing values N (%) 5(0.9)
Work in the healthcare system
Yes 177 33.7) 26 (14.7) 25(14.1) | 104(58.8) | 22(124)
No 349 (66.3) | <0.001 40 (11.5) 51(14.6) | 207(59.3) | 51(14.6)
Missing values N (%) 0(0)
Total (column / row %) 526 (100) 66 (12.5) 76 (14.5) | 311(59.1) | 73(13.9)

could afford anything without any restrictions.
Most participants chose their future career path
in internal medicine or surgery/gynecology
(30.8 % versus 28.6 %, respectively). How-
ever, 198 (37.7 %) reported that they hadn’t
decided on a future career, and out of this
number, 13.1 % would combine work in medi-
cine with others unrelated to medicine work,
and 1.5 % would possibly quit medicine.
Students with KR citizenship constituted
77.2 % of all students, and Non-KR citizen-
ships 11.6 % (Table 1). Almost the same per-
centage (11.2 %) of students refused to answer
this question. The following interview showed
the majority of them were non-KR citizens or
had double or applied for foreign citizenship.
Most respondents indicated their parents
had higher education (63.9 %), 27.8 % of par-
ents had more than secondary education, and
7.4 % had secondary or less than secondary
education. The percentage of households with
somebody working in health care was 33.7 %.
The majority of the participants (72.6 %) de-
scribed parents’ household economic situation
as “can afford everything needed for a normal
life” and “can afford anything without any re-
strictions”, and 26 % of houscholds either live
in precarious conditions or cannot afford eve-
rything needed for a normal life. The average
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number of children in a family was 2.6
(+/-0.1). Eighty-three point seven percent of
the students reported that their families live in
urban areas and 15.0 % in rural areas.

Overall, 86.1 % of the participants ex-
pressed a desire to migrate out of KR
(Table 1). The strength of intention to migrate
showed that 12.5 %, along with 14.5 % of the
participants, had strongly formed decisions
and developed plans to migrate, more than half
(59.1 %) of the participants had thoughts and
made some preparation to migrate. Only
13.9 % decided to stay and practice in KR.
Females had less likely developed plans to
leave KR compared to males (11.8%
vs.13.3 % and 13.3 % vs. 16.1 % who had de-
veloped plans to leave KR, correspondingly).

The least mobile group had the best eco-
nomic situation: those students who “can af-
ford anything without any restrictions” had the
lowest percentage in all three groups except
those that “stay in KR” (31.8 %). On the con-
trary, students who were renting apartments or
living in a dormitory had the highest percent-
age in groups of “leaving KR” and “highly
likely to leave” (18.2 % in both groups, corre-
spondingly). We can observe the same situa-
tion among those who chose their career pass
in surgery and gynecology (15.3 % in both
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groups). Respondents who refused to provide
information about citizenship were the most
mobile group, with the highest percentage of
all groups expressing willingness to migrate.
This indirectly proved our interview findings
with the group. Parents’ financial status had
almost the same pattern as the status of par-
ticipants. The highest percentage of those stay-
ing in KR were in groups with the best and
worst economic situations (20.55 and 40 %,
correspondingly). Respondents who had par-
ents with higher education had more devel-
oped plans to migrate compared to other
groups (14.0 % and 15.2 %).

Table 2 presents push-and-pull or moti-
vating and demotivating factors to migrate and
stay in KR. The leading push factors were “the
opportunity to get higher qualification abroad”
(47 % put the highest score) and “better condi-
tions to work as a physician abroad” (46.8 %
put the highest score), with the highest mean
score in all groups for these questions. Only
32.9 % indicated a better salary abroad as one
of the leading factors for migration. The most
important of all “pull” factors was family ties.
Thirty-one point eight percent of the respon-
dents indicated it as the main factor of motiva-
tion to stay in KR.

Table 2
Push-and-Pull factors of students with the intention to migrate
. . Total N (%) of
Factors Leave KR nglzgéﬂgg 0 Might leave KR | students who put
(Mean/SE) (Mean/SE) the highest grade
(Mean/SE) %)
0
Push factors
There is a better salary abroad 4.3(0.13) 3.8 (0.15) 3.8 (0.06) 149 (32.9)
There are more opportunities to get higher
qualification 4.3(0.13) 4.0 (0.13) 4.3 (0.06) 217 (47.9)
There are better conditions to work asaphy- | 5 1) 42(0.12) 42(0.06) 212 (46.8)
sician abroad
There are better opportunities to find a good
place to work and be promoted abroad 42(0.14) 3.9(0.14) 3.9(0.07) 165 (36.4)
My family is going to emigrate 3.3(0.22) 1.9 (0.18) 2.0 (0.09) 62 (13.4)
%nagmt satisfied with the healthcare system 40(0.17) 3.7(0.17) 3.7(0.08) 163 (36.0)
I am not sure that I can find a decent position
afier an internship in KR 3.4 (0.20) 3.3(0.18) 3.1 (0.09) 109 (24.1)
Pull factors
My family and friends in KR 3.5(0.19) 2.7(0.23) 3.8 (0.09) 144 (31.8)
I do not have any means to go abroad 2.2(0.17) 2.3(0.2) 2.9 (0.08) 46 (10.2)
I am satisfied with healthcare in KR 1.6 (0.14) 1.8 (0.16) 1.9 (0.07) 12 (2.6)
I believe that healthcare reforms make the
system better 2.0(0.17) 1.9 (0.17) 2.4 (0.08) 32(7.01)
I don’t think I can find a better job abroad 1.7 (0.15) 1.7 (0.17) 2.2 (0.08) 15(3.3)
Mean and SE for the combined score of
Pull factors 26.27 (0.85) 22.70 (0.83) 21.71 (0.48)
Mean and SE for the combined score of
Push factors 7.48 (0.69) 7.89 (0.61) 10.08 (0.34)
Mean and SE for the combined score of
Pull and Push factors* 18.78 (0.92) 14.80 (0.90) 11.63 (0.49)
Confidenceinterval for the combined score
of Pull and Push factors 16.96; 20.62 13.02; 16.59 10.66; 12.60

N o te: *Combined score for Pull and Push factors was statistically significantly different in groups with dif-
ferent levels of intentions to migrate. Statistical significance was determined by using t-test.
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Interestingly, the cumulative score of
“pull” factors showed a bigger and statistically
significant difference between groups of those
who “leave KR” and “highly likely to leave,”
but the cumulative score of “pull” factors pre-
sented this pattern between “might be possi-
ble” and “highly likely to leave” groups. How-
ever, the combined score of push and pull fac-
tors showed a statistically significant
difference among all three groups (Table 2).

We examined relationships between the
socio-demographic characteristics of the par-
ticipants and their migration intentions
(Table 3) using regression analysis. As a re-
sult, we identified only three statistically
significant covariates that might predict in-
tention to migrate after adjusting for citizen-
ship. Thus, students who rent apartments or
dormitories had a more than two times
higher chance of intent to migrate compared
to those who live with parents (OR = 2.21

(95 % CI: 1.38-3.52). Married participants
had lower chance of being willing to migrate
compared to single respondents (OR = 0.43
(95 % CI: 0.23-0.80) and OR = 0.25 (95 %
Cl: 0.11-0.58), respectively). As a part of
our sensitivity analysis, we examined all co-
variates in different subgroups of our re-
search sample. We restricted it to only those
who were citizens of KR, those who “leave
KR” vs. “stay in KR” and other combina-
tions of subgroups by intention to migrate.
Marital status was the most reliable and statis-
tically significant predictor in all our analysis
models. “Parents’ place of living” was another
statistically significant factor in the full model.
Participants who lived in a rural area had a
50 % lower chance of having an intention to
migrate than those who lived in the capital city
(OR = 0.51 (95 % CI: 0.3-0.89)) only after
adjusting for citizenship and other statistically
significant covariates in the model.

Table 3

Logistic regression analysis of the relationship between migration intentions and
socio-demographic characteristics of participants

Analyzed factor

Odds Ratio and corre-
sponding 95 % confi-
dence interval

Adjusted Odds Ratio and
95 % confidence interval

Sex (malesare a reference group)

Females 0.787 (0.54-1.10)

Place of living

Living with parents reference group

Living with relatives 078 (0.42-1.45) 0.89 (0.46-1.73)
Renting apartment or dormitory 2.18 (1.44-3.29) 2.21 (1.38-3.52)

Living in one’s own apartment / house

1.14 (0.70-1.84)

1.65 (0.99-2.76)

Marital status

Single reference group
Married, no children 0.42 (0.23-0.77) 0.43 (0.23-0.80)
Married with children 0.63 (0.35-1.13) 0.60 (0.34-1.07)

Cohabitating with a partner

0.29 (0.13-0.65)

0.25 (0.11-0.58)

Financial status

Poor

2.22(0.42-11.61)

Can’t always afford the necessities

1.07 (0.76-1.54)

Can afford everything necessary

reference group

Can afford anything without limitations

0.50 (0.21-1.21)

Future specialty
Internal medicine reference group
Surgery / gynecology 1.05 (0.68-1.62)

Haven’t decided yet

0.83 (0.55-1.24)

Citizenship (KR citizenship is a reference group)

Non-KR

4.06 (2.32-6.94)

4.85 (2.67-8.82)

Missing data 5.15 (3.01-8.80) 5.85 (3.25-10.5)
Parents’ place of living
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End of the Table 3

Odds Ratio and corre- Adjusted Odds Ratio and
Analyzed factor sponding 95 % confi- .
. 95 % confidence interval
dence interval
Bishkek, the capital of KR reference group

Other city

1.36 (0.94-1.99) 0.66 (0.42-1.03)

Urban settlement

0.74 (0.45-1.23) 0.51 (0.3-0.89)

Parents’ financial status

Poor

0.93 (0.16-5.29)

Can’t always afford the necessities

1.07 (0.72-1.59)

Can afford everything necessary reference group
Can afford anything without limitations 1.07 (0.58-1.98)
Parents were born in Bishkek reference group

One parent was born in Bishkek

0.93 (0.37-2.31)

Moved in Bishkek in the last 10 years

0.63 (0.28-1.43)

Parents’ education

Secondary school

0.94 (0.46-1.90)

Vocational education

reference group

Higher education

1.11 (0.76-1.63)

Work in the healthcare system (YESisa reference group)

No

0.87 (0.61-1.24)

N o te: Cumulative logit-model using an ordinal result (Leave KR event). The ultimate model was adjusted

for statistically significant covariates in the first model.

The most frequent country destinations for
migration were Commonwealth of Independent
States (CIS) such as Russia and Kazakhstan
(48.1 % and 18.8 % of participants, respec-
tively) followed by countries of the European
Union (11.5 % of respondents) (Table 4).

Table 4
Country destination of students’ migration
intentions
Country destination Studfrr:it;\:t}: lje(;ged to
Russian Federation 218 (48.1)
Kazakhstan 85 (18.8)
EU countries 52 (11.5)
North American countries 29 (6.4)
Turkey 22 (4.8)
Other countries 30 (6.6)
Missing N (%) 17 (3.8)
Total 453 (100)

Discussion. The prevalence of medical
students’ intention to migrate varies dramati-
cally in literature by geographical region,
methodology used in a study, and time when
the study was conducted. Our study sample’s
percentage of students considering migration
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abroad was 86.1 %. We did not find any other
research that examined medical students of
physician migration in Central Asia. A high
percentage of students intended to migrate was
reported in Romania (84.7 %) and Ireland
(88 %) [17, 21]. Similar studies from this re-
gion provided the prevalence of migration in-
tentions as 50 % among Polish students [24].
Two studies in Lithuania 15 years apart esti-
mated that 60 % and 39 % of medical students
intended to migrate, respectively [20, 25]. This
difference might be attributed to changes in a
policy or an economic situation in the country
as well as to different methodological ap-
proaches in the studies. High prevalence of
migration intentions was also identified in
Africa, Egypt (89 %) [18], and Asia, Turkey
(46.3 %) [26] and Pakistan (33 %) [27].

The current situation with healthcare and
medical education in KR shows many similari-
ties with Romania and Ireland. These countries
have universal health coverage, exporting
model of medical education, and physician
shortages in healthcare systems despite the
high number of domestic and foreign medical
graduates [17, 21, 22]. However, Romania and
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Ireland are high-income countries, and their
main migration tunnels for medical students
are EU, UK, and North American countries
[17, 21]. On the contrary, KR is LMIC and the
main migration destination is the Russian Fe-
deration.

Students’ intention to migrate by a coun-
try destination in our sample was almost simi-
lar to those patterns in KR general population.
However, migration to the Russian Federation
represents almost 80 % of migration flow in
KR general population® but in our sample,
only 48.1 % of participants intended to mi-
grate. The third and fourth country destina-
tions were the European Union and North
American countries that jointly constituted
about 17.9 % of our study sample, compared
with 5 % of the KR general population®.

We did not find publications investigating
physicians’ or medical students’ migration in
the Central Asian Region. However, historical
similarities in healthcare systems’ development
and nowadays reorganizations in the region
might suggest similar processes in neighboring
countries.

The majority of studies that examined
medical students’ intention to migrate consid-
ered research samples as those who expressed
willingness to migrate and those who did not
ignoring the difference in the strength of the
intentions. However, participants’ heterogene-
ity by the strength of the intentions to migrate
is difficult to overestimate. It partially explains
the main drawback of studies that examined
the intention of migration, namely, the gap be-
tween the high percentage of those who ex-
pressed willingness to migrate and the actual
number of migrants. Thus, two groups, “leave
KR” and “highly likely to leave KR”, consti-
tute only 27 % of the participants. They might
be considered as those with a high probability
that their intentions will transform into an ac-
tual decision to migrate in the nearest future.

Introducing the heterogeneity by the
strength of intentions, we also provide valu-

able information for health authorities for fu-
ture evidence-based migration policies. ‘Might
leave KR’ is the most important and the largest
group in our research sample (59.1 % of the
participants). This group should be the primary
target for future retention interventions ac-
counting for their socio-demographic charac-
teristics and Push-and-Pull factors. Moreover,
the set of Push-and-Pull factors could be used
as an express test for monitoring students’ mi-
gration intentions using a combined score of
Pull and Push factors that showed a statisti-
cally significant difference in the groups.

Thus, lack of professional opportunities
was the major stimulating migration factor.
This indicates that incentive programs should
focus on non-monetary factors such as better
academic infrastructure and increasing oppor-
tunities for professional development. Finan-
cial satisfaction definitely contributes to mi-
gration decisions but is not the primary driver.

We did not find strong differences in par-
ticipants’ characteristics by level of intention
in our regression analysis. This could be ex-
plained by the effects of a “generational co-
hort” and a university’s “catchment area”.
Universities enrolled students of the same age
and from the same socio-economic pull that
might mask possible differences. Thus, the
strongest and most reliable characteristic was
marital status which, along with another statis-
tically significant covariate, students’ place of
living, cannot be helpful for planning univer-
sity retention interventions in students’ enrol-
ment policies. The most practical characteristic
of this type of policy is parents living in rural
areas, but it was a statistically significant co-
variate only in the full model in our research
sample. The weak effect of this characteristic
might be explained by urbanization and inten-
sive internal migration in KR [28]. Many fami-
lies changed their place of living while stu-
dents were attending university. ‘Generation’
effects can be eliminated by analyzing another
cohort of final-year medical students and in

* Zdorov'e naseleniya i deyatel'nost' organizatsii zdravookhraneniya Kyrgyzskoi Respubliki za 2021 god: ezhegodnyi
sbornik [Population health and work of healthcare organizations in the Kyrgyz Republic in 2021: annual digest]. Bishkek, The
Ministry of Health of the Kyrgyz Republic, 2021. Available at: https://bit.ly/3BHDjbL (November 27, 2023) (in Russian).
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this case the combined Pull and Push score can
be used as an express-test to monitor students’
intentions to migrate since it was statistically
significantly different in all analyzed groups.
Major limitations of the study arose from
the nature of the survey. Our cross-sectional
study collected self-reported data that were not
validated against any records and were prone to
response and social desirability biases. Another
limitation was 11.2 % of participants that re-
fused to provide information about citizenship.
However, conducted interview of the group and
sensitivity analysis showed that it could not
present any threats to our study results.
Conclusion. Physician migration, like any
complex phenomenon, encompasses both posi-
tive and negative aspects that can vary depend-
ing on the country is a risk factor that can
compromise the sustainability of a country’s
healthcare system. Our study serves as a pio-
neering evaluation of physician migration
processes in Central Asia. The historical paral-
lels in healthcare systems’ development sug-
gest comparable migration processes among
neighboring countries. The study’s results shed
light on the potential scale of medical stu-
dents’ migration, the driving forces behind
migration, and the specific circumstances
prevalent in the region. A thorough examina-
tion of migration processes is vital for the re-
gion to provide an up-to-date understanding
and effectively manage migration flows.
Despite differences in socio-economic
factors, migration patterns, and geographical
attributes, the shared characteristics among
countries experiencing the “Irish paradox”
indicate the existence of common underlying
forces driving this phenomenon. The pres-
ence of the paradox seemingly amplifies the
pressure on migration processes within the
health sector, necessitating careful consid-

eration when formulating countries’ migra-
tion policies.

The study’s primary findings are cause for
concern regarding the future of the healthcare
system in KR. A significant proportion of
medical graduates have expressed intentions to
migrate from the country. Developing evi-
dence-based migration policies is of utmost
importance, given the current state of health-
care. Continual monitoring of migration inten-
tions among students from different genera-
tions is necessary to enhance retention pro-
grams. The combined score derived from our
set of Pull and Push factors can serve as an
express assessment tool for this purpose, aid-
ing in decision-making and migration policy
formulation.

Examining the migration intentions of
medical graduates in Kyrgyzstan and formulat-
ing evidence-based decisions can effectively
mitigate risks for the healthcare system associ-
ated with the shortage of qualified personnel
and the outward flow of trained specialists
from the country.

Retention programs targeting graduates
should use strategies to enhance professional
development and address pertinent concerns.
Developing migration programs jointly with the
Russian Federation as a primary destination for
students offers an opportunity for mutual bene-
fits and strategic alignment, ensuring the sus-
tainability and effectiveness of healthcare sys-
tems while fostering international cooperation
and exchange.
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PROGNOSIS OF SUICIDAL RISK AMONG LAW ENFORCEMENT OFFICIALS
INCLUDING MILITARY PERSONNEL

E.S. Shchelkanova, M.R. Nazarova, I.M. Gudimov, N.A. Galkin, E.A. Zhurbin
Military Innovative Technopolis “ERA”, 41 Pionerskii Ave., Krasnodar Krai, Anapa, 353456, Russian Federation

Suicide is a major medical and social concern for law enforcement, a contemporary army included, not only in Russia
but abroad as well. In recent years, frequency of suicides and suicidal attempts has been growing among law enforcement
officials (LEOs), military personnel included. Therefore, it seems relevant to develop a model for predicting suicide risk.

In this study, our aim was to develop a model for predicting suicide risk in LEOs based on express testing results. Our
research object was represented by LEOs (n = 591), their average age being 23.71 + 1.12 years.

To assess suicide risk, we used a questionnaire for suicide risk assessment ‘SSR-2', which is a part of DAP-2 method-
ology for deviant behavior research, and a clinical-psychopathological method. LEOS' personality characteristics and their
current psychophysiological state were identified by using vibration imaging, a technology for recording and mathematically
analyzing micro-vibrations of the head and face. It has certain advantages over its anal ogues.

We determined psychophysiological characteristics, basic abilities (types of Gardner’s multiple intelligence) and moral
qualities that differed in people with elevated suicide risk against the control. We identified a difference between unconscious
reactions of the examined people to stimuli and declared (conscious) ones, which indicates that LEOs tend to hide any signs of
suicidal behavior in them. A mathematical model was built for predicting suicide risk: we developed an integral suicide risk
assessment and created a probabilistic nomogram that makes it possible to establish likelihood of suicidal behavior signs with

accuracy above 98 % relying on results obtained by a 5-minute express test.
Use of this predictive model helps identify those people among personnel who should undergo a profound check-up by
a psychological support team. Our research results can serve as a basis for creating an objective concept for diagnostics of

suicide risk factorsin LEOs

Keywords: suicide risk, suicide, law enforcement agencies, military personnel, prediction, vibration imaging, abilities,

moral qualities.

Suicide is a major serious social and
medical concern for law enforcement, both in
Russian and abroad, according to the contem-
porary analysis of the issue and long-term ex-
pert observations [ 1-6].

In recent years, frequency of suicides and
suicidal attempts has been growing among law
enforcement officials (LEOs) [1, 7]. As op-
posed to civil population, this dynamics is
largely associated with drawbacks of draft and
selection systems and insufficient attention
paid to psychological and mental state of law
enforcement personnel rather than with diffi-

culties typical for a period of socioeconomic
reforms [8].

Suicide destroys personnel’s morale,
weakens battle readiness, does great moral and
psychological damage to the civil society,
stimulates negative attitudes towards service in
law enforcement agencies and creates a nega-
tive image in public consciousness. Thus, for
example, conscripted soldiers are a vulnerable
group of military personnel as regards suicide
risk [9].

Today, serious attention is paid to suicide
risk prediction. There are many scales and
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questionnaires aimed to diagnose suicide.
However, in our opinion, they have a lot of
considerable drawbacks: estimates are subjec-
tive in their essence; it is time-consuming and
costly to conduct them and analyze the results;
keys of many questionnaires are available in
open access in the Internet. This leads to much
greater difficulties in identifying real suicidal
ideations of LEOs, makes preventive measures
less effective and increases relevance of
searching for reliable suicide risk indicators
[10, 11]. The proper diagnosis and immediate
treatment plan for those individuals exhibiting
severe depressive traits could prevent up to
70 % casualties of suicide. Therefore, it is
relevant to build models eligible for predicting
suicide risk based on objective indicators of
the human body [12].

Vibration imaging is a promising method
for assessing suicide risk among LEOs [13,
14]. It involves detection and mathematical
analysis of microvibrations of the head and
face. The method has been used successfully
to solve a wide range of applied tasks within
medical-psychological research. It has certain
advantages over its analogues: it is time-
saving; it provides objective and precise esti-
mates of a person’s mental state; it allows es-
timating more people per one hour than any
contact examinations; a person does not ex-
perience any physical impacts during an ex-
amination and this excludes any likelihood of
distortions in its results [15—17].

The aim of this study was to develop a
model for predicting suicide risk in law en-
forcement officials, military personnel in-
cluded, based on express testing results.

Materials and methods. Our research
object was represented by LEOs (n = 591),
their average age being 23.71 + 1.12 years.
Examinations took place between 2021 and
2023. The following inclusion criteria were
applied: male sex; a written consent to partici-
pate in the study. The exclusions criteria were
female sex; absence of a written consent to
participate in the study; testing conducted in-
correctly; apparent sickness (high temperature,
fever, etc.)
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Groups of LEOs per presence / absence
of suicidal risk were created by using a ques-
tionnaire for suicide risk assessment ‘SSR-2’,
which is a part of DAP-2 methodology for
deviant behavior research. Clinical-psycho-
pathological methods were applied to identify
suicide risk.

Psychophysiological state, abilities and
moral qualities were estimated with Profiler+
software package, version 10.2.3.167, based
on vibration imaging [18]. Military personnel
were examined in conformity with all re-
quirements to work with the technology rec-
ommended by the system developers.

Authenticity of differences between the
study groups was estimated with Student’s t-
test; critical significance was taken at 0.05. We
used discriminant analysis, onward step-by-step
with inclusion (at F-enter = 2.0, F-remove = 1.9
and p < 0.05), and multiple regression to build
classifications and decision rules. Mathematical
analysis of the research data was performed in
STATISTICA v.10.0.

Results and discussion. Two groups of
participants were made following the examina-
tions: SRO group was made of people without
suicide risk (n = 553; 93.6 %); SR group in-
cluded people with suicide risk (n = 38; 6.4 %).

Table 1 provides the results of assessing
differences in psychophysiological parameters
obtained by using vibration imaging in two
analyzed groups.

Obviously, we established authentic differ-
ences between the groups SR0 and SR only for
variability of the ‘Inhibition” parameter (V_E9
(inhibition)). Some apparent trends were also
established for variability of the ‘Stress’ (V_E2
(stress), and E6 (charisma), E8 (self-regulation)
and E10 (neuroticism) parameters.

It is quite interesting to analyze differ-
ences in variability of vibration imaging pa-
rameters. Changes in the structure of a vibra-
tion spectrum are a well-known sign of grow-
ing strain of body regulatory mechanisms
regardless of an examined function [19, 20].
Activation of the parasympathetic nervous
system leads to acetyl choline release, which
makes the R—R interval longer and heart rate
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lower. On the contrary, the sympathetic nerv-
ous system increases catecholamine expres-
sion by synapses, which increases heart rate
and smooth muscle contractility [21]. Since
quite a close relation has been established be-
tween mechanical microvibrations of the head
and body and rhythmic activity of the central
nervous system1 [22], we can assume that
people with suicide risk have higher strain of
the regulatory systems, which manifests itself
through growing variability of the ‘stress’ and
‘inhibition” parameters. Deviations in the

regulatory systems are known to occur long
before any energy, metabolic, or functional
disorders of different organs and systems in
the body, let alone an actual disease; they are
early prognostic signs of a developing pathol-
ogy and are far ahead of any changes measur-
able by clinical, laboratory or instrumental
tests [21]. Therefore, practical use of prog-
nostic express-methods makes it possible to
diagnose prenosological changes in LEOS’
adjustment disorders as a predecessor of sui-
cidal behavior at early stages [23].

Table 1
Assessment of differences between two groups of LEOs as per vibration imaging parameters
SRO group SR group
Parameter Mzo Mio p
Basic vibration imaging parameters
E1 (aggression) 33.68+7.43 33.33+6.24 0.775
E2 (stress) 35.11+4.36 34.76 £4.05 0.631
E3 (anxiety) 29.96 £7.77 29.94 +8.29 0.986
E4 (danger) 33.15+3.14 32.91+3.52 0.659
ES5 (steadiness) 77.57+£4.50 77.77+4.92 0.799
E6 (charisma)** 41.37+£16.26 36.56 + 17.04 0.079
E7 (vitality) 16.15+5.30 15.63 +4.33 0.553
E8 (self-regulation)** 59.26 £8.75 57.18+9.39 0.160
E9 (inhibition) 20.93 +2.80 20.97 £3.05 0.933
E10 (neuroticism)** 47.15+11.24 50.36 + 14.39 0.096
E11 (depression) 33.42+3.18 33.92+3.08 0.355
E12 (happiness) 32.54 £ 6.68 31.64+£6.24 0418
Variability of vibration imaging parameters
V_E1 (aggression) 2348 £545 23.91+6.47 0.641
V_E2 (stress)** 18.26 £5.87 19.81£8.11 0.126
V_E3 (anxiety) 3490+ 16.23 34.85+17.01 0.986
V_E4 (danger) 13.56 +3.46 13.80 £3.40 0.681
V_ES (steadiness) 12.26 £4.59 11.87 +£5.40 0.615
V_E6 (charisma) 46.52 +33.18 51.91+27.30 0.328
V_ET7 (vitality) 35.81 +12.01 3571+ 11.62 0.960
V_ES8 (self-regulation) 16.32 +5.67 16.71 £5.40 0.677
V_E9 (inhibition)* 22.59+4.49 2418 £6.40 0.042
V_EI10 (neuroticism) 21.61 £1.60 21.84+145 0.383
V_E11 (depression) 12.50 £3.25 1241 +3.03 0.874
V_EI12 (happiness) 18.92 +8.51 19.22 +8.58 0.831

N o te: here and below in the text * points out indicators different with 95 % likelihood, and ** with 80 %
likelihood as per Student’s t-test. Names of vibration imaging parameters are given in brackets as they are inter-

preted by the technology developers.

! Rorakher G., Inanaga K. Microvibration: its biological function and significance for clinical diagnostics. Bern, Stuttgart,

Wien, Hans Huber Publ., 1969, 160 p.
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Table 2

Assessment of differences in abilities (as per multiple intelligence (MI) types) and moral
qualities in different LEO groups

Characteristics | SRO | SR p
Abilities (G. Gardner’s MI types)
Intrapersonal ** 55.55+30.52 62.90 +28.30 0.150
Philosophic-investigatory 52.51 £26.87 53.45+£29.04 0.835
Logical-mathematical 57.10+29.79 52.83+27.31 0.390
Business-selfish 23.97+26.26 23.07 +24.05 0.838
Visual-spatial 57.02 £27.09 56.54 +28.02 0.916
Naturalistic 49.42 +29.22 53.49 £26.00 0.403
Locomotive 43.00 +£27.48 42.86 +24.39 0.976
Musical-rhythmical* 34.49 +28.63 44.08 £28.84 0.046
Selfless 67.15+£24.79 62.43 +£24.57 0.256
Verbal-linguistic 43.89 +30.05 49.55 +31.69 0.263
Creative 44.04 =29.69 38.00+£31.76 0.228
Interpersonal ** 52.37+29.93 43.10+£32.39 0.067
Moral qualities
Wrath 25.29+£27.20 30.97 +29.61 0.216
Envy 2443 £27.64 28.11+£22.86 0.424
Internet-addiction 19.45 +26.38 22.03 +23.71 0.557
Greed 32.01+£29.12 36.12+27.19 0.398
Gluttony 40.03 +£30.85 44.62 +36.56 0.381
Sloth* 23.53+£26.82 35.04 +£30.18 0.011
Lust 21.37+27.05 24.75 £23.61 0.453
Alcoholism, drug addition** 14.01 £21.50 19.45 +29.84 0.143
Egoism** 22142747 29.78 +£28.07 0.098
Suicide** 13.65 £20.95 19.75£20.93 0.083
Theft, bribery* 14.86 +21.73 29.52£22.47 0.000
Pride** 29.12+£27.24 3542 +25.53 0.166

Direct differences in vibration imaging
parameters manifest themselves in the symme-
try of head and face micro-movements (pa-
rameter E6), in mean values of a sum of condi-
tionally positive emotions (E8) and in the
spread of measured values of inhibition over
the measurement period (E10). Therefore,
people with suicide risk have higher neuroti-
cism and lower levels of positive emotions in
general, which indicates that their psycho-
physiological state is unstable and their psy-
choemotional state has apparent sub-depres-
sion trends.

Data obtained during this study for differ-
ent groups of LEOs that describe their key
abilities (G. Gardner’s multiple intelligence
[24]) and moral qualities are of great interest.

Obviously, people with suicide risk tend
to have the musical-rhythmical MI type more
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often as well as a more apparent intrapersonal
type and less apparent interpersonal one. This
indicates that LEOs with suicide risk are more
often introverted, their psyche is turned in-
ward, they focus on their internal world, do not
have any need in communicating with others,
and are more sensitive to sounds (their leading
sensory organ is the hearing apparatus).

A significant advantage of vibration im-
aging is a provided possibility to estimate an
unconscious response (IE) of a tested person to
a presented stimulus (detection takes place at
the moment when a stimulus has already ap-
peared on the screen but a tested person has
not yet given an answer by pressing ‘yes/no’
keys) and to compare it with an integral re-
sponse (IE+YN). Mean values obtained for
moral qualities by estimating unconscious re-
sponses are provided in Table 3.
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Table 3
Assessment of differences in unconscious responses to stimuli associated with moral qualities in
two LEO groups
Moral quality SRO SR p
Wrath 33.75+21.92 34.74 +£21.89 0.787
Envy 33.48 +23.47 33.04 +£23.18 0911
Internet-addiction 34.93 £23.89 35.96 + 16.39 0.794
Greed 34.33 £23.76 37.30 £20.17 0.453
Gluttony 35.25+25.29 40.45 £22.25 0.218
Sloth 34.84 +£22.99 38.15+20.05 0.387
Lust 33.54 +24.40 30.10 +21.76 0.397
Alcoholism, drug addition 34.11 +£23.58 36.99 + 24.07 0.466
Egoism* 3428 +£25.32 45.29 £25.19 0.010
Suicide** 34.73 £22.69 40.89 + 22.57 0.106
Theft, bribery 33.57+21.67 34.40 +18.80 0.817
Pride** 33.57+22.88 40.57 +21.90 0.068
50 cace bl suicidal ideation and readiness to realize
& J them. Differences in unconscious and integral
I : (Figure 1) responses to stimuli associated
L T ‘ with identification of suicidal ideation indi-
= - cate that people from the SR group tried to
T not declare their suicidal thoughts and ide-
2 ations consciously.
@ A database was created to differentiate
T the analyzed LEO groups. It included 76 ran-
o domly selected observations (38 observations

[+] 1
0 - Suicide risk is absent 1 - Suicide risk is present

 Suicide (IE+YN)
il Suicide (IE)

Figure 1. Differences between integral (IE+YN) and
unconscious responses (IE) to stimuli associated with
suicide in different LEO groups

Table 3 clearly shows that LEOs with
suicide risks are more egoistic; put their in-
terests above everything; have narcissism (not
excluding auto-aggression). They also tend to
have thoughts, concepts and feelings with

from the SRO group and 38 observations from
the SR group).

Discriminant analysis was applied to
solve classification tasks. Assessment of in-
formative value of characteristics revealed that
23 parameters were included into the model
out of all vibration imaging parameters, their
variability, abilities and moral qualities (inte-
gral and unconscious responses). They are
provided in Table 4.

Table 4
Informative value of personality characteristics within the linear discriminant function
Personality characteristics based Wilkes Partial F-excl. D Tolerance 1-toler.
on the Profiler+ program (Lambda) | (Lambda) | (1.52) (R-sq.)
Musical-rhythmical MI type 0.33 0.56 41.11 0.000 0.32 0.68
E10 (Neuroticism) 0.30 0.61 33.50 0.000 0.32 0.68
E9 (Inhibition) 0.28 0.65 28.32 0.000 0.28 0.72
Suicide (unconscious response) 0.28 0.65 27.98 0.000 0.18 0.82
Theft, bribery (integral response) 0.26 0.71 21.07 0.000 0.46 0.54
Egoism (IE) 0.25 0.72 20.21 0.000 0.38 0.62
E6 (Charisma) 0.25 0.72 20.17 0.000 0.00 1.00
V_ES5 (Variability of the Steadiness parameter)|  0.25 0.74 18.36 0.000 0.18 0.82
Lust (IE) 0.24 0.76 16.40 0.000 0.47 0.53
ISSN (Print) 2308-1155 ISSN (Online) 2308-1163 ISSN (Eng-online) 2542-2308 145




E.S. Shchelkanova, M.R. Nazarova, .M. Gudimov, N.A. Galkin, E.A. Zhurbin

End of the Table 4

Per?ﬁ?ﬁg::;:fg::gc:aﬁsed Wilkes (Lambda)|Partial (Lambda)|F-excl. (1.52)] p | Tolerance él_it?sl:r)
E8 (Self-regulation) 0.24 0.78 14.84 0.000| 0.00 1.00
Internet-addiction (IE) 0.23 0.79 14.04 0.000| 0.18 0.82
Intrapersonal MI type 0.23 0.79 13.61 0.001 0.56 0.44
Internet-addiction (IE+YN) 0.23 0.80 12.88 0.001 0.26 0.74
Locomotive MI type 0.23 0.80 12.61 0.001 0.55 0.45
Visual-spatial MI type 0.22 0.82 11.08 0.002| 0.66 0.34
Sloth (IE) 0.22 0.84 9.57 0.003 0.15 0.85
Wrath (IE+YN) 0.21 0.85 8.97 0.004| 0.45 0.55
Gluttony, bulimia (IE+YN) 0.21 0.86 8.44 0.005| 039 0.61
ES (Steadiness) 0.20 0.91 5.12 0.028| 0.03 0.97
E11 (Depression) 0.20 0.92 4.49 0.039] 0.28 0.72
E1 (Aggression) 0.20 0.92 4.29 0.043 0.23 0.77
VSR, % (virtues to moral qualities ratio) 0.20 0.93 4.02 0.050| 0.55 0.45
Alcoholism, drug addiction (IE+YN) 0.19 0.95 2.74 0.104] 042 0.58

Use of conventional discriminant analysis
made it possible to develop an integral suicide
risk indicator in LEOs (l1sr), which is given by
an equation based on coefficients provided in
Table 5.

Table 5

Values of coefficients for calculating I1sr for law
enforcement officers, including military

personnel
Indicator Coefficient

Absolute tern -100.73
Theft, bribery IE+YN) 0.17
Suicide (IE+YN) 0.33
Intrapersonal MI type 0.10
Musical-rhythmical MI type 0.19
Internet-addiction (IE+YN) -0.17
E10 (Neuroticism) 3.19
E9 (Inhibition) 0.85
ES5 (Steadiness) -1.54
Wrath (IE+YN) -0.09
Locomotive MI type -0.11
Lust (IE+YN) -0.18
Gluttony, bulimia (IE+YN) -0.09
V_ES5 (Variability of the Steadiness 1.12
parameter)

E6 (Charisma) -3.00
E8 (Self-regulation) 5.39
Visual-spatial MI type 0.10
VSR, % (virtues to moral qualities ratio) -0.39
E11 (Depression) -0.72
Sloth (IE+YN) -0.28
Internet-addiction (IE) 0.27
Egoism (IE+YN) 0.18
E1 (Aggression) 0.35
Alcoholism, drug addiction (IE+YN) 0.06
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The said indicator was represented by a
conventional discriminant function, which
separated the groups with and without suicide
risk.

Group membership was estimated with
using linear discriminant functions Zo, Zj:

Zo=-46,06 + 2,21x1lsr T-scores
Z1=-94,48 + 3,18x1lsr, T-scores,

(1)
2)

where the index 0 is attributable to LEOs
without suicide risk; the index 1, LEOs with
suicide risk.

An estimation of membership in a group
is performed as follows: the integral suicide
risk indicator is calculated for each specific
law enforcement official as per the above for-
mula and on the basis of coefficient values
provided in Table 5. An obtained Ilsr value is
substituted into the formulas (1) and (2), which
are used to calculate Zg and Z; values. An ul-
timate conclusion on membership / not mem-
bership in a group with elevated suicide risk is
made per the maximum Z; value.

Predictive ability of decision rules
equaled 100 % for the group without suicide
risk; 97.37 %, the group with suicide risk;
98.68 % for the whole sample.

A probabilistic nomogram (Figure 2) was
built to facilitate use of decision rules. It al-
lows quick and visualized identification of sui-
cide risk likelihood (%) in a LEO based on his
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[lsr value. For example, if llsr = 49 scores,
suicide risk likelihood equals 30 % and likeli-
hood of its absence equals 70 % for a LEO
with this score estimate. If |lsr = 53 scores,
suicide risk likelihood is 95 %.

Suicide rizk, %o

15 46 47 £ 49 50 51 S2 530S

ITsr. T-scores

— Suicide risk is absent = Suicide risk is present

Figure 2. Probabilistic nomogram for suicide risk
identification in law enforcement officers, including
military personnel

The developed model can be implemented
as an Excel macros; a result stating either
presence or absence of suicide risk in a LEO
can be received automatically upon comple-
tion of 5-minute testing. This is a considerable

advantage for use within mass medical check-
ups provided for law enforcement personnel.
Conclusion. Suicide risk prophylaxis in
law enforcement officials, including military
personnel, is accomplished not only to prevent
accidents but also to protect personnel’s physi-
cal and mental health. The developed model
for suicide risk prediction makes it possible to
obtain relevant data on likelihood of suicidal
ideation, abilities and moral qualities of per-
sonnel after short-time testing. This allows de-
veloping personalized and optimized measures
aimed at preventing suicidal behavior within
medical and psychological support. A possibil-
ity to estimate both unconscious and integral
responses given by examined LEOs to stimuli
helps both a psychologist and commanders
shape an opinion on as level of actual devel-
opment of their moral qualities even if they
would like to hide it. In our opinion, contact-
less express-methods, vibration imaging being
among them, are quite promising in applied
medical and psychological investigations con-
ducted by various law enforcement agencies.
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POLYMORPHISM OF TPS53 (RS1042522) GENE AND PECULIARITIES OF THE
IMMUNE PROFILE IN CHILDREN EXPOSED TO AIRBORNE BENZO(A)PYRENE

0O.V. Dolgikh, N.A. Nikonoshina

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

Examining peculiarities of an immune profile and genetic polymorphisms is especially relevant when identifying mark-
ers of effect and sensitivity to exposure to benzo(a)pyrene in northern areas.

We examined 1253 children who lived in industrial centers and on conditionally clean territories in the north and
south of Eastern Sberia. Levels of benzo(a)pyrene in ambient air and in children’s blood were determined by using HPLC.
TP53 (rs1042522) polymorphism was examined by using real-time PCR; p53 levels were identified with flow cytofluorome-
try; 19G to benzo(a)pyrene, by the radioallergosorbent tests.

Exposure of children in Northern Siberia to airborne benzo(a)pyrene at the dose of 7.11-10° pg/(kg-day) causes
benzo(a)pyrene contamination in blood, activates apoptosis (p53) and stimulates occurrence of specific sensitization (1gG to
benzo(a)pyrene) (p < 0.05). Smilar disorders were established in children in Southern Sberia under exposure to airborne
benzo(a)pyrene at the dose of 86.46-10° pg/(kg-day). The detected changes in immune profiles of children living in Northern
Shberia are associated with G-allele and GG-genotype (rs1042522) of the TP53 gene (OR = 1.37-1.83, p < 0.05); children
in Southern Sheria, C-allele and CC-genotype of the said gene (OR = 1.55-2.38, p < 0.05).

Therefore, the immune profile of children exposed to airborne benzo(a)pyrene at the dose of 7.11-10° pg/(kg-day)
in Northern Siberia bears some signs of activated apoptosis (p53) and specific sensitization (1gG to benzo(a)pyrene) as-
sociated with G-allele and GG-genotype of the TP53 gene (rs1042522) (OR = 1.37-1.83, p < 0.05). These identified
changes in the immune profile are comparable with effects produced by exposure to airborne benzo(a)pyrene at the dose
of 86.46:10° pg/(kg-day) in Southern Siberia, which are associated with C-allele and CC-genotype of the same gene
(OR = 1.55-2.38, p < 0.05). This confirms a hypothesis that effects of technogenic chemical factors can be modulated by
specific climatic conditions in northern areas and a contribution made by genetic predisposition. Their combined effect
creates a serious risk of developing impairments in an immune profile (OR = 1.37-1.83, p < 0.05; RR = 1.17; 95 % ClI:
1.07-1.27) even under |ow-dose exposure to airborne benzo(a)pyrene.

Keywords: benzo(a)pyrene, airborne exposure, children, immune profile, genetic polymorphism, apoptosis, p53,
sensitization.

Benzo(a)pyrene is a polycyclic aromatic
hydrocarbon (PAH) of hazard degree I able to
produce mutagenic, carcinogenic (IARC’s
group A carcinogen) and immunosuppressing
effects [1, 2].

Impacts of technogenic chemical factors on
human health in an actual industrially developed
area are not isolated. A combination of climatic

© Dolgikh O.V., Nikonoshina N.A., 2024

conditions and peculiar light regime typical for a
given territory can modulate adverse effects pro-
duced by technogenic chemical exposures [3]. In
particular, combined influence of subarctic cli-
matic conditions and photoperiodic seasonal
asymmetry in northern areas induces deadapta-
tion-like changes in the immune regulation even
under low-dose chemical exposures [4, 5].
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It should be noted that polymorphisms of
candidate genes responsible for the immune
regulation make a significant contribution to
formation of a specific immune profile, which
plays an important role in adaptation to
changed environmental conditions [6, 7].
Changes in an immune profile associated with
polymorphisms of the tumor suppressing gene
p53 TP53 (rs1042522) can be related to dys-
regulation of the cell cycle, DNA repair and
apoptosis and growing risks of oncoprolifera-
tive states. This is especially relevant under
exposure to benzo(a)pyrene as a well-known
chemical carcinogen [8, 9].

Hence, it is quite relevant to accomplish a
comparative assessment of peculiarities of an
immune profile associated with the TP53
(rs1042522) gene polymorphisms in children
exposed to airborne benzo(a)pyrene in the south
and north of Eastern Siberia for further devel-
opment and substantiation of markers of effects
and sensitivity to exposure to technogenic
chemical factors in northern areas with specific
climatic conditions and light regime.

In this study, we aimed to comparatively
assess  polymorphisms of the TP53
(rs1042522) gene and peculiarities of an im-
mune profile in preschoolers exposed to air-
borne benzo(a)pyrene in the north and south of
Eastern Siberia.

Materials and methods. We compara-
tively assessed polymorphisms of the TP53
(rs1042522) gene and immune profile indica-
tors in preschoolers who lived in Eastern Sibe-
ria (n = 1253). The observation group 1
(n = 526) and the observation group 2
(n = 376) were made of children living in in-

dustrially developed areas in the north and
south of the region respectively. The reference
group 1 (n = 180) and the reference group 2
(n=171) included children who lived on con-
ditionally clean territories in the north and
south of the region.

The study was accomplished in confor-
mity with the fundamentals stated in the Dec-
laration of Helsinki by the World Medical As-
sociation and approved by the Local Ethics
Committee of the Federal Scientific Center for
Medical and Preventive Health Risk Manage-
ment Technologies (The meeting report No. 2
dated January 17, 2022).

Benzo(a)pyrene levels in ambient air and
contamination with this PAH in the examined
children’s blood were identified by using high-
performance liquid chromatography on an
Agilent 1200 (USA) in conformity with the
Methodical Guidelines MUK 4.1.3040-12' and
MUK 4.1.1273-03%,

The intracellular transcription factor p53
was determined by using flow-cytometric
analysis on a FACSCalibur (USA). Production
of IgG specific to benzo(a)pyrene was estab-
lished by the radioallergosorbent tests.

SNP of the TP53 (rs1042522) gene re-
sponsible for the transcription factor p53 were
identified by real-time polymerase chain reac-
tion (PCR-RT) on a CFX96 amplifier (Singa-
pore). DNA was extracted from buccal epithe-
lium by the sorbent method. A genotype of
each participant was determined by allelic dis-
crimination in TagMan.

Data were statistically analyzed in
StatSoft Statistica 10.0 by using ANOVA
one-factor dispersion analysis. Data distribu-

"' MUK 4.1.3040-12. Izmerenie massovoi kontsentratsii benz(a)pirena v krovi metodom vysokoeffektivnoi zhidkostnoi

khromatografii [Measurements of mass concentration of benzo(a)pyrene in blood by high-performance liquid chromatography]:
Methodical guidelines, approved by G.G. Onishchenko, the Head of the Federal Service for Surveillance over Consumer Rights
Protection and Human Wellbeing, the RF Chief Sanitary Inspector on September 07, 2012. KODEKS: electronic fund for legal
and reference documentation. Available at: https://docs.cntd.ru/document/1200103098 (January 17, 2024) (in Russian).

2 MUK 4.1.1273-03. Izmerenie massovoi kontsentratsii benz(a)pirena v atmosfernom vozdukhe i v vozdukhe rabochei
zony metodom vysokoeffektivnoi zhidkostnoi khromatografii s fluorimetricheskim detektirovaniem [Measurements of mass
concentration of benzo(a)pyrene in ambient air and workplace air by high-performance liquid chromatography with fluoromet-
ric detection]: Methodical guidelines, approved and enacted by G.G. Onishchenko, the RF Chief Sanitary Inspector and Deputy
to the RF Minister of Health on April 01, 2003. KODEKS: electronic fund for legal and reference documentation. Available at:
https://docs.cntd.ru/document/1200034301 (January 17, 2024) (in Russian).
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tion was checked for normality with the one-
sample Kolmogorov — Smirnov test. The
Tukey — Kramer test was applied to check
authenticity of differences in multiple com-
parisons. The statistical significance for re-
jecting the null hypothesis (that is, absence of
differences) was taken at p < 0.05. We calcu-
lated distribution of frequencies of the TP53
(rs1042522) gene alleles and genotypes, odds
ratio OR, relative risk RR and their 95 % con-
fidence intervals (Cl) for further analysis of
relations between changes in immune regula-
tion indicators and variant genotypes of this
gene in Gen-Expert online calculator and Mi-
crosoft Office Excel 2010.

Results and discussion. Average annual
benzo(a)pyrene levels equaled 0.62 average
daily MPL in ambient air in an industrially de-
veloped area in the north and 0.014 average
daily MPL in a conditionally clean area in the
same region; they equaled 7.27 average daily
MPL in ambient air in an industrially devel-
oped area in the south and 0.74 average daily
MPL in a conditionally clean area in the same
region’.

An average daily exposure to airborne
benzo(a)pyrene was 0.0071 pg/(kg-day) for
children living in an industrially developed
area in the north and was higher than that for
children living in a conditionally clean north-
ern area (0.0001 pg/(kg-day)) (p = 0.001). In
its turn, an average daily exposure to airborne
benzo(a)pyrene for children living in an indus-
trially developed area in the south (0.0865
ng/(kg-day)) was not only authentically higher
than that for children living in a conditionally
clean southern area (0.0083 pg/(kg-day)) but
also higher than that for children living in an

industrially in the north
(p=0.001).

Levels of contamination in blood of the
children from the observation group in the
north (0.00224 + 0.00030 pg/dm’) were
higher than in the children from the reference
group (0.00112 + 0.00034 pg/dm’) and the
reference level (p < 0.05). Benzo(a)pyrene
levels in blood of the children from the ob-
servation group in the south (0.00225 +
0.00035 pg/dm’) were also higher than those
in blood of the children from the relevant ref-
erence group (0.00109 + 0.00024 pg/dm®)
and the reference level (p = 0.006). However,
benzo(a)pyrene levels did not differ authenti-
cally in blood of the children under low-dose
exposure to airborne benzo(a)pyrene in an
industrially developed area in the north and in
blood of the children under high-dose expo-
sure to airborne benzo(a)pyrene in the south
(p=0.98).

The immune profile of the examined
children living in highly urbanized territories
in the north and south of Eastern Siberia
bears some signs of activated program-
med cell death combined with developing
specific hyper-sensitization to benzo(a)py-
rene (Table 1).

Some signs of hyperexpression of the
onco-suppressor protein p53 were identified in
43.9 % (231) of the children from the northern
observation group against their peers in the
corresponding reference group and the refer-
ence level as well (p < 0.05). Elevated p53
levels in the northern observation group were
authentically associated with the G-allele and
GG-genotype of the TP53 gene (rs1042522)
(OR=1.37-1.83, p<0.05) (Table 2).

developed area

> Ob utverzhdenii Programmy kompleksnogo razvitiya transportnoi infrastruktury munitsipal'nogo obrazovaniya

«Gorod Dudinkay: reshenie Dudinskogo gorodskogo soveta deputatov ot 14.09.2017 Ne 10-0358 [On Approval of the
program for complex development of the transport infrastructure in Dudinka municipal settlement: the Decision of the
Dudinka Town Council of Deputies dated September 14, 2017 No. 10-0358]. The official web-site with legal information
on town Dudinka. Available at: http://www.pravo-dudinka.ru/download/rgs/rgs 2017-09-14_10-0358.pdf (February 21,
2024) (in Russian); O sostoyanii i ob okhrane okruzhayushchei sredy Rossiiskoi Federatsii v 2018 godu [On the state and
protection of the environment in the Russian Federation in 2018]: the state report. Moscow, Ministry of Natural Re-
sources and Environment of the Russian Federation; NPP Kadastr, 2019 (in Russian); Sostoyanie zagryazneniya atmos-
fery v gorodakh na territorii Rossii za 2017 g. [Ambient air pollution in cities in Russia in 2017]: Annual data collection.
St. Petersburg, 2018 (in Russian).
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Table 1

Peculiarities of the immune profile of the children living in the north and south of Eastern
Siberia under exposure to airborne benzo(a)pyrene

Observation Reference Observation Reference
Reference group 1 — group 1 — group 2 — group 2 —
level* northern Siberia | northern Siberia P southern Siberia southern Siberia
(n=1526) (n=180) (n=376) (n=171)
P53, % / p53,%
12-18 | 5424047 | 427+029* | 0038 | 7.75+089* | 1.87+0.10 | 0.001
IgG to benzo(a)pyrene, arb.un.
0-03 [ 0208+0014 | 0080+£002 | 0001 | 0212+0011 | 0.074+0.009 [ 0.001

Note: p; is authenticity of differences between the observation and reference group in the north; p, is
authenticity of differences between the observation and reference group in the south; * means authentic differ-

ence from the reference level (p < 0.05).

Table 2

Frequencies of alleles and genotypes of the TP53 (rs1042522) gene in the examined children
in the north and south of Eastern Siberia, %

SNP Genotype /allele|  vgs | Vies | /] p | OR(95 % Cl)

Observation group 1 (n=526) / Reference group 1 (n=180)

CcC 36.1 36.7 0.98 (0.69-1.39)

CG 11.2 25.6 3.82 0.049 0.37 (0.24-0.57)

GG 52.7 37.7 1.83 (1.30-2.59)

C 41.7 494 0.73 (0.58-0.93)

TP53 G 58.3 50.6 649 001 1.37 (1.07-1.74)
(rs1042522) Observation group 2 (n=376) / Reference group 2 (n=171)

CcC 49.5 29.1 2.38 (1.59-3.57)

CG 343 543 9.94 0.002 0.44 (0.30-0.65)

GG 16.2 16.6 0.98 (0.59-1.62)

C 66.6 56.3 1.55 (1.18-2.04)

G 334 437 8.76 0.003 0.65 (0.49-0.85)

N o te: vos is frequencies of alleles and genotypes in the observation groups 1 and 2; v is frequencies of al-

leles and genotypes in the reference groups 1 and 2.

Levels of p53 were also higher in 54.5 %
(205) of the children in the southern industrial
area than in the children from the relevant ref-
erence group (P < 0.05), which, on the con-
trary, was associated with the C-allele and
CC-genotype of the TP53 (rs1042522) gene
(OR=12.17-2.83, p<0.05).

Levels of the protein p53 expression in
the children under high-dose exposure to air-
borne benzo(a)pyrene in the south were au-

thentically 1.4 times higher than the same in-
dicator in the children under low-dose expo-
sure to airborne benzo(a)pyrene in the north
(p < 0.05). Levels of the p53 protein were also
higher in the children who lived in a condi-
tionally clean northern area than in the chil-
dren who lived in a conditionally clean area in
the south (p=0.001).

We established higher production of IgG
specific to benzo(a)pyrene in 73.4 % (386) of

* Tietz’ clinical guide to laboratory tests, 4" ed. In: A. Wu ed.; V.V. Menshikov translation. Moscow, Labora Publ., 2013,

1280 p. (in Russian).
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the children from the observation group 1 and
63.1 % (237) of the children in the observa-
tion group 2 against the reference level and
corresponding reference groups (p < 0.05).
However, levels of this marker identified in
the children under low-dose exposure to air-
borne benzo(a)pyrene in the north were com-
parable with those identified under high-dose
exposure to airborne benzo(a)pyrene in the
south (p = 0.822).

Benzo(a)pyrene is a highly toxic poly-
cyclic aromatic hydrocarbon (PAH) able to
produce strong cytotoxic, mutagenic, car-
cinogenic and neurotoxic effects [10]. Muta-
genic and carcinogenic effects of benzo(a)py-
rene occur due to covalent linking of its me-
tabolite =~ BaP-7,8-dihydrodiol-9,10-epoxide
(BPDE) to nucleotide bases and the subse-
quent formation of cys- and trans-DNA ad-
ducts. This damages a nucleotide sequence,
breaks DNA repair and replication and cell
transformation and, consequently, results in
cell death and / or carcinogenesis [11, 12].

Climatic and natural conditions in polar
areas, in particular, in the north of Eastern
Siberia are harsh and unstable as they are
characterized with a long period of low tem-
peratures, drastic changes in the atmospheric
pressure, elevated electromagnetic activity
and radiation as well as a changed light re-
gime, namely, photoperiodic seasonal asym-
metry. Extreme living conditions in northern
areas make high demands of the immune and
nervous systems as those maintaining homeo-
stasis in the human body under unstable envi-
ronmental conditions. Adaptation of the body
to such harsh conditions becomes more com-
plex and this leads to a decrease in adaptation
potential and, consequently, facilitates occur-
rence of prenosological changes in an im-
mune profile [13, 14].

The p53 protein is a transcription factor
and tumor growth suppressor. It plays an im-
portant role in DNA repair, cell cycle regula-
tion and apoptosis or programmed cell death.
Activation of p53 by various DNA-damaging
agents and carcinogens, benzo(a)pyrene in-
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cluded, stops the cell cycle in its G1 phase
and induces Nucleotide Excision Repair
(NER), an important pathway of DNA repair.
It is put into effect by activating inhibitors of
the cyclin-dependent kinase c21 (CDK-21) as
well as the GADDA45 (Growth arrest and DNA
damage) gene. However, a growing dose of a
carcinogen as well as longer exposure to it
creates higher risks of mutations of the tumor
suppressor gene pS3. DNA damage in a mu-
tated cell does not stop the cell cycle or DNA
repair due to disrupted p53-dpendent forma-
tion of the cyclin-dependent kinase inhibitor
1A p21, which results in its proliferation and
transformation into a malignant neoplasm
[15, 16].

In this study, elevated p53 levels were
identified in children under isolated exposure
to a technogenic factor (benzo(a)pyrene) (the
observation group 2), in children living in
harsh climatic conditions in a northern area
(the reference group 1), and in children under
combined exposure to both adverse factors,
technogenic and climatic one (the observation
group 1). This, probably, indicates that pro-
grammed cell death was activated for cells
with DNA damage under exposure to various
stress factors. We established that high-dose
exposure to airborne benzo(a)pyrene,
0.0865 pg/(kg-day), associated with the
C-allele and wild CC-genotype of the TP53
(rs1042522) gene caused the greatest growth
in the p53 expression, namely, by 4.1 times
against the reference group 2. A less signifi-
cant increase in p53 levels in the children
who lived in an industrially developed area in
the north of Eastern Siberia, namely, by 1.3
times, was probably associated with exposure
to low doses of benzo(a)pyrene, 0.0071
ng/(kg-day), as well as such genetic determi-
nants as a prevailing minor G-allele and GG-
genotype of the TP53 (rs1042522) gene. Fre-
quency of the G-allele of the TP53
(rs1042522) gene was 58.3 % in the children
living in an industrially developed area in the
north of Eastern Siberia. This is authentically
higher than average frequencies in the global

Health Risk Analysis. 2024. no. 1



Polymorphism of TP53 (RS1042522) gene and peculiarities of the immune profile in children exposed...

(28.6 %), European (26.3 %) and Asian (41.5 %)
populations’. According to literature data, the
G-allele of the TP53 (rs1042522) gene is as-
sociated with lower expression of the p53
protein, inhibited DNA repair and apoptosis
[17]. It is also a known fact that isolated ex-
posure to benzo(a)pyrene as well as combined
exposure to benzo(a)pyrene and a vaccine
SARS-CoV-2 antigen activates expression of
the TP53 (rs1042522) gene in CG-hetero-
zygotes and, on the contrary, inhibits its ex-
pression in GG-homozygotes in in vitro ex-
periments [18]. In addition to that, the GG-
genotype of the TP53 (rs1042522) gene might
be associated with an elevated risk of devel-
oping oncoproliferative processes [19, 20],
which is especially important under exposure
to benzo(a)pyrene in the environment as an
obvious carcinogen.

Conclusion. Benzo(a)pyrene levels iden-
tified in blood of children exposed to airborne
benzo(a)pyrene at the dose of 0.0071
ng/(kg-day) were higher in an industrially
developed area in the north of Eastern Siberia
than in a conditionally clean area in the same
region (P < 0.05) and did not differ from lev-
els identified in blood of children exposed to
airborne benzo(a)pyrene at the dose of 0.0865
ng/(kg-day) in the south of Eastern Siberia
(p > 0.05). The same trend was revealed for
immune regulation indicators. Thus, produc-
tion of p53 and IgG specific to benzo(a)-
pyrene was higher in children under low-dose
exposure to benzo(a)pyrene in the north than
in children living in a conditionally clean area
in the north and was comparable with that
identified in children under high-dose expo-
sure to benzo(a)pyrene in the south of Eastern
Siberia (p < 0.05). Changes in the immune
regulation identified in children living in an
urbanized area in the north were associated

> ALFA Allele Frequency of TP53

(rs1042522).

with the minor G-allele and GG-genotype of
the TP53 (rs1042522) gene (OR = 1.37-1.83,
p < 0.05 RR=1.17; 95% CI: 1.07-1.27)
and with the wild C-allele and CC-genotype
of the same gene in children living in an in-
dustrially developed area in the south
(OR = 1.55-2.38, p < 0.05). The phyloge-
netic aspect of the TP53 (rs1042522) gene
has an emphasis on the maximum duration of
the cell cycle under ‘northern stress’ (limited
functional of the tumor suppressor p53). An
association between changes in immune pro-
files of children living in an industrially de-
veloped area in the north and the minor
G-allele and GG-genotype of the said gene in-
dicates that genetic predisposition makes an
additional background contribution to occur-
rence of more intensive adverse effects pro-
duced by exposure to benzo(a)pyrene in a
northern area with a specific climatic back-
ground and light regime. Therefore, these iden-
tified changes in the immune regulation in chil-
dren living in an industrially developed area in
the north (elevated levels of p53 and IgG spe-
cific to benzo(a)pyrene), which are associated
with the G-allele and GG-genotype of the TP53
(rs1042522) gene, describe peculiar adaptation
reactions of the immune system under com-
bined exposure to benzo(a)pyrene, sub-Arctic
climatic conditions and photoperiodic asymme-
try in the presence of relevant genetic determi-
nants. Hence, they can be used as indicators of
health risks (OR = 1.37-1.83, p < 0.05;
RR = 1.17; 95% Cl: 1.07-1.27) for children
exposed to airborne technogenic chemical fac-
tors in northern areas.
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IDENTIFYING THE FACTORS RELATED TO BODY FAT PERCENTAGE AMONG
VIETNAMESE ADOLESCENTS USING MACHINE LEARNING TECHNIQUES

Nguyen Thi Hong Hanh', Le Thi Tuyet', Nguyen Thi Trung Thu', Do Thi Nhu Trang’,
Duong Thi Anh Dao', Le Thi Thuy Dungz, Dang Xuan Tho’
'Hanoi National University of Education, 136 Xuan Thuy St., Hanoi, Vietnam

*Binh Duong General Hospital, 5 Pham Ngoc Thach, Hiep Thanh, Binh Duong, Vietnam
*Academy of Policy and Development, Hoai Duc district, Hanoi, Vietnam

The aim of this study was to investigate the factors influencing Body Fat Percentage (BFP) among Vietnamese adoles-
cents aged 11 to 15 employing machine learning techniques for predictive analysis.

A total of 1,208 adolescents, comprising 598 boys and 610 girls, drawn from nine junior high schools in Vietham's
capital, were enrolled in the study. Body composition measurements were conducted using the HBF 375 (Omron) device by
Bioelectrical Impedance Analysis method. The study questionnaire, initially validated by The National Institute of Nutrition,
encompassed inquiries related to dietary behaviors, meal frequencies, physical activities, sedentary habits, and nutritional
knowledge. A machine learning methodology employing a decision tree algorithm was employed to discern the primary de-
terminants most significantly correlated with BFP.

This study successfully identified six distinct predictor groups associated with BFP among adolescents, leveraging the
decision tree model, with Root Mean Squared Error (RMSE) and Mean Absolute Error (MAE) values of 4.80 and 3.80, re-
spectively. Among these predictors, frequency of fruit consumption, snacking habits, mode of transportation to school, and
screen time (computer and/or cell phone usage) emerged as the most influential factors linked to BFP in adolescents. The
combination of these factors and interactions with gender and pubertal status can BFP in Vietnamese adol escents.

This research sheds light on the complex and diverse factors impacting BFP in Vietnamese adolescents. This study's
results underscore the practical importance of promoting healthy eating and exercise habits among adolescents, offering
valuable insights for parents and schools to enhance their childcare strategies.

Keywords: machine learning, body fat percentage, predictability, influencing factors, eating habits, physical activ-
ity,Vietnamese adolescents, the decision tree.

Body Fat Percentage (BFP) is widely health and other metabolic disorders as adi-
accepted as an accurate and effective meas- pokines secreted by adipose tissue may af-
urement of obesity status. Previous evidence fect many metabolic functions such as fat
has suggested that this index can provide ad- distribution, appetite, energy expenditure,
ditional insights into risks of cardiovascular insulin sensitivity and secretion, glucose and
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lipid metabolism [1]. The association be-
tween BFP and risk factors related to obesity
is a subject of controversy when considering
diverse ethnic populations. Additionally,
there is limited information available regard-
ing the effectiveness of these obesity as-
sessment methods in Asian countries. In par-
ticular, in Asian populations, variations exist
in the relative contributions of muscle mass,
bone mass and bodily fluids to overall body
weight when compared to Europeans. These
differences are influenced by cultural sub-
groups, social and economic conditions, as
well as nutritional characteristics [2]. While
BFP plays a crucial role in evaluating the
prevalence of overweight and obesity, there
is a lack of comprehensive data regarding the
distribution of body fat in adolescent popula-
tions, particularly in Asian regions.

Globally, urbanization significantly pro-
pels shifts in dietary patterns and levels of
physical activity, with Vietnam standing as
no exception to this trend [3]. Eating habits
and physical activity levels have been
recognized as a key player in changes in BFP
[4]. Observations from a study in the city of
Tehran showed that a comprehensive lifestyle
intervention reduced BFP by 1.81 % in obese
adolescents after 12 weeks of intervention
[5]. In a study of 764 Indian schoolchildren
aged 10-18 years, the authors showed that
adolescents with healthy eating habits and
regular physical activity had a lower BFP
than that in adolescents with negative eating
habits and and infrequent physical activity
[6]. Besides, a study of 70 schoolchildren
aged 14-15 also showed a significant
relationship between physical activity and
BFP [7]. The analysis of risk factors associ-
ated with eating habits and physical activity is
the basis for making recommendations and
proposing timely measures to reduce the
increase in BFP at an early age as well as for
proposing measures to prevent overweight
and obesity in school age [8—10]. Machine
learning is an application of artificial intelli-
gence that helps systems automatically under-
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stand data from trained data without needing
specific programming. Compared with classi-
cal statistics, the new point here is that a ma-
chine must efficiently perform inferences and
learn from provided data using suitable algo-
rithms and a massive data management facil-
ity of a computer. Hence, machine learning is
regarded as a pioneering discipline within
modern statistics and, more broadly, in the
field of data science. Therefore, with the de-
velopment of big data, use of machine learn-
ing algorithms to extract information to pro-
duce intelligent data is a necessary task. Re-
search on 7162 Chinese people, using 11
algorithms of machine learning has shown
that the random space classification algorithm
achieves high overall accuracy and area under
the curve. The study, using the evaluation cri-
terion BMI, showed that duration of vigorous
intensity activity per week and duration of
moderate intensity activity per week were
strongly associated with obesity [11]. The
study by Babajide et al. (2020) investigated
the applicability of machine learning to
improve body mass prediction in a dietary
intervention program [12]. A study of 40,032
Britons found that machine learning models
based on two-dimensional projection allow
near-perfect estimation of the volume of
adipose tissue [13].

However, at present, studies applying
machine learning in analyzing the relation-
ship between eating habits and physical ac-
tivity to BFP are still very limited. The pur-
pose of this study was to identify risk factors
and protective factors for BFP as well as
their predictability in the representative
population of 11 to 15-year-old students us-
ing machine learning techniques. The results
of this study are the basis for making rec-
ommendations on daily food consumption
and physical activity habits as well as devel-
oping policies and adjusting intervention
programs to control an increase in obesity
rates in this population.

Materials and methods. A total of 1208
adolescents (598 boys and 610 girls), aged
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11-15 years, originating from nine junior
high schools in the capital of Vietnam, were
included in the study. Nine schools were se-
lected from 583 junior high schools in Hanoi
by simple random sampling method. Students
at each school were selected using Epi info 6
software. Healthy students would be eligible
for inclusion, if they were free of known
chronic disease and were not taking any
medication influencing body composition
(e.g. P-blockers or diuretics).

The study protocol was approved by
the local ethics committee at the Depart-
ment of Human and Animal Physiology,
Faculty of Biology, Hanoi National Uni-
versity of Education. The data collection
and storage comply with ethical guidelines
and protect individuals' confidentiality.
The investigators informed all the school
principals, teachers, the participants and
their parents for the potential benefits and
risks in relation to the study. Parents or
guardians provided written informed con-
sent for their child's participation in the
study. Throughout the investigation, chil-
dren had the right to decline answering any
questions or to discontinue their participa-
tion in the study at any time.

Anthropometric measurements, which
included weight, height, waist circumfer-
ence (WC), and hip circumference (HC),
were conducted in accordance with the
standardized method developed by National
Institute of Nutrition. These measurements
were taken with the children wearing mini-
mal clothing, after their shoes and hair or-
naments were removed. Height, WC, and
HC were measured to the nearest 0.1 cm,
while body weight was measured to the
nearest 0.1 kg using standardized medical
scales. WC was measured at the midpoint
between the iliac crest and the lowest rib,
and HC was measured at the widest part of
the buttocks using an inelastic tape meas-
ure. Each of these measurements was per-
formed twice for each child, and the aver-
age value was utilized for subsequent analy-
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sis. Body Mass Index (BMI) was calculated
by dividing the child's weight in kilograms
by the square of height in meters. Students’
nutritional status was assessed using the cri-
teria established by the International Obe-
sity Task Force (IOTF).

Bioelectrical ~ Impedance  Analysis
(BIA): participants in this study underwent
measurements of body composition using the
HBF 375 (Omron) device. Body fat percent-
age (BFP) was in the focus of this analysis.
Prior to these measurements, participants
refrained from intense physical activity for at
least 12 hours, abstained from consuming
food or beverages for at least 3 hours, and
ensured they had urinated and defecated
within the last 30 minutes. Female partici-
pants were excluded from testing during
their menstrual period. All BIA measure-
ments were conducted in the morning.

The validation of the survey question-
naire was initially carried out by The National
Institute of Nutrition. The questionnaire in-
cluded questions about food behaviors, main
meal frequencies, physical activity, sedentary
behaviors, and nutrition knowledge. General
information included age, gender, and resi-
dence area. Characteristics for eating habits
(18 items) included frequencies of eating
breakfast; eating speed; number of meals per
day; snacking habits; type of food consumed
in the snack; time to eat snacks of the day;
sensory liking for vegetables / fruits / fatty
food / sweet food / carbonated beverage / fast
food / animal organs; frequency of consump-
tion of vegetables / fruits / fatty food / sweet
food / carbonated beverage / fast food / ani-
mal organs. Physical activity was measured
based on 27 items: activity preferences, modes
of transportation to school, frequency of walking
or riding a bicycle, playing or not playing sport
games, frequency of exercise, time spent being
sedentary, sleep duration, frequency of vigorous,
light, or moderate exercise. Nutrition knowledge
was collected based on 9 items regarding a gen-
eral nutrition concept as consuming good food
for health or not and obesity-related knowledge
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as definition of obesity and adequate methods of
weight control.

Machine learning algorithms. The deci-
sion tree algorithm was used to make predic-
tions for target values in regression tasks or
target classes in classification tasks. Our pri-
mary emphasis was on solving regression
problems, wherein the decision tree's terminal
nodes, also known as leaf nodes, can accom-
modate continuous values, typically in the
form of real numbers.

The process of constructing a regression
tree involves iteratively dividing the dataset
into increasingly smaller subsets while pro-
gressively expanding the decision tree struc-
ture. The final result is a fully grown tree,
comprising decision nodes and leaf nodes. De-
cision nodes (for example, ‘Gender’) bifurcate
into two or more branches (such as ‘Male’ and
‘Female’), each representing possible attribute
values. On the other hand, leaf nodes (for in-
stance, 'BFP value') signify the ultimate deci-
sion pertaining to the numerical target value.
The topmost decision node in the tree, which
corresponds to the most informative predictor,
is referred to as the root node. Throughout this
experimental investigation, we harnessed the
power of the Scikit-learn library, a Python-
based machine learning toolkit [14].

Model evaluation. In assessing a Regres-
sion Model, we utilize two essential metrics:
Root Mean Squared Error (RMSE) and Mean
Absolute Error (MAE) [15]. These metrics serve
as indicators of the model's precision and the
magnitude of deviation from the actual values.
Technically, RMSE is the square root of the
mean of the squared errors, whereas MAE 1is the
mean of the absolute errors. In this context, an
error represents the disparity between the pre-
dicted values (values estimated by our regression
model) and the genuine values of a variable.
Concretely, the formulas are as follows:

RMSE - /Zw%y) M

Y= ¥,)|
=,

MAE = )

where y; = actual value; Yy, = predicted value,
N = number of observations.

Results and discussion. Table 1 shows the
characteristics of the study subjects by gender.
Boys and girls had similar age, 13.0 and 12.9
years, respectively. However, boys, compared
with girls, had a significantly greater weight,
height, waist circumference, waist-to-hip

Table 1
General characteristics of the participants
Parameter Boys (N=598) Girls (N=610) P-value

Age (years)’ 13.0 (12.1-13.8) 12.9 (11.9-13.7) 0.406
Weight (kg) 44.8 (37.3-52.2) 43.6 (37.8-49.0) 0.03
Height (cm)® 154.9£10.3 153.1+£6.6 <0.0001
BMI (kg/m?)° 18.5 (16.6-20.8) 18.4 (16.5-20.2) 0.097
Waist circumference (cm)” 67.0 (62.5-73.1) 65.3 (62.0-69.6) <0.0001
Waist to hip ratio” 0.81 (0.78-0.86) 0.78 (0.75-0.81) <0.0001
Nutritional status

+ Obesity (%) 4.5 0.8 0.001

+ Overweight (%) 13.5 114

+ Normal weight (%) 67.6 73.9

+ Underweight (%) 144 13.9
BFP (%) 18.0 (13.3-22.6) 21.1(18.4-23.5) <0.0001
Subcutaneous fat percentage (%)” 125+43 17.9+£4.0 <0.0001
Muscle mass percentage (%)" 36.3 (33.5-38.7) 29.5 (28.1-31.0) <0.0001

N o t e: BMI is body mass index; BFP is body fat percentage; * data are mean + SD; ° data are median (inter-
quartile range). P-values obtained by Student T test or Mann — Whitney U test or Chi-square test. Bold values indi-

cate significant difference between cases and controls.
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ratio, and muscle mass percentage (P < 0.001).
In contrast, the BFP and the subcutaneous fat
percentage of boys was lower than that of
girls. In boy, BFP was 18.0 %, and subcuta-
neous fat percentage was 12.5 % meanwhile,
in girls, the corresponding values were
21.1 % and 17.9 %, respectively. There was
also a difference in nutritional status between
male and female adolescents (P = 0.001) de-
tected by using the IOTF criteria. Specifi-
cally, the rate of overweight and obesity in
boys was much higher than in girls (18 %
versus 12.2 %).

When investigating the correlations be-
tween body fat percentage and some certain
anthropometric variables in Vietnamese ado-
lescents, the findings revealed several signifi-
cant associations. Body fat percentage exhib-
ited strong positive correlations with Body
Mass Index (r = 0.51), Waist Circumference
(r = 0.42), and Hip Circumference (r = 0.31).
Conversely, a negative correlation was ob-
served between body fat percentage and height
(r =-0.30) (Figure 1).

. ‘068 060 037 027 -0.30

Height

Weight
Correlation
HC 10
. o
0.5
we 0.0
-0.5
BMI . -1.0

BFP

Age

Figure 1. The correlations between body fat percentage
and some anthropometric variables

The development of predictive model
for adolescents aged between 11 and 15.
Decision Tree Analysis. In assessing a re-
gression model, we utilized two essential
metrics: Root Mean Squared Error (RMSE)
and Mean Absolute Error (MAE). These met-
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rics serve as indicators of the model's preci-
sion and the magnitude of deviation from the
actual values. Technically, RMSE is the
square root of the mean of the squared errors,
whereas MAE is the mean of the absolute er-
rors. In this context, an error represents the
disparity between the predicted values (values
estimated by our regression model) and the
genuine values of a variable.

The experimental results, evaluated using
the decision tree model shown in Table 2, indi-
cate RMSE and MAE values of 4.20 and 3.29
for the training dataset, and 4.80 and 3.80 for
the validation dataset, respectively. The square
root of the average of the squared errors and the
average of the absolute errors between the two
datasets are relatively small. Therefore, the pre-
dictive model developed in this study can be
considered highly capable and stable.

Table 2
Decision tree model evaluation (N = 1208)
Cateco Training Validation
gory (30 %: 966) (20 %: 242)
RMSE 4.20 4.80
MAE 3.29 3.80

N o te: RMSE: Root Mean Squared Error; MAE:
Mean Absolute Error.

The decision tree predicted the value of
BFP in adolescents from the interaction of en-
vironmental factors including gender, pubertal
status, and lifestyle-related factors. The deci-
sion tree model comprises seven terminal
nodes. Notably, among these nodes, four life-
style-related factors that contribute to an in-
crease in BFP (excluding gender and pubertal
status) were as follows: girls who did not con-
sume snacks (predicted BFP was 22.85); girls
who both did not consume snacks and had
screen time exceeding 2 hours per day (pre-
dicted BFP was 21.815); boys who consumed
fruit less than three times per week (predicted
BFP was 20.749); boys who both consumed
fruit less than three times per week and used
sedentary mode of transport to schools (pre-
dicted BFP was 26.641) (Figure 2).
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Gender <= 15
squared_error = 28,353
samples = 966
value = 19.752

True

False

Frequency of consumption fiuts per week <= 2.5
squared_emror = 36,327
samples =485
value = 18.301

Type of food consumed inthe snack <= 0.5
squared_ermor = 16,049
samples =481
value = 21.215

gL

L

Modes of transportation to school <= 3.5 | | Modes of transportation to school <= 3.5 Puberty status <= 0.5 Time spent using computer orfand cell phone per day <= 15
squared_eror = 32.289 squared_emor = 34.2 squared_eror = 15.107 squared_eror = 15.3
samples = 311 samples = 174 =110 samples = 371
value = 16.931 value = 20.749 value = 22.85 value = 20.73
/ ' / = ‘\q. / \ 1 \.
squared_error=29.763 | | squared_emor=26.525 | | squared_emor=30.05 | | squared squared_emor = 13416 | | squared_emor= 13417 | | squared_emor = 14,667 | | squared_emor = 14,598

samples = 254 samples = 57 samples = 152 samp samples = 34 samples =76 samples = 238 samples =133
value = 16,084 value = 20.66 value = 19.806 value = 20.906 value = 23.72 value = 20.123 value = 21815

Figure 2. The decision tree model identifies risk groups with high BMI among adolescents aged between 11 and 15:
Value is predicted BFP; Gender: 1 = male; 2 = female; Frequency of consumption fruits per week: 1 => 5
times/week; 2 = 3-5 times/week; 3 = < 3 times/week; Types of food consumed in the snack: 0 = nothing; 1 = milk
and dairy products; 2 = high-carb foods; 3 = fast food; Modes of transportation to school: 1 = walking; 2 = cycling;
3 = bus; 4 = motorbike; 5 = car; Puberty status: 0 = Tanner stage 1, 2, 3; 1 = Tanner stage 4, 5; Time spent using
computer or / and cell phone per day: 1 =< 2 hours/day; 2 = > 2 hours/day)

Evaluation of the model. Furthermore, to
assess the effectiveness of the Decision Tree
method more comprehensively, we conducted
a comparison with another method, linear re-
gression.

The results on the test data in Figure 1
also reveal that the Decision Tree method ex-
hibits relatively low errors, with RMSE and
MAE values of 4.80 and 3.80, respectively. In
contrast, linear regression yields higher values
of 5.12 for RMSE and 4.20 for MAE
(Table 3). Consequently, it can be observed
that the Decision Tree method provides more
reliable results compared to linear regression.

Table 3

Performance indicators of the machine
learning algorithms

Method RMSE MAE
Linear regression 5.12 4.20
Decision tree 4.80 3.80

N ote: RMSE: Root Mean Squared Error; MAE:
Mean Absolute Error.

In this research, a machine learning-
centered methodology was employed to pre-
dict BFP based on the dietary patterns and
physical activity of adolescents aged 11-15

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

ISSN (Eng-online) 2542-2308

years. The results revealed that within this
age group, several lifestyle-related factors
exerted the most substantial influence on
BFP. These influential factors encompassed
the frequency of fruit consumption, snacking
behaviors, the mode of transportation to
school, and the duration of computer and/or
cell phone usage.

Within the context of this research, BIA
was employed to measure BFP. BIA finds
widespread application within epidemiologi-
cal and clinical contexts for the assessment of
body composition [16]. BIA stands out for its
high level of safety, particularly when em-
ployed with adolescents and its suitability for
widespread use. Despite the inherent margin
of error, certain studies indicate that the error
of the BIA method remains comparatively
minimal [17, 18]. A study conducted on 200
healthy volunteers showed that the correlation
coefficient between BIA (using HBF 359)
and DXA measurement of BFP was 0.89
(P<0.001) [19].

Our results showed that the Decision
Tree method provides more reliable results
compared to linear regression. Decision trees
represent one of the most widely adopted ma-
chine learning algorithms that can effectively
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address both regression and classification
challenges. Decision Tree method stands as a
potent instrument for forecasting overweight
and obesity, drawing from a diverse array of
factors including lifestyle, dietary habits, ge-
netics etc. [20, 21]. Numerous research stud-
ies employ a range of machine learning algo-
rithms to attain remarkable accuracy in pre-
dicting obesity [22]. Studies using machine
learning in the assessment of BFP offer prom-
ising insights and have the potential to im-
prove accuracy and efficiency in predicting
body fat levels. On the other hand, using de-
cision trees can predict BFP from the aggre-
gate interaction of multiple risk or protective
factors instead of just evaluating each factor
individually. Accurate BFP assessment
through machine learning has significant
population health implications [22]. However,
prediction of BFP from environmental factors
in adolescents is still very limited.

In our study, frequency of fruit consump-
tion and snacking turned out to be the best
predictors. Numerous studies have investi-
gated the correlation between diets and BMI,
overweight, and obesity among adolescents in
various countries. However, the findings from
these research endeavors have not been con-
sistently aligned. In a prior study encompass-
ing 34 countries, it was reported that there
was no significant association between over-
weight status and the consumption of fruits or
vegetables [23]. Conversely, in a prospective
cohort study conducted in the United States
involving 14,900 children, it was revealed
that intake of fruit and fruit juice did not
serve as a predictor for changes in BMI [24].
According to the data from the International
Study of Asthma and Allergies in Childhood,
encompassing 201,871 adolescents, it was
observed that adolescents who consumed
fruits, vegetables, pulses, and nuts three or
more times per week exhibited a lower BMI
in comparison to those who rarely or occa-
sionally consumed these foods [25].

The results of our study also showed that
adolescent girls who did not eat snacks had
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higher BFP than those who did. Numerous
research studies indicate that consumption of
snacks may lead to an elevation in daily calo-
rie intake instead of diminishing it. Nonethe-
less, snacking remains an integral component
of a wholesome weight loss strategy. Optimal
choices for weight loss include snacks that
are abundant in complex carbohydrates, pro-
tein, and fiber, as they contribute to pro-
longed satiety [26]. An analysis conducted
using data from the China Health and Nutri-
tion Survey, covering the years 2006, 2009,
and 2011, indicated that being in the highest
snacking tertile was linked to the most sub-
stantial reduction in BMI z scores (-2.1)
(P < 0.05) in overweight children aged be-
tween 7 and 13 years [27].

In this study, it was found that time spent
using computer or/and cell phones was im-
portant in predicting BFP in adolescents.
Some studies have demonstrated that the dis-
proportionate utilization of electronic devices,
particularly by adolescents, exerts a signifi-
cant impact on the physical, psychological,
and social well-being of this cohort [28]. An
evaluation was conducted on a population-
based sample of Finnish twins (N = 4,098);
the results indicated that increased time spent
using a home computer was linked to a
heightened risk of overweight. Moreover, a
positive linear trend was observed between
cell phone usage and BMI, with a beta coeffi-
cient of 0.18 (95 % CI: 0.06-0.30) [29]. The
outcomes of the dual-class meta-analysis en-
compassing 44 studies also revealed that ado-
lescents categorized within the highest range
of screen time demonstrated a 1.27-fold in-
creased likelihood of developing overweight
or obesity (P <0.001) [30].

Over the past few decades in Vietnam, the
nature of school commuting has shifted to-
wards a more sedentary trend. The existing
literature is still inconsistent regarding any as-
sociations between school commuting and
body composition. The meta-analysis, which
encompassed 13 research papers, exclusively
concentrated on the connection between active
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school commuting and the body mass index of
children and adolescents. Among the final se-
lection of 13 studies, three studies established
definitive associations, three studies indicated
partial associations confined to certain sub-
groups or constrained by societal/geographical
factors, while seven studies exhibited no dis-
cernible correlations [31].

Strengths and limitations. Some factors
associated with BFP in adolescents, as estab-
lished in prior research, such as physical ac-
tivity level, were not included in the decision
tree model. It's essential to approach these
results with caution because the absence of
these variables in the model does not neces-
sarily imply that they are unrelated to BFP.
Several limitations should be considered in
interpreting our findings. Firstly, the gener-
alizability of the results to other ethnic re-
gions may be challenging, as the database
used for analysis was specific to adolescents
in Hanoi. Secondly, while machine learning
can reveal associations, it may not establish
causality. Nevertheless, this study boasts sev-
eral strengths. Firstly, it endeavors to unravel
complex relationships among predictor vari-
ables using a decision tree analysis approach.
Secondly, the application of machine learning
techniques allows for more nuanced and data-
driven exploration of factors linked to BFP,
potentially uncovering non-linear relation-
ships that conventional statistical methods
might overlook.

Implications for practice. The findings
of this study carry significant practical im-
plications, primarily highlighting the impor-
tance of encouraging healthy eating and ex-
ercise habits among adolescents. Moreover,
parents and schools can incorporate these
findings into their childcare strategies. In
order to maintain a healthy BFP in children,
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it is recommended that they consume a
minimum of three servings of whole fruits
per week and consider incorporating addi-
tional healthy snacks alongside their three
main meals each day. Additionally, children
should prioritize engaging in active modes of
transportation while limiting their screen
time.

Conclusion. In conclusion, it is notewor-
thy that this study has successfully identified
six distinct groups of predictors related to BFP
among adolescents using the decision tree
model. Importantly, it took into account multi-
ple variables simultaneously, enhancing the
predictive accuracy of the model. Among
these predictors, the most significant factors
associated with BFP in adolescents include
frequency of fruit consumption, snacking hab-
its, mode of transportation to school, and the
screen time. This study illuminates some intri-
cate and diverse factors that impact BFP in
Vietnamese adolescents. The combination of
these factors and interactions with gender and
pubertal status can determine BFP in Vietnam-
ese adolescents. However, it's essential to ac-
knowledge that there may still be unclear rela-
tionships among these predictors. Therefore,
future studies should aim to delve deeper into
these associations and further explore the un-
derlying complexities within this multifaceted
field of research.
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ROLE OF CELLULAR IMMUNITY IN MALIGNANT TUMORS DEVELOPMENT
IN INDIVIDUALS CHRONICALLY EXPOSED TO IONISING RADIATION

L. Rybkina|, D.S. Oslina, T.V. Azizova, E.N. Kirillova, V.S. Makeeva

Southern Urals Biophysics Institute, 19 Ozerskoe shosse, Ozersk, 456780, Russian Federation

Some long-term effects of radiation could be related to changes in the immune system resulting from radiation expo-
sure. Immunity disorders caused by radiation can influence carcinogenesis.

Cellular immunity factors were investigated in peripheral blood of workers chronically exposed to occupational com-
bined radiation (external gamma-rays and internal alpha-particles), with malignant neoplasms diagnosed after blood sam-
ples were taken or without them, and in the control group.

The aim of this study was to examine effects of radiation on the cellular immunity status in individuals chronically ex-
posed to ionizing radiation who had malignant neoplasms devel oped after blood sampling.

The relative and absolute number of lymphocyte subpopulations (total T-cells, T-helpers, T-cytotoxic, total B-cells,
NK-cells, NKT-cells and activated T-cells) was detected by flow cytofluorometry.

The absolute number of T-cells was significantly reduced in workers chronically exposed to occupational combined ir-
radiation, with or without malignancies, compared to the control, which may contribute to tumor progression at an early
stage of its onset. At the same time, workers without malignancies had a significant increase in the relative number of
T-cytotoxic lymphocytes, which may be a factor preventing tumor development. A significant increase in the relative number
of natural killer cells (NK cells) was detected in individuals with malignant neoplasms chronically exposed to occupational
combined irradiation, compared with the control, which may indicate enhanced antitumor defense that developed in re-
sponse to exposure to tumor antigens. In addition, a significant decrease in the absolute and relative number of T- and
B-lymphocytes was found in the group of workers with malignant neoplasm, compared with the control. A significant in-
crease in the relative number of T-helpers was found in both groups of workers. Snce the role of T-helpers in the antitumor

response is ambiguous, additional research on types of T-helpersis planned to clarify the results of the present study.
Keywords: occupational exposure, ionizing radiation, malignant neoplasms, innate immunity, adaptive immunity, anti-

tumor immunity, T- and B-lymphocytes, T-helpers.

People who have been exposed to ioniz-
ing radiation are known to have elevated risks
of malignant neoplasms (MNs) [1-4]. lonizing
radiation can produce mutagenic effects and
promote cancerous cell transformation by
damaging their genetic apparatus and inducing
epigenetic changes in organs and tissues [5].
A close relationship has been established be-
tween the state of the immune system and
MNs progression [6—8]. The immune system is
responsible for genetic stability of the body

internal environment. It removes both alien
and own mutated molecules and cells thereby
providing body resistance to MN progression.
Ionizing radiation can modulate carcino-
genesis by inducing changes in the immune
system. At present, the opinions about the in-
teraction between ionizing radiation and the
immune system under exposure to it are
largely controversial. High-dose radiation has
been shown to induce immunosuppression. At
the same time, various cellular components of
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the immune system give rather ambiguous
quantitative and functional responses under
exposure to low and medium doses [7].

Some radiation-induced late effects are
considered to be caused by changes in the im-
mune system induced by the radiation expo-
sure [9]. Thus, liquidators examined in the pre-
clinical MN period were compared with liqui-
dators without MN or any pre-tumor states. In
the former group, some changes were ob-
served in the T-cell sub-population (lower
CD3+ and CD4+-T-lymphocytes percentage,
lower CD4+/CD8+ immune regulation index,
elevated relative and absolute levels of cytotoxic
CD8+-T-lymphocytes) and there was also an in-
crease in relative and absolute levels of NK-cells
and elevated levels of total IgE [10]. Also indi-
viduals with pre-cancer diseases tended to have
activated absorbing and lysosomal functions of
the phagocytic section in the immunity, a moder-
ate decrease in levels of CD4+ (T-helpers),
CD8+ (T-killers) and CD5+ lymphocytes'.

Findings of the studies focusing on the role
of the immune system in MN progression and on
radiation-induced carcinogenesis are plentiful in
research literature. Despite that, the state of the
immune system in people with MNs who were
earlier exposed to ionizing radiation, especially
chronically, has not been studied enough yet.

The aim of this study was to examine
effects of ionizing radiation on the cellular
immunity status in chronically exposed indi-
viduals with MNs developed after blood
sampling.

Materials and methods. Three groups
were examined to estimate the cellular immu-
nity status. The first group included nuclear
workers chronically exposed to combined
(external gamma-ray and internal alpha-
particle) radiation without MNs in pre- and
post-morbid medical histories (workers with-
out MNs). The second group comprised nu-
clear workers chronically exposed to com-
bined radiation and diagnosed with MNs one
year after blood sampling or later (workers
with MNs). The third (control) group com-
prised individuals never exposed to ionizing
radiation in occupational activities and with-
out a MN reported in either pre- or post-
morbid medical histories. The following ex-
clusion criteria were applicable for these three
groups: radiotherapy; living in areas contami-
nated with radionuclides; diseases of the cir-
culatory system (DCSs); acute or exacerbated
chronic diseases at the moment of examina-
tion within this study,

Basic description of the analyzed groups
is provided in Table 1.

Table 1
Description of the analyzed groups
Workers without MNss; Workers with MNss; Control;
Parameter M; SD [Cl 95 %] M; SD [Cl 95 %] M; SD [CI 95 %]
(Median; min—max) (Median; min—max) (Median; min—max)
The number of people 72 22 72
Sex Women (%) 37(514) 4(18.2) 38(52,8)
Men (%) 35(48.6) 18 (81.8) 34 (47,2)
72.1;10.9 78.2;3.2% 70.7;9.2
Age, years [69.6-74.7] [76.8-79.6] [68.6-72.9]
(73.0; 49.0-89.0) (79.0; 71.0-84.0) (72.0; 51.0-87.0)
0.750; 0.699 1.573; 0.600

Total dose of external gamma-ray
exposure absorbed in the BM, Gy

[0.585-0.914]
(0.630; 0.018-2.293)

[1.307-1.839]
(1.533; 0.491-3.065)

Total dose of internal alpha-particle
exposure absorbed in the BM, Gy

0.072; 0.092
[0.050-0.094]
(0.051; 0.000-0.521)

0.090; 0.074
[0.057-0.123]
(0.075; 0.003-0.298)

N ot e: BM is for bone marrow.

! Akleyev A.V., Silkina L.A., Veremeyeva G.A. Radiation-induced immunity changes and their potential role in the de-
velopment of late radiation effects in humans. Radiatsiya i risk (Byulleten' Natsional'nogo radiatsionno-epidemiol ogicheskogo
registra), 1997, no. 10, pp. 136—145 (in Russian).
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The lymphocyte subpopulation structure
was identified with flow cytometry [11]. Blood
samples were taken between 7 and 9 a.m. on
empty stomach from the basilic or cephalic vein
into 2-ml vacutainers for venous blood with
lithium-heparin. After sampling, the samples
were mixed gently by not less than 8 stirs.

Relative and absolute counts of lympho-
cyte subpopulations (total T-cells, T-helpers,
T-cytotoxic lymphocytes, total B-cells, NK-
cells, NKT-cells and activated T-cells) were
established by using the panel of monoclonal
antibodies with the two-color combination of
fluorochromes (Beckman Coulter, USA) in
accordance with the user instruction provided
by the manufacturer. Obtained samples were
analyzed on Fc 500 flow cytometer (Beckman
Coulter, USA).

The resulting data were statistically ana-
lyzed in Statistica 10 software package
(StatSoft. Inc., USA). Validity of the zero hy-
pothesis was estimated by using the non-
parametric Mann — Whitney test. Correlations
were estimated by using the Spearman non-
parametric rank correlation coefficient’.

Results and discussion. Comparative
analysis of cellular immunity indicators re-
vealed that workers without malignancies
chronically exposed to combined radiation had
significantly lower absolute T-lymphocyte
levels and significantly elevated relative levels
of T-helpers and T-cytotoxic lymphocytes
compared to the control (Table 2).

No significant differences were found in
the cellular immunity indicators between nu-
clear workers with MNs diagnosed after blood
sampling and without MNs; only a descending
trend in relative levels of T- and B-lympho-
cytes was observed (Table 3).

Relative levels of natural killers and
T-helpers were significantly higher in radia-
tion-exposed workers with MNs than in the
control group. In addition to that, we ob-
served a significant decrease in absolute and
relative levels of T- and B-lymphocytes in
workers with malignancies compared to the
control group (Table 4).

Therefore, our findings indicate that work-
ers with MNs developed after blood sampling,
who were chronically exposed to combined ra-
diation, had a significantly lower absolute
T-lymphocyte level compared to the control.
This is consistent with the results obtained by
other researchers [12—14]. T-cells are compo-
nents of the adaptive immunity system and can
adopt either a regulatory or effector phenotype
producing both pro- and anti-inflammatory ef-
fects [15]. Tumor-specific T-cells (TSTs) are
actively investigated for different tumor types
[16]. At an early stage in tumor development,
immunogenic antigens are produced in suffi-
cient quantities and naive T-cells are primed in
drainage lymph nodes. Then they are activated
and migrate into a developing tumor where they
perform a protective effector immune response
by eliminating immunogenic cancer cells.
Hence, an observed decrease in T-lymphocyte
levels in workers with malignancies developed
after blood sampling might promote tumor pro-
gression at its early stage.

Workers chronically exposed to combined
radiation, both with and without MNs, had
elevated relative T-helper levels compared to
the control, which is in line with literature data
[17]. CD4+ T-helpers 1 (Th-1), which deter-
mine anti-tumor response by secreting large
quantities of pro-inflammatory cytokines, such
as IL-2, TNF-a and IFN-y, promote not only
priming and activation of cytotoxic T-lympho-
cytes but also anti-tumor activity of macro-
phages and natural killers (NK) and enhanced
presentation of anti-tumor antigens in general
[18]. However, T-helper activation as per
Th2-type has a negative effect since Th2-
cytokines (IL-4 in particular) can activate both
myeloid cells and macrophages as per an al-
ternative type, which does not promote tumor
rejection [19]. Some studies report a direct cy-
totoxic effect of CD4+-T-lymphocytes on a
tumor [20]. As can be seen from the foregoing
data, T-helpers play a rather controversial role
in anti-tumor responses; therefore, this study
needs to be supplemented by investigating T-
helper types to clarify its findings.

2 7ar J.H. Biostatistical analysis. New Jersey, Prentice Hall Publ., 1999, 663 p.
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Table 2
Lymphocyte subpopulations in the examined groups
Workers without MNs; Control,
- (n=72) (n=72) .
Indicator M; SD [C1 95 %] M; SD [C1 95 %] p-value
(Median; min—max) (Median; min—max)
(9
?ggg?g%;}rocgsm 293.7;207.1 299;237.3
Reference range: [245.0-342.4] [243.3-354.8] 0.9300
123-369 8 (232.2;35.0-1054.0) (227.2; 37-1448)
NK-cells, %
] 13.2; 8.1 14: 25.9
CD3-CD16+CD56+ > ;
(Reference range: L [11.3-15.1] [7.9-20.1] 0.2806
921 ' (10.0; 1.7-38.3) (9.3;2.1-224.7)
T-NK-cells, x 101
y 100.1; 132.4 77.3;103.7
Sﬁ%ﬁiﬂ?iﬂ (;P%Jr) [69.0-131.2] [52.9-101.6] 0.5745
7-165 8 (64.5; 6.0-780.0) (50.5; 7-838)
T-NK-cells, %
y 44;55 2.7;19
CD3+CD16+CD56+ > ;
%eference range: : [3.1-5.6] (2.3-3.1] 0.1542
6 ' (2.8;0.2-32.5) (2.2;0.5-8.8)
6
el 191.1; 98 3 292.9: 536
Reference range: [168.0-214.2] [167-418.9] 0.0751
11376 ge (170.0; 29.0-472.5) (211; 12-4610)
B-lymphocytes, % ] .
(CD3-CD19+) 8.5;3.7 9.8;5.2
Reference range: [7.694] [8.6-11] 0.1555
7-17 ' (8:4;1.0-18.1) (8.9; 0.6-36.3)
6
(T&)y‘?fé‘i’;y;f’f 10 1658.8; 694.3 1988.4; 1045 4
Reference range: [1495.6-1822.0] [1742.7-2234.1] 0.0028*
946-2079 = (1504.0; 756.0-4250.0) (1846; 836-9398)
- o,
(Tcg‘;fé‘]‘;?;?f e 74.7;11.2 76, 8.6
Reference range: [72.1-77.4] [74-78.1] 0.5664
61-85 ' (76.5;42.9-95.2) (75.8;47.9-91.7)
6
(Tc‘gﬁ?;p,fi?) 1o 931.0;358.8 903.2; 402.3
Reference range: [846.7-1015.3] [808.7-997.7] 0.6821
576-1336 = (895.5; 407.0-2278.7) (877; 260-3378)
] 0
(Tcggi%%eﬁ)’ " 424;88 353,87
Reference range: [40.3-44.5] [33.3-37.4] 0.0000*
35-55 & (44.0; 24.8-60.2) (34.2;14.8-57.5)
: 6
(ch)giyé%%f)c b 626.4;376.9 638.8; 467
Reference range: [537.8-714.9] [529.1-748.6] 0.8542
372974 ge (558.5; 188.0-2597.0) (560.5; 167-3874)
] o,
Egagiyé%%)i; h7 27.6;9.5 233:65
Reference range: [25.4-29.9] [21.7-24.8] 0.0046*
PO (27.0;82-49.8) (23.9:87-41.7)

N o te: * means estimated as per the Mann — Whitney test.
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Table 3
Lymphocyte subpopulations in the examined groups
Workers with MNs; Workers without MNSs;
. (n=22) (n=172) p-
Indicator M: D [C1 95 %] M: D [C1 95 %) -
(Median; min—max) (Median; min—max)
6
2%§?ggf6i%g56+) 359.6; 228.5 293.7;207.1
Reference range: [258.3-460.9] [245.0-342.4] 0.1467
122360 (294.0; 57.0-1006.0) (232.2; 35.0-1054.0)
NK-cells, %
’ 16.4;9.4 13.2; 8.1
ﬁiﬁﬁiﬁﬁg 0 [12.3-20.6] [11.3-15.1] 0.1556
921 ' (16.3;3.7-34.9) (10.0; 1.7-38.3)
T-NK-cells, x 10%/1
’ 105.2; 119.8 100.1; 132.4
ﬁ%ﬁ?ﬁfﬁ ?.)56+) [52.1-158.4] [69.0-131.2] 0.8095
Tres (50.5; 4.0-411.0) (64.5: 6.0-780.0)
T-NK-cells, %
. 47;5.0 44,55
CD3+CD16+CD56+ > 5
(Reference range: ) [2.5-7.0] [3.1-5.6] 0.8372
s : (2.8;0.2-14.8) (2.8;0.2-32.5)
6
?(gggrf‘é}g’fgff’ <107 162.1: 100.8 191.1; 98.3
Reference range: [117.4-206.8] [168.0-214.2] 0.1312
111-376 . (139.5; 51.0-451.0) (170.0; 29.0-472.5)
B-lymphocytes, % ] .
(CD3-CD19+) 7.6; 6.1 8.5;3.7
Reference range: [4.9-10.3] [7.6-9.4] 0.0548
7-17 ' (5.7, 2.0-31.5) (8.4; 1.0-18.1)
6
fégl?féﬁ"%f’f 1 1565.2; 618.2 1658.8; 694.3
Reference range: [1291.1-1839.3] [1495.6-1822.0] 0.6552
9462079 5 (1370.5; 788.0-3501.0) (1504.0; 756.0-4250.0)
- 0,
(Tc%?félg°£?§ e 69.5:11.8 747, 11.2
Reference range: [64.2-74.7] [72.1-774] 0.0699
61-85 ' (69.8; 49.5-88.5) (76.5; 42.9-95.2)
6
(Tgﬁfféﬁﬁ) <10 888.1;320.2 931.0; 358.8
Reference range: [746.1-1030.1] [846.7-1015.3] 0.6360
576-1336 . (847.5; 450.0-1814.0) (895.5; 407.0-2278.7)
] o,
(Tcggfélgﬁ)’ - 40.1; 8.5 24,88
Reference range: [36.3-43.8] [40.3-44.5] 0.3172
35-55 ' (37.9;26.4-54.3) (44.0;24.8-60.2)
: 6
(Tc_lc)giry(tj%%f)c b 598.5; 286.1 626.4;376.9
Reference range: [471.6-725.3] [537.8-714.9] 0.8583
3 omg (573.5; 166.0-1114.0) (558.5; 188.0-2597.0)
— 1 0,
(Tcggiy(t:%%f)c L7 26.8;10.9 27.6;9.5
Reference range: [22.0-31.7] [25.4-29.9] 0.9005
19-35 ' (28.4;8.1-45.1) (27.0; 8.2-49.8)
N o te: * means estimated as per the Mann — Whitney test.
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Table 4

Lymphocyte subpopulation in radiation-exposed workers with MNs diagnosed after blood
sampling and in individuals non-exposed to radiation and free of MNs (control)

Workers with MNs, Control,
(n=22) (n=72)
Indicator M; SD M; SD p-value*
[Cl 95 %] [C1 95 %]
(Median; min—max) (Median; min—max)
NK-cells, x 10%1
’ 359.6;228.5 299;237.3
gf)esrégzﬁ;c? 56%) [258.3-460.9] [243.3-354.8] 0.1129
123-369 g (294.0; 57.0-1006.0) (227.2; 37-1448)
NK-cells, %
’ 16.4;9.4 14;25.9
gﬁ;ﬁgﬁﬁ? > [12.3-20.6] [7.9-20.1] 0.0241*
9-21 & (16.3;3.7-34.9) (9.3;2.1-224.7)
T-NK-cells, x 10%1
g 105.2;119.8 77.3; 103.7
fﬁﬁeﬁiﬂ (3-356+) [52.1-158.4] [52.9-101.6] 0.8582
7-165 8 (50.5;4.0-411.0) (50.5; 7-838)
T-NK-cells, %
¢ 4.7, 5.0 2.7;1.9
CD3+CD16+CD56+ > 5
(Reference range: L [2.5-7.0] [2.3-3.1] 0.6423
16 : (2.8;0.2-14.8) (2.2;0.5-8.8)
g
?C_g?%}ggf)s’ o 162.1; 100.8 292.9; 536
Reference range: [117.4-206.8] [167-418.9] 0.0265*
111-376 ge (139.5; 51.0-451.0) (211; 12-4610)
B- lymphocytes, % _ .
(CD3-CD19+) 7.6;6.1 9.8;5.2 .
Reference range: [4.9-10.3] [8.6-11] 0.0061
7-17 ' (5.7;2.0-31.5) (8.9; 0.6-36.3)

T- lymphocytes, x 10%/1
(CD3+CD19-)
Reference range:
9462079

1565.2; 618.2
[1291.1-1839.3]
(1370.5; 788.0-3501.0)

1988.4; 1045.4
[1742.7-2234.1] 0.0075*
(1846; 836-9398)

T- lymphocytes, %

69.5; 11.8 76: 8.6
CD3+CD19- ; :
(Reference ran)ge' [64.2-74.7] [74-78.1] 0.0199*
61-85 ' (69.8;49.5-88.5) (75.8;47.9-91.7)
6
(Tc_gg%f)eﬁ) <o 888.1;320.2 903.2; 402.3
Reference range: [746.1-1030.1] [808.7-997.7] 0.6045
576 1336 (847.5; 450.0-1814.0) (877; 260-3378)
] o
(Tcga(li%rgﬁ)’ "’ 40.158.5 35.3;8.7
Reference range: [36.3-43.8] [33.3-37.4] 0.0290%*
3585 O (37.9;264-543) (342: 14.8-57.5)
: 6
(T(ggiy(t:%%f)c b 1o 598.5; 286.1 638.8; 467
Reference range: [471.6-725.3] [529.1-748.6] 0.9644
o T (573.5; 166.0-1114.0) (560.5; 167-3874)
1 o,
(TCT)%%%T)" L 26.8;10.9 233:65
Reference range: [22.0-31.7] [21.7-24.8] 0.1181
19-35 ' (28.4;8.1-45.1) (23.9;8.7-41.7)

N o te: * means estimated as per the Mann — Whitney test.

174

Health Risk Analysis. 2024. no. 1




Role of cellular immunity in malignant tumors development in individuals chronically exposed to ionising radiation

Workers chronically exposed to combined
radiation and free of MNs in pre- and post-
morbid medical histories had elevated relative
T-cytotoxic lymphocyte levels compared to
the control. This is also consistent with find-
ings reported in other studies® [10, 21]. Cyto-
toxic CD8+ T-cells are basic anti-tumor ones.
During priming and activation by antigen-
representing cells, CD8+ T-cells are differenti-
ated into cytotoxic T-lymphocytes. They per-
form an effective attack of a tumor, which
usually ends in direct destruction of tumor
cells by exocytosis of perforin- and granzyme-
containing granules [22]. Occurrence of infil-
trating CD8+ T-cells and Th-1 cytokines in a
tumor correlates with a favorable prognosis for
many tumors [23]. Elevated levels of cytotoxic
T-lymphocytes in exposed workers without
malignancies in their case history can, there-
fore, be considered a factor preventing tumor
progression.

A role that belongs to B-lymphocytes in
tumor progression is less clear than that of
T-cells. Literature data indicate that B-lym-
phocytes promote carcinogenesis [24]. Dif-
ferent pathways were described to explain
this tumor-promoting role of B-lymphocytes,
from immunosuppression through secretion
of IL-10 [25] and TGFp [26] to direct stimu-
lation of proliferation of tumor cells by
IL-35 produced by B-cells in pancreatic neo-
plasia [27]. Also, B-cells stimulate angio-
genesis and chronic inflammation by depos-

ing immunoglobulins in a tumor [28]. A de-
crease in relative B-cell levels in workers
chronically exposed to combined radiation
with later developed MNs can be considered
a favorable sign since these cells promote
carcinogenesis.

Comparative analysis of cellular immunity
indicators between workers chronically exposed
to combined radiation with MNs and the con-
trol individuals revealed a higher relative level
of natural killers, which might be a sign of in-
tensified anti-tumor protection as a response to
effects produced by tumor antigens.

Therefore, our findings indicate that radia-
tion exposure modifies various components of
the cellular immunity. Effects of the ionizing
radiation on lymphocyte subpopulations are
controversial since changes in their counts and
rates have both stimulating and inhibiting im-
pacts on MNs. However, given the fact that
T-lymphocytes are considered the main anti-
tumor effector by most researchers and that
their level goes down due to the exposure to
ionizing radiation, we can conclude that ionis-
ing radiation has a negative impact on the cellu-
lar immunity of nuclear workers due to chronic
occupational exposure to ionizing radiation.
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The article analyzes the most common approaches to the risk assessment procedure and focuses on uncertainties at
each stage of risk analysis. These uncertainties not only impede risk analysis but are also able to skew its results. The great-
est impact on reliability of final risk assessments is caused by uncertainties associated with assessment of exposure, in par-
ticular, with establishing toxicological parameters in experiments and their extrapolation onto assessed population groups.
An effect of a selected toxicant on a test animal sample is identified with an expected negative effect produced by it on a real
human population. In addition, in laboratory experiments, in contrast to natural conditions, a population is affected only by
controlled factors in small amounts.

Next, the article describes some uncertainties that arise at the stage of assessing the dose-effect relationship; in studies
aimed at reducing uncertainties at this stage, it is almost impossible to detect a link between pollution and diseases not de-
clared for research purposes. The problem of toxicological assessment of mixtures is described; the article highlights that at
the moment there are no data on effects produced by most known mixtures on human health or any data on possible interac-
tions between different chemicals either. The concept of exposome is described, which is an analysis of impacts of all envi-
ronmental factors on an individual throughout his lifetime.

It is concluded that the existing concepts of risk assessment are applicable mainly for comparing hypothetical benefits
and hypothetical damage at the population level. Given that, it seems quite relevant to develop such a concept of risk as-
sessment that can be additionally used in planning preventive measures aimed at reducing morbidity and mortality and in-
creasing life expectancy. At the same time, this concept should include a comprehensive assessment of mixtures affecting the
body, considering the influence of natural and climatic conditions and non-specific reactions of the body.

Keywords: risk analysis, risk assessment, uncertainty, exposure, “ dose — effect”, influence of natural conditions, mix-
tures of chemicals, the exposome concept.

Research literature provides us with sev-
eral basic definitions of “public health risk”.
Risk is described as a set of adverse outcomes
for people’s life and health due to various ex-
posures or as likelihood of adverse effects on
people’s life or health considering their sever-
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ity, or as likelihood of outcomes caused by a
certain hazardous event' [1-3]. The WHO
(World Health Organization) World Health
Report 2002 defines a risk as “a probability of
an adverse outcome, or a factor that raises
this probability”. In the Russian Federation,
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the legislation has the following definition of
risk: “Risk is likelihood of harm to citizens’
lives or health, property of physical or juridi-
cal persons, state or municipal property, the
environment, lives or health of animals and
plants considering severity of this harm” (the
Federal Law ‘On Technical Regulation’ is-
sued on December 27, 2002 No. 184-FZ?).

Conventionally, the health risk assess-
ment methodology applied to assess risks
caused by chemical exposures consists of four
main stages' [1, 2]: 1) hazard identification
(screening investigation of all possible expo-
sure sources, identification of key pollutants),
2) exposure assessment (establishing what
quantities of a chemical entered the body by
various introduction ways due to contacts
with various environmental factors), 3) detec-
tion of a ‘dose-effect’ relationship (a relation-
ship between a dose and intensity of harm
caused by exposure to a chemical), 4) risk
characteristics (risk quantification, risk analy-
sis and description of uncertainties, and data
generalization). The risk assessment proce-
dure has been repeatedly described in litera-
ture in a similar way [1, 2, 4].

The aim of this review was to analyze
approaches to reducing uncertainties that occur
in risk analysis as well as the existing concepts
of health risk assessment.

Many authors have noted that uncertain-
ties can occur at any stage in risk analysis.
They not only impede risk analysis but are
also able to skew research results [1, 5, 6].
Uncertainties associated with exposure as-
sessment have the greatest influence on va-
lidity of ultimate risk assessment [1]. There
are several major sources of uncertainties
that can occur at this stage in risk analysis.
For example, some ways through which pol-
lutants affect the human body can be ex-
cluded from analysis; monitoring results
might be incomplete; a selected mathemati-

cal model does not characterize an exposure
comprehensively. One more source is mis-
takes made by researchers such as descrip-
tive mistakes, mistakes in choosing an ex-
pected exposure scenario, mistakes at any
stage in quantitative analysis including sam-
pling and sample preparation. Reduction in
some of these uncertainties can be achieved
by using models of pollutants distribution
and by estimating a structure of various so-
cial population groups.

Mathematical methods, in particular, re-
gression models, cluster analysis, and fuzzy
set theory, are actively employed in contem-
porary studies that concentrate on health risk
assessment [5, 7-9]. For example, J.P. Fabi-
siak with colleagues [10] rely on land use re-
gression (LUR) to describe distribution of
black carbon and nitrogen dioxides, their ma-
jor sources being diesel exhausts, point indus-
trial sources, as well as residential wood
burning. The authors estimate increased mor-
tality and hospitalization from coronary heart
disease as a specific health endpoint of inter-
est. They examine a linear dose-effect rela-
tionship over the range of pollutant concen-
trations expressed in the study, although they
assume there may be significant departure
from linearity at extremes of exposures. Still,
the authors mention some limitations in em-
ploying LUR. It is noteworthy that these limi-
tations can be extrapolated onto use of any
other model for health risk assessment. In
particular, the exposure estimates reflect pro-
jections of long-term average exposure con-
centrations; hence they ignore short-term
fluctuations in concentrations that may also
play a role in initiating untoward cardiovascu-
lar events. Besides, the LUR model described
by J.P. Fabisiak with colleagues [10] incorpo-
rates mobile source plume analysis but may
underestimate the contribution from fixed
point sources.

2 O tekhnicheskom regulirovanii: Federal'nyi zakon Ne 184-FZ ot 27.12.2002, prinyat Gosdumoi 15.12.2002 [On Technical
Regulation: the Federal Law No 184-FZ issued on December 27, 2002, approved by the State Duma on December 15, 2002].
KonsultantPlus. Available at: https://www.consultant.ru/document/cons_doc LAW_40241/ (April 02, 2023) (in Russian).

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

ISSN (Eng-online) 2542-2308

179



E.A. Saltykova, O.N. Savostikova

Also, when building any mathematical
model for health risk analysis, we should con-
sider previously diagnosed diseases in research
participants as well as a stage of a disease they
have at the moment a research is conducted. It
is necessary for identifying any possible im-
pacts exerted by these factors on an effect of
environmental pollution.

Many researchers point out that high
uncertainty at the exposure assessment stage
might be caused by toxicological parameters
being established predominantly in experi-
ments [11-13]. In particular, a reference
dose, which is considered safe, is calculated
based on results of various animal experi-
ments performed on rats, mice, or rabbits
[14—18] and then recalculated for the human
body using some coefficients [19—22]. How-
ever, the US Food and Drug Administration
(US FDA) conducted some studies to com-
pare results of experimental pre-clinical and
clinical investigations. As a result, it was es-
tablished that approximately 90 % of ana-
lyzed chemicals, which had been declared
safe in pre-clinical investigations, turned out
to be highly toxic in clinical ones. Toxic ef-
fects on the human body were identified for
20 % of these chemicals [11, 23, 24]. There
are several basic reasons for this inefficiency
in transferring experimental results onto ac-
tual conditions. First, an effect produced by
an analyzed toxicant on an animal test sam-
ple is identified with an expected negative
effect produced by it on a real human popu-
lation. Second, a test population is affected
by a controlled factor in laboratory condi-
tions whereas several factors affect a popula-
tion simultaneously in natural ones and not
all of them can be controlled. In addition, it
is noteworthy that toxicological studies make
it possible to derive a dose-effect relation-
ship primarily for determined effects (radia-
tion sickness, chemical burns, poisoning,

etc.). The most reliable data for stochastic
effects (cancer, cardiovascular diseases, etc.)
can be derived by epidemiological studies’.
At the same time, transferring results of epi-
demiological studies on an analyzed exposed
population can be a considerable source of
uncertainties at the stage when a dose-effect
relationship is assessed.

Epidemiological studies usually concen-
trate on finding a relationship between pollu-
tion and specific diseases, for example, car-
diovascular diseases [25], cancer [26], or
non-communicable diseases in general [27].
However, it is almost impossible to detect a
link between pollution and diseases not de-
clared for research purposes in such studies.
For example, J.P. Fabisiak with colleagues
[10] chose increased mortality and hospitali-
zation from coronary heart disease as a spe-
cific health endpoint of interest. In their
study, the authors did not analyze any rela-
tionships with other diseases, for example,
respiratory ones.

In addition to that, uncertainties occur at
the stage of assessing a dose-effect relation-
ship from such sources as identification of
critical organs / systems; lack of knowledge on
mechanisms of interactions between different
components in chemical mixtures or peculiar
kinetics and dynamics under different ways by
which a chemical enters the body and under its
simultaneous introduction by various ways;
difference in the risk assessment methodology
in Russian and foreign studies [1].

Numerous studies focus on reducing un-
certainties at the stage of assessing a dose-
effect relationship. Their actual aim is to
predict a number of new disease cases due to
an analyzed exposure [5, 10, 28, 29]. In par-
ticular, we should mention The Global Bur-
den of Diseases, Injuries, and Risk Factors
Study (GBD) as one of the most extensive
studies aimed at systematizing and assessing

3 Demin V.F. Analiz riska v obespechenii bezopasnosti cheloveka v chrezvychainykh situatsiyakh [Risk analysis in pro-
viding safety for people in emergencies]: Dissertation ... for the Doctor of Technical Sciences Degree. Moscow, 2016, 221 p.

(in Russian).
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health risks (including those caused by envi-
ronmental pollution). The authors make the
following conclusion: ambient air pollution
causes respiratory infections and tuberculo-
sis, neoplasms, maternal and neonatal disor-
ders, diabetes and kidney diseases, chronic
respiratory diseases, and cardiovascular dis-
eases (which are prevalent) [30]. However,
the GBD researchers face certain difficulties
since some countries are often unable to pro-
vide them with sufficient necessary data for
analysis [31]. It is due to this reason that the
methodology developers tried to consider
many factors to compare a burden of various
diseases using mathematic modeling. These
factors are prevalence of some diseases and
their symptoms, age at death, etc. However,
this modeling is still not optimal and this can
be illustrated by such an example as assess-
ment of the DALY (disability-adjusted life
year) parameter in Russia where it has the
same value for the whole country [30]. But
we should remember that Russia is the larg-
est country in the world located across three
different climatic zones and with apparent
differences both in living standards and
healthcare availability.

Conventionally employed health risk as-
sessment methodologies that deal with
chemical exposures are predominantly based
on assessing exposure to some specific
chemicals (and their maximum permissible
levels); however, at present, some existing
rules in the European Union include re-
quirements that cover chemical mixtures as
well [32]. The main problem of toxicological
assessment of mixtures is absence of any
data on effects produced by most known
mixtures on human health [33—-39]. Another
serious issue is possible interactions between
chemicals (that is, synergetic or antagonistic
effects) and influence produced by these ef-
fects on hazards posed by a chemical mix-
ture. Separate chemicals in a mixture can
interact with each other thereby influencing
each other’s absorption, metabolism, excre-
tion, or toxic dynamics. This may change a
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scope or sometimes even essence of a toxic
effect [40, 41]. Several authors developed
the Adverse Outcome Pathway (AOP) model
[42—-45]. It is a conceptual construct that por-
trays existing knowledge concerning the
linkage between a direct molecular initiating
event and an adverse outcome at a biological
level of organization relevant to risk assess-
ment. This model provides substantiation for
mapping relevant data on toxicity of specific
chemicals thus making it possible to identify
which chemicals can produce combined ef-
fects. In case no data are available, the
model demonstrates the necessity to conduct
further research. Therefore, AOP helps inte-
grate data derived by different testing meth-
ods (in vitro, in silico and in vivo) at differ-
ent levels of biological organization and
thereby facilitates elimination of gaps in data
on toxicity [43].

The well-known phrase “genetics loads
the gun environment pulls the trigger” illus-
trates a complex relationship between human
diseases and the environment. This famous
analogy by Dr. Judith Stern, Distinguished
Professor of Nutrition and Internal Medicine
at the University of California, Davis, con-
veys the message that disease phenotypes are
not only a result of interaction between dif-
ferent genes within the host but also between
genes and the environment [46]. An attempt
to integrate environmental parameters when
calculating an individual risk of diseases was
made when the exposome concept was de-
veloped. According to the definition by
C.P. Wild [47], the exposome encompasses
life-course environmental exposures (includ-
ing lifestyle factors), from the prenatal pe-
riod onwards. The exposome concept is
similar to the genome concept and was de-
veloped to quantify environmental expo-
sures. The exposome model includes three
broad categories of environmental expo-
sures: internal, specific external and general
external [48, 49]. The internal environment
is considered an internal chemical environ-
ment of the body; that is, exposure partici-
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pants are biologically active substances in
the body formed due to usual vital activities,
physical activity, gut microflora activity, in-
flammation, and oxidative stress. Specific
external exposures are caused by, in particu-
lar, infectious agents, smoking, and alcohol
abuse. Finally, general external exposures in
the exposome include a socioeconomic
status, mental exposures, and climate [50].
However, despite some promising postulates,
the exposome model has not yet brought
about any specific methods for health risk
assessment. Nevertheless, many researchers
share the opinion that adverse effects are of-
ten produced by a whole variety of heteroge-
neous factors and by each separate factor [5].
Typically, many people are simultaneously
under exposure and they tend to have differ-
ent responses to effects of negative factors
[51-55].

To sum up all the aforementioned, we
can conclude that all the existing studies
strive not to create a new scheme for risk as-
sessment but rather to reduce uncertainties.
A considerable part of uncertainties occurring
within health risk assessment is not given
enough attention in the available studies and
even within research trends in general. It is
noteworthy that the existing methodologies
for assessing health risks caused by chemical
exposures are predominantly based on assess-
ing exposure to specific chemicals. Any data
on an exposure to the entire mixture are
available for a limited number of them; any
information on a dose-effect relationship and
a mechanism of action typical for a specific
component is often absent for many chemical
classes. Conventional methods of health risk
assessment practically never consider addi-
tional influence exerted by weather and cli-
mate (for example, cold temperatures). These
methods are also unable to estimate non-
specific body reactions induced by pollutants
(in particular, oxidative stress). All the above-
mentioned methods do not allow establishing
clear relationships between pollution and
morbidity / mortality. Approaches that are
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suggested for assessing effectiveness of popu-
lation health risk mitigation make it possible
to estimate whether planned or implemented
protection activities are sufficient or relevant.
But these approaches do not involve develop-
ing methods of adaptation to living in a pol-
luted environment for population.

In our opinion, as well as in some other
authors’ opinion [11], at present, the risk as-
sessment methodology in Russia should be
updated to guarantee relevant health risk as-
sessment; it is also necessary to perform a
comprehensive analysis of foreign experi-
ence in the sphere including establishment of
DNEL (Derived No-Effect Level and DMEL
(Derived Minimal Effect Levels) in the
REACH (Registration Evaluation Authoriza-
tion and Restriction of Chemicals) interna-
tional system [56], to revise maximum per-
missible levels (MPLs), and to revise identi-
fication of target organs and systems. It is
worth noting that in Russia, just as in any
other large country, it is necessary to con-
sider substantial differences in effects pro-
duced by natural factors on population living
in different climatic conditions. Different
annual mean temperatures, wind rose, pre-
cipitations and other meteorological condi-
tions have substantial influence on morbidity
and mortality [57—-60].

Most epidemiological criteria that have
been developed so far and are actively used in
health risk assessment reflect an expected
growth in frequency of health disorders per a
unit of influencing concentration. Although
these criteria are, as a rule, based on results
derived by several independent epidemiologi-
cal investigations, it is still wrong to use them
to predict changes in mortality or morbidity
rates of a specific population living in a spe-
cific area. Just as any other risk assessments,
they are only relative values, which describe
comparative priority of these or those pollut-
ants, their sources in the environment, etc. To
sum up all the aforementioned, we can con-
clude that the existing risk assessment con-
cepts are applicable mostly for comparing

Health Risk Analysis. 2024. no. 1
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hypothetic benefits and hypothetic damage at
the population level. Given that, it seems
quite relevant to develop such a concept of
risk assessment that can be additionally used
in planning preventive measures aimed at re-
ducing morbidity and mortality and increas-
ing life expectancy. At the same time, this
concept should include a comprehensive as-
sessment of chemical mixtures affecting the
body, considering the influence of natural and

climatic conditions and non-specific reactions
of the body.
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